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The People’ s Republic of China
Ministry of Transport

Public Notice

No.g1

Public Notice on Issuing the Specifications for Design of Foundation of
Highway Bridges and Culverts

The Specifications for Design of Foundation of Highway Bridges and Culverts ( JTG 3363—
2019) is hereby issued as one of the industry standards for highway engineering, to become
effective on April 1, 2020. The former edition of the Specifications (JTG D63—2007) and its
English version ( JTG D63—2007 EN) named as Code for Design of Ground Base and
Foundation of Highway Bridges and Culverts shall be superseded from the same date.

The general administration and final interpretation of the Specifications for Design of
Foundation of Highway Bridges and Culverts ( JTG 3363—2019 ) belong to Ministry of
Transport, while the particular interpretation for application and routine administration of the
Specifications shall be provided by the CCCC Highway Consultants Co. , Ltd.

Comments, suggestions and inquiries are welcome and should be addressed to CCCC Highway
Consultants Co. , Ltd. ( No. 85, Deshengmenwai Street, Beijing 100088, China ). The

feedbacks will be considered in future revisions.

It is hereby announced.

Ministry of Transport of the People’ s Republic of China
December 17, 2019

General Office of Ministry of Transport Printed on December 19, 2019




Introduction to English Version

Standards reflect the achievement of civilization, provide common languages for
technical communications and improve global connectivity. In recent years, the
Chinese government has been proactively implementing standardization to stimulate
innovative, coordinated, greenness and opening up for shared development in
China and worldwide. To align with the Belt and Road Initiative for mutual
development, the Ministry of Transport of the People’ s Republic of China
organized the compilation and publication of international version of Chinese
transportation industry standards and specifications to meet the increasing demands
for international cooperation in transportation, enhance global connectivity,

promote knowledge dissemination and sharing of experience.

JTG is the designation referring to the standards and specifications of the highway
transportation industry, issued by the Ministry of Transport of the People’ s
Republic of China. Item compasses the entire lifecycle of highway engineering
projects, from planning and construction to maintenance and operation
management. It includes standards for the facilities, technologies, management,
and services required throughout these processes, as well as standards related to

safety, environmental protection, and economic evaluation.

In the highway standard system, it includes a number of standards for design,
construction and maintenance of bridges, which have effectively supported the
rapid development of highway bridges in China. The current bridge design
specifications include: General Specifications for Design of Highway Bridges and
Culverts , Specifications for Design of Highway Reinforced Concrete and Prestressed
Concrete Bridges and Culverts, Code for Design of Highway Masonry Bridges and
Culverts , Specifications for Design of Highway Cable-stayed Bridge, Specifications
Jfor Design of Highway Suspension Bridge, Specifications for Design of Highway
Concrete-filled Steel Tubular Arch Bridges, Specifications for Design of Highway
Precast Concrete Bridges, Wind-resistant Design Specification for Highway Bridges ,



Specifications for Colliston Design of Highway Bridges, Specifications for Landscape
Design of Highway Bridges, etc. As of the end of 2022, 1. 033 million highway
bridges with the total length of 85. 765 million meters have been built in China,

among which concrete bridges account for more than 90% .
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In the 1980s, following the publication of the principal standard, JTJ 01—81 :
Technical Standards for Highway FEngineering, a series of professional and
vocational specifications were drafted and developed. These specifications involve
in highway geometry, subgrade, pavement, bridges and culverts. The first
edition of the standards of Specifications for Design of Foundation of Highway
Bridges and Culverts (JTJ 024—85) was issued and implemented for design of
foundation of highway bridges and culverts in 1985, followed by a first revision
and second revision in 2007 (JTG D63—2007 ) and 2019 (JTG 3363—2019)
respectively. For over four decades of technical development and continuous
improvement, these Standards have effectively and successively served as

guidelines for the design of highway bridges and culverts.

The Chinese version of Specifications for Design of Foundation of Highway



Bridges and Culverts was issued in December 2019 and has been implemented
since April 1, 2020.

By the end of 2023, the total length of highways being operated in China about
5.10 million kilometers, of which the length of 180 thousand kilometers is for
freeways. The Specifications for Design of Foundation of Highway Bridges and
Culverts has always been a technical mandatory standard for construction of
highway bridges and culverts, playing an important role in quality assurance of

highway engineering construction.

During the revision, the editorial team conducted extensive special studies and
investigations, reviewed the updated technical development and practical
engineering experiences from research institutions, academies, design, and
detection departments in China, and referred to relevant standards in China and

other countries.

All these experiences and achievements have been incorporated and summarized
in the Specifications for Design of Foundation of Highway Bridges and Culverts.
The release of the English version of the Specifications aims to share with
international professionals the engineering experience and technical achievements

from China, to offer reference for highway construction in other countries.

The editing of the English version was conducted by Fuzhou University under the
authorization of the Ministry of Transport of the People’ s Republic of China and
approved by the Highway Department, the Ministry of Transport of the People’ s
Republic of China.

The contents and numbering of the chapters, sections, clauses and sub-clauses in
the English version are consistent with those in the Chinese version. In the event
of any ambiguity or discrepancy between the English version and the Chinese

version of the Specifications, the Chinese version shall prevail.

Gratitude is given here to Mr. Yuan Hong, the chief editor of the Chinese
version, for the valuable guidance and comments during the review of the

English version.

Feedbacks are welcome and will be taken into account in future editions. Please

address them to the editing organization for English version in writing ( Address:
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No. 2, Wulongjiang North Avenue, Fuzhou University Town, Fuzhou, Fujian,
China, Postal Code: 350108, E-mail; baochunchen@ fzu. edu. cn).

Editing organization in charge for English version: Fuzhou University

Chief editor for English version;Chen Baochun

Associate editors for English version.

Huang Fuyun, Ahad Javanmardi, Xu Pu, Zhang Dong, Luo Xiaoye, Li Lan
Chief review editor for English version:Khaled Sennah
Associate review editors for English version:

Zhang Huiyu, Xia Yong, Yao Haidong, Dong Yanfeng, Yuan Hong,
Wu Suiwen, Shrestha Krishna, Alessandro Contento



Foreword to Chinese Version

The revision of the Code for the Design of Ground Base and Foundation of Highway
Bridges and Culverts ( JTG D63—2007 ) , pursuant to the “Notice of Planning for
Compilation and Amendment Program of Highway Engineering Standards in 2015”
(No.312) issued by the Ministry of Transport of the Peoples Republic of China in
2015 was carried out by the chief editing organization of CCCC Highway
Consultants Co. , Ltd. The revision has been approved and issued as Specifications
for Design of Foundation of Highway Bridges and Culverts (JTG 3363—2019) for

implementation.

During therevision, the editorial team conducted extensive special studies and
investigations, reviewed the updated technical development and design experience
in China, and referred to the relevant domestic and international standards. Upon
the completion of the first draft of the Specifications, the draft specification was
circulated for comments from relevant experts and organizations involved in
design, construction, maintenance, and administration, based on which several
rounds of discussion, consultation, and updating were conducted before being

finalized for approval.

This revised Specifications comprises 9 Chapters and 18 Appendixes. The content
mainly includes; 1-General Provisions, 2-Terms and Symbols, 3-Basic Rules, 4-
Geotechnical Classification, Engineering Characteristics and Bearing Capacity of
Grounds, 5-Shallow Foundations, 6-Pile Foundations, 7- Caisson Foundations, 8-

Underground Diaphragm Walls, 9-Special Grounds and Foundations.

The main revisions in thisversion include: addition of the stipulations on the
calculation for the composite piles of concrete-filled steel tube; revision of the
calculation formula on rock-socketed depth for the rock-socketed piles; revision of
the relevant technical provisions on the treatment for soft soil were revised;

supplementary requirements for design of the piles in the collapsible loess;
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additional requirements for design of foundations in steep slopes and karst zone;
supplementary provisions for the relevant design on the piles with expanded

branches and plates.

Feedbacks are welcome and will be taken into account in future editions. Please
address them to the chief editing organization for Chinese version ( Li Xiaoti,
Address: No. 85, Deshengmenwai Street, Beijing, CCCC Highway Consultants
Co. , Ltd. , Postal Code:100088; Tel. +86-010-82017041, Email: sssohpdi@
163. com).

Editing organization in charge for Chinese version:
CCCC Highway Consultants Co., Ltd.

Associate editing organizations for Chinese version .
Hunan University
Southeast University
CCCC Highway Bridges National Engineering Research Centre, Ltd.
Beijing Piles with Expanded Branches and Plates Technology Development

Center
Chief Editor for Chinese version: Yuan Hong

Associate Editors for Chinese version .

Zhao Junli Gong Weiming Zhao Minghua Liu Minghu
Liu Xiaoming Dai Guoliang Liu Xiaodi Li Huichi
Guo Chao Li Wenjie Fu Baiyong

Participating editors forChinese version:

Feng Min Wu Du Zhang Guoliang Yi Shaoping
Chief review editor for Chinese version:Peng Yuancheng

Other review editors for Chinese version:
Wang Shixun Hang Dazhang Bao Yiwei  Tian Keping  Li Lixin
Zhong Mingquan Xi Guangheng Li Youlong Xie Yongli Liang Zhitao
Liang Linong Xu Hongguang Zhan Jianhui Ma Jianzhong Zhu Jungao
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1 General Provisions

1.0.1 The Specifications is developed for regulating the design of the foundation of highway

bridges and culverts to ensure the quality of construction projects.

1.0.2 The Specifications is applicable to the design of foundations of highway bridges and

culverts to be built on all classified highways.

1.0.3 The design of the foundations shall follow the principles of adjusting measures to local

conditions, using local materials, and saving resources.

1.0.4 The type of foundations of highway bridges and culverts shall be reasonably selected based
on geological, topographic, hydrological, and construction conditions, as well as the loads,

materials, and types of superstructures and substructures, etc.

1.0.5 The foundations shall be designed based on the relevant survey data. The survey data shall
accurately reflect the topography, landform, strata, adverse geology, physical and mechanical

properties of rock and soil, underground water, etc.

1.0. 6 Durability design shall be conducted for foundation structures in accordance with the

requirements of the relevant specifications.

1.0.7 In addition to the Specifications, the design of foundations of highway bridges and culverts

shall also comply with the provisions in the current relevant national and industrial standards.



2 Terms and Symbols

2.1 Terms

2.1.1 ground

The soil body or rock mass that bears the structural actions.

2.1.2 foundation

Components of substructure that transfer various actions of structure to the ground.

2.1.3 characteristic value of subsoil bearing capacity
The pressure value corresponds to the specified deformation inner the linear segment in the curve of
soil pressure-deformation of ground measured by loading test. It is also known as * characteristic

value of ground bearing capacity’ .

2.1.4 joint
The crack or fissure without apparent displacement of the rock stratum between the two sides of the

fracture plane of the rock mass.

2.1.5 bearing stratum

The stratum that directly bears the action of the foundation.

2.1.6 underlying stratum
The stratum with a certain depth below the bearing stratum, which is compressed or possibly shear-

damaged.

2.1.7 gravity density
The gravity of rock/soil per unit volume, which is the product of the density of the rock/soil

andthe gravitational acceleration, also known as ‘unit density’ or ‘unit weight’ .

9



2.1.8 shallow foundation
A kind of foundation with abearing depth less than its width, for which the various resistances of

soils at its sides are not considered in design.

2.1.9 seasonal frozen soil
The soil layer that is frozen in winter and fully thawed in spring/summer, and it is revised to

‘ seasonally frozen soil .

2.1.10 permafrost

The soil layer that remains frozen for more than two years.

2.1.11 pile foundation

The foundation comprises one or several piles and pile cap or tie-beams.

2.1.12 negative friction

The downward resistance of friction generated by the soil to the surface of a pile when the soil
around the pile has a settlement greater than that of the pile body, which is induced by soil self-
weight consolidation, self-weight collapse, additional load on the ground, etc. It is also known as

‘ negative skin friction’ .

2.1.13 foundation pile
The single pile in the pile foundation.

2.1.14 foundation of group-piles

The pile foundation comprises two or more piles.

2.1.15 open caisson foundation

A foundation of well-type structure with cutting edge and without top and bottom plates, which is
constructed by lowering to the foundation bed through excavation of soil or rock inner the well or
through other auxiliary measures for sinking, and finally the top and bottom of the caisson are

sealed. It is also known as ‘ caisson foundation’ or ‘caisson’.

2.1.16 underground diaphragm wall
A diaphragm wall below the ground surface for water interception and impermeability, soil

retaining, and load-bearing, and also known as ‘ diaphragm wall’ for simple.

An engineering measurement to improve the bearing capacity, deformation property, or

permeability of the ground soils.



2.1.18 pile with expanded branches and plates
A concrete cast-in-place pile with branches or plates that interact with the surrounding compacted

soil, and alsoknown as ‘under-reamed pile’ .

2.1.19 tangential frost-heave
The force generated by the frozen expansion of the ground soils acting in a direction parallel to the

side of the foundation. It is also known as ‘tangential frost heave’ .

2.2 Symbols

2.2.1 Symbols for resistances and material properties of ground

C,—Nominal value of undrained shear strength of ground soil ;

E—DModulus of elasticity of concrete;

E_—Compressive modulus of the i"” soil layer;

f,—Adjusted characteristic value of ground bearing capacity ;

f.o—Characteristic value of ground bearing capacity ;

Jfy—Characteristic value of soil bearing capacity at the j" branches and plates;

f,—Design value of steel strength;

f,,—Characteristic value of the uniaxial compressive strength of saturated rock;

q,—Characteristic value of bearing resistance of soil at pile tip;

q,,—Characteristic value of bearing resistance of soil at the end of the 7" branch or plate;

q,,—Nominal value of bearing resistance of soil at pile tip;

R,—Supporting force of the soil under the bottom plane and inclined surfaces of the cutting
edge;

R, —Characteristic value of axial compressive resistance of a pile;

R,—Sum of the nominal values of bearing capacity of the ground soil under the cutting edge,
the diaphragms, and the base beams of the caisson;

R,—Characteristic value of axial tensile resistance of a pile.

2.2.2 Symbols for actions and action effects
F,, ,—Nominal value of the buoyancy of water;
G,—Nominal value of self-weight of caisson;
H—Horizontal force at the top surface of the bedrock;
H,—Horizontal force caused by the combination of actions with nominal values or by the
accidental combination of actions with nominal values;
M—Bending moment with respect to the gravity axis of the foundation base, induced by the

actions of horizontal and vertical forces;



M ,—Bending moment at the top surface of the bedrock;
M, ,M,—Bending moments around the X- and Y-axis of the foundation base, respectively, both
are induced by the actions of horizontal and vertical forces;
N—Vertical force acting on the foundation base caused by the action combination
P,—Vertical force;
p—Compressive stress of the foundation base;
p,— Superimposed compressive stress of the foundation base under the quasi-permanent
combination of actions;
p,,—Average compressive stress in the replacement layer;
D....—Maximum compressive stress of the foundation base;
D,..—Minimum compressive stress of the foundation base;
p.—Compressive stress in the soft ground or soft soil layer;
Do,—Superimposed compressive stress at the bottom of the replacement layer;
p—Compressive stress at the bottom of the replacement layer induced by its self-weight;
p’,,—Compressive stress of the foundation base;
p’ —Compressive stress of the foundation base induced by its self-weight;
g,—Nominal value of the skin friction at the i” soil layer;
q,,—Nominal value of critical load distributed along the perimeter of the pile;
q,—Nominal value of load combination;
R, —Nominal value of total skin friction of the caisson wall;
R’ —Nominal value of total skin friction of the caisson wall in the state under investigation;
S,.—Effects of combination of actions with nominal values for stability of foundation;

S ,—Effects of combination of actions with nominal values for instability of foundation.

2.2.3 Symbols for geometrical parameters
A—Area of foundation base;
A,—Total supporting area of the diaphragms and base beams;
A,—Sectional area of the pile tip;
A, —Area of the j" branch or plate;
a, b—Side length of the foundation base; or the width of the lower plane in the cutting edge,
and the level projection of inclined plane embedded into the soil in the cutting edge;
D, —Required relative density after the ground is compacted ;
D,—Equivalent transformed diameter of the prefabricated vertical drain;
d—Diameter of the pile body;
d,—Effective diameter of the drainage cylinder;
d —Diameter of the sand drain well;
d,,—Minimum bearing depth of the foundation base;
e,—Distance from the acting point to the centroid of the section;

h—Bearing depth;



h,—Original height of the soil sample;
h,..—Allowable maximum thickness of frozen layer below the foundation base;

h,—Height of soil sample after its settlement is stable;
h’ ,—Height of soil sample after its additional settlement is completed ;

h —Effective socketed depth of the pile in the bedrock;

h,—Depth of replacement layer of sandy gravel;
I—Inertia moment of sectional area;
I—Length of rectangle foundation base;

{,—Depth of the soil layer below the pile cap bottom or local scour line;
[ —Center-to-center distance of sandy stone piles;

S—Settlement value of foundation;

S,—Settlement value of foundation calculated by layerwise summation method;

S.,—Compressive deformation value of the replacement layer itself;
S —Settlement value of the underlying layer;

t—Wall thickness of the steel pipe pile;

u—Perimeter of the pile;

V—Volume of drainage;
W—-Section modulus of foundation base in eccentric direction;

W, (W,)—Section modulus against X-axis ( Y-axis) in the edge of the eccentric direction of the

foundation base;

z—Distance from the foundation base or pile tip to the top surface of soft ground or soft soil

layer;
Z,—Nominal frost depth;
z,—Design frost depth.

2.2.4 Symbols for analysis and others
¢,—Performing coefficient of tip resistance;
e—Natural void ratio of soil;
e,—Void ratio of sand before ground treatment;
e,—Required void ratio after the ground is compacted;

—Maximum or minimum void ratio of soil;

e e

k—Safety factor for stability of foundation structure;
k,—Stability factor in resisting overturning of pier or abutment foundations;
k,, k,—Adjusting factors for the width and depth of the foundation base;

k,—Stability factor against sliding of pier or abutment foundations;

max %

k,—Sinking factor;

m—Number of rock strata, or the proportionality factor for horizontal partial factor

subgrade in non-rock ground;

m,—Bottom cleaning coefficient;

of



n—Number of soil layers;
a—Coefficient of superimposed compressive stress in the soil ;
o,—Influence coefficient of skin friction of the vibration-driven pile in each soil layer;
B— Modification coefficient considering the influence of the lateral extrusion or water
immersion probability of ground soil;
B,—Modification coefficient varied with the soil quality in different regions;
B,—Enhancement coefficient of skin friction at the i" layer of soil;
B,—Enhancement coefficient of tip resistance;
vy—Unit weight of soil ( Gravity density of soil) ;
v,—Importance factor of structure;
v, ,v,— Iransformed unit weight of soil layers within different depth;
v,—Unit weight of water ( Gravity density of water) ;
v,—Partial factor;
0,—Collapsibility coefficient;
8 ,—Collapsibility coefficient of the i" layer of soil from foundation base;
o0, —Collapsibility coefficient of soil self-weight;
0,,,—Collapsibility coefficient of soil self-weight for the i" layer of soil ;
0—Pressure spreading angle of replacement layer;
A—Adjusting factor for the characteristic value of ground bearing capacity;
A,—Soil plugging coefficient at pile tip;
u—Coefficient of friction between the foundation base and the ground soil;
{ . —Performing coefficient of skin friction for the overlying layer;
¢—Inclination angle of the caisson during floating;
,—Empirical coefficient for settlement calculation;
i ,—Coefficient of frost depth considering the influence of the environment;
iy —Coefficient of frost depth considering the influence of the foundation;
. ,—Coefficient of frost depth considering the influence of the topographic aspect;
i ,—Coefficient of frost depth considering the influence of the soil type;
i,—Coefficient of frost depth considering the influence of the frost heaving behavior of the

soil.



3 General Rules

3.0.1 The bearing capacity and stability of the foundations of the highway bridges and culverts
shall be checked, the settlement shall also be checked if necessary.

3.0.2 In checking the ultimate limit state of a foundation, the design safety level and importance
factor of the structure shall be determined in accordance with the provisions in the current General
Specifications for Design of Highway Bridges and Culverts ( JTG D60).

3.0.3 In the design of a foundation, the requirements for construction and environmental

protection shall be considered.

3.0.4 The materials of the foundation structures shall be designed to comply with the provisions

of relevant structural design specifications.

3.0.5 The bearing depths of the foundations of highway bridges and culverts shall be determined
by the types of foundations, and by the comprehensively consideration of the adverse influences of

geology, hydrology, climate, and human activities during the construction and the service periods.

3.0.6 The vertical bearing capacity of the foundation or ground shall be checked in accordance

with the following provisions;

1 Frequent combination or quasi-permanent combination of actions shall be considered. In
the expression of the action combination, both the factor for frequent value and the factor
for quasi-permanent value shall be taken as 1.0, and the impact factor shall be included in

the vehicular loading.

2 The characteristic value of bearing capacity multiplied by the corresponding partial factor,

vz, shall be greater than the corresponding effects of the combination of the actions.
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3.0.7 The partial factors of ground bearing capacity, y,, may be taken from Table 3.0.7-1. The

partial factors of compressive resistance of a single pile, y,,may be taken from Table 3.0.7-2.

Table 3.0.7-1 Partial factor of Ground Bearing Capacity,y,

Loading stage Action combinations or ground condition fa (kPa) Yr
Combination of permanent actions =150 1.25
and variable actions <150 1.00
Frequent combination Only structuralself-weight
preloading, soil self-weight, soil lateral 1 00
pressure, vehicle load, and pedestrian ’
) load are considered
In service
=150 1.25
Accidental combination
<150 1.00
Non-rock foundations of old bridge which have been =150 1.50
compacted many years without damage <150 1.25
Rock foundation of old bridge — 1.00
During Does not resist thrust from one direction — 1.25
construction Resist thrust from one direction — 1.50
Note.f, is the adjusted characteristic value of ground bearing capacity.
Table 3.0.7-2 Partial factor of Compressive Resistance of a Single Pile,y,
Loading stage Action combinations Yr
Combination of permanent and variable actions 1.25
Frequent combination Only structuralself-weight, preloading, soil self-weight,
In service soil lateral pressure, vehicle load, and pedestrian 1.00
load are considered
Accidental combination 1.25
During . L
4 Construction load combination 1.25
construction

3.0.8 The effect of the foundation base induced by the quasi-permanent combination of actions
under the serviceability limit state shall be considered in the calculation of the foundation
settlement. In the calculation, the concrete shrinkage, creep, and foundation displacement are not
included in the permanent actions, and the variable actions only refer to the vehicle and pedestrian

loads.

3.0.9 The stability of a foundation may be checked according to the following formula.



>k (1.0.6)

where .

v,—1importance factor of structure, taken as 1.0;

S,x—effects of combination of actions with characteristic values for stability of foundation,
which is calculated by the minimum effects induced by the fundamental combination and
the accidental combination. The partial safety factor for action, frequent factor of action,
and quasi-permanent factor of action in the expression of the combination of action are all
taken as 1.0;

S —effects of combination of actions with characteristic value for stability of foundation,
which is calculated by the maximum effects induced by the fundamental combination and
the accidental combination. The partial factor for action, factor for frequent value of
action, and factor for quasi-permanent action in the combination of action are all taken as
1.0;

k—safety factor for the stability of the foundation structure.
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4 Geotechnical Classification, Engineering
Characteristics,and Bearing Capacity

of Grounds

4.1 Geotechnical Classification ofGrounds

4.1.1 The rock and soil in the ground of highway bridges and culverts may be classified as rock,

gravelly soil, sandy soil, silty soil, cohesive soil, as well as special rock and soil.

4.1.2 The rock mass rating of strength shall be classified according to Table 4. 1.2. When the
test data are insufficient or unavailable, the rocks may be qualitatively classified according to Table
A.0.1-1 in Appendix A.

Table 4.1.2 Rock Mass Rating of Strength

. Moderately Moderately Extremely
Rock mass rating of strength | Very strong rock Very weak rock
strong rock weakrock weak rock

Nominal value of uniaxial
compressive strength for f>60 60=f, >30 30=f, > 15 15=f, >5 f, <5
saturated sample,f,, (MPa)

4.1.3 The weathering degree of rocks may be classified into five levels according to Table A.O0.
1-2 in Appendix A, namely. unweathered, slightly weathered, moderately weathered, highly

weathered, and completely weathered.

4.1.4 According to the softening coefficient, rocks may be grouped into softening rock and
unsoftening rock. When the softening coefficient is equal to or less than 0. 75, it shall be classified
as softening rock; when the softening coefficient is greater than 0. 75, it shall be classified as
unsoftening rock.
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4.1.5 The intactness of the rock mass shall be classified according to Table 4. 1.5. When the test
data are unavailable, it may be classified according to Table A.0.1-3 in Appendix A.

Table 4.1.5 Classifications of Intactness of Rock Mass

Intactness classification Very intact Moderately intact | Moderately fractured | Veryfractured | Extremely fractured

Intact index >0.75 (0.75 ~0.55] (0.55~0.35] (0.35~0.15] <0.15

Note: Intactness index is the square of the ratio of p-wave velocity in rock mass and in rock block.

4.1.6 The development degree of joint for rock mass shall be classified according to Table 4. 1. 6.

Table 4.1.6 Classifications of the Development Degree of Joint for Rock

Degree Under-developed Joint Developed Joint Well-developed Joint

Spacing ofjoint (mm) >400 (200 ~400] <200

4.1.7 When the rocks have a special composition, structure, or property, they shall be classified

as the special rocks, such as soluble rocks, swelling rocks, dispersive rocks, or saline rocks.

4.1.8 Gravelly soil refers to the type of soil whose content of particles with a grain size greater

than 2 mm exceeds 50% of the total mass. Gravelly soil may be classified according to Table 4. 1. 8.

Table 4.1.8 Classifications of Gravelly Soil

Soil name Particle shape Content of particle group
Boulder Mainly round and sub-round The content of particles with a grain size greater than 200 mm
Block stone Mainly angular exceeds 50% of the total mass
Cobble Mainly round and sub-round The content of particles with a grain size greater than 20 mm
Gravel stone Mainly angular exceeds 50% of the total mass
Roundgravel Mainly round and sub-round The content of particles with a grain size greater than 2 mm
Breccia Mainly angular exceeds 50% of the total mass

Note : The classification of gravelly soil shall be determined according to the content of the particle group from the largest

to the smallest.

4.1.9 The density of gravelly soil may be classified according to Table 4. 1.9 based on the blow
count of the heavy dynamic cone penetration test, N, 5. If the test data are unavailable, the density

of the gravelly soil with an average grain size greater than 50 mm or with a maximum grain size
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greater than 100 mm may be determined according to Table A.0.2 in Appendix A.

Table 4.1.9 Density of Gravelly Soil

Blow countN; Density Blow count, N Density

Ng; s <5 Loose

10 < Ng <20 Medium dense

5< Ngs<10 Slightly dense N 5 >20 Dense

Notes: 1. This table is applicable to cobbles, gravel, round gravel and breccia, in which the average particle size is less
than or equal to 50 mm and whose maximum particle size is less than 100 mm;

2. Ng, 5 is the average value of the blow count number after modification.

4.1.10 The sandy soil refers to the soil whose content of particles with a grain size greater than
2 mm does not exceed 50% of the total mass and the content of particles with grain size greater

than 0. 075 mm exceed 50% of the total mass. Sandy soil may be classified according to Table 4.
1.10.

Table 4.1.10 Classifications of Sandy Soil

Soil name Content of particle group

The content of particles with a grain size greater than 2 mm counts for 25% to 50% of the total
mass

Gravelly sand

Coarse sand The content of particles with a grain size greater than 0.5 mm exceeds 50% of the total mass

Medium sand The content of particles with a grain size greater than 0.25 mm exceeds 50% of the total mass

Fine sand The content of particles with a grain size greater than 0. 075 mm exceeds 85% of the total mass

Silty sand

The content of particles with a grain size greater than 0.075 mm exceeds 50% of the total mass

Note : The classification of sand shall be determined according to the content of the particle group from the largest to the

smallest.

4.1.11 The density of sand may be classified according to Table 4. 1. 11 based on the blow count

of normal penetration, N.

Table 4.1.11

Density of Sand

Blow count of nominal

Blow count of nominal

. Density . Density
penetration, N penetration , N
N=<10 Loose 15< N=<30 Medium dense
10 < N<15 Slightly dense N >30 Dense

4.1.12 The silty soil refers to the soil whose plasticity index, I, is no larger than 10, and the content
of particles with a grain size greater than 0.075 mm does not exceed 50% of the total mass. The density
and humidity of silty soil shall be classified according to Table 4. 1. 12-1 and Table 4. 1. 12-2,

7 9
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respectively.

Table 4.1.12-1 Density Classifications of Silty Soil

Void ratio, e Density

e <0.75 Dense
0.75<e=<0.90 Medium dense
e >0.9 Slightly dense

Table 4.1.12-2 Humidity Classifications of Silty Soil

Natural water contentw ( % ) Humidity

w <20 Less wet
20=sw=<30 Wet

w >30 Very wet

4.1.13 The cohesive soil refers to the soil whose plasticity index, 7,

is greater than 10, and the

D 9

content of particles with a grain size greater than 0. 075 mm does not exceed 50% of the total mass.

The cohesive soil shall be classified according to Table 4. 1. 13 based on the plasticity index.

Table 4.1.13 Classifications of Cohesive Soil

Plasticity index, I,

Soil name

1,>17

General cohesive soil

10<1,<17

Silty cohesive soil

Note: The liquid limit and plastic limit are determined by a 76 g cone test, respectively.

4.1.14 The soft or hard state of cohesive soil may be classified according to Table 4. 1. 14 based

on the liquidity index, I,.

Table 4.1.14 Classifications for Soft or Hard States of Cohesive Soil

Liquidity index, 1, Status Liquidity index, I, State
I, <0 Extremely stiff 0.75<I, =1 Semi liquid
0<1,<0.25 Stiff I >1 Liquid
0.25<1,<0.75 Plastic — —

4.1.15 The cohesive soil may be classified according to Table 4. 1. 15 based on the deposit age.

Table 4.1.15 Classifications for Deposit Age of Cohesive Soil

Deposit age

Classification of soil

Quaternary Late Pleistocene epoch (Q,) and earlier

Old cohesive soil

Quaternary Recent epoch (Q,)

Ordinary cohesive soil

After Quaternary Recent epoch (Q,)

Newly-deposited cohesive soil
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4.1.16 The compressibility of cohesive soil may be classified according to Table 4. 1. 16 based on

the compressive factor, o, _,.

Table 4.1.16 Compressibility Classifications of Cohesive Soil

Compressive factor value,e, ,(MPa™") Classification of soil
a, ,<0.1 Low compressibility soil
0.1<¢,_,<0.5 Medium compressibilitysoil
a, ,=0.5 High compressibility soil

4.1.17 Regional foundation soils with some special components, structures, or properties shall be
classified as special soils, such as soft soil, swelling soil, collapsible soil, red clay, frozen soil,

saline soil, plain fills, etc.

4.1.18 Fine-grained soil with high natural water content, large natural void ratio, and low shear
strength, which is located in coastal areas, lakes, valleys, and river flats, and consistent with the

provisions of Table 4. 1. 18, shall be classified as soft soil, such as mud, muddy soil, peat, peaty

soil, etc.
Table 4.1.18 Identification Index of Soft Soil Foundation
Natural watercontent, Natural void Internal friction angle Vane-shear Compressive
Indexname ] ]
w ratio, e for direct shear, ¢ strength, C, factor, o, _,
L Should be greater
Index value =35 or liquid limit =1.0 Should be less than 5° <35 kPa .
than 0.5(MPa™ ")

4.1.19 The cohesive soil with a natural water content larger than the liquid limit and with a
natural void ratio no less than 1.5, which is deposited in the environment of still water or slow-
flowing water and formed through biochemical action, shall be classified as mud. The cohesive soil
or silty soil, whose natural water content is greater than the liquid limit while its natural void ratio

is less than 1.5 but greater than or equal to 1.0, may be classified as muddy soil.

4.1.20 The cohesive soil with remarkable characteristics of water-swellable and losing-water
shrinkage, whose clay is mainly composed of hydrophilic minerals and whose free swelling rate is

greater than or equal to 40% , shall be classified as swelling soil.

4.1.21 Soil with the collapsibility coefficient greater than or equal to 0. 015 that will have

additional settlement after submerging into the water shall be classified as collapsible soil.



4.1.22 The high plastic clay with a liquid limit greater than 50 that is formed by lateralization of
carbonate rocks, shall be classified as red clay. The red clay that retains its basic characteristics and

has a liquid limit greater than 45 after being transported shall be classified as secondary red clay.

4.1.23 The soil with a soluble salt content greater than 0.3% , which has engineering characteristics of

karst depression, salt swelling, and corrosion, shall be classified as the saline soil.

4.1.24 The fills may be classified into plain fills, compacted fills, miscellaneous fills, and
hydraulically placed fills based on its components and genesis. The plain fills are composed of
gravelly soil, sandy soil, silty soil, cohesive soil, etc. The compacted fills refer to the plain fill
after compaction by means of mechanical tampers or vibratory compactors. The miscellaneous fills
refer to the fills containing construction waste, industrial waste, domestic waste, and other debris.

The hydraulically placed fills refer to the soil formed by hydraulic fillings.

4.2 Engineering Characteristics

4.2.1 The engineering characteristics of rock and soil may be indicated by the characteristic
properties of compressive strength, shear strength, compressibility, collapsibility, blow count of
dynamic cone penetration test, point resistance of static cone penetration test, bearing capacity of

loading test, ground bearing capacity, skin friction, tip resistance of pile, etc.

4.2.2 The representative values of engineering characteristic properties of the ground, rock and
soil may be indicated by the average value, nominal value, or characteristic value. The nominal
value and average value shall be taken for the strength and the compressibility properties of rock and
soil, respectively, and the characteristic value shall be taken for the properties of ground bearing

capacity.

4.2.3 The shallow-layer plate loading test and deep-layer plate loading test of soil shall comply
with the provisions in Appendices B and C. The loading test for the rock foundation shall comply

with the provisions in Appendix D.

4.2.4 The compressibility properties of soil, such as compressive modulus, compressive factor,
and deformation modulus, may be determined by laboratory compression test, in-situ shallow-layer

or deep-layer plate loading test, lateral pressure test, etc.

4.2.5 In determining the engineering characteristic properties of the rock and soil in the highway
bridge and culvert foundations, if the methods not clearly stipulated in the Specifications are used,

they shall comply with the provisions in the current Code for Highway Engineering Geological
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Investigation (JTG C20), and shall be in accordance with the analytical methods, the conditions of

practical engineering loading, foundation drainage, etc.

4.3 Bearing Capacity of Grounds

4.3.1 The checks of the ground bearing capacity of bridges and culverts shall be controlled by the
product of the adjusted characteristic value of ground bearing capacity, f,, and the partial factor of

ground bearing capacity, ;. It shall also comply with the following requirements

1 In determining the adjusted characteristic value of ground bearing capacity, f,, the
characteristic value of ground bearing capacity, f,,, shall be taken as the base value and
revised in accordance with Clause 4.3.4 in the Specifications based on the bearing depth

and width of the foundation as well as the type of ground.

2 The characteristic value of bearing capacity of soft soil may be determined in accordance

with Clause 4. 3.5 in the Specifications ;

3 The partial factor of ground bearing capacity,y,, may be determined in accordance with

Clause 3.0.7 in the Specifications.

4 The characteristic values of ground bearing capacity and partial factors for other special
rocks and soils shall be determined according to the different regional experiences or

corresponding standards.

4.3.2 The characteristic value of ground bearing capacity, f,,, should be obtained by the loading
tests or other in-situ test methods, and its value shall not be greater than half of the ultimate bearing
capacity of the ground. For small or medium bridges and culverts, if it is not possible or extremely
difficult to carry out the loading tests or other in-situ tests due to the site conditions, the
characteristic value f,, may also be determined by the following relevant provisions of Clause 4. 3.3

in the Specifications.

4.3.3 If the characteristic values of ground bearing capacity, f,,, are determined based on the
type of rocks and soils, conditions, and characteristic indexes of physical-mechanical properties as

well as engineering judgement, they may be taken from Table 4.3.3-1 to Table 4.3.3-7.

1 The characteristic value of ground bearing capacity for ordinary rock ground,f, ,, may be
determined according to Table 4.3.3-1 based on the rock mass rating of strength and joint

development degree. For complex rock strata ( such as karst caves, faults, soft intercalated
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layer, soluble rock, dispersive rock and softening rock, etc. ), it may be comprehensively

determined by various factors.

Table 4.3.3-1 Characteristic Value of Bearing Capacity of Rock Ground,f,,(kPa)

) Development degree of joint
Rock mass rating of strength — — —
Under-developed joint Developed joint Well-developed joint
Very strong rock, moderately strong rock > 3000 3000 ~2000 2000 ~ 1500
Moderately weak rock 3000 ~ 1500 1500 ~ 1000 1000 ~ 800
weak rock 1200 ~ 1000 1000 ~ 800 800 ~ 500
Extremelyweak rock 500 ~400 400 ~300 300 ~200

2 The characteristic value of bearing capacity of gravelly soil ground,f,,, may be determined

according to Table 4.3.3-2 based on its type and density.

Table 4.3.3-2 Characteristic Value of Bearing Capacity of Gravelly Soil Ground, f,,(kPa)

Density
Soil name
Dense Medium dense Slightly dense Loose
Cobble 1200 ~ 1000 1000 ~ 650 650 ~ 500 500 ~300
Gravel 1000 ~ 800 800 ~ 550 550 ~400 400 ~200
Round gravel 800 ~ 600 600 ~400 400 ~ 300 300 ~200
Breccia 700 ~ 500 500 ~ 400 400 ~ 300 300 ~200

Note: 1. For gravelly soil composed of stiff rock and filled with sand, the higher value is taken; for gravelly soil composed
of weak rock and filled with cohesive soil, the lower value is taken;
2. Thef,, for semi-cemented gravelly soil shall be increased by 10 ~30% based on the value of congeneric dense
soil ;
3. The loose gravelly soil is very rare in the natural riverbed, which need to take special attention to identify;
4. Thef,, for boulder and block stone may be taken by referring it as cobble and gravel, and the value may be

appropriately increased.

3 The characteristic value of bearing capacity of the sand ground, f,,, may be determined

according to Table 4.3.3-3 based on the soil density and water level.

Table 4.3.3-3 Characteristic Value of Bearing Capacity of Sand Ground,f,,(kPa)

Density
Soil name Humidity ) -
Dense Medium dense Slightly dense Loose
Gravelly sand, L
Unrelated to humidity 550 430 370 200
coarse sand
Medium sand Unrelated to humidity 450 370 330 150
Above water 350 270 230 100
Fine sand
Underwater 300 210 190 —
Above water 300 210 190 —
Silty sand
Underwater 200 110 90 —
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4  The characteristic value of bearing capacity of the silty soil ground,f,,, may be determined

according to Table 4. 3. 3-4 based on the soil natural void ratio, e, and natural water

content, w (% ) .

Table 4.3.3-4 Characteristic Value of Bearing Capacity ofSilty Sand Ground, f,,(kPa)

w (%)
e

10 15 20 25 30 35
0.5 400 380 355 — — —
0.6 300 290 280 270 — —
0.7 250 235 225 215 205 —
0.8 200 190 180 170 165 —
0.9 160 150 145 140 130 125

5 The characteristic value of bearing capacity of old cohesive soil ground, f,,, may be

determined according to Table 4. 3. 3-5 based on the compressive modulus E ..

Table 4.3.3-5 Characteristic Value of Bearing Capacity of Old Cohesive Soil Ground,f,,(kPa)

E (MPa)

10

15

20

25

30

35

40

S0 (KPa)

380

430

470

510

550

580

620

Note: For old cohesive soil withE, < 10 MPa, its characteristic value of bearing capacity, f,,, shall be determined

according to Table 4.3.3-6 by taking it as ordinary cohesive soil.

6 Thecharacteristic value of bearing capacity of ordinary cohesive soil ground, f,,, may be

determined according to Table 4. 3. 3-6 based on the liquidity index I, and natural void

ratio e.

Table 4.3.3-6 Characteristic Value of Bearing Capacity of Ordinary Cohesive Soil Ground,f,,(kPa)

IL
e
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
0.5 450 440 430 420 400 380 350 310 270 240 220 — —
0.6 420 410 400 380 360 340 310 280 250 220 200 180
0.7 400 370 350 330 310 290 270 240 220 190 170 160 150
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continued

1,
e
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
0.8 380 330 300 280 260 240 230 210 180 160 150 140 130
0.9 320 280 260 240 220 210 190 180 160 140 130 120 100
1.0 250 230 220 210 190 170 160 150 140 120 110 — —
1.1 — — 160 150 140 130 120 110 100 90 — — —

Note:1. Thef,, value may be increased accordingly if the particles with a grain size greater than 2 mm in the soil exceed

30% of the total mass.

2. Whene < 0.5, ¢ = 0.5 is taken; when I, < 0, I, = O is taken. In addition, f,, =57.22E,"" is taken for
ordinary cohesive soil with the values of e and I, exceeding the range listed in the table.

3. If the characteristic value of bearing capacity of ordinary cohesive soil ground,f,,, is taken as greater than 300

kPa, it shall have in-situ test data as its basis.

7 The characteristic value of bearing capacity of newly-deposited cohesive soil ground, f,,,
shall be determined according to Table 4. 3.3-7 based on the liquidity index /, and natural
void ratio e.

Table 4.3.3-7 Characteristic Value of Bearing Capacity of Newly-deposited
Cohesive Soil Ground,f,,(kPa)
I
e
< 0.25 0.75 1.25
=< 0.8 140 120 100
0.9 130 110 90
1.0 120 100 80
1.1 110 90 —
4.3.4 The adjusted characteristic value of the ground bearing capacity, f,, may be determined by

Eq. (4.3.4). If the underwater foundation is based on the impervious stratum, the value f, may be

increased by 10 kPa per meter according to the water depth measured from the average normal water

level to the ordinary scour line.

fo=fo+ky (b=2) +ky,(h-3) (4.3.4)

where; f,—adjusted characteristic value of ground bearing capacity (kPa) ;

2

b—minimal width at the bottom of a foundation (m). When b < 2 m, b = 2m is taken;
when b > 10 m, b = 10 m is taken;

h—Dbearing depth of a foundation base measured from the natural ground (m). When there
is scouring, it is measured from the scour line. When 2 < 3 m, &~ = 3 m is taken;
when /b > 4, h = 4b is taken;
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k,, k,—adjusting factor of the width and depth of the foundation base, respectively; determined
according to Table 4. 3. 4 based on the type of soil in the bearing stratum of the
foundation base;

v,—natural unit weight of soil of bearing stratum in the foundation base (kN/m’). If the
bearing stratum is under the water surface and permeable, the buoyant unit weight shall
be taken;

y,—weighted average unit weight of soil above the foundation base (kN/m’). In the
transforming , if the bearing stratum is under the water surface and impermeable, the vy,
shall be taken as the saturated unit weight regardless of the water permeability of the
soil above the foundation base; in case of water permeable, the buoyant unit weight

shall be taken for the part of soil stratum in water.

4.3.5 The characteristic value of bearing capacity of soft ground, f,,, shall be determined by the

following provisions

1 The characteristic value of bearing capacity of soft ground,f,,, shall be obtained by loading
test or other in-situ tests. When it is difficult to conduct a loading test or other in-situ test,
the adjusted characteristic value of bearing capacity of untreated soft ground for culverts,

small or medium bridges, f,, may be determined by the following two methods:

1) The characteristic value of bearing capacity of soft ground, f,,, is taken according to
Table 4.3.5 based on the natural water content of undisturbed soil, w; then the adjusted

characteristic value of ground bearing capacity, f,, is computed according to Eq. (4.3.5-1):
fa :fa0+YZh (43.5-1)

Table 4.3.5 Characteristic Value,of Bearing Capacity of Soft Ground, f,,(kPa)

Natural water content w ( % ) 36 40 45 50 55 65 75

S0 (kPa) 100 90 80 70 60 50 40

2 ) The adjusted characteristic value of bearing capacity of soft ground,f,, is determined by the

strength properties of the undisturbed soil ;

5.14
fi= P k,C, +7v,h (4.3.52)
b 0.4H

where ; m—adjusting factor for resistance, it may be selected between 1.5 ~2.5 by considering the
sensitivity of the soft soil, the length-to-width ratio of the foundation, etc. ;
C,—nominal value of undrained shear strength of ground soil (kPa) ;

k,—coefficient;
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H—horizontal force caused by action ( characteristic value) (kN) ;
b—foundation width (m), it is taken as (b-2e¢,) when there is eccentric action;
[—foundation length perpendicular to b side (m), it is taken as (/-2e¢,) when there is
eccentric action;

e,, e,—eccentricity in transverse and longitudinal directions, respectively.

2 The characteristic value of bearing capacity of soft ground treated bydrained consolidation
measures, f,,, shall be determined by loading test or other in-situ tests; the characteristic
value of bearing capacity of soft ground treated by composite foundation measures, f,,,
shall be determined by loading test. Then, the adjusted characteristic of bearing capacity of

soft ground, f,, is calculated according to Eq. (4.3.5-1).



5.1 Bearing Depth

5.1.1 The bearing depth of the foundation base of the highway bridge/culvert shall comply with

the following provisions:
1 The safety values of the bearing depth of the foundation base for the pier and abutment
foundations of bridges on the non-rocky riverbed should not be less than the values listed in

Table 5.1.1.

Table 5.1.1 Safety Value ofBearing Depth of Foundation Base (m)

Total scour depth
Bridge type
0 5 10 15 20
Large, medium and small bridges
. . 1.5 2.0 2.5 3.0 3.5
(' without riverbed pavement)
Super-large bridge 2.0 2.5 3.0 3.5 4.0

Note: 1. The total scour depth is the sum of the depths of natural scour, general scour, and local scour that is measured
from the riverbed surface.

2. If accurate data on the degradation of the riverbed are not available or the accurate data of the design flow, water
level, and original cross-section are unsure, the values in this table should be increased accordingly;

3. If there are some existing bridges in upstream and/or downstream of the bridge to be built, it is necessary to
investigate the super-flood scour of the existing bridges. The bearing depth of the foundations of the piers or
abutments of the bridge to be built should not be less than the scour depth of the existing bridges, and it is
suggested to increase a safety value if necessary.

4. If there is apavement layer on the riverbed, the foundation base should be set deeper than 1 m under the top

surface of the pavement layer.

2 The minimumbearing depth for the foundation bases of the pier and abutment on the rock

Y%



5.1.2

riverbed may be determined with reference to the provisions in the current Hydrological

specifications for Survey and Design of Highway Engineering (JTG C30).

For an abutment locatedin the river channel, the elevation of its foundation base shall be
the same as that of the pier foundation base even if its maximum scour depth is less than
that of the pier. For the abutment located in the river shoal, the elevation of its foundation
base shall be the same as that of the pier foundation base if the river is an unstable one;
and the elevation may be determined in accordance with the calculated scour depth of the

abutment if the river is a stable one.

For a culvert foundation, thebearing depth shall be no less than 1 m below ground or
riverbed if the foundation ( excluding rock ground) is located in the place without scour. If
the foundation is located in the place with scour, the bearing depth of the foundation base
shall be set no less than 1 m below the local scour line. If there is a pavement layer on the
riverbed, the foundation base should be set no less than 1 m below the top surface of the

pavement layer.

If the ground is a frost heaving soil layer, the bearing depth of the pier/abutment

foundation base of the bridge/culvert shall comply with the following provisions:

1

2

where :

dmi

Z

If the superstructure is statically indeterminate, the foundation base shall be located no less
than 0.25 m below the depth of frost potential.

If the foundation is allowed to be set in theseasonal frost heaving soil layer, the minimum
bearing depth may be calculated by the following equations ;

Aoin =24 = P (5.1.2-1)

7, =YV, V. V. V2 (5.1.2-2)

,—minimal bearing depth of the foundation base (m) ;

,—design frost depth (m) ;

z,—nominal frost depth (m). When the data is unavailable, it may be adopted according to

Appendix E;

¥_—influence coefficient of frost depth by soil type, which is taken from Table 5.1.2-1;

¥ —influence coefficient of frost depth by frost heaving behaviors of soil, which is taken

from Table 5. 1. 2-2. The classification of seasonal frost heaving soil can be found in
E.0.2;

¥ ,—influence coefficient of frost depth by environment, which is taken from Table 5.1.2-3;

r.,— influence coefficient of frost depth by topographic aspect, which is taken from

Table 5.1.2-4;



i —influence coefficient of frost depth by foundation, ¢, = 1.1 is taken;
h, .. —allowable maximum depth of frozen layer below the foundation base (m), which is
taken from Table 5. 1.2-5. The classification of seasonal frost heaving soil is given in

E. 0.2 in the Specifications.

Table 5.1.2-1 Influence Coefficient of Frost Depth by Soil Type, W,

Soil type v, Soil type v,
Cohesive soil 1.00 Medium sand, coarse sand and gravelly sand 1.30
Fine sand, silty sand, silty soil 1.20 gravelly soil 1.40

Table 5.1.2-2 Influence Coefficient of Frost Depth by Frost Heaving Behavior of Soil, ¥,

Type of frost heaving behavior of soil v, Type of frost heaving behavior of soil v,
Non-frost heave 1.00 Strong frost heave 0.85
Weak frost heave 0.95 Extra strong frost heave 0.80

frost heave 0.90 — —

Table 5.1.2-3 Influence Coefficient of Frost Depth by Environment, ¥,

Ambient environment v, Ambient environment v,
Village, town, field 1.00 Urban area 0.90
Inner suburb 0.95 — —

Note:If the urban area has a population of 0.2 ~0. 5 million, the influence coefficient shall be taken as that for the inner
suburb; if the urban area has a population greater than 0.5 million but less than or equal to 1 million, the influence
coefficient shall be taken as that of the urban area; if the urban area has a population more than 1 million, the
influence coefficient is taken as that for the urban area, and the influence coefficient of the area inner 5 km from the

urban area is taken as that of the inner suburb.

Table 5.1.2-4 Influence Coefficient of Frost Depth by Topographic Aspect, ¢,

Topographic aspect Flat Adret Ubac

¥, 1.0 0.9 1.1

Table 5.1.2-5 Allowable Maximum Depth of Frozen Layer below the Foundation Base,

max

Type of frost heaving
behavior of soil

Weak frost heave

frost heave

Strong frost heave

Extra strong

frost heave

h

max

0.38 z,

0.28 z,

0.15 z,

0.08 z,

3 If a culvert foundation is set in the ground with seasonally frozen soil, the following

requirements shall be satisfied;



1) The bearing depth of the culvert foundation base in its outlet/inlet and its body within the
range of 2 m ~6 m (or a segment of the culvert with a length no less than 2 m) from the
outlet/inlet may be determined by the Eq. (5.1.2-1).

2) The bearing depth of the foundation at the middle part of the culvert may be determined

based on regional experience.

3)1In extremely cold regions, if the bearing depth at the middle part of the culvert differs

greatly from that at the outlet/inlet, a transition segment shall be set between them.

4) In areas with deep of frost potential, the foundation soil from the foundation base to the
depth of frost potential may be replaced by coarse-grained soil (including gravelly soil,
gravelly sand, coarse sand, and medium sand, but the silty clay content shall not exceed

15% , or the particles with grain size smaller than 0. I mm shall not exceed 25% ).

4 If the pier/abutment foundation base is set in the non-frost heaving soil layer, the bearing

depth of the foundation base in design may be unrestricted by the depth of frost potential.

5.1.3 The elevation of the top surface of the pier or abutment foundation should be
determined comprehensively according to the conditions of the bridge site, the difficulty of the

construction, aesthetics as well as the holistic of the entire structure.

5.2 Check for Ground Bearing Capacity and Eccentricity of Foundation Base

5.2.1 In checking the ground bearing capacity of piers and abutments, various actions that may
occur during construction and in service shall be considered, and the following requirements shall

be met:

1 If the height of the abutment backfill is larger than 5 m, the superimposed vertical
compressive stresses of the abutment foundation base induced by the abutment backfill
shall be considered, and the stresses may be analyzed according to Appendix F in the

Specifications.

2 For soft soil or soft ground, if the distance between the adjacent abutments and/or piers is
less than 5 m, the superimposed vertical compressive stresses of soft soil or soft ground

induced by the adjacent piers or abutments shall be considered.



3 For the abutment foundation with adverse ground soil behind the abutment, the stability

against sliding of abutment and embankment shall be checked concomitantly.

5.2.2 If the socket effect is neglected, the bearing capacity of rock and soil at the bottom of the
foundation may be checked by the following formulas .

1 For a foundation base subjected to only axial load;

p:%ﬁﬁ (5.2.2-1)

where ;
p—average compressive stress of foundation base (kPa) ;
N—vertical force at foundation base induced by the action combination specified in Clause 3.
0.6 of the Specifications(kN) ;

A—area of foundation base (m”).

2 For a foundation base subjected to uniaxial eccentric compression, besides the provisions of

Item 1 in this Clause, the following condition shall also be satisfied ;

N M
= —<< L. LT
pmax A +W ’)/R.fa (5 2 22)

where :
P maxy—Maximum compressive stress of foundation base (kPa) ;
M—bending moment with respect to the gravity axis of the foundation base, induced by the
horizontal and vertical forces on the pier or abutment under the action combination
specified in Clause 3. 0.6 of the Specifications(kN. m) ;

W—section modulus of the foundation base in the eccentric direction (m’).

3 For a foundation base subjected to biaxial eccentric compression, besides the provisions of

Item 1 in this Clause, the following condition shall also be satisfied :

M,
' <v.f, (5.2.23)

where
M,, M,—bending moment on the base about X- and the Y-axis (kN. m), induced by the
horizontal and vertical forces acting on the abutment or the pier, respectively;
W, W, —section modulus for the extreme fiber of foundation base with respect to the eccentric

direction of X- and Y-axis (m’), respectively.

5.2.3 For a pier or abutment foundation on a bedrock subjected to uniaxial eccentric load with an

eccentricity e,larger than the core radius of the cross-section, p (as shown in Eq. (5.2.5-2)),

I8



only the compression resistance of the foundation base ( no tension resistance, as illustrated in
Fig. 5.2.3) should be taken into account in calculating its maximum compressive stress. The
maximum compressive stress of the foundation base with rectangular cross-section, p, . , may be

calculated by the following formula;

pmax:bigfyk.fa (5'2'3>
3(2 —eoja

b—side length of the foundation base in the eccentric direction (m) ;

where :

a—side length of the foundation base perpendicular to the side with a length of » (m) ;
e,—distance from acting point of eccentric load N to the centroid of the section (m) ;

N—uniaxial eccentric load on the foundation of the pier or abutment (kN).
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Fig. 5.2.3 Diagram of Stress Re-distribution of Foundation Base on the Bedrock with a

Rectangular Cross-section under Uniaxial Eccentric Compression

5.2.4 For a pier or abutment foundation on a bedrock subjected to biaxial eccentric load with
an eccentricity e,larger than the core radius of the cross-section, p (as shown in Eq. (5.2.5-2)),
only the compression resistance of the foundation base (no tension resistance) should be taken into
account in calculating its compressive stress. The maximum compressive stress of the foundation
base with rectangular or circular cross-section, p,. , may be determined in accordance with the

provisions in the Appendix G of the Specifications.

5.2.5 The resultant eccentricity on the foundation base of the pier or abutment shall be checked,

and the following provisions shall be satisfied ;

1 The allowable value of the resultant eccentricity of the foundation base of the pier or

abutment, [ ¢, ], shall conform to the provisions in Table 5.2.5.



Table 5.2.5 Allowable Value of the Resultant Eccentricity of Foundation

Base of Pier or abutmen, [e,]

Action cases Type of grounds [e] Remarks
Pier, For arch bridges and rigid frame
Combination of only the 0.1p bridges, the design shall be carried out
permanent actions with Non-rock ground in such a way that the resultant force
characteristic values Abutment, | acts as close as possible to the centroid
0.75p of the foundation base of the piers.
Non-rock ground p

For robust piers ( single direction

o thrust piers ) in arch bridges, the
Combination of permanent Moderate fractured to extremely o ; o
. . o 1.2p eccentricity is not limited, but the
actions with characteristic values, fractured rock ground . .
safety factor of stability against

or combination of accidental . .
overturning failure shall conform to the

Intact and moderately intact 1.5 provisions specified in Table 5. 4.3 of

rock ground the Specifications

actions with characteristic values

2 The eccentricity of the acting point of resultant external force with respect to the gravity

axis of the foundation base, ¢,, may be calculated according to Eq. (5.2.5-1):
M
eO:N$[eo] (5.2.5-1)

where .
M—bending moment about the centroid of the foundation base induced by all external forces
(vertical forces and horizontal forces) (kN.m) ;

N—uvertical acting on the foundation base (kN).

3  The cross-sectional core radius of the foundation base subjected to uniaxial or biaxial

eccentric compression, p, may be calculated by the following equations ;

€
= .2.52
p 1 pminA (5 5 )
N
N M, M,
pmin A_WX_W‘. (52.5-3)

where
Pmin—the minimal compressive stress on the foundation base, which is tensile stress when the

value is negative (kPa).

5.2.6 In design of a foundation with soft ground or soft soil layer underlying the foundation base,

the bearing capacity of the soft ground or soft soil layer shall be checked by the following formula;
p. =7 (h+2) +a(p-y,h) <vy,f, (5.2.6)
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where :

p.—compressive stress on the soft ground or soft soil layer (kPa) ;

h—-bearing depth of the foundation base (m). It is measured from the general scour line if
the foundation is scoured; it is measured from the natural ground level if there is no
scour; it is measured from the surface of excavation if the foundation is located on an
excavation area;

z—distance from the foundation base to the top surface of the soft soil layer or of the soft
ground (m) ;

y,—transformed unit weight for each soil layer within the depth of 4 + z(kN/m’) ;

v,—transformed unit weight for each soil layer within the depth of #(kN/m’) ;

a—coefficient of superimposed compressive stress in the soil, see Clause J. 0. 1 in the
Specifications;

p—compressive stress of the foundation base (kPa). If z/b >1 (where b is the width of the
rectangular foundation base ), p is taken as the average compressive stress of the
foundation base; if z/b <1, p is taken as the compressive stress at the position with a
distance of b/3 ~ b/4 to the maximum compressive stress from the graph of the
compressive stress of foundation base (the compressive stress at the b/4 position is
adopted if the compressive stresses in the front and back edges of trapezoid graph are
significantly different; otherwise, the compressive stress at the b/3 position is adopted ) ;

f,—characteristic value of bearing resistance of soil on the top surface of the soft soil layer or
of the soft ground (kPa), which is taken according to the provisions of Clause 4.3.4 or
A4.3.5.

5.3 Check for Settlement

5.3.1 The settlement shall be calculated in case the abutments or piers are built on grounds with
complex geological conditions, non-uniform soil texture, or of poor bearing capacity, in case the
abutments or piers are built on a ground with an underlying layer of thick soft clay that has great
compressibility, in case the differential settlement is needed to be calculated due to the lengths of
the adjacent spans have obvious difference, or in case the settlement is needed to be considered in

advance for the overpass bridge to ensure its vertical clearance.

5.3.2 In settlement calculation, the action effect transmitted to the foundation base shall be

computed in accordance with the provisions in Clause 3. 0. 8 of the Specifications.

5.3.3 The settlement requirements of abutments or piers shall be in accordance with the following
provisions ;

1 The additional longitudinal gradient (to form a bevel) on the bridge deck induced by

J7



settlement difference between adjacent abutments and/or piers (excluding the settlement

during construction) shall not larger than 2%eo.

2 For an external statically indeterminate structure, the settlement difference between
adjacent abutments and/or piers shall not cause the structure stresses not meet the

requirements.

5.3.4 The final settlement of an abutments/pier foundation may be calculated by the following

equations
S:lpssozws;% a6 —, -7, |« _,',1) (5.3.4-1)

Po=p-—7Yh (5.3.42)
where :
S—final settlement of the foundation (mm) ;

S,—settlement value of the foundation calculated by layerwise summation method (mm) ;

. —empirical coefficient for the settlement calculations. It may be determined by the data of
regional settlement observation or by the empirical judgment of engineering. If the data
of settlement observation or empirical judgment of engineering is unavailable, it may be
determined according to the Clause 5. 3.5 of the Specifications.

n—number of the divided soil layers within the investigated depth in the calculation of the
foundation settlement ( Fig. 5.3.4);

P,— superimposed compressive stress on the foundation base subjected quasi-permanent
combinations of actions (kPa) ;

E ,—compressive modulus of the i" soil layer under the foundation base (MPa). It shall be
calculated by taking the compressive stress segment of soil from °the soil dead weight
compressive stress’ to ‘ the summation of soil dead weight compressive stress and
superimposed compressive stress’ ;

Z,, Z,_,—distance from the foundation base to the i" soil layer base and to the (i-1)" soil layer
base (m), respectively;

«,;, a, ,—coefficient for the average of superimposed compressive stress within the range from the

measured point of the foundation base to the i" soil layer base and to the (i —1)" soil
layer base, respectively, which may be taken by Clause J. 0.2 of the Specifications;
p—compressive stress of foundation base (kPa). If z/b > 1 ( where b is the width of
rectangular foundation base) , p is taken as the average compressive stress of foundation
base; if z/b = 1, p is taken as the compressive stress at the position with a distance of
b/3 ~ b/4 to the maximum compressive stress from the diagram of the compressive
stress of foundation base ( if the difference of the compressive stress in the front and
back edges of trapezoid graph is relatively large, the compressive stress at the b/4

position is adopted; otherwise, the compressive stress at the b/3 position is adopted) ;
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h—bearing depth of foundation base (m). It is measured from the general scour line if
there is scoured in the pier or abutment; it is measured from the natural ground level if
there is no scoured; it is measured from the excavation base if the foundation is located
in an excavation area;

y—unit weight of soil within the depth #(kN/m’). When the foundation is based on water-

permeable ground, buoyant unit weight shall be taken for the soil under the water level.

Elevation of
natural ground

TR ARV

Elevation of
- b
=
i1 |
l_xl

foundation base
_y i~L,layer

Curve of coefficient o
of average superimposed
compressive stress

% i,layer

Fig. 5.3.4 Layering Diagram for Calculation of Foundation Settlement

5.3.5
Table 5. 3. 5. The equivalent value for compressive modulus within the stratum range in the

Empirical coefficient for settlement calculations, i , may be determined according to

settlement calculation, E“ , may be calculated by the following formula.
— ZAI
s Ai

ZE

E (5.3.5)

where ;
A,—the integral value along the soil layer depth for the superimposed compressive stress on the

i" layer of soil.

Table 5. 3. 5 Empirical Coefficient for Settlement Calculatio n,,

Superimposed compressive E (MPa)
stress of foundation base 2.5 4.0 7.0 15.0 20.0
Po =T 1.4 1.3 1.0 0.4 0.2
Do =0.75f, 1.1 1.0 0.7 0.4 0.2

5.3.6

In the calculation of ground settlement, the investigated depth, z,, shall be taken in

accordance with the requirement of Eq. (5.3.6). If there is still soft soil layer below the




investigated depth, the assumed depth shall be increased to include the soft soil layer.

As,<0.0025 % As, (5.3.6)
where ;
As —the computed settlement of the soil layer with a thickness of AZ upwards from the
bottom of the investigated depth, z,, where AZ is referred to Fig. 5.3.4 and its value is
taken according to Table 5.3.6;

As,—the computed settlement of the i" soil layer within the range of the investigated depth

(mm).
Table 5.3.6 Value of AZ
Foundation base width, b (m) b<2 2 <b=<s4 4 <bs=s38 b >8
AZ(m) 0.3 0.6 0.8 1.0

5.3.7 For a foundation with a base width in the range of 1 m ~ 30 m and without influence on its
settlement from adjacent loads, its investigated depth for the ground settlement at the center of the

foundation base, z,,may also be calculated by the following simplified equation :
z,=b(2.5-0.4Inb) (5.3.7)

where :
b—foundation width (m) ;

Z,—the investigated depth for the ground settlement at the center of the foundation base (m).
If there exists a bedrock within the investigated depth, the z, may be measured from the
foundation base to the surface of the bedrock; if there is a stiff clay layer with relatively
large depth, which has a void ratio less than 0.5 and compressive modulus greater than 50
MPa, or there is a dense sandy cobble layer with relatively large depth, which has
compressive modulus greater than 80 MPa, the z, may be measured from the foundation

base to the surface of the soil layer mentioned.

5.4 Check for Stability

5.4.1 The stability against overturning of pier or abutment foundations shall be calculated by the

following equations (Fig. 5.4.1):

k= (5.4.1-1)
€
Pe, + 2 Hh,
. leIZP; o (5.4.12)

where :

k,—factor of safety against overturning of abutment or pier foundations;
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s—distance from the section centroid to the calculated overturning axis, which is on the
extension line measured from the section centroid to the acting point of the resultant force
(m);

e,—eccentricity of the resultant force of all external forces, R, with respect to the foundation
base gravity axis of the acting point of the checked cross-section (m) ;

P,— vertical force caused by fundamental or accidental combinations of actions with
characteristic values, in which the partial safety factors and combination factors are not
considered (kN) ;

e,—lever arm of vertical force P, to the centroid of the checked section (m) ;

H,—horizontal force caused by the fundamental combination of actions with characteristic
values or by the accidental combination of actions with characteristic values (kN), in
which the partial safety factor and combination factor are not considered;

h,—lever arm of horizontal force to the checked section (m).

Note ;1. Positive or negative signs shall be taken for the bending moment according to the
revoluting directions about the gravity axis of its checked section.
2. For the rectangular foundation with concave gap, the enveloping side of the base

section shall be taken as its overturning axis.
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a)Elevation b)Plan(uniaxial eccentric) c)Plan(biaxial eccentric)

Fig. 5.4.1 Schematic Diagram for Checking the Stability of Pier and Abutment Foundation

O-Centroid of the section, R-Acting point of the resultant force; A - A - Overturning axis in checking

5.4.2 The factor of safety against sliding of pier or abutment foundations, k_, shall be calculated
by the following equation
mXP; + X H,
k. = Z—Hm” (5.4.2)
where ;
k,—factor of safety against sliding of pier or abutments foundations ;
2. P,—sum of vertical forces;

ZHip—sum of horizontal forces in resisting sliding;

9.5
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> H,,—sum of horizontal forces causing sliding;
pu—coefficient of friction between the foundation base and the ground soil. It shall be
determined by test. If the test data are unavailable, it may be taken according to Table 5.
4.2.

Note: > H, and X H,, are the sum of horizontal forces in two opposite directions, respectively.

The one with a larger absolute value is the sum of sliding horizontal force X H, , and the

ia o

other one is the sum of stabilizing force against sliding 3 H,. The u X P,is the

stabilizing force in resisting sliding.

Table 5.4.2 Friction Coefficient in the Foundation Base

Classification of foundation soil N
Cohesive soil (liquid ~ stiff), silty soil 0.25~0.35
Sandy soil (silty sand ~ gravelly sand) 0.30~0.40
gravelly soil (loose ~ dense) 0.40 ~0.50
Weak rock (extremely weak rock ~ moderately weak rock) 0.40 ~0.60
Stiff rock (moderately strong rock, very strong rock) 0.60 ~0.70

5.4.3 In checking the stability of piers and abutments against overturning or sliding, the safety

factors for stability shall not be less than the values specified in Table 5. 4. 3.

Table 5.4.3 Minimum Safety Factors for Stability against Overturning or Sliding

. o . Minimum safety
Action combinations Checked items o
factors for stability
Combination of permanent loads (excluding concrete shrinkage Overturning 1.5
and creep, buoyancy force ) and vehicle, pedestrian load,
e Sliding 1.3
. expressed bycharacteristic values
Service stage
Overturning 1.3
Combination of various actions withcharacteristic values
Sliding 1.2
Overturning
Combination of actions in construction withcharacteristic values 1.2
Sliding

5.4.4 If the foundation is located in seasonally frozen soil or permafrost soil layer, the stability
against frozen uplift shall be checked. The calculation method may refer to the Appendix H in this

Specifications.



6 Pile Foundations

6.1 General

6.1.1 The pile foundation shall be designed according to not only the provisions of relevant

specifications but also the following provisions:

1 Checking the compression, uplift, and horizontal resistance of the pile groups or single

piles based on the functional use and load characteristics of the pile foundations.

2 Checking the overall stability under the most adverse combination of actions for the pile

foundations located on the slope or shoreside.
6.1.2 Piles may be classified according to the following provisions:
1 Classified by load-bearing properties :

1) Friction pile; the load on the pile head is mainly taken by the skin friction ( side resistance

along its surface) , and the tip resistance of the piles is also considered.

2 ) End-bearing pile: the load on the pile head is mainly taken by the tip resistance at the pile

tip, and the skin friction of the piles is also considered.
2 Classified by piling methods .
1) Non-soil-compaction piles, including cast-in-place piles drilled ( bored) by dry-operation

method, cast-in-place under-reamed piles, cast-in-place drilled piles using slurry to protect

the wall, and cast-in-place drilled piles using a sleeve to protect the wall, etc. ;



2) Partially-soil-compaction piles, including pre-drilled driven piles, prestress concrete pipe
piles with open-end, steel pipe piles with open-end, and cast-in-place drilled root

piles, etc. ;

3) Soil-compaction piles, also called driven piles, including precast piles, prestressed concrete
pipe piles with close-end, steel pipe piles with close-end driven by hammering, static

loading or vibration, etc.

6.1.3 The elevation of the pile cap bottom shall comply with the following requirements

1 In the regions of seasonal frost heaving soil, if the pile cap bottom is located in soil, its

bearing depth shall be in accordance with the relevant provisions of Clause 5.1.2;

2 In a river with drift ice, the elevation of the pile cap bottom shall be no less than 0.25 m

lower than the lowest bottom of the ice layer;

3 If a pile foundation is prone to be collided by drift rafts, other drifting objects, or ships,
the elevation of its pile cap bottom shall be determined to ensure the piles will not be
collided directly.

6.1.4 For piles in the regions of seasonally frozen soil, if it is necessary to set the lateral bracings

between piles, the location of the bracings shall keep away from the frost heaving layer.
6.1.5 In a same pile group foundation, friction piles and end-bearing piles should not be used
together; piles with different diameters, different materials, or with too large different elevations of

pile tips should also not be used together too.

6.1. 6 For piles used in large and super-large bridges with the following circumstances, the

compressive resistance of a single pile shall be determined through the static loading test.

1 The bearing depth of a pile is far deeper than that of common piles.

2 It is difficult to determine the compressive resistance of the pile due to the complex

geological conditions.

3 The foundation is a new-type pile foundation or a pile foundation constructed by new

technology.

4 The pile foundation has other special requirements.
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6.2

6.2.1

6.2.2

Detailing Requirements

The dimensions of the concrete piles should meet the following detailing requirements ;
The diameters of the drilled piles should be designed no less than 0.8 m;
The diameters or minimum side width of the bored piles should not be less than 1.2 m;

The diameters of the concrete pipe piles may be 0.4 m to 1.2 m, their minimum wall

thicknesses should not be less than 80 mm.
Concrete piles shall meet the following detailing requirements ;

Concrete strength class for the pile bodies shall not be less than C25. When reinforcing
steel with a nominal strength value of 400 MPa or above is used, the concrete strength
class shall not be less than C30. The filled concrete for pipe piles shall not be less
than C20.

Reinforced concrete-driven piles shall be reinforced by the reinforcing steel along its full
length according to the stress requirements at various stages, including transportation,
driving into soil, and in service. The stirrups or spiral reinforcing bars at both ends of the
pile and the pile splicing zone shall be densified with reduced spacing, the spacing may be

taken as 40 mm ~ 50 mm.

The reinforcing bars in a drilled (bored) pile may be arranged by segments according to
the internal forces along the pile body. Even if no reinforcing bar is needed from the
analysis results of the internal forces, the piles shall still be reinforced according to the
detailing requirements in the pile top with a length of 3.0 m ~ 5. 0 m. Piles shall be

reinforced according to the following requirements ;

1 ) The diameter of the primary reinforcement in piles shall not be less than 16 mm; the number

of main reinforcing bars in each pile shall not be less than 8 ; the clear distance between the

main bars shall not be less than 80 mm, or shall not be greater than 350 mm.

2)If the number of the reinforcing bars is large, reinforcing bars may be used in bundles. The

diameter of an individual bar in the bundles shall not be larger than 36 mm. The number of

the individual bars in a bundle shall not be more than 3 if the diameter of the individual bar
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6.2.

7

is no larger than 28 mm, and the number shall be 2 if the diameter is larger than 28 mm.

3) The cover thickness of the reinforcing bars shall meet the requirements in the Specification
for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges and Culverts
(JTG 3362).

4)The diameter of the closed stirrup or spiral reinforcement shall not be less than 8§ mm and
1/4 times the diameter of the primary reinforcement. Their central distance shall not be 15
times larger than the diameter of the primary reinforcement and shall not be larger than
300 mm.

5) One stiffening stirrup with a diameter of 16 mm ~ 32 mm shall be arranged in the skeleton

of the reinforcement cage with an interval of 2.0 m ~2. 5 m.

6 ) Positioning concrete blocks shall be set around the reinforcement cages, or other positioning

measures shall be used.

7) The primary reinforcement at the bottom of the reinforcement cages should be slightly bent

inward.

4  The segment length of precast reinforced concrete piles shall be determined according to
construction conditions, and the number of connectors shall be minimized. The strength of
the connectors shall not be less than that of the pile body. The connector flange shall not
project outside the pile body, and the connectors shall not be loose or cracked in service or

during the driving process.

5 For the prestressed concrete pipe piles with open-end whose pile tip is socketed into the
highly weathered rock in non-saturation, effective measures shall be taken to prevent the
bearing stratum at the pile tip from softening induced by water seepage.

3 Steel pipe piles shall be designed in accordance with the following detailing requirements ;

1 The welded connectors for steel pipe piles shall adopt the butt welding with equal strength.

2 The end forms of the steel pipe piles shall be determined comprehensively according to the
characteristics of the soil layers the pile penetrated, the properties of bearing stratum at the
pile tip, pile size, soil squeezed effect, and other factors. The end forms of steel pipe piles

may be in one of the following forms

1) Open end with stiffeners ( with or without internal diaphragms) , open end without stiffeners



(with or without internal diaphragms) ;
2)Closed end with flat tip or cone tip.

3 The diameter and wall thickness of the steel pipe piles should be designed in accordance

with the following requirements;
1) The ratio of diameter-to-wall thickness should not be greater than 100.

2 ) The minimum wall thickness required for resisting hammering may be determined by

engineering judgment or the following formula;.

d
1=6.35 + (6.2.3)

where :
r—wall thickness of steel pipe pile (mm) ;

d—diameter of steel pipe pile (mm).

6.2.4 The steel tube structure of concrete-filled steel tube composite piles shall comply with the
requirements of Clause 6.2.3 of the Specifications, and its ratio of diameter-to-wall thickness, d/t,

may be calculated according to Eq. (6.2.4) .

d 235
;= (20~135)

- (6.2.4)
d
where .

f—value of design strength of steel (MPa).

6.2.5 The following anti-corrosion treatments may be applied for steel piles or concrete-filled

steel tubular composite piles according to the environmental conditions:
1 Covering with anti-corrosion coating or other covering layers in the outer walls.

2 Increasing the reserved thickness of the corrosion margin for the pipe wall. In marine
environment, the average annual corrosion rate for one surface of a steel pile may be taken
from Table 6. 2. 5, and it may also be determined by in-situ measurement if the
measurement is available. Under other environment conditions, the average annual
corrosion rate may be taken as 0. 06 mm/year for pile bodies above the average low water

level, and 0.03 mm/year for pile bodies below the average low water level.
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Table 6.2.5 Average Annual Corrosion Rate in One Surface of a

Steel Pile in the Marine Environment

Location (mm/Year) Location (mm/Year)
Atmospheric zone 0.05~0.10 Water level changing zone, underwater zone 0.12 ~0.20
Splash zone 0.20 ~0.50 Under-mud zone 0.05

Note . 1. The average annual corrosion rate listed in the table is applicable to environmental conditions with pH value of
4 ~10. The rate shall be increased accordingly in a severely polluted environment.

2. The average annual corrosion rate in the corresponding parts shall be increased appropriately in case the structure

is located in an estuary where salinity in the water is quite different, or in an environment of high average annual

temperature, large waves, or high current velocity.

3 Using cathodic protection for structure parts underwater.

4 Choosing corrosion-resistant steels.

5 If the inner wall of the pipe pile is isolated from the outside environment, its anti-corrosion

treatment may not be considered.

6.2.6 Pile arrangement and centre-to-centre spacing shall comply with the following requirements

1 Pile groups may be arranged in symmetrical, quincuncial form, or circular shape.

2 The centre-to-centre spacing of friction piles shall be arranged in accordance with the

following requirements

For the piles driven by hammering or static pressure, the centre-to-centre spacing of the pile tip
shall not be less than 3 times the pile diameter or the side length. The spacing shall be appropriately
increased for the soft soil foundation. For piles driven into sand by vibration, the centre-to-centre
spacing of the pile tip shall not be less than 4 times the pile diameter or the side length. The centre-
to-centre spacing at the bottom of the pile cap shall not be less than 1.5 times the pile diameter or
the side length.

1) The centre-to-centre spacing of drilled piles shall not be less than 2. 5 times the pile

diameter.

2) The centre-to-centre spacing of the bored piles may be taken as that of the drilled pile.

3 The centre-to-centre spacing of the drilled (bored) end-bearing piles supported or socketed

in bedrock shall not be less than 2.0 times the pile diameter.
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6.2.7

6.2.8

The centre-to-centre spacing of the cast-in-place drilled (bored) piles with belled bottom
shall not be less than the larger value of 1.5 times the belled pile diameter and the belled

pile diameter plus 1.0 m.

For piles with diameter less than or equal to 1.0 m, the distance from the outside of the
border pile or corner pile to the edge of the pile cap shall not be less than 0.5 times the pile
diameter or the side length, and shall not be less than 250 mm; for piles with diameter
greater than 1.0 m, the distance shall not be less than 0. 3 times of the pile diameter or the

side length, and shall not be less than 500 mm.

Details of pile caps and lateral bracings shall comply with the following requirements;

The depth of a pile cap should not be less than 1.5 times the pile diameter and should not
be less than 1.5 m. The concrete strength class of the pile cap shall not be less than C25.
If reinforcing steel with a nominal strength value of 400 MPa or larger is used, the concrete
strength class shall not be less than C30.

If the pile head is directly embedded into the pile cap, 1 to 2 layers of reinforcement
meshes shall be set on the top of each pile. If the primary reinforcement of the pile extend
into the cap, one layer of reinforcement mesh should be set at the bottom of the pile cap.
The amount of reinforcing steel in the bottom should be 1200 ~ 1500 mm’/m in each

direction and the diameter of reinforcing steel should be 12 mm ~ 16 mm.

When lateral bracings are used to enhance the integrity of the piles, the sectional depth and
width of the bracings may be 0.8 ~ 1.0 times and 0.6 ~ 1.0 times the diameter of the
piles, respectively. The concrete strength class shall not be less than C25. If reinforcing
steel with a nominal strength value of 400 MPa or larger is used, the concrete strength class
shall not be lower than C30. The steel ratio of the primary reinforcement of lateral bracing
shall not be less than 0. 15% . The stirrup diameter shall not be less than 8§ mm and the

spacing shall not be greater than 400 mm.

The connection between pile and pile cap, pile and lateral bracing shall comply with the

following requirements ;

1

For the connection that a pile head is embedded directly into the pile cap, the embedded
length shall not be less than two times the pile diameter (or side length) when the pile
diameter (or side length) is less than 0. 6m; the embedded length shall not be less than 1.
2 m when the pile diameter (or side length) is 0.6 m ~ 1.2 m; the embedded length

shall not be less than the pile diameter (or side length) when the pile diameter (or side
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length) is greater than 1.2 m.

For the connection that the primary reinforcement of a concrete pile are extended into the
pile cap, the depth of the pile to be embedded into the cap may be taken as 100 mm; the
primary reinforcement of the pile extended into the cap may be shaped as a trumpet ( tilt
about 15° with respect to the vertical line); the length of the primary reinforcement
extended into the pile cap shall not be less than 404 for the plain round steel bar of HPB300
( with hook) , and no less than 354 for the ribbed bar ( without hook) (d is the diameter of

the primary reinforcement) .

Cast-in-place piles with large diameters may be connected directly to the columns with or

without lateral bracing.

For the connection between concrete pipe pile and pile cap, when the longitudinal
reinforcing steels embedded into pile cap are used as steel dowels, their number shall not
be less than 4 and their diameters shall not be less than 16 mm. The length anchored into
the cap shall not be less than 35 times the bar diameter, and the length inserted into the

filled concrete in the pipe pile head shall not be less than 1.0 m.

5 Steel pipe pile and pile cap shall be fixed together, and the connection part shall meet

stress requirements. One or several combinations of the following methods may be used for

fixed connection:

1)If the pile head is directly extended into the pile cap (Fig. 6.2.8a) , shear keys shall be set

at the part of the steel pipe pile that extends into the cap.

2 ) Anchors or anchorage reinforcement may be set at the pile head (Fig. 6.2.8 b), the length

of the anchorage reinforcement extending into the cap shall comply with the provisions of

Item 2 in this Clause.

3) The reinforced concrete core may be set at the pile head. The connection between the

reinforced concrete core and the pile cap shall comply with the requirements of Item 2 in
this Clause; the length and reinforcement of the concrete core in the steel pipe shall meet

the stress requirements.

6 The primary reinforcement of lateral bracing shall be inserted into pile with a length no less

than 35 times the diameter of the primary reinforcement.



a)Pile Head Extending Directly = b)The Pile Head Anchored by Anchors
into the Pile Cap or Anchorage Reinforcement

Fig. 6.2.8 Connection between Steel Pipe Pile and Pile Cap

1-pile cap; 2-steel pile; 3-anchors or anchorage reinforcement

6.3 Analysis

6.3.1 Piles may be analyzed according to the following provisions:
1 It is assumed that all the loads above the pile cap bottom are supported by the piles;

2 The lateral earth pressure on the abutment is computed according to the earth height

measured from the natural ground before filling.

6.3.2 In the ground with a thick layer of soft soil (or soft ground) and good bearing stratum,
negative skin friction caused by the loads of subgrade fills, or by lowering groundwater level, etc. ,

shall be taken into account in the calculation of pile foundation.

6.3.3 For the drilled (bored) cast-in-place pile supported by the soil layer, the characteristic
value of axial compressive resistance of a single pile, R,, may be calculated by the following

equations ;
Ru = %ui qikli +qur (6 3. 3_] )

q, =myAlf, +kyy,(h=3)] (6.3.3-2)
where ;

R ,—characteristic value of axial compressive resistance of a single pile. The difference
between pile self-weight and the correspondingly replaced soil weight shall be considered
in the action effect (if the buoyancy of the pile is considered, that of the replaced soil
shall be also considered) ;

u—rpile perimeter (m) ;



A ,—sectional area of the pile tip (m”). For the belled pile, it may be taken as the sectional
area in bell bottom.
n—number of soil layers;
[.—depth of the soil layers below pile cap bottom or local scour line (m), the length of 2d
above the bell-bottomed part or variation section is not included;
q,,—nominal value of skin friction of the pile side in each soil layer with a depth of /,(kPa) , which
should be determined by the skin friction test of a single pile; when test conditions are
unavailable, it can be selected from Table 6.3.3-1, and the skin friction in the bell-bottomed
part and in the pile with a range of 2d length above the variable section is not considered;
q,—adjusted characteristic value of bearing resistance of soil at the pile tip (kPa); if the
bearing stratum is sand or gravel and the calculated value exceeds the following values, the
following values should be adopted; 1000 kPa for silty sand; 1150 kPa for fine sand; 1450
kPa for medium sand, coarse sand, and gravelly sand; and 2750 kPa for gravelly soil;
f.o—characteristic value of bearing resistance of soil at the pile tip (kPa). It is determined
according to Clause 4.3.3;
h—bearing depth of the pile tip (m). It is taken from the general scour line for the pile
foundation with scouring; it is taken from the natural ground level or from the actual
ground level after excavation for the pile foundation without scouring; the calculated
value of & shall not be greater than 40 m; and shall be taken as 40 m if the calculated
value is larger than 40 m;
k,—adjusting factor of depth for characteristic value of bearing resistance, which may be
selected from Table 4. 3. 4 of the Specifications according to the soil types of bearing
stratum at the pile tip;
y,—weighted average unit weight for the soil layers above the pile tip (kKN/m’). It shall be
taken as the saturated unit weight if the bearing stratum is underwater and impermeable ;
and it shall be taken as the buoyant unit weight for the soil immersing in the water if the
bearing stratum is permeable;
A—adjusting factor for the characteristic value of bearing capacity, which is selected from
Table 6.3.3-2;

M,—bottom cleaning coefficient, which is selected from Table 6.3.3-3.

Table 6.3.3-1 Nominal Value for Skin Friction of Drilled Pile, ¢,

Soil types Conditions q; (kPa)
Medium dense slags, fly ash 40 ~60
Liquid 20 ~30
Semi liquid 30 ~50

Cobhesive soil
Plastic, stiff plastic 50 ~80
Stiff 80 ~ 120




continued

Soil types Conditions g, (kPa)
Medium dense 30 ~55
Silty soil

Dense 55 ~80

Medium dense 35 ~55

Silty sand, fine sand

Dense 55 ~70

Medium dense 45 ~60

Medium sand

Dense 60 ~ 80

Medium dense 60 ~90

Coarse sand, gravelly sand
Dense 90 ~ 140
Medium dense 120 ~ 150
Round gravel, Breccia
Dense 150 ~ 180
Medium dense 160 ~220
Gravel andcobble

Dense 220 ~400
Boulder, block stone — 400 ~ 600

Note : The characteristic value for the skin friction of the bored pile may refer to this table.

Table 6.3.3-2 Adjusting factor, A

l/d
Soil condition at the pile tip
4 ~20 20 ~ 25 > 25
Permeable soil 0.70 0.70 ~ 0.85 0.85
Impermeable soil 0.65 0.65 ~ 0.72 0.72

Table 6.3.3-3 Bottom Cleaning Coefficient,m,

1,/d 0.3 ~0.1

m, 0.7 ~ 1.0

Note:1. The t,, d is the sediment thickness and pile diameter at the pile tip, respectively;
2.Whend < 1.5 m, t,< 300 mm is taken; when d > 1.5 m, ¢, < 500 mm is taken; and the condition shall
meet: 0.1 < #,/d < 0.3.

6.3.4 For the single cast-in-place pile that is post-grouted and complies with the requirements in
Appendix K of the Specifications, the characteristic value of its axial compressive resistance, R,

may be calculated according to the following equation:
1 n
Ra :Eul_; Bsiqikli +Bpqur (6‘33_3)

where ;
R,—characteristic value of the axial compressive resistance of a single pile for the post-grouted

cast-in-place piles (kN) ; the difference between pile self-weight and its correspondingly
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replaced soil weight shall be considered in the action effect (if the buoyancy of the pile is
considered, that of the replaced soil shall be also considered) ;

B,— enhancement coefficient of skin friction of the i" soil layer, which may be taken
according to Table 6.3.4. When the pile tip in saturated soil is grouted, only the skin
friction of the pile within the range of 10.0 ~ 12.0 m above the pile tip is revised for its
enhancement ; when the pile tip in the unsaturated soil layer is grouted, only 5.0 —6.0 m
above the pile tip is revised for its enhancement; when the pile side in a saturated soil
layer is grouted, only the pile skin friction within the range of 10.0 ~12.0 m above the
grouting section is revised for its enhancement; when the side of the pile in an
unsaturated soil layer is grunted, only the skin friction of the pile within the range of 5.
0 ~6.0 m above and below the grouting section is revised for its enhancement; for pile
body out of the enhanced influence range, 8, = 1.

B,—enhancement coefficient of tip resistance, which may be taken according to Table 6. 3. 4.
Other symbols are the same as those in Eq. 6.3.3-1 of the Specifications.

Table 6.3.4 Enhancement Coefficients of Skin Friction and Tip Resistance

after grouting, B and B,, respectively

Completely
Name Clay, . . ) . .
¢ soil Muddy it Silty Silty Fine |Medium | Coarse sand Breccia, Gravel, |weathered rock;
of soi si
soil Y soil sand sand sand | gravelly sand | round gravel cobble highly
layer clay

weathered rock

1.2 ~ 1.3~ 1.4~ 1.5~ 1.6 ~ 1.7 ~
B, 1.8~2.0 1.6~1.8 |1.8~2.0 1.2~1.4
1.3 1.4 1.5 1.6 1.7 1.9

1.6 ~ 1.8 ~ 1.9~ [ 2.0~ | 2.0~
B, — 2.2~2.4 2.2~2.5 |2.3~2.5 1.3~1.6
1.8 2.1 2.2 2.3 2.3

Note: A greater value may be taken for moderately dense, loose sand and gravelly soil; and a smaller value for dense sand

and gravelly soil.

6.3. 5 The characteristic value of the axial compressive resistance of a single driven pile

supporting on the soil layers, R, , may be calculated as follows;

Ra :%(uéi ail[qik +ar/\pQrk> (6' 3' 5)

where .

R ,—characteristic value of the axial compressive resistance of a single pile (kN ); the
difference between pile self-weight and its correspondingly replaced soil weight shall be
considered in the action effect (if the buoyancy of the pile weight is measured into
buoyancy, the replaced soil weight shall also be measured into buoyancy) ;

u—rperimeter of pile body (m) ;

n—number of soil layers;
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[,—depth of each soil layer below the bottom of the pile cap or the local scour line (m) ;
q,—nominal value for the skin friction of piles in each soil layer with a depth of [/, (kPa),
which should be determined by the test of skin friction of a single pile or static cone
penetration test; if the test condition is unavailable, it may be selected from Table 6.3.5-1;
q,,—nominal value of bearing resistance of soil at the pile tip (kPa), which should be
determined by a single pile test of tip resistance or static cone penetration test; if the test
condition is unavailable, it may be selected from Table 6.3.5-2;

«; ,a,—coefficient to consider the influence of vibration-driven pile on the skin friction of piles in
each soil layer and the resistance of the pile tip, respectively; which is taken from Table
6.3.5-3; it is taken as 1.0 for driven piles by hammering or by static pressure.

A,—soil plugging coefficient at pile tip. For pipe piles with closed end, A, = 1.0; for pipe
piles with open end, A,is 0.3 ~0.4 when 1.2 m < d < 1.5 m, and 0.2 ~ 0.3 when
d>1.5 m.

Table 6.3.5-1 Nominal Value of Skin Friction for Driven Piles

Soil type Status Nominal value of skin friction, g, (kPa)

1.5 =,=1 15 ~30
1 >1,=0.75 30 ~45
0.75 >1,= 0.5 45 ~60

Cohesive soil
0.5 >1,=0.25 60 ~75
0.25 >1,=0 75 ~85
0>1, 85 ~95
Slightly dense 20 ~35
Silty soil Medium dense 35 ~65
Dense 65 ~ 80
Slightly dense 20 ~35
Silty sand, fine sand Medium dense 35 ~65
Dense 65 ~80
Medium dense 55 ~75

Medium sand
Dense 75 ~90
Medium dense 70 ~90

Coarse sand
Dense 90 ~ 105

Note: 1. The liquidity indexes, I,, of the soil listed in the table are the values measured by 76g stratocone.

2. Small value should be used for steel pipe piles.
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Table 6.3.5-2 Nominal Value of Bearing Resistance of Soil at the Driven Pile Tip, ¢q,,

Nominal value of bearing resistance of soil at the pile tip,

Soil type Status
P 4, (kPa)
I,=1 1000
1 >I,=0.65 1600
Cohesive soil
0.65 >I1,= 0.35 2200
0.35 >1, 3000

Relative depth for the pile tipembedded into bearing stratum

- h, 4 h, >1 h, 4
> 4 > i 4 >

Medium dense 1700 2000 2300

Silty soil
Dense 2500 3000 3500
Medium dense 2500 3000 3500

Silty sand
Dense 5000 6000 7000
Medium dense 3000 3500 4000

Fine sand
Dense 5500 6500 7500
Medium dense 3500 4000 4500

Medium and coarse sand
Dense 6000 7000 8000
Medium dense 4000 4500 5000
Round gravel

Dense 7000 8000 9000

Note: The #, in the table is the depth of pile tip embedded into the bearing stratum ( excluding pile shoes) ; d is the pile

diameter or side length.

Table 6.3.5-3 Influence Coefficient, «;,c,

Pile diameter or side length, Coefficient «; ,,
d (m) Clay Silty clay Silty soil Sand
0.8=4d 0.6 0.7 0.9 1.1
2.0=4d > 0.8 0.6 0.7 0.9 1.0
d>20 0.5 0.6 0.7 0.9

6.3.6 When the skin friction of the pile and bearing resistance of soil at the pile tip are measured

by the static cone penetration test, ¢, and g, in the calculation of the characteristic values of

compression resistance of the driven piles should be calculated as follows

9 =B.q;
qir :qur

(6.3.6-1)
(6.3.62)

When 5, of the soil layer is greater than 2000 kPa and 51./ 5, is less than or equal to 0. 014,83, and B,

should be calculated as follows:
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B, =5.067(g,) " (6.3.63)

B,=3.975(q,) % (6.3.6-4)
Otherwise :
B, =10.045(g,) % (6.3.6-5)
B, =12.064(q,) "% (6.3.6-6)
where :

;i—average value of the local skin friction of the pile side in the i" layer of the soil measured

by the static cone penetration test (kPa). Wheng;is less than 5 kPa, it is taken as 5 kPa;

;r—average value of resistance at the pile tip within the range of elevations ( excluding the pile
shoes) from -4d to +4d(d is the diameter or side length of the pile) measured by the
static cone penetration test (kPa). When the average value of resistance within 4d above
pile tip elevation is greater than that within 4d below pile tip elevation, the average value
of resistance is taken as the value within 4d below pile tip elevation;

B.8,—comprehensive adjusting factors for skin friction and tip resistance, respectively. Eqs.
(6.3.6-3) ~ (6.3.6-6) are not appropriate for short piles in urban miscellaneous fill;
when the piles are used for loess or other special soil regions, it is needed to carry out trail

piling to verify the comprehensive adjusting factors.

6.3.7 The characteristic value of axial compressive resistance of drilled (bored) and driven piles

supported by bedrock or socketed in the bedrock, R, , may be calculated by the following equation ;

m 1 n
R,=c/Afy + ”i; Coiltif +?§sui; ligy (6.3.7)

where :
c,—performing coefficient of the tip resistance determined by rock strength, rock fracture
degree of rock, and other factors, as shown in Table 6.3.7-1;
A ,—sectional area of the pile tip (m”). For the belled pile, it may be taken as the sectional
area in bell bottom;
f.,—nominal value of the uniaxial compressive strength of saturated rock at pile tip (kPa). It
may be taken as the nominal value of uniaxial compressive strength under natural humidity
for argillite; when f, is less than 2 MPa, R, is calculated as the pile is supported on the
soil layer;
f—the value of f, in the i" layer;
¢,,—performing coefficient of skin friction determined by rock strength, rock fracture degree
and other factors, as shown in Table 6.3.7-1;
u—rperimeter of pile body in each soil layer or rock stratum (m) ;
h,—depth of the pile socketed in each rock stratum (m), excluding highly weathered and
completely weathered strata as well as the rock stratum above the local scour line;
m—number of rock strata, excluding highly and completely weathered strata;

& —performing coefficient of skin friction for the overlying layer, which shall be determined
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according to f, at the pile tip, see Table 6.3.7-2;
[.—depth of each soil layer below the pile cap bottom or local scour line (m) ;
g,—nominal value of skin friction in pile side of No. i" soil layer (kPa), which shall be
taken as the tested skin friction of the single pile; if there is no condition to conduct a
test, it may be taken from Table 6.3.3-1 for drilled (bored) piles, from Table 6. 3. 5-1
for driven piles without consideration of the skin friction for the bell-bottom part;

n—number of soil layers. Highly or completely weathered rock strata are considered as soil

layers.
Table 6.3.7-1 Performing Coefficient, ¢, ,c,
Rock stratum conditions c C,
Intact ormoderately intact 0.6 0.05
Moderatelyfractured 0.5 0.04
Veryfractured or extremely fractured 0.4 0.03

Note:1. When the socketed depth of the pile into the rock is less than or equal to 0.5 m, ¢, is taken as 0. 75 times the
value listed in the table, and ¢, = 0 is taken.
2. For drilled piles, the values of C,and C,shall be reduced by 20% ; for the sediment thickness ¢ at pile tip, ¢ < 50
mm is taken when d < 1. 5 m, and r < 100 mm is taken when d > 1.5 m.
3. When the moderately weathered stratum is used as bearing stratum, C,and C,are multiplied by a reduction
coefficient of 0.75.

Table 6.3.7-2 Performing Coefficient of Skin Friction of Overlying Layer, &,

£..(MPa) 2 15 30 60

Performing Coefficient of skin friction,§, 1.0 0.8 0.5 0.2

Note : values of £ may be calculated by interpolation. Whenf,, > 60 MPa, & may be taken according to f,, = 60 MPa.

6.3.8 When a pile is designed as rock-socketed pile, the effective socketed depth of the pile in

the bedrock may be calculated by the following equations :

1 Circular pile;

. _L.2TH+ /38161, dM, +4.84H

, 0.58fd (6.3.8-1)
2 Rectangular pile:
H+ ./3pf,bM, +3H
h = Bf.,oM,, (6.3.8-2)
’ 0. 58f,b

where .
h,—effective socketed depth of the pile in the bedrock ( excluding highly and completely

weathered strata as well as the rock stratum above the local scour line) (m). It shall not
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be less than 0.5 m;

H—nhorizontal force at the top surface of the bedrock (kN) ;

M, —bending moment at the top surface of the bedrock (kN + m) ;

b—side length of the pile perpendicular to the bending moment plane (m) ;

B—reduction coefficient for converting the vertical compressive strength of rock to the
horizontal compressive strength, it is taken as 0.5 ~ 1. 0. It is determined by the side
structure of the rock stratum. The smaller value is taken for the reduction coefficient if the
rock has developed joints, while the larger value is taken for the reduction coefficient if
the rock has under-developed joints;

f.,—nominal value of the uniaxial compressive strength of saturated rock (kPa).
6.3.9 For friction piles subjected to tension, the following requirements shall be met:

1 Pile shall not be in tension if the axial forces on the pile are caused by the combination of
dead load, prestressing, soil weight, lateral earth pressure, vehicle load, and pedestrian

load with their frequent values;

2 Pile is permitted to be in tension if the axial forces are caused by the combination of the
above-mentioned loads and other variable actions or the accidental actions with frequent
values, or caused by the accidental combination. The characteristic value of the axial
tensile resistance of a single pile is calculated by the following equation

R, =0.3u3 a,lq, (6.3.9)
where .
R, ——characteristic value of the axial tensile resistance of the single pile (kN) ;
u—rperimeter of pile body (m). For a pile with constant diameter, u = wd; for a belled
pile, in the length range ./, < 5d(counted from pile tip), u = wD is taken; for other
length ranges, u = d is taken ( where D is the extensional pedestal diameter of the pile,
and d is the diameter of the pile body) ;

o,—coefficient to consider the influence of vibration-driven pile on the skin friction of pile in

each soil layer, which is taken according to Table 6. 3. 5-3; for hammer-driven, static

pressure-driven, and drilled pile, =1.

3 In calculating the axial force acting on the bottom of the pile cap caused by external loads,
the self-weight of the pile shall be excluded.

6.3.10 In calculating the internal forces of a pile, the m method ( see Appendix L and Appendix
M) or other reliable methods may be used. The sectional stiffness of the concrete-filled steel
tubular composite pile may be calculated according to the following equations

FA=EA, +EA, (6.3.10-1)
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EI=E I +E]I (6.3.10-1)
GA=GA,+GA, (6.3.10-1)
where ;
EA—sectional compression stiffness of concrete-filled steel tubular composite pile;
El—sectional flexural stiffness of concrete-filled steel tubular composite pile;

GA—sectional shear stiffness of concrete-filled steel tubular composite pile.

The subscripts ¢ and s represent the corresponding parameters of concrete and steel tube,

respectively.

6.3.11 For a multi-row pile group consisting of 9 or more friction piles, if the center-to-center
spacing of the piles in the pile tip plane is less than 6 times the pile diameter, the pile group may be
considered as a block foundation, where the end bearing resistance of the total area at the pile tip
plane is checked in accordance with the provisions in the Appendix N of the Specifications. If a soft
soil layer or weak ground is underlied the pile tip plane, the bearing resistance of the underlying

soft or weak soil layer shall be checked according to Clause 5. 2.6 of the Specifications.

6.3. 12 For pile foundations with end-bearing piles or with piles whose centre-to-centre
spacings are greater than 6 times the pile diameter (or side length) , the settlement of a single pile
may be taken as the total settlement of the pile foundation. In other cases, the settlement of the pile
groups shall be calculated as a pier or abutment foundation according to the provisions of Clause 5.

3.4 of the Specifications.
6.3.13 When the pile foundation is located in a seasonal frost heaving soil, the frozen resistant

uplift stability of the pile shall be checked. The calculation may be performed according to the
method in Appendix H of the Specifications.
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7 Caisson Foundation

7.1 General

7.1.1 A caisson foundation may be adopted for pier or abutment foundation where the riverbed
geology, hydrology, and construction conditions are suitable. However, the caisson foundation
should not be applied where some obstacles are difficult to remove in the riverbed, such as
boulders, logs of trees, and abandoned old bridge foundations, or where the rock stratum surface

inclines greatly as well as quicksand may appear during the construction process.

7.1.2 According to the project scale, geological conditions, and construction methods, caissons
may be made of concrete, reinforced concrete, concrete with permanent steel formwork, or other
materials. Concrete caisson may be used in loose strata, and the caisson for floating may be made
of thin-walled reinforced concrete structures or thin-walled concrete structures with permanent steel

formwork.

7.1.3 The bearing depth of a caisson shall be in accordance with the requirements in Section 5. 1

of the Specifications.

7.1.4 The bearing capacity, settlement, and stability of the caisson as an block foundation in
service as well as in the sinking and floating process during the construction shall be checked in
accordance with the provisions of the Specifications. Moreover, the ultimate limit state and the
serviceability limit state of the structure shall be checked based on the materials used, according to
the provisions of the current Specification for Design of Highway Reinforced Concrete and

Prestressed Concrete Bridges and Culvert(JTG 3362) and other relevant industry specifications.

7.1.5 Necessary structural measures shall be set to ensure the smooth sinking of the caisson and
to avoid the occurrence of adverse situations such as sinking difficulty, suddenly sunk, or tilting

severely.



7.2 Detailing Requirements

7.2.1 The plane shape and size of a caisson shall be determined according to the size of the
bottom surface of the pier or abutment body, bearing capacity of ground soil, and construction

requirements. Additionally, they shall also meet the following requirements ;

1 The offset width at the top surface of a caisson shall meet the construction requirements,
including the allowable deviation in caisson construction, setups for the water-retaining
structure, and space for the construction of the pier or abutment body. The offset width
shall not be less than 0.4 m for floating caisson, and 0.2 m for other caissons; at the same

time, the offset width shall not be less than 1/50 of the total height of the caisson.

2 The size and arrangement of the dredge holes shall meet the needs of the operation of
mechanical dredgers. For a caisson with a cofferdam on its top, the cofferdam should be

considered in the design of the size and arrangement of the dredge holes.
3 The corners of the caisson should be rounded or obtuse.

7.2.2 The height of each segment of a caisson may be determined according to its plane size,
total height, ground conditions, and construction conditions, and shall meet the requirements for its
sinking capacity and stability during the sinking process. The outer surface of the caisson may be
made as a vertical plane, an inclined plane (the slope of vertical/horizontal is 20/1 ~50/1) or a

stepped shape corresponding to the slope.

7.2.3 The thicknesses of the caisson wall and its diaphragm shall be determined according to
factors such as the structural strength, gravity weight required for sinking, convenience for soil
dredging and base cleaning of foundation, etc. They may be taken as 0. 8 ~2.2 m. The wall
thickness of floating caissons of reinforced concrete and concrete with permanent steel formwork

shall also be determined by the calculation according to the floating requirements.

7.2.4 The cutting edge of a caisson may adopt sharp cutting edge or cutting edge with a lower

plane according to the geological conditions, and shall also meet the following requirements

1 Concrete structure should not be adopted. If the soil is stiff, the cutting edge surface shall

be reinforced with shaped steel, or the bottom segment shell shall be a steel structure.

2 The width of the bottom surface of the cutting edge may be 0.1 ~0.2 m, and may be



appropriately widened when the caisson is supported on soft ground.

3 The intersection angle between the bevel of the cutting edge and the horizontal plane shall
not be less than 45°.

4 The bottom surface of the internal diaphragms of a caisson shall be at least 0.5 m higher

than the bottom surface of the cutting edge.

5 When the caisson is inevitable to seat on a slightly inclined rock surface, the cutting edge
of the caisson should be made with a same inclined surface ( higher and lower cutting

edges).

7.2.5 The reinforcement arrangement of a reinforced concrete caisson shall be determined by
calculation, and the reinforcement ratio shall not be less than 0. 1%. The vertical primary
reinforcement of the cutting edge shall be extended into the root of the cutting edge with a length no
less than 0. 5 times of the maximum effective span of the caisson calculated as a plane frame
structure. The stirrups shall be set in the total height range of the cutting edge and shall be designed
according to shear force or detailing requirements. The connected reinforcement steels shall be set

in the vertical connection of the concrete caisson wall.

7.2.6 The concrete strength class for each part of the caisson shall comply with the following

requirements :

1 The concrete strength class shall not be less than C30 for cutting edge, shall not be less

than C25 for caisson wall.

2 When it is a thin-walled floating caisson, the concrete strength class shall not be less than
C30 for the caisson wall and diaphragm, and not be less than C15 for the filling in the

abdominal cavity.

3 The concrete strength class for bottom seal shall not be less than C25 for non-rock

foundations, and not be less than C20 for rock foundations.

7.2.7 The concrete depth of the sealing base for the caisson shall be determined by calculation.
The top surface of the sealing base shall not be less than 0.5 m higher than the root of the cutting
edge (that is, the vertex of the slope of the cutting edge).

7.2.8 Whether the space inside the caisson is filled or not shall be determined according to the

stress and stability requirements of the caisson. Filled or not, the caisson shall be designed to meet
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the following requirements ;

1 The filling materials may be concrete, rubble concrete, or rubble grouting concrete; the

filling materials may be coarse sand or sandy gravel filling in non-freezing areas.

2 Reinforced concrete cover plates shall be installed on the top surfaces for hollow caissons or
caissons filled with coarse sand or sandy gravel. The thickness of cover plates shall be

determined by calculation.

7.3 Analysis

7.3.1 The calculation of bearing capacity, settlement, and stability of a caisson as an block

foundation shall comply with the following requirements ;

1 If lateral earth pressure is not considered, the calculation may be carried out according to
the relevant provisions in Chapter 5 of the Specifications. If the lateral elastic resistance of
soil is considered, the calculation may be carried out according to Appendix M of the

Specifications.

2 The elastic resistance of soil may be considered if grouting sleeves are used in construction

and measures for restoring the restraint capacity of lateral soil are taken.

3 For caissons with higher and lower cutting edges, adverse factors such as rock surface
inclination shall be considered in checking the stability against overturning and sliding, and

necessary measures shall be taken to improve the stability.

7.3.2 The sinking capacity in construction of a caisson may be checked according to the

following provisions;

1 When the soil in the caisson is dredged below the cutting edge and the supporting reaction
force on the bottom surface of the cutting edge is zero, the sinking factor may be calculated
according to the following formulas

k,=(G,-F, )/R, (7.3.2-1)
Ri=u(h-2.5)q (7.3.3-2)
where .
k,—sinking factor, which is generally controlled within the range of 1. 15 ~1.25;

G,—nominal value of self-weight of the caisson ( plus the nominal value of sinking-assistant
weight) (kN);
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Fi{, ,—nominal value of the buoyancy of water during sinking (kN) ;

R.—nominal value of the total skin friction of the caisson wall (kN). The skin friction per
unit area is distributed along the caisson depth in a gradient, it follows a triangular
distribution within 5 m from the ground level and is constant below 5 m;

u—vperimeter of the base plan of the caisson (m). For caisson with stepped wall, the
perimeter of the bottom plan of this step segment is taken as the u value for this step
segment ;

h—bearing depth of the caisson (m) ;

g—weighted average value of the nominal value of the skin friction between the caisson wall
and the soil, which is weighted according to the soil layer depth (kPa). The nominal
value of the skin friction between the caisson wall and the soil shall be determined
according to actual measured data or practical experience. In case of lack of data, it may
be selected from Table 7. 3.2 according to the characteristics of the soils and construction

measures.

Table 7.3.2 Nominal Value of Skin Friction Between Caisson Wall and Soil

Soil name Nominal value of skin friction( kPa)
Cohesive soil 25 ~50
Sand 12 ~25
Cobble 15 ~30
Gravelly stone 15 ~20
Soft soil 10 ~12
Grouting sleeve 3~5

Note: The grouting sleeve is the thixotropic grouting jetted on the outer periphery of the caisson wall, which is a material

assistant to sinking.

2 If the sinking factor is large or soft soil is encountered in the sinking process, the following

equations may be used to check the stability of the caisson during sinking .

kxt,.&' = (Gk _l;‘]iw,k)/(R]i +Rh) (7. 3. 2—3)
R, =R, +R, (7.3.2-4)
Rle(a+§j-2-fu (7.3.2-5)
R,=2-A, -f (7.3.2-6)

where ;
k, ,—stability factor during caisson sinking, which is generally controlled in the range of
0.8~0.9;
F{, —nominal value of buoyancy of water in the state under investigation (kN) ;
R/—nominal value of total skin friction of the caisson wall in the investigation state (kN) , it

may be calculated according to Formula (7.3.2-2);
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R,—sum of the nominal values of bearing capacity of ground soil under the cutting edge, the
diaphragms, and base beams of the caisson (kN) ;
R,—supporting force of the soil under the lower plane and the inclined surface of the cutting
edge (kN);
U—outer perimeter of the wall (m) ;
a—the width of lower plane in the cutting edge (m) ;
b—the level projection of inclined plane of the cutting edge embedded into soil (m) ;
f,—characteristic value of bearing capacity of ground soil(kPa) , which may be determined
in accordance with Section 4.3 in the absence of data;
R,—supporting reaction force of the soil under the diaphragms and the bottom beams (kN) ;

A,—total supporting area of the diaphragms and base beams (m®).

7.3.3 The most unfavorable conditions that may occur in the actual construction shall be
considered in checking the bearing capacity of the caisson wall during construction. The check may

follow the provisions in Appendix P of the Specifications.

7.3.4 The most unfavorable conditions that may occur in the actual construction process shall be
considered in checking the flexural resistance of the cutting edge of a caisson. The check may

follow the provisions in Appendix Q of the Specifications.

7.3.5 The bearing capacity of the caisson wall and the inner diaphragm of the caisson segments
above the bottom segment shall be checked accordingly under the most unfavorable conditions. The
actions that shall be considered in the checking include the actions of hydrostatic water pressure,
stream pressure, wave force, wind load, reaction force of guiding structure, tension force of

anchor cable, lateral pressure of the filled concrete in the caisson, etc.

7.3.6 The depth of the bottom seal concrete shall be calculated and determined according to the
water pressure at the foundation base, the upward reaction force of the ground soil, the filling cases
inside the caisson, and the requirements of the bottom seal concrete at various stress stages. The

following factors shall be considered in the calculation .

1 If dewatering and dry construction are required after bottom sealing, the bottom seal
concrete is subjected to the upward reaction force of the water and soil under the seal
plate, and the actual strength class of the sealing concrete in dewatering shall be taken as

the concrete strength in the calculation.

2 If the space inside the caisson is not filled with concrete, the bottom seal concrete bears all
the reaction forces generated by all loads of the caisson foundation. If the space inside the

caisson is filled with sand, the gravity effect of the sand shall be deducted from the
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reaction forces.

3 If the space inside the caisson is filled with concrete (or rubble concrete) , the bottom seal
concrete bears the reaction forces induced by all loads of the caisson foundation plus the
hydrostatic pressure at the bottom of the caisson before concrete filling and minus the

gravity weight of the fillings.

7.3.7 Lateral stability of a thin-walled caisson during floating ( before sinking into the riverbed)
shall be ensured. The stable inclination angle of the floating body of the caisson, ¢, may be

calculated according to the following formulas

@:tan_l’y‘/(l\;lw (737-1)
p=§ (7.3.7-2)

where ;

¢—inclination angle of the caisson during floating, which shall not be greater than 6°, and
shall satisfy (p —a) >0;

M—external moment (kKN - m) ;

V—volume of discharged water (m’) ;

a—distance from the centroid of the caisson to the center of buoyancy (m). It is positive if
the centroid is above the center of buoyancy, otherwise it is negative;

p—metacenter radius, that is, the distance from the metacenter to the buoyancy center (m) ;

I—moment of inertia of cross-sectional area of discharged water for the thin-walled floating
caisson (m');

y,—unit weight of water, y, =10kN/m’
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8 Underground Diaphragm Walls

8.1 General

8.1.1 This chapter is applicable to the design of the cast-in-place concrete diaphragm walls as

retaining structures for foundation pits and as bridge foundations in highway bridges.

8.1.2 The design safety level and importance factor for the diaphragm wall as retaining structures
for foundation pits shall be determined according to Table 8. 1. 2, based on the severity of the
influence on the adjacent facilities and the construction of underground structures induced by the

damage of the retaining structure, instability of soil body or excessive deformation.

Table 8.1.2 DesignSafety Level and Importance Factor of Retaining Structures

Safety Level Consequences of destruction Yo
Level 1 Very serious 1.1
Level 2 Serious 1.0
Level 3 Not serious 0.9

8.1.3 Diaphragm walls as retaining structures for foundation pits shall be designed in accordance

with the following requirements ;

1  Factors of engineering geology and hydrogeology, foundation type, superstructure
conditions, excavation depth of foundation pit, dewatering, and drainage conditions,
adjacent facility requirements and service life, etc., shall be comprehensively

considered.

2 Safety shall be ensured during the excavation and construction of the underground

structures.



8.1. 4 Diaphragm walls as foundations shall be designed in accordance with the following

requirements ;

1 Factors of engineering geology and hydrogeology shall be comprehensively considered,

and the design shall be reasonable and in accordance with the local conditions.

2 It shall be ensured that the settlement, horizontal movement, or tilt affecting the function

of the superstructure would not occur.

8.1.5 Relevant requirements for quality inspection, environmental monitoring, and field tests

shall be presented in the design of the diaphragm walls.

8.1.6 The diaphragm walls in areas with special geological conditions shall be carefully applied

according to local engineering judgement.

8.2 Retaining Structures

8.2.1 For a diaphragm wall as a retaining structure system for a foundation pit, its scheme shall
be analyzed and selected through technical and economic comparisons of various potential schemes.

The strength, stability, and deformation of the retaining structure shall be calculated and checked.

8.2.2 The design of the supporting system of retaining structure shall meet the following

requirements ;

1 The structural system and connection structure of internal bracings shall be stable, and their
stiffness shall meet the requirements of deformation. Structural layout, calculations on
structural internal forces and deformations, checking calculations on strength and stability
of components, connection detailing as well as the installation and dismantling process of

components shall be included in the design.

2 The design of the soil anchor rods (anchor cables) shall include the structural layout

arrangement, checking calculations on axial resistance, and soil stability.

3 The design of the internal ring beams and inner linings shall include structural layout

arrangement, and verification of stresses, strength, and stability.

8.2.3 The design of the retaining structure shall consider the influence of horizontal deformation

of the structure and the changes of groundwater on the horizontal and vertical deformation of the
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surrounding soil body and adjacent facilities. For foundation pit projects with safety level 1 or
safety level 2 that have the requirements for limiting deformation of the surrounding environment,
the limit value of horizontal deformation of the retaining structure shall be determined according to
the factors of the importance of the surrounding environment, the adaptive ability for deformation,

and the properties of soil.

8.2.4 The bearing depth of a diaphragm wall below the excavation surface of a foundation pit
shall meet the requirements for the stability and deformation of the retaining structure of the
foundation pit. It may be preliminarily selected according to the static equilibrium conditions; after
the check of the stability and wall deformation, it can be comprehensively determined by referring
to local engineering experiences. If the bearing depth of the diaphragm wall is close to the rock
stratum, the wall should be socketed into the rock in case this will not increase the project cost too

much.

8.2.5 Retaining structures shall be designed in accordance with the following requirements for the

ultimate limit state and serviceability limit state based on different design conditions:

1 For the ultimate limit state, the following calculation contents shall be included

1) Calculations on the stability of the soil body;

2) Calculations on strength and stability of the wall structure;

3) Calculations on resistance and stability of the supporting system.

2 For the serviceability limit state, the checking calculations of structural deformation, crack

resistance, and crack width shall be included.

8.2.6 Combination of actions for a retaining structure shall be determined according to different

design states and different cases in its construction process.

8.2.7 Detailing of the retaining structures shall comply with the following requirements ;

1 The section form and segment length of the wall shall be determined according to the
overall plan layout, stress conditions, trench wall stability, environmental conditions,
construction conditions, etc. A unit length of wall segment may be 4 m ~ 8 m; the wall
thickness shall be determined by calculation considering the excavation capacity of the
trenching machine and should not be less than 600 mm; the trench verticality shall not be
greater than 1/200.
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The diaphragm wall shall meet the requirements for seepage prevention; the concrete
strength class of the wall, internal bracings, internal ring beams (including vertical ribs) ,
and inner linings shall not be lower than C25; if the groundwater is corrosive, applicable
anti-erosion concrete shall be selected. The concrete strength class, raw materials and
main mix ratio indexes shall also meet the relevant provisions in the Specification for
Deterioration Prevention of Highway Concrete Structures (JTG/T B07—01).

The net thickness of concrete cover for the primary reinforcement of the walls shall be
determined according to the service requirements, geological conditions, construction
conditions, and environmental conditions, and should not be less than 70 mm. The
diameter of the primary reinforcement of the walls should not be smaller than 20 mm and
shall not be larger than 40 mm, and the diameter of the auxiliary reinforcement due to

detailing requirements should not be less than 16 mm.

The pipe connectors may be used between the trench wall units. If the requirements of
integrity and impermeability are very high, the milled connectors, steel partition

connectors, or box-type connectors should be adopted.

The reinforcement arrangement of reinforcement cages in diaphragm walls shall meet the

following requirements :

1) The vertical primary reinforcement shall be placed on the inner side, their clear spacing shall
not be less than 75 mm the spacing of auxiliary reinforcement due to detailing requirements
shall not be greater than 300 mm. When double-layer reinforcement must be implemented
the spacing between the inner and outer rows of the reinforcements shall not be less than 100

mim.

2) The positions with small stresses shall be selected as the location of the vertical connectors

of reinforcement cages. The division length of the reinforcement cages shall be determined
according to the length of the unit trench segment, connector type, and lifting capacity of

the lift equipment.

3) The bottom of the reinforcement cage should be appropriately narrowed in the wall thickness

direction, and have a gap of 100 ~ 500 mm to the wall bottom. The primary reinforcement
shall be extended into the top cap beam of the wall, and the extension length shall not be

less than the required development length.

4) When the pipe connectors are used, a gap of 150 mm ~ 200 mm should be left between the
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side end of the reinforcement cage and the connector pipe; when milled connectors are
used, a gap no less than 250 mm should be left between the side end of the reinforcement

cage and the concrete end surface.

5)Mechanical connection should be used for reinforcement connection. If a binding or lapping
connection is adopted, it shall comply with the provisions in the Specifications for Design of
Highway Reinforced Concrete and Prestressed Concrete Bridges and Culverts (JTG 3362).

6 Concrete cap beams shall be set at the top of the wall, and each side of the cap beam shall

be wider than the wall no less than 150 mm.

7 The internal bracings of the straight diaphragm walls may be of steel or concrete structures,

and shall meet the following requirements ;

1) The vertical height of the section of the cast-in-place concrete internal bracings shall not be

less than 1720 of the effective span in the vertical plane;

2) The horizontal dimension of the intermediate beam section shall not be less than 1/8 of its
horizontal effective span, and the vertical dimension of the section shall not be less than the

section depth of the internal bracing;

3) The vertical spacing of anchorage stems of anchor rods ( anchor cables) should not be less

than 2.5 m, and their horizontal spacing should not be less than 1.5 m;

4) The thickness of the overlying soil layer on the anchor stem should not be less than 4.0 m;

5) The inclination angle of the inclined anchorage rods should be 15° ~30°;

6 ) The development length of the anchor rods shall be determined by calculation and shall not
be less than 4.0 m. The free length of the anchor rods should not be less than 5.0 m and

shall surpass the potential fracture surface no less than 1.5 m.

8 The section depth and thickness of the internal ring beams (including vertical ribs) or inner
linings of the circular diaphragm wall as retaining structure shall be determined according
to calculations, and the vertical ribs may be reinforced according to the detailing

requirements.

8.2. 8 The lateral actions of diaphragm walls shall include earth pressure, water pressure,

temperature action, frost heave effect, wave action as well as lateral pressure caused by adjacent
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buildings (structures) around foundation pit, ground overload, construction load, etc.

8.2.9 Active and passive lateral earth pressure may be calculated using Rankine or Coulomb earth
pressure theory. When the horizontal displacement of the retaining structure is strictly restricted, the

at-rest earth pressure shall be used in the calculation.

8.2.10 In principle, earth pressure and water pressure acting on the retaining structure should be
calculated independently for sand ground; while they should be calculated together for cohesive soil

ground. They may also be calculated according to local experience.

8.2.11 If deformation control is used as the principle in the design of a retaining structure, the
earth pressure acting on the diaphragm walls may be determined according to the soil-wall
interaction theorem, and may be calculated according to the method in Appendix R of the

Specifications.

8.2.12 The calculation of a straight diaphragm wall as a retaining structure shall comply with the

following requirements ;

1 Stability against overturning ( stability for socket) , overall stability against sliding, safety
in resisting basal heave, anti-seepage, and anti-surge stability for groundwater shall be
checked.

2 Internal forces and deformations of diaphragm walls may be calculated as vertically elastic

beam foundation specified in Appendix S of the Specifications.

8.2.13 The components of a straight diaphragm wall as a retaining structure shall be analyzed

according to the following requirements

1 Walls, bracings, and columns shall be analyzed as eccentric compression members.

2 Intermediate beams may be analyzed as horizontal flexural members. If an intermediate
beam intersects obliquely with horizontal internal bracing, or an intermediate beam is used
as the chord of the side truss, the waist beam shall be analyzed as an eccentric compression

member.

3 The stem of the soil anchor rod (or anchor cable) shall be analyzed as an axial tension
member. The free length and development length of the anchor rods, the diameter and
shape of the anchor stems, and the strength of the slurry shall be determined according to

the designed axial tension forces of the anchor rod (or anchor cable) , the soil layers pull-
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out resistance and the bonding force. The outer anchor head and intermediate beam shall be

designed according to the anchor load value.

8.2.14 The calculation of circular diaphragm wall as retaining structure shall comply with the

following requirements :

1 The stability shall be checked, and the checking contents shall comply with the provisions
of Item 1 of Clause 8.2.13.

2 The stability of the structure under the actions of earth pressure and water pressure shall be
checked. In calculating the critical load of structure buckling, the structure should be
analyzed as a spatial structure, or the structure may also be simplified as a ring and be
checked according to the following equations

4, =3El/(Ryh) (8.2.14-1)
Kq,<gq, (8.2.14-2)
where .
g,,—nominal value of critical load distributed along the ring (kN/ m’) ;
E—modulus of elasticity of concrete (kN/m’) ;
I—moment of inertia of the section within the investigated height range (m*) ;
R,—radius of the centerline of the ring in the calculation (m) ;
h—height of the ring (m) ;
g,—combination of actions with characteristic values (kN/m”) ;

K—stable safety factor, it is taken as 4.

3 The circular diaphragm wall as retaining structure should be analyzed as a spatial structure;
it may also be analyzed as a vertical beam on elastic foundation by taking a unit width of
the diaphragm wall according to the axisymmetric structure, or analyzed by the method
specified in Appendix T of the Specifications, where the hooping effect of the wall, the
internal ring beam, or the inner lining may be simplified to equivalent elastic supports by

considering the diaphragm wall as an axisymmetric structure.

4  The internal forces and deformations of internal ring beams or inner linings may beanalyzed
as plane rigid-frame ring beams. In the calculations, the non-uniformity distribution of the
strata, groundwater, and ground load shall be considered, and the restraint effect of the
soil (in the deformation area of the ring) to the internal ring beams or inner linings shall

also be considered.
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8.3 Foundations

8.3.1 According to the wall panel unit connection, plane layout and the functional use,
diaphragm walls as foundations may be classified into the diaphragm wall as strip foundation,

caisson foundation, and a part of other foundations.

8.3.2 The wall bottom shall be embedded into the favorable bearing stratum with large bearing
capacity, and the bearing depth of the wall in the bearing stratum shall be greater than the wall
thickness. If the bearing stratum is a non-rock bed, the increase of the bearing depth of the wall
shall be firstly considered to improve the vertical compressive resistance.

8.3.3 In design of the cross-sectional shape and plane layout of the foundation, the centroid of
the foundation should be coincided with the acting point of the resultant force induced by the

permanent actions on the superstructure.

8.3.4 Foundation structures shall be designed in accordance with the following requirements for

the ultimate limit state and serviceability limit state based on different design conditions:

1 For the ultimate limit state, the following calculation contents shall be included;

1) Calculation of the ground bearing capacity ;

2) Calculation of the strength of diaphragm wall structures;

3) Calculation of the strength of the top plate.

2 For the serviceability limit state, the checking calculation of the structural deformation,

crack resistance, and crack width of diaphragm walls and top plates shall be included.

8.3.5 When the soil around the foundation is subject to ground settlement due to self-weight
consolidation or large-area ground load, the influence of negative skin friction of the wall-side on

the vertical compressive resistance and settlement of the wall shall be considered.

8.3.6 The vertical and horizontal resistance of the foundation should be determined through field

loading tests.

8.3.7 The detailing of the foundation shall comply with the following requirements ;
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In addition to the thickness of the wall, the structural design of the wall shall comply with

the provisions of Items 1 to 5 of Clause 8.2.7 in the Specifications.

The wall thickness shall be determined by calculation considering the mechanical capacity
of the trench and arrangements of the wall panels, and shall not be less than 800 mm. The
width of a single cell of caisson diaphragm wall as foundation should not be less than 5 m,
and should not be greater than 10 m; the outer peripheral wall and diaphragm should be of

the same thickness.

Top plate shall be set on the wall top, its concrete strength class shall not be lower than
C30. The wall shall be inserted into the top plate 100-200 mm; the vertical reinforcement
shall be extended into the top plate with a length no less than the sum of b/2 and
reinforcement development length [, (Fig. 8.3.7). It may be not necessary to set a top

plate at the wall top for a single-wall type diaphragm.

H-

b

Reinfor cement

Top plate

l

=

b/2

100~200mm

Diaphragm Wall

T

)

Fig. 8.3.7 Top Plate Structure of Diaphragm Wall

b-the distance from the outer vertical reinforcement to the inner side of the wall

The vertical tensile reinforcement shall not be less than 0. 3% the effective cross-sectional
area of the wall, the horizontal tensile reinforcement shall not be less than 0. 2% the
effective cross-section area of the wall, and the horizontal reinforcement ratio at the
connector locations should not be less than 2 times of the horizontal reinforcement ratio at

general parts.

Rigid connectors must be used between the outer peripheral wall panels of the diaphragm
wall as caisson foundation; the rigid connectors should be used for the internal diaphragm,
and the hinged connectors may be used if the condition is not allowed for the rigid

connectors.

8.3.8 Reliable methods shall be used for mechanical analysis of a diaphragm wall structure by

taking it as a spatial structure.
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8.3.9 The calculation of components of diaphragm wall as caisson foundation shall comply with

the following requirements ;

1 The strength in the vertical box section is calculated according to the internal forces of the

section at each depth, which are obtained by spatial structure.

2 The mechanical analysis for the foundation subjected to horizontal forces is carried out by

considering it as a rigid frame in plane structure.

3 The top plate is calculated as a slab beam supported on the diaphragm wall, and the
supporting effect of soil inside the diaphragm wall is not considered in the calculation.
When the depth of the top plate exceeds 0.5 times ( simply supported) or 0. 4 times

( continuous beam) the effective span, it may be calculated as a deep beam.

8.3.10 The wall of the foundation that also serves as the retaining structure of the foundation pit

shall comply with the provisions of Section 8.2 of the Specifications.
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9 Special Grounds and Foundations

9.1 Soft Grounds

9.1.1 In design of bridges and culverts on soft grounds, the requirements for settlement and
bearing resistance shall be fully considered, and reasonable superstructure and foundation forms

shall be selected; whenever necessary, soft grounds shall be reinforced.

9.1.2 Soft grounds may be reinforced by the methods of replacement layer of sandy gravel,
sandy stone piles, and preloading method with sand drain wells, or reinforced according to actual
conditions by the methods of cement deep mixing piles, lime piles, vibratory crushed stone piles,

hammer compaction, dynamic compaction and grout pouring.

9.1.3 Replacement layer of sandy gravel ( sand blanket) may be used to reinforce the shallow
layers of mud, muddy soil, hydraulically placed fills, plain fills, and miscellaneous fills. Medium
sand, coarse sand, gravelly sand, and crushed ( pebble) stone may be used as replacement layer
materials. The particle size of these gravel materials should not be greater than 50 mm; the material
should not contain impurities such as plant residues, in which the clay content shall not be greater
than 5% and the silt content shall not be greater than 25% .

9.1.4 The size of the top surface for a replacement layer of sandy gravel shall be wider than the
size of the foundation base by no less than 0.3 m on each side. The depth of replacement layer
should not be less than 0.5 m and not larger than 3 m. The size of replacement layer shall also

comply with the following requirements ;

1 The depth of the replacement layer, z, shall be determined according to the bearing
resistance of the underlying soil layer, and shall comply with the requirements of the

following formulas;

N
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b ' _p
For strip foundations ; Poi = m
be

b(Por = Pu)
(b +2ztanf) (I +2ztanf)

(9.1.42)

For rectangular foundations: p,, = (9.1.4-3)

Note: The strip foundation is a rectangular foundation with a ratio of length-to-width greater

than or equal to 10.

where ;
P,,—superimposed compressive stress at the bottom of the replacement layer (kPa) ;
P —compressive stress of soil self — weight at the bottom of the replacement layer (kPa) ;
f,—characteristic value of ground bearing capacity at the bottom of the replacement layer
(kPa). It is taken according to the provisions of Clause 4.3.4 or4.3.5;
b—width of bottom surface of rectangular or strip foundation (m) ;
[—length of the bottom surface of rectangular foundation (m) ;
po,—compressive stress on the bottom surface of the foundation (kPa) ;
px—compressive stress of soil self-weight at the foundation base (kPa) ;
z—depth of the replacement layer under the foundation base (m) ;
0—pressure spreading angle of the replacement layer (°), which may be taken according to
Table 9.1.4.

Table 9.1.4 Pressure Spreading Angle of the Replacement layer, 6

Material of replacement layer Medium sand, coarse sand, gravelly sand, round gravel, breccia, cobbles, gravel
/b 0.25 =0.5
0(°) 20 30

Note:when 0.25 <z/b< 0.5, the value of # may be determined by interpolation; when z/b < 0.25, @ is taken as 0°.

2 The width of the replacement layer shall meet the requirements for pressure spreading of
the foundation base. It may be determined according to the following formula or local

experience.
b, =b +2ztanf (9.1.4-4)

where .
b,—width of the bottom surface of the replacement layer (m) ;
O—pressure spreading angle of the replacement layer, which may be taken according to
Table 9.1.4. When z/b < 0. 25, it may be taken from Table 9. 1. 4 according to
/b =0.25.
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9.1.5 The characteristic value of the bearing resistance of the replacement layer, f,, should be

determined by field tests. If the test data are unavailable, it may be taken according to Table 9.1.5.

Table 9.1.5 Characteristic Values of Bearing Resistance of Various Replacement Layers,f,

Compaction coefficient, A,
) Characteristic value
Construction . ]
Material of replacement layer . . . of bearing
method Heavy compaction | Light compaction
resistance, f, (kPa)
test test
Gravel , cobbles 200 ~ 300
Sand androck ( gravel and cobbles account
200 ~250
for 30% -50% of the total mass)
Rolling, vibrating
=0.94 =0.97
or compact
Soil and stone ( gravel and cobbles account
150 ~200
for 30% -50% of the total mass)
Medium sand, coarse sand, gravelly sand 150 ~200

Note: 1. The compaction coefficient A, is the ratio of the controlled dry density of the soil, p,, to the maximum dry
densityp, ..
2. The maximum dry density of the soil should be determined by compaction test; the maximum dry density may be
taken as 2000 ~ 2200 kg/m’.

9.1.6 The settlement of the ground with a replacement layer of sandy gravel may be calculated

using the following formulas

§=5,,+S, (9.1.6-1)
— . < -
S =Pn " g (9.1.6-2)

cu

where .
s—settlement of ground with replacement layer of sandy gravel (mm) ;
s,,—compressive deformation of the replacement layer itself (mm) ;
s,—settlement value of the underlying layer (mm) , which may be calculated according to the
provisions of Clauses 5.3.4 ~ 5.3.7 in the Specifications
P, —average compressive stress in the replacement layer (MPa) , that is, the average value of
the compressive stresses at the top and at the bottom of the replacement layer of sandy
gravel ;
z—depth of the replacement layer of sandy gravel (mm) ;
E ., —compressive modulus of the replacement layer of sandy gravel (MPa). If the test data are

unavailable, it may be taken as 12 ~24 MPa.

9.1.7 The sandy stone piles may be used to reinforce the ground of loose sand, plain fill, or
miscellaneous fill. They may also be used to treat the saturated clay ground for which settlement

should not be controlled. Application of sandy stone piles for ground reinforcement shall comply
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with the following requirements ;

1 The ground width compacted by sandy stone piles shall be larger than the foundation
width. It should have 1-3 rows of sandy stone piles arranged in the widened width at each
side. If sandy stone piles are used to prevent sand liquefaction, the widened width of each
side should not be less than 1/2 of the treatment depth and also should not be less than 5
m; if the liquefiable layer is covered with a non-liquefiable layer with a depth of more than
3 m, the widened width of each side should not be less than 1/2 of the depth of the

liquefiable layer, and also shall not be less than 3 m.

2 The diameter of the sandy stone pile should be determined according to the properties of
the ground soil and the pile forming equipment. The diameter should be 0.3 m ~ 0.8 m,

and a large diameter should be selected for saturated cohesive soil ground.

3 Gravelly sand, coarse sand, medium sand, round gravel, breccia, cobbles, gravels,
etc. should be used as fillers in the sandy stone piles. The fillers shall not have mud
content greater than 5% , and should not contain granules with a particle size greater

than 50 mm.

9.1.8 The center-to-center distance of sandy stone piles shall be determined by field test, but
should not be greater than 4 times the diameter of sandy stone piles. Sandy stone piles should be
arranged as shown in Fig. 9.1.8, and the center-to-center distance may be estimated according to

the following formulas .

J(1 +e,)

Arrangement in equilateral triangle shape./ =0.95d ﬁ (9.1.8-1)
Arrangement in square shape: [ =0.90d le:()) (9.1.8-2)
0 1
e, =€, —D, (e —€mnn) (9.1.8-3)
where .
[, —center-to-center distance of sandy stone piles (m) ;
d—diameter of sandy stone pile (m) ;
e,—Vvoid ratio of sand before ground treatment, which may be determined according to the
undisturbed soil sample test, or according to comparative tests (like comparison of
dynamic test and static cone penetration test) ;
e,—required void ratio after the ground is compacted;
e,..and e . —maximum and minimum void ratio of sand, respectively;

D, —required relative density after the ground is compacted, which may be taken as
0.70 ~ 0.85.



C © <

a)Square b)Equilateral triangle

Fig. 9.1.8 Layout and Center-to-center Distance of Sandy-Stone Piles

9.1.9 The preloading method with sand drain wells may be used for the treatment of saturated
cohesive soil grounds with muddy soil, mud, or hydraulically placed fills. The diameter of the
ordinary sand drain well, d,, may be 300 mm ~ 500 mm; the diameter of the bagged sand drain
well, d

drains may be calculated as follows:

w

may be 70 mm ~ 100 mm; the equivalent transformed diameter of prefabricated vertical

w

D, =a 2(%6) (9.1.9)
where ;
D,—equivalent transformed diameter of the prefabricated vertical drain (mm) ;
a—transformed factor, o = 0.75 ~1.00 may be taken if the test data are unavailable;
b—width of a prefabricated vertical drain (mm) ;

o0—thickness of prefabricated vertical drain (mm).

9.1.10 The plane layout of sand drain wells may be arranged in equilateral triangle or square

shape. The center-to-center distance of the sand drain wells, /,, may be calculated according to the

s

following formulas;

d
Arrangement in equilateral triangle shape:/ = I 6 5 (9.1.10-1)
: d,
Arrangement in square shape : Il = 13 (9.1.10-2)
d,=nd, (9.1.10-3)
Ordinary sand drain well; n=6~8 (9.1.10-4)
Bagged sand drain well or prefabricated vertical drain;n =15 ~20 (9.1.10-5)

where .
d,—effective diameter of the drainage cylinder by a sand drain well (mm) ;
d,—diameter of sand drain well ( mm ), which is specified in Clause 9. 1. 9 of the
Specifications;

n—ratio of the effective diameter of the drainage cylinder by a sand drain well to the diameter

N
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9.1.11

of the sand drain well, d,/ d,,.

The depth of the sand drain well shall be determined according to the following provisions

based on the requirements for the stability and deformation of the ground required by the bridge and

culvert structures:

1

9.1.12

For structures dominated mainly by the stability against sliding of the ground, the depth of

the sand drain well shall exceed the most dangerous sliding surface by at least 2m.

For bridges and culverts controlled by settlement, if the depth of the compressed soil layer

is not large, the sand drain well should thoroughly penetrate the compressible layer.
For bridges and culverts dominated by settlement, if the depth of the compressible soil
layer is large, the depth of the sand drain well shall be determined according to the

deformation value to be reached in the preset time for preloading.

The sand material for sand drain wells should be medium-coarse sand, and the mud

content of the sand shall be less than 3% .

9.1.13

If the preloading method with sand drain wells is used to treat the ground, a drainage

layer of sandy gravel shall be laid on the earth surface, and the method should be used in

accordance with the following requirements ;

1

2

The depth should be greater than 400 mm.

The sand in the drainage layer of sandy gravel should be medium-coarse sand with a mud
content less than 5% , itis allowable for the sand to have a small amount of gravel with a
particle size less than 50 mm. The dry density of the drainage replacement layer of sandy

gravel should be greater than 1500 kg/m’.

A blind ditch connected with the drainage replacement layer of sandy gravel should be set
in the preloading zone, and the water discharged from the foundation should be drawn out

of the preloading zone.

9.2 Collapsible Loess Grounds

9.2.1

The collapsibility of loess shall be determined by the collapsibility coefficient 6,. The &,

may be determined by the following provisions;
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1 According to the indoor compression test, 6, may be calculated using the equation as
follows ;
_ hp - hp

o=

(9.2.1)

where ;

0,—collapsibility coefficient;

h,—height of the soil sample after its settlement is stable (mm) , in which the sample has been
pressurized to the specified pressure while its natural humidity and structure are maintained
as original one;

h,—height of the soil sample after the additional settlement is stable (mm), in which the
sample is first pressurized to a stable state and then immersed in the water (to be
saturated ) ;

h,—original height of the soil sample (mm).

2 The pressure for determining the collapsibility coefficient,d,, may be taken according to

s

the following regulations ;

1) For bridge and culvert foundations with compressive stress at the foundation base no greater
than 300 kPa, the pressure may be taken as 200 kPa for the soil layers from the foundation
base to a depth of 10 m; the pressure may be taken as the compressive stress of the saturated
soil self-weight overlying above the investigated layer for soil layers from 10m depth to the
top surface of the non-collapsible soil layer; and it may be taken as 300 kPa if the
compressive stress of the self-weight of the saturated soil overlying above the investigated

layer is larger than 300kPa.

2 ) For bridge and culvert foundations with compressive stress at the foundation base larger than

300 kPa, the pressure may be taken as the actual compressive stress.

3) For the newly accumulated loess with high compressibility, the pressure should be taken as
100 ~ 150 kPa for the soil layer within 5 m below the foundation base; the pressure may be
taken as 200 kPa for the soil layer 5 m ~ 10 m below the foundation base; for the soil layer
from 10m depth to the top surface of the non-collapsible soil layer, the pressure may be

taken as the compressive stress of the self-weight of the saturated soil overlying on it.

9.2.2 The self-weight collapsibility coefficient, 6., may be calculated using the equation as
follows
_h -

0
zs ho

(9.2.2)
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where :

o.—self-weight collapsibility coefficient;

h.—height of the soil sample after its settlement is stable (mm) , in which the sample has been
pressurized to a value same as the pressure of the self — weight of the saturated soil
overlying on the investigated sample while its natural humidity and structure is maintained
as original one;

h!—height of the soil sample after additional settlement is stable (mm) , in which the sample
is first pressurized to a stable state and then immersed in the water (to be saturated) ;

h,—original height of the soil sample (mm).

9.2.3 The type of ground collapse for foundations of bridges and culverts located in loess areas
shall be determined according to self — weight collapse settlement A . If the self — weight collapse
settlement A_ <70 mm, the ground is not a self — weight collapsible loess; if A >70 mm, the
ground is a self — weight collapsible loess. The self — weight collapse settlement of the collapsible

loess, A, may be calculated using the equation as follows:

b

A, =B, 38.h, (9.2.3)
where :
A —self-weight collapse settlement (mm) ;
0,,,—self-weight collapsibility coefficient of the i" layer of soil ;
h,—depth of the i" layer soil (mm). The layers from the natural ground level to the top of
the non — collapsible loess layer are taken in the calculation, in which the soil layers with
a self — weight collapsibility coefficientd  less than 0. 015 may be ignored;
B,—modification coefficient varied with the soil quality in different regions, which shall be in

accordance with the provisions in the Code for Building Construction in Collapsible Loess
Regions( GB 50025—2004 ).

9.2.4 The collapse settlement of the ground below the foundation base, A , may be calculated

using the equation as follows

A = 3p5,h, (9.2.4)
where .
A —collapse settlement of the ground below the foundation base (mm) ;
0,,—collapsibility coefficient of the i-layer soil accounted from the foundation base, which
shall be calculated in accordance with the provisions of Clause 9. 2. 1 of the
Specifications ;
B— modification coefficient considering the influence of the lateral extrusion or water
immersion probability of ground soil. It may be taken as 8 =1.5 for the ground soil
within 5 m below the foundation base; 8 = 1. 0 for ground soil 5 ~ 10 m below the

foundation base; andB =0 for the ground soil from a depth 10 m below the foundation
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base to the top of the non — self — weight collapsible loess layer, 8 =0 is also taken for
the non — collapsible loess layer. For self — weight collapsible loess layer, 8 may be
taken as B, appeared in Formula (9.2.3) of the Specifications.

h,—depth of the i-layer soil below the foundation base (mm) , which is accumulated from the
foundation base, and to a depth of 10 m below the foundation base (or to the compressed
ground layer) for non- self-weight collapsible loess; to the top of non-collapsible loess
layer for self-weight collapsible loess. The soil layer with a collapsibility coefficient &,
(which is 6, for the soil layer 10 m under the foundation base) less than 0. 015 may not

be considered in the depth #,.

9.2.5 The collapsibility level of the collapsible loess ground shall be determined according to
Table 9. 2. 5 based on the self-weight collapse settlement A and the collapse settlement of the

ground below the foundation base, A .
Table 9.2.5 Collapsibility Level of Collapsible Loess Ground

Non- Self-weight . .
Collapse type . Self-weight collapsible ground
collapsible ground

Self-weight collapse settlement,A_ (mm) A, <70 70 <A <350 A, >350

A, =<300] I (slight) 1 ( medium) —

Collapse settlement of the .
. II ( medium) or
ground below the foundation| 300 <A_ <700 II (medium) . Il ( serious)
I * ( serious)
base, A (mm)

A, >700 II ( medium) I ( serious) IV (very serious)

Note :In the table, Level Ill * is specified to the soil with a calculated collapse settlement A, >
600 mm and the calculated self-weight collapse settlement A_ > 300 mm, other cases

may be judged as Level 1II.

9.2.6 The bridge and culvert foundations in collapsible loess area should be set on the original
ditch beds, structures that can endure large settlements should be adopted; separated foundations

shall not be used for culverts.

9.2.7 In the design of a bridge and culvert foundation in a collapsible loess area, corresponding
measures and treatment schemes shall be taken according to the collapsibility level of the loess, the
structure category, and the water flow characteristics. The measures in Table 9. 2.7 may be taken
as a reference for foundation treatment, and other reliable measures may also be adopted according
to local experiences. As for the structure category, it may be conducted according to the structural
importance, structural characteristics, damage degree after being immersed in water ( wetting) as
well as the difficulty of rehabilitation, as shown in Table 9.2.7-2.
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Table 9.2.7-1 Treatment Measures for Grounds in Collapsible Loess Regions

Flow characteristics and collapsible level
Types and Constant flow (or large possibility of wetting) | Seasonal flow (or less possibility of wetting)
emies I o [ wm [ W 1 [ 1 | wm [ W
A Measures ) @
Measures 2.3 2.3 ®©.@ @® @ 2.® @
B Treatment depth
(m) 2.0~3.0|3.0~5.0{4.0~6.0 6.0 0.8~1.01.0~2.0{2.0~3.0 5.0
Measures ® @ ®
C Treatment depth
(m) 0.8~1.0|1.0~1.5|1.5~2.0 3.0 0.5~0.8/0.8~1.2|1.2~2.0 2.0
D Measures @ @

Note; In the table, D, @, @) and @ are the serial numbers of the measures, which are explained as follows: (D Open
excavation spread footings, caissons or pile foundations are adopted as the foundations of the piers or abutments,
taking the non-collapsible soil layers as the foundation beds; (2) Dynamic compaction method or pile compaction
method are adopted for the ground, and waterproof measures as well as measures through structure design are also
adopted: 3 Compaction by heavy hammer is adopted, and waterproof measures as well as measures through
structure design are also adopted: @) Ground surface is compacted.

Table 9.2.7-2 Category of Structures in Collapsible Loess Area

Category Structure
High piers or abutments with a height equal to or larger than 20 m, or
Category A . . . .
external statically indeterminate bridges
Category B General foundation of bridge, arch culvert
Category C General culvert and inverted siphon
Category D Auxiliary of bridge and culvert

9.2.8 The range of the river bed pavements and the vertical skirts for bridges and culverts in
collapsible loess regions shall be appropriately larger and deeper than those for bridges and culverts

in non-collapsible regions. The settlement joints of culverts shall be treated with waterproof seal.

9.3 Steep Slope Grounds and Foundations

9.3.1 Steep slope ground may refer to the ground with a slope rate no less than 1:2.5 where the
bridge and culvert foundation is located, or with a slope that is prone to slippage deformation
though the slope rate is less than 1:2.5. In the design of the steep slope ground and foundation,
not only the requirements stipulated in this section but also those in other sections of the
Specifications shall be complied with.

9.3.2 The design of steep slope ground shall meet the following requirements

1 If a foundation is setin a steep slope ground, the stability and deformation of the ground
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that bears the loads transmitted from the foundation shall be analyzed. The stability safety
factors of the ground under different working conditions shall not be lower than the values
specified in Table 9.3.2.

Table 9.3.2 Requirements for the Stability Safety Factors of the Grounds
Under Different Working Conditions

Working condition Ground soil state Safety factor
Normal working condition Natural state 1.35
Abnormal working condition [ The state subjected to heavy rain or continuous rain 1.2

The state subjected to heavy rain or continuous rain,

Abnormal working condition I 1.1

or earthquake

2 In analyzing the stability of the steep slope ground, the beneficial effect of the pile

foundation on the stability of the steep slope ground should not be considered.

3 If the stability of the steep slope cannot meet the design requirements, the steep slope shall

be reinforced in advance.
9.3.3 The design of a foundation on steep slope ground shall meet the following requirements :

1 In addition to meeting the requirements in Section 5. 1 of theSpecifications, the bearing
depth of the foundation on steep slope soil ground shall also comply with the following
formula (Fig. 9.3.3):

H=3dtang (9.3.3)
where ;

H—bearing depth of the foundation (m) ;

d—width or diameter of the foundation (m) ;

B—slope degree (°).

%

halloTle
foundation
N N S

Fig. 9.3.3 Schematic Diagram of Steep Slope Ground and Foundation
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2 If the deformation of the steep slope has an influence on the bridge foundation, the
deformation and internal forces of the bridge foundation under the action of the slope
deformation should be analyzed, and the deformation and bearing resistance of the

foundation under the most unfavorable conditions shall be checked.

3 In determining thelateral pressure of the slope acting on the foundation, the stability and
deformation characteristics of the slope shall be considered; in analyzing the deformation
and internal force of foundation structure, the slope actions on it should be considered,

coupling effects of vertical and horizontal forces carried by piles should also be considered.

4 In calculating the internal force and displacement of the pile foundation on the steep slope,
the reduction of the horizontal earth resistance within a certain depth below the ground in
the slope toe side where the pile foundation is located shall be considered. The specific

values may be determined according to local experiences.

9.4 Karst Grounds and Foundations

9.4.1 Design scheme for grounds and foundations of bridges and culverts in karst regions shall be

selected in accordance with the following principles

1 The design scheme of the bridge and culvert foundation in a karst region shall be selected
by comprehensively considering the requirements for structural resistance, requirements for
structural deformation, and the spatial-temporal characteristics of underground -cavity

development.

2 According to the design scheme of the ground and foundation of bridges and culverts, the
influence on the environment of the existing earth surface water and groundwater shall be
evaluated. Significant changes in the hydrological environment in the area induced by the

construction of the bridge or culvert foundation shall be avoided.

9.4.2 The grounds for bridges and culverts in karst regions shall be designed in accordance with

the following principles

1 The stability of grounds for bridges and culverts in karst regions shall be evaluated. The
evaluation should follow the principles that the bearing resistance of the karst cave roof is

dominant controlling factor while the deformation is the supplement controlling factor.
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9.4.3

If the evaluation results of the karst cave or soil cave roofs cannot reach a Stable”state, the
grounds and foundations of bridges and culverts shall be treated. The treatment schemes of
grounds and foundations shall be proposed according to the local environment, and the
hydrology characteristics of the earth surface water and groundwater. It is more appropriate
to guide the karst groundwater than to block it, and excessive changing the environment of

the original groundwater shall be avoided.

The shallow foundations of bridges or culverts in karst regions shall be designed in

accordance with the following requirements :

9.4.4

57

For small bridges and culverts located in karst regions where the karst is mainly developed
in the vertical direction, shallow foundations should be selected. The depth of the rock or
soil layer below the shallow foundation base shall be greater than 3 times the foundation
width and shall not be less than the width of the underlying karst cave; otherwise, the size
of the foundation base shall be larger than the plane size of the cave with sufficient
supporting length, if this requirement can not be met, the underlying karst cave shall be

treated.

Reinforced monolithic slab footing shall be selected as the shallow foundation in karst
region to decrease the stresses on the foundation base as much as possible, to improve the

capacity of the foundation for resisting the uneven deformation of the ground.

For ground mixed with soil and rock stone, a gravel mattress layer shall be set at the
bottom of the shallow foundation, and the depth of the mattress layer shall not be less than
1.0 m.

For a shallow foundation spans the underlying karst cave, the calculation for its flexible

resistance under adverse supporting conditions shall be added in the design.

If a shallow foundation is located on the bedrock but is close to lapies, karst ditch, karst

fissure, karst funnel, etc. , the overall stability of the foundation shall be analyzed and

b

targeted treatment for the foundation shall be applied because the rock strata under the

foundation is possible to slide toward the free face.
If the foundation is laid on the inclined rock layer, the foundation sliding shall be
analyzed. If stability against sliding can not meet the design requirement, treatment

measures shall be taken for the foundation.

The pile foundations of bridges and culverts in karst area shall be designed in accordance



with the following requirements ;

1 For the pile foundation of a bridge in karst area, the elevation of the pile tip shall be setin
the karst cave roof with a certain depth. The depth of the karst cave roof should not be less

than 3 times of pile diameter.

2 In determining the elevation of the pile tip, the rock-socketed depth of a pile shall be as
small as possible, to ensure the integrity of the cave roofon the premise of meeting the
requirements for bearing resistance and minimum rock-socketed depth. The minimum rock-

socketed depth of a pile may be taken as 0.5 m.

3 If the pile top deformations of the piles in the same pier or abutment are quite different, the
sum of compressive resistance of the piles shall meet the requirements of the
superstructure. Moreover, the influence of the deformation differences of the piles on the
superstructure shall be analyzed. If necessary, measures shall be taken to coordinate the

vertical loads and deformations of the piles.

4 In calculating the vertical compressive resistance of the pile passing through the karst cave,
whether to consider the side skin friction of the rock and soil above the karst cave roof that
is penetrated by the pile shall be determined according to factors such as the pile-soil
interface condition and the stability of the cave roof; in checking the horizontal resistance,
the horizontal resistance of the rock and soil above the karst cave roof that is penetrated by

the pile may be considered.

9.5 Foundation of Pile with Expanded Branches and Plates

9.5.1 In the design of a pile with expanded branches and plates, factors including the applicable
soil layers for the branches and plates, the loading characteristics, the requirements for
deformation, the construction equipment, the construction quality control, and social and economic

benefits shall be comprehensively considered.

9.5.2 The arrangement and structure detailing of branches and plates in the piles with expanded

branches and plates shall meet the following requirements (Fig. 9.5.2) .

1 The branches and plates should be set in plastic, stiff plastic, stiff cohesive soil, medium-
dense sand or gravelly soil, or compact sand or gravelly soil. They should not be set in

soft soil, swelling soil, frozen soil, and liquefiable soil.
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Fig. 9.5.2 Arrangement Scheme of Branches and Plates
1-main pile; 2-bearing plate; 3- pile tip; 4-plate bottom; d-pile diameter; D-branch diameter; L-pile
length ;r-branch length; r -branch width ;r,-plate ring width
2 The length of the branch or the width of the plate ring should be determined according to
the design diameter of the pile, the construction technology, and equipment. It may be
300 ~ 1000 mm or half of the design diameter of the pile.

3 A certain number of standby positions for branches and plates shall be reserved according

to geological conditions and structural requirements.

4 The thickness of the appropriate bearing stratum for the expanded plate should be greater
than 6 times the width of the plate ring; the thickness of the appropriate bearing stratum for
the expanded branch should be greater than 4 times the branch length.



5 The depth of the expanded branch or plate embedded into the bearing stratum should be
greater than 1.0 time the depth of the branch or plate generally, and it should be greater
than 0.5 times the depth of the branch or plate in stiff soils, such as gravelly soil, highly
weathered rock, and softening rock. If there is a weak underlying layer, the distance
between the lowest bottom of the branch or the plate and the top surface of the weak
underlying layer should not be less than 9 times the length of the branch or the width of the
plate ring.

6 The minimum vertical distance between plates or between plate and branch should not be
less than 8 times the plate ring width or branch length. The minimum vertical distance
between the in-line branches should not be less than 3 times the branch length when they
are arranged in stagger with 90°. The minimum vertical distance between cross branches
should not be less than 4 times the branch length when they are arranged in stagger with
45°. The minimum vertical distance between six-star branches should not be less than 5

times the branch length when they are arranged in stagger with 30°.

7 The first branch or plate from the ground should be set below the position where the

bending moment and shear force of the pile is zero.

9.5.3 The center-to-center distance between the piles with expanded branches and plates shall
meet the requirements for the center-to-center distance of friction drilled piles in Chapter 6 of the
Specifications. The center-to-center distance shall also not be less than 1.5 times the diameter of the
expanded branch, in which the largest diameter shall be taken as the pile diameter if the pile has a

variable diameter.

9.5.4 The characteristic value of axial compressive resistance of a single pile with expanded

branches and plates, R, , may be calculated according to the following formulas
1 m n
R, :z—ui; gl +j§ A,q,;+A.q, (9.5.4-1)

qrjzmof\[ﬁ-j"'kz')’z(hj_?’)] (9.5.4-2)
where :

I,—depth of the i"layer of soil below the bottom of the pile cap or the local scour line (m).
When there are branches and plates in the soil, 1.5 times the height of each branch and
plate shall be subtracted;

A, —area of the j" branch or plate (the area of the main pile is deducted) (m’);
q,,—characteristic value of bearing resistance of soil at the end of the 7" branch or plate (kPa) ;
n—total number of branches and plates;
f..—characteristic value of bearing resistance of soil at the branch and plate (kPa). It is

g
determined in accordance with Clause 4.3.3;
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Other symbols can be found in Clause 6. 3. 3, and their values shall comply with the

provisions provided in the clause.

9.5.5 The resistance of the pile with expanded branches and plates shall be further verified by
comparing the information collected in the construction process (to expand and compact the cavity
of the branches and the plates) and the geological survey data. Whenever necessary, the number of
branches and plates shall be increased by using the reserved positions for standby branches and

plates.

9.5.6 The characteristic value of the axial tension resistance of the pile with expanded branches
and plates may be calculated by the following formula, in which the arrangement and structure
detailing of the bearing stratum above the branches and plates shall comply with the requirements in
Clause 9.5.2.

R,=0.3uXq,l,+0.8XA g, (9.5.6)
where :

R, —characteristic value of the axial tensile resistance of the single pile (kN).

9.5.7 In calculating the horizontal resistance of the pile with expanded branches and plates, the

contribution of branches and plates may not be considered.
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Appendix A
Geotechnical Classification of Grounds in
Bridges and Culverts

A.0.1

Rock ground of bridge and culverts may be classified by the rock mass rating of strength,

weathered degree and intactness degree, as shown in Table A.0.1-1 ~ Table A.0.1-3.

Table A.0.1-1 Qualitative Classification of Rock Mass Rating of Strength

Rock Mass
Rating of
Strength

Qualitative identification

Rock type

Very Strong

When hammered, it sounds very crispy, the
hammer will spring back rapidly, and the hand
feels a shock. The rock is very difficult to be

Unweathered to slightly weathered granite,

diorite ,diabase , basalt ,andesite , gneiss , quartzite

be broken by hands after being immersed in

water.

rock quartzy sandstone, siliceous conglomerate, silic-
crushed by hammer blow. The rock has no :
. . eous limestone , etc.
reaction of water absorption.
Strong
rock
When hammering, it sounds crispy, the .
. . . 1. Slightly weathered strong rock ;
hammer will spring back slightly, and the .
Moderately . . 2. Unweathered to slightly weathered marble,
hand feels a slight shock. The rock is very . )
strong rock o slate , limestone ,dolomite , calcareous sandstone,
difficult to be crushed by hammer blow. The )
etc.
rock has a slight reaction of water absorption.
When hammering, it sounds non-crisp and .
. . . 1. Moderately weathered to highly weathered
the hammer will not spring back. The rock is
Moderately strong rock or moderately weak rock;
easy to be crushed by a hammer blow. The :
weak rock . . . . . 2. Unweathered to slightly weathered tuff,
rock can be imprinted with a nail after being . .
) ) phyllite, marlite, sandy mudstone, etc.
immersed in water.
Weak
rock When hammering, it sounds dumb and the 1. Highly weathered strong rock or highly
hammer will not spring back. Dents appear in | weathered moderately strong rock;
Very weak | the rock after hammering. The rock is easy to 2. Moderately weathered to highly weathered
rock be crushed by a hammer blow. The rock can | weak rock;

3. Unweathered to slightly weathered shale,

mudstone and argillaceous sandstone, etc.
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continued

Rock Mass
Rating of
Strength

Qualitative identification

Rock type

Extremely weak rock

When hammering, it sounds dumb and the
hammer will not spring back. Deep dents
appear in the rock after hammering. The rock
can be crushed between the finger and thumb
and may be kneaded into a ball after being

immersed in water.

2. Various hypabyssal rocks.

1. Various completely weathered rocks;

Table A.0.1-2 Classification of Rock Mass Based on Weathering

Weathering degree

Field characteristics

Coefficient index for the degree of

weathering

Wave velocity

ratio, kv

Weathering
coefficient, kf

Unweathered

Rock is fresh, only a few weathered traces can be seen

occasionally.

0.9~1.0

0.9~1.0

Slightly weathered

Rock structure is essentially unchanged, only joint planes
are rendered or slightly discolored, with a few weathering

fissures.

0.8~0.9

0.8~0.9

Moderately
weathered

Rock structure has been partially damaged with secondary
minerals distributed along joint planes; the weathering fissure
is developed, and rock mass is cut into rock blocks. The rock

is difficult to dig by picks except by core driller.

0.6~0.8

0.4~0.8

Highly weathered

Most of the rock structures have been damaged. Mineral

components have been obviously changed. Weathering
fissures are well-developed. The rock mass is broken and can
be dug with a pick, but it is still difficult to drill by dry

drilling.

0.4~0.6

< 0.4

Completely

weathered

Almost all rock structures have been damaged but the rock
can still be identified. It has residual structural strength, and

the rock can be dug with a pick and drilled by dry drilling.

0.2~0.4

Residual soil

All the rock structures are destroyed and have been
weathered into the soil state. It is easy to be dug with a spade
or pick and to be drilled by dry drilling. It shows a certain
plasticity.

<0.2

Note:1. Wave velocity ratiok, refers to the ratio of compressional wave velocity of weathered rock to that of fresh rock;

2. Weathering coefficientk, refers to the ratio of uniaxial compressive strength of weathered rock to that of fresh

rock;

3. Besides the field characteristics and quantitative index as listed in the table, the weathering degree of rock may

also be classified by the local experiences ;

4. The granite-type rocks may be divided into highly weathered, completely weathered, and residual soil by standard

penetration test;

5. Mudstone and hypabyssal rocks may not need to be classified according to the weathering degree.



Table A.0.1-3 Qualitative Classification of Rock Mass Based on Intactness

Development degree of
Structural plane Combination degree of Type for main Corresponding
Intactness . ol 5l
Structural Average main structural plane structural plane structure types
plane group |interval (m)
Well combined or ) . Structure in intact state
Intact 1~2 >1.0 ] Fissure, bedding ) ]
normally combined or with very thick layer
) ) . Structure in blockage
1~2 >1.0 Poorly combined Fissure, bedding . .
or with thick layer
Moderately intact
Well combined or .
2~3 1.0~0.4 . — Structure in blockage
normally combined
Structure with fissure
2-~3 1.0~0.4 Poorly combined block or with medium
thick layer
Moderately . Fissure, bedding, Structure with
fractured Well combined minor fault
embedded rupture
=3 0.4~0.2
L . Structure with mediumand
Ordinarily combined .
thin layers
. Fissuring blocky
0.4~0.2 Poorly combined
. structure
Various types of
Very fractured =3
L structural plane
Ordinarily or
<2 . Fractured Structure
poorly combined
Extremely . .
Disordered — Very poorly combined — Loose structure
fractured

Note ; Average interval refers to the average interval value of the primary structural planes (1-2 groups).

A.0.2 Field identification for the density of gravelly soil shall be comprehensively carried out

according to the characteristics specified in Table A. 0. 2.

Table A.0.2 Field identification for density of gravelly soil

Skeleton particle content

in disorder. Most of them do not

contact with each other.

taken out, the well wall collapses

immediately.

Density Digging ability Drillability
and arrangement
The mass of the skeleton It can be dug with a spade. The . . )
L — It is easy to drill. During
particle is less than 60% the total | wall of the dug well is liable to o ) .
. . drilling, the drill rod may jump
Loose mass. The particles are arranged | collapse. After large particles are

slightly. The wall of the drilled

hole is liable to collapse.
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continued

Skeleton particle content

Density Digging ability Drillability
and arrangement
. It is moderately difficulty to
The mass of the skeleton It can be dug with a spade and . .
. ) drill. The drill rod and the sash
. particle equals to 60% ~ 70% of | pick,and the blocks may fall from . .
Medium . weigh may jump, but not
the total mass. The particles are | the well wall. The concave can . .
dense . . violently. There is a collapse
staggered in arrangement. Most of | remain on the wall where large
. . phenomenon on the wall of the
them contact with each other. particles are removed. .
drilled hole.
The mass of the skeleton o .
o It is difficult to dig with a spade o ) o
particle is larger than 70% of the . It is difficult to drill with violent
. or a pick and only can be | . . .
total mass. The particles are jumping of drill rod and sash
Dense loosened by a crowbar. The wall

The
particles contact with each other

staggered in arrangement.

continuously.

of the dug well is moderately

stable.

weight in drilling. The wall of the
drilled hole is moderately stable.




Appendix B
Essentials for Shallow Plate Loading Test

B.0.1 &2 P e il FH 0 i v Al b B R Al 1 Fi ) =252 ma e BN - R R3O .

AR AR /N T 0.25 m? RRRIE LT W AT & T 9IRHLE |

1 XAEHIEARN/NT 0.5 m*,

2 XA H AN /N T — AR S A TR

3 XTSRS ALIRE AR RN /N T 2.0 m,
B.0.1 Shallow plate loading test may be used to determine the bearing resistance of the soil layers
within the range mainly affected by the pressure of the bearing plate in shallow grounds. The
bearing plate area shall not be less than 0.25 m’, and shall comply with the following provisions
for special circumstances :

1 The bearing plate area shall not be less than 0.5 m’ for soft soil ground.

2 The bearing plate area shall not be less than the area reinforced by one pile for composite

ground.

3 The bearing plate area shall not be less than 2.0 m’ for the ground after being treated by

dynamic compaction.

B.0.2 The width of the testing foundation pit shall not be less than three times the width b or
diameter d of the bearing plate; it shall maintain the original structure and natural humidity of the

soil layer to be tested. The loading surface should be leveled up with coarse sand or medium sand
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with a thickness no thicker than 20 mm.

B.0.3 The loading stages shall not be less than 8. The maximum load shall not be less than the

twice required design load.

B.0.4 At each loading stage, the settlement should be measured at intervals of 10 min, 10 min,

10 min, 15 min, and 15 min within the first hour. After that, the settlement should be measured

every half hour. When the settlement is less than 0. 1 mm per hour within two consecutive hours,

the settlement is considered to be stable and the next loading stage can be carried out.

B.0.5 The loading process may be terminated under one of the following conditions :

B.0.6

Soil is obviously extruded out at the lateral direction around the bearing plate;

Settlement s increases sharply, and a steep drop segment is found in the load-settlement

(p-s) curve;

Under one load stage, the settlement rate can not be stable within 24 hours;

The ratio of the settlement to the width or diameter of the bearing plate is greater than or

equal to 0.06.

The characteristic value of the ground bearing capacity, f,,, shall be determined in

accordance with the following provisions;

1

When there is a proportional limit in the p — s curve, the loading value corresponding to the

proportional limit shall be taken as f,;

When one of the conditions for termination of loading in the first three items of Clause
B. 0.5 of the Specifications is met, the corresponding load at the previous stage shall
be defined as the ultimate load. If the ultimate load is less than 2 times of the

corresponding proportional limit load value, half of the ultimate load value is taken as

Jao-

If it can not be determined by the above two items and the bearing plate area is 0.25 ~
0.50 m’, the load value corresponding to s/b (or s/d) =0.01 ~0.015 may be taken as

f.o, but its value shall not be larger than half of the maximum applied load.

B.0.7 The number of testing points involved in the statistical analysis in one soil layer shall not
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be less than three. If the range of the measured values in the test does not exceed 30% of its
average value, the average value shall be taken as the characteristic value of the ground bearing
capacity of the soil layer, f,,. If the range does not meet the requirements, the cause shall be

found, and the statistical units of the ground shall be redivided for evaluation if necessary.



Appendix C
Essentials for Deep Plate Loading Test

C.0.1 Deep plate loading test may be used to determine the bearing resistance of the soil layers
within the range mainly affected by the pressure of the bearing plate in the deep ground and at the

pile tip for large-diameter pile.

C.0.2 The bearing plate for the deep plate loading test shall adopt a rigid plate with a diameter of
0.8 m, and the depth of the soil layer around the bearing plate shall not be less than 0. 8 m.

C.0.3 The load for each loading stage may be applied stepwise by 1/10 ~1/15 of the estimated

bearing resistance.

C.0.4 At each loading stage, the settlement should be measured at intervals of 10 min, 10 min,
10 min, 15 min, and 15 min in the first hour. After that, the settlement should be measured every
half hour. When the settlement is less than 0. 1 mm per hour within two consecutive hours, the
settlement is considered to be stable and the next loading stage can be carried out.

C.0.5 Loading process may be terminated under one of the following conditions;

1  Settlements increases sharply. A steep drop that can be used to determine the bearing
resistance is found in the load-settlement (p —s) curve, and the settlement exceeds 0. 04
times the diameter of the bearing plate;

2 Under one load stage, the settlement rate cannot be stable within 24 hours.

3 The settlement at the current stage is 5 times greater than the one at the previous stage;

4 If the soil layer in the bearing stratum is stiff and the settlement is small, the maximum



applied load shall not be less than the twice required design load.

C.0. 6  The characteristic value of the ground bearing capacity, f,,, shall be determined in

accordance with the following provisions;

1  When there is a proportionate limit in thep — s curve, the load value corresponding to the

proportional limit shall be taken as f, ;

2 When one of the conditions for termination of loading in the first three items of Clause C.
0.5 of the Specifications is met, the corresponding load at the previous stage shall be
defined as the ultimate load. If the ultimate load is less than 2 times the corresponding

proportional limit load value, half of the ultimate load value is taken as f,.

3 If it can not be determined by the above two items, the load value corresponding to s/b
(or s/d) =0.01 ~0.015 may be taken as f,,, but its value shall not be more than half of

the maximum load applied.

C.0.7 The number of testing points involved in the statistical analysis in one soil layer shall not
be less than three. If the range of the measured values in the test does not exceed 30% of its
average value, the average value shall be taken as the characteristic value of the ground bearing
capacity of the soil layer, f,,. If the range does not meet the requirements, the cause shall be

found, and the statistical units of the ground shall be redivided for evaluation if necessary.
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Appendix D
Essentials for Loading Test of Rock Ground

D.0.1 Loading test of rock ground may be applicable to determine the bearing resistance when an
intact, moderately intact, moderately fractured rock grounds are used as a natural ground or bearing

stratum of pile foundation.

D.0.2 A circular rigid bearing plate with a diameter of 300 mm shall be used. If the rock is
deeply buried, a reinforced concrete pile may be used, but measures shall be taken on the pile
surface to eliminate the skin frictional force between the pile body and the soil.

D.0.3 Before loading, the measurement system shall be read every 10 min. If the values in the
consecutive three readings remain unchanged, the measured data is considered to be stable and can

be taken as the initial values. Then, the test can be started.

D.0.4 Single cyclic loading shall be applied. The load shall be increased stage by stage till

fracture of the rock, and then unloaded stage by stage.

D.0.5 The load in the first stage is 1/5 the estimated design load, and the incremental load in
each of the following stages is 1/10 the estimated design load.

D.0. 6 Measurement shall be recorded immediately after the loading, and every 10 min

thereafter.

D.0.7 The value shall be considered stable if the difference of three consecutive measurement is

no more than 0. 01 mm.

D.0.8 The loading may be terminated under one of the following conditions:

Rz



1 The settlement keeps changing and the settlement rate tends to increase within 24 hours;

2 Load cannot be applied or cannot be stable after being applied reluctantly.

Note: Even if the loading capacity is limited for the test, the maximum applied load shall also

not be less than twice the load required in the design.

D.0.9 Unloading shall be investigated according to the following requirements :

1 The unloading value for each step can be twice of the loading value. If the loading stage
number is odd, the unloading value in the first stage can be the sum of the loading value at

the last three stages.

2 After each unloading stage, the spring back value is measured once every 10 min. After

three measurements, the next unloading stage can be started.

3 When the spring back value is less than 0. 01 mm in half an hour after all load has been

removed, it may be considered stable.

D.0.10 The characteristic value of the bearing resistance of rock ground shall be determined in

accordance with the following provisions;

1 The endpoint at the first straight-line segment on thep — s curve is the proportionate limit.
When the condition for stopping loading is met, the corresponding load at the previous
stage is the ultimate load. The small one of the ultimate load divided by safety factor 3 and
the load corresponding to the proportionate limit is adapted as the characteristic value of

bearing resistance of the rock ground.

2 The number ofloading tests on each site shall not be less than 3, and the minimum value

shall be taken as the characteristic value of the bearing capacity of the rock ground.

3 The bearing resistance of rock ground is not modified bybearing depth.
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Appendix E
Nominal Frost Depth Diagram and Behavior
Classifications of Frozen Soil

E.O0.1
Appendix F of Code for Design of Building Foundation ( GB 50007-2011)

Nominal frost depth diagram of seasonally frozen soil may be determined according to

E.0.2 Based on the classification of frost heave, the ground soil of highway bridges and culverts
may be classified into; no frost heave, slightly frost heave, moderately frost heave, strong frost

heave, and extremely strong frost heave according to Table E. 0. 2.

Table E. 0.2 Behavior Classification of Frost Heave of Ground Soil in

Highway Bridges and Culverts

Minimum distance
Natural water | from groundwater
Average frost Frost
. content level to the Frost heave
Soil name . heave factor heave
before frozen, | design frost depth type
n (%) grade
w (%) before frozen,
z (m)
Gravel, gravelly sand, coarse
sand, medium sand ( the content of
grain with grain size less than 0. 075
mm are not greater than 15% ) , fine Not consider Not consider n=1 I No frost heave
sand (the content of grain with grain
size less than 0. 075 mm are not
greater than 10% )
gravelly soil, gravelly sand, w=12 z>1.0 n=l I No frost heave
coarse sand, medium sand ( the z=1.0 1 _3 5 I Slightly frost
content of grain with grain size less 251.0 SN=2 heave
than 0. 075 mm are greater than 12<w=18
. z=1.0 Moderatel
15% ), fine sand ( the content of 3.5<n=6 i oderately
grain with grain size less than 0. 075 z>0.5 frost heave
w>18
mm are greater than 10% ) z=0.5 6<n=12 v Strong frost heave
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continued

Natural water

Minimum distance

from groundwater

Average frost Frost
. content level to the Frost heave
Soil name . heave factor heave
before frozen, | design frost depth type
n (%) grade
w (%) before frozen,
z (m)
z>1.0 n=l1 I No frost heave
w=14
z=1.0
1<n=3.5 I Slightly frost heave
z>1.0
Fine sand and 14 <w=19
. z=1.0 Moderately frost
silty sand 3.5 <n=6 ]I[ y
z>1.0 heave
19 <w=23
z=1.0 6<n=12 v Strong frost heave
; Extremely stron
w23 Not consider n>12 v y g
frost heave
z>1.5 n=1 No frost heave
w=19
z=1.5
1<n=3.5 I Slightly frost heave
z>1.5
19<w=22
Z=1.5 Moderately frost
3.5<n=6 I
z>1.5 heave
Silty soil 22 <w=26
z=1.5
6<n=12 v Strong frost heave
z>1.5
26 <w=30
z=1.5
Extremely stron
n>12 \ v siong
w>30 Not consider frost heave
w=w, +2 7>2.0 n=1 I No frost heave
w, +2 <w= z=2.0
1<n=3.5 I Slightly frost heave
Wp +5 z2>2.0
w, +5<w= z=2.0 Moderately
. . 3.5<n=6 I
Cohesive soil w, +9 72>2.0 frost heave
z=2.0
w,+9 <w= 6<n=12 \% Strong frost heave
2>2.0
w, +15
Extremely stron
7=2.0 n>12 A% Y g

frost heave

Note: 1. w,—Water content at the plastic limit (% ) , w—average value of natural water content in the frozen soil layer

before frozen.

2. Saline frozen soil is not involved in this classification.

3. If the plasticity index of the soil is greater than 22, its frost heave grade shall be increased by one grade.

4. If the content of particles with a grain size less than 0. 005 mm in the soil is greater than 60% , it is non-frost

heave soil.

5. If gravelly soil is used as filling material and its mass is more than 40% of the total mass, the frost heave

behavior of the ground soil may be evaluated according to filling soil.
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E.0.3 The permafrost of ground soil of highway bridges and culverts may be classified into no
thaw-subsidence, slightly thaw-subsidence, moderately thaw-subsidence, strong thaw-subsidence,

and extremely strong thaw-subsidence (thaw collapse) according to Table E. 0. 3.

Table E.0.3 Classification Table of Permafrost

Average
Water coefficient Thaw- )
) ) Thaw-subsidence .
Soil name content, of thaw- | subsidence . Frozen soil type
w (%) subsidence, grade vpe
80
Gravel ( cobble ), gravelly sand,
. w<10 o<1 I No thaw-subsidence | Ice-short frozen soil
coarse and medium sand ( the
content of grains with a grain size
Slightly thaw-
less than 0. 075 mm are not greater w=10 1 <8,<3 ]I g ‘y Iee frozen soil
than 15% ) subsidence
w<l12 5, =1 I No thaw-subsidence | Ice-short frozen soil
Slightly thaw-
2<w<l5 1<6,<3 I g ,y Ice-short frozen soil
Gravel (cobble), gravelly sand, subsidence
coarse and medium sand ( the
content with grain size less than 0. | 15<w <25 | 3<8,<10 | Mode;atizly thaw- fIce—nchhl
075 mm are greater than 15% ) subsidence rozen soi
w225 10 <8, <25 v Strong thaw- Ice-saturated
subsidence frozen soil
. Ice-short
w<14 5, =1 I No thaw-subsidence )
frozen soil
Slightly thaw-
14<w<18 1<6,<3 I g .y Ice frozen soil
subsidence
Silty sand, fine sand
Moderately thaw-
18<w<28 | 3<§,<10 m } Y Ice-rich frozen soil
subsidence
w08 10 <8, <25 v Strong thaw- Ice-saturated
subsidence frozen soil
. Ice-short
w<17 5, =<1 I No thaw-subsidence )
frozen soil
Slightly thaw-
17<sw<21 1<6,<3 I g ‘y Ice frozen soil
subsidence
Silty soil
Moderately thaw-
21<w<32 | 3<6,<10 11| . Y Ice-rich frozen soil
subsidence
=32 10 <8, <25 W Strong. thaw- Ice—saturat.ed
Lsubsidence frozen soil
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continued

Average
Water coefficient Thaw- .
. . Thaw-subsidence .
Soil name content, of thaw- subsidence . Frozen soil type
w (%) subsidence, grade vpe
60
. Ice-short
w<w, 8, =1 I No thaw-subsidence .
frozen soil
w,Sw< Slightly thaw-
! 1<6,<3 I g .y Ice frozen soil
w, +4 subsidence
Cohesive soil
w, +4sw< Moderately thaw-
! 3<6,<10 I . Y Ice-rich frozen soil
w, +15 subsidence
w,+15sw< Strong thaw- Ice-saturated
’ 10 <5, <25 I\ g faw e
w, +35 subsidence frozen soil
Extremely Strong .
. . . Ice layer with
Soil-containing ice layer w=w, +35 6y >25 \Y thaw-subsidence

(Thaw collapse)

soil

Note: 1. The total water contentw involves ice and unfrozen water.
2. Thesaline frozen soil, frozen peat soil, humus, and highly plastic cohesive soil are not listed in this table.
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Appendix F

Calculations ofSuperimposed Vertical
Compressive Stress on Abutment Foundation
Base or Pile Tip Plane Caused by the Fills
behind the Abutment

F.0.1 The superimposed vertical compressive stress ( see Fig. F.0.1) on the abutment foundation
base or pile tip plane caused by backfill behind the abutment shall be calculated in accordance with

the following provisions ;

1 Thesuperimposed compressive stress on the ground of the abutment foundation base or pile
tip plane caused by backfill behind the abutment, p,, may be calculated by the following

formula.
py=a, -y, * H (F.0.1-1)

2 For spill-through abutments, thesuperimposed compressive stress on the front edge of the
abutment foundation base or pile tip plane caused by the front cone, p,, may be calculated
by the following formula.

p,=0, vy, - H, (F.0.1-2)

3 The total stress of the ground edge on the abutment foundation base or pile tip plane is the

sum ofp, and p, as well as stresses caused by other loads.

Symbols in formula F.0.1-1, F.0.1-2 andFig. F.0.1;
o, , a,—coefficient of superimposed vertical compressive stress, see Table F. 0. 1-1 and
Table F.0.1-2;
¥,—unit weight of backfill (kN/m") ;
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v,—unit weight of cone fill (kN/m’) ;

H,—height of backfill behind the abutment (m) ;

H,—height of the cone at the front edge of the foundation base or the pile tip plane (m)
which is taken as the distance from the original ground to the intersection point of the
cone slope line and the vertical line of the front edge at the foundation base;

P,—soil pressure in the original ground caused by backfill behind the abutment (kPa) ;

P,—so0il pressure on the front edge of the abutment foundation base or pile tip plane
caused by the front cone (kPa) ;

b,—foundation length between the front and back edges at foundation base or pile tip
plane (m) ;

h—depth from the original ground to the foundation base or pile tip plane (m) , which is

also the bearing depth of the foundation.

At the top of the filled soil

Centrum < j
/<[ Abutment |*

P2= yZHZ

Original
ground

| Pile caps bottom

= LTI T
Pile Foundation Plane of pile end
! | | | | (the ground base)

|11
b

Front edge - Rear edge
of pile of pile
foundation foundation

Fig. F.0.1 Superimposed Compressive Stress of Abutment Foundation Base
Caused by Backfill behind the Abutment

Table F.0.1-1 Table of Coefficient,a,

Abutment edge
Bearing depth of foundation, Height of backfill, Front edge, according to the foundation length at
h (m) H,(m) Back edge the foundation base plane b, (m)
5 10 15
5 0.44 0.07 0.01 0
5 10 0.47 0.09 0.02 0
20 0.48 0.11 0.04 0.01
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continued

Abutment edge
Bearing depth of foundation, Height of backfill, Front edge, according to the foundation length at
h (m) H,(m) Back edge the foundation base plane, b, (m)
5 10 15
5 0.33 0.13 0.05 0.02
10 10 0.40 0.17 0.06 0.02
20 0.45 0.19 0.08 0.03
5 0.26 0.15 0.08 0.04
15 10 0.33 0.19 0.10 0.05
20 0.41 0.24 0.14 0.07
5 0.20 0.13 0.08 0.04
20 10 0.28 0.18 0.10 0.06
20 0.37 0.24 0.16 0.09
5 0.17 0.12 0.08 0.05
25 10 0.24 0.17 0.12 0.08
20 0.33 0.24 0.17 0.10
5 0.15 0.11 0.08 0.06
30 10 0.21 0.16 0.12 0.08
20 0.31 0.24 0.18 0.12

Note : The embankment considered in the Table is cohesive soil.

Table F.0.1-2 Table of Coefficient,c,

Height of backfill behind abutment,H, (m)
Bearing depth of foundation, 4 (m)

10 20
5 0.4 0.5
10 0.3 0.4
15 0.2 0.3
20 0.1 0.2
25 0 0.1
30 0 0
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Appendix G

Calculation of Stress Redistribution on Rock
Ground with Rectangular Section Subjected to
Biaxial Eccentric Compression or with Circular
Section Subjected to Eccentric Compression

G.0.1 The stress of rock ground with rectangular section subjected to biaxial eccentric compression
after consideration of the stress redistribution may be calculated by the following formula if data is

unavailable .

Puax =A (G.0.1)

N
A
where .
A—obtained from Fig. G.0.1 according toe,/d and e, /b;
N—axial force on the section;
A—foundation base area;
e, ,e,—eccentricity of N in x and y direction, respectively;

b,d—width and height of the section in the x and y direction, respectively.

G.0.2 If the eccentricity n > 0. 125, the maximum stress of the circular section subjected to
eccentric compression after consideration of the stress redistribution may be calculated by the

following formulas .

Piax =A (G.0.2-1)

[z

(G.0.2-2)

SHIE

where .
N—axial force on the section (N) ;
A—foundation base area (mm’) ;

e—eccentricity (mm) ;
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d—circular section diameter (mm) ;

n—ratio of eccentricity to circular section diameter;

A—revised coefficient for characteristic value of bearing capacity, which can be taken from
Table G. 0.2 according to n.

0.30
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Fig. G.0.1 Diagram of Stress Redistribution on Rectangular Section

Subjected to Biaxial Eccentric Compression

Table G.0.2 Table of Revised Coefficient, A
n:{% A n:f; A nzi; A n:f% A
0. 1250 2.000 0.1752 2.457 0.2310 3.208 0.2945 4.729
0. 1260 2.012 0.1780 2.487 0.2347 3.271 0.2980 4.828
0.1270 2.015 0.1787 2.499 0.2380 3.321 0.3020 4.949
0. 1290 2.034 0.1815 2.524 0.2415 3.382 0.3050 5.074




continued

n—ﬁf A n—%f A n—gf A nzﬁf A

0.1330 2.064 0.1848 2.571 0.2452 3.465 0.3080 5.230
0.1370 2.102 0.1886 2.608 0.2470 3.497 0.3115 5.334
0.1384 2.109 0.1890 2.620 0.2490 3.540 0.3150 5.484
0.1414 2.134 0.1916 2.645 0.2529 3.610 0.3190 5.634
0. 1430 2.151 0. 1951 2.690 0.2565 3.692 0.3220 5.793
0. 1441 2.160 0. 1989 2.736 0.2597 3.768 0.3260 5.957
0. 1468 2.181 0.2020 2.777 0.2620 3.803 0.3310 6.130
0. 1500 2.213 0.2022 2.773 0.2640 3.859 0.3330 6.311
0.1532 2.242 0.2055 2.823 0.2678 3.949 0.3380 6.512
0. 1562 2.268 0.2070 2.851 0.2718 4.046 0.3390 6.700
0. 1580 2.288 0.2122 2.920 0.2741 4.161 0.3430 6.911
0.1593 2.296 0.2160 2.967 0.2770 4.193 0.3470 7.141
0.1625 2.327 0.2174 2.996 0.2789 4.245 0.3500 7.368
0.1654 2.358 0.2200 3.036 0.2826 4.356 0.3540 7.620
0. 1680 2.378 0.2232 3.080 0.2868 4.471 0.3570 7.881
0. 1686 2.391 0.2271 3.143 0.2907 4.593 0.3600 8.157
0.1716 2.421 0.2300 3.193 0.2940 4.715 0.3690 8.467
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Appendix H
Check for Stability against Frozen Uplift for
Frozen Soil Ground

H.0.1 The stability against frozen uplift of the piers and abutments as well as their foundations
(including strip foundations) on the ground of seasonally frozen soil may be calculated by the

following formulas .
F,+G, +0,=kT, (H.0.1-1)
T, =z,T, 1 (H.0.1-2)

where ;

F,—self-weight of structure acting on the foundation (kN) ;

G,—self-weight of foundation and soil over the offset of the foundation (kN) ;

Q,,—nominal value of the skin friction of the thawing layer around the foundation (kN),
which is calculated by Formula (H.0.2-2) ;

“k— adjusting factor for frost heave force. Before construction or erection of the
superstructures, k is taken as 1.1. After construction or erection of superstructures, k is
taken as 1.2 for the externally static determinate structure and as 1.3 for the externally
static indeterminate structure;

T,—nominal value of tangential frost heave to the foundations (kN) ;

z,—design frost depth (m), which can be referred to Clause 5. 1.2 in the Specifications. If

the bearing depth of the foundation, h, is less than Z,, h is taken as Z;
7,—nominal value of tangential frost heave for seasonally frozen soil (kPa), which is taken
from Table H.0.1;

‘u—average perimeter of the foundation and pier bodies inner the seasonally frozen soil layer

(m).
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Table H.0.1 Nominal Value of Tangential frost heave for Seasonally Frozen Soil, 7, (kPa)

Frost heave type

Foundation type Non-frost Slightly frost Moderately Strong frost Extremely strong
heave heave frost heave heave frost heave

Pier, abutment, column, pile
. 0~15 15 ~80 80 ~ 120 120 ~ 160 160 ~200
foundations

Strip foundation 0~10 10 ~40 40 ~60 60 ~ 80 80 ~ 100

Note: 1. Strip foundation refers to the foundation whose length-to-width ratio is equal to or greater than 10.

2. For the precast pile with smooth surface, the 7, is multiplied by 0. 8.

H.0.2 The stability against frozen uplift for the piers and abutments as well as their foundations (
including strip foundation) on permafrost ground may be checked by the following formulas ( see
Fig. H.0.2) .

Fo+G +0Q, +0 , =kT, (H.0.2-1)
Oy =444, (H.0.2-2)
0, =49,4, (H.0.2-3)

where :

Q,,—nominal value of skin friction of the thawing layer around the foundation (kN); when
the seasonally frozen soil layer is connected with the permafrost layer, Q, =0; when the
seasonally frozen soil layer is not connected with the permafrost layer, it is calculated by
Eq. (H.0.2-2);

A,—side face area of the foundation in a thawing layer (m’) ;

q,,—nominal value of skin friction between the foundation side surface and the thawing layer
(kPa). In the absence of measured data, it may be taken as 20 ~ 30 kPa for the cohesive
soil and 30 ~40 kPa for sand and gravelly soil;

Q,,—nominal value of freezing force between the foundation side surface and the permafrost
(kN), which is calculated according to Formula (H.0.2-3);

A,—foundation side surface area in the permafrost layer (m’);

q,,—nominal value of freezing stress between the permafrost and the foundation side face
(kPa) , which may be obtained from Table H.0.2;

Other symbols are the same as those in ClauseH. 0. 1.

Note ; As shown in Fig. H.0.2, the ground layers betweenseasonally frozen soil and permafrost
may be divided into ground with and without connection of seasonally frozen soil and
permafrost layer. When a permafrost layer top surface is located below the seasonally
frozen soil layer, it is a ground with connection (Q, =0). When there is a thawing layer

or a thawing layer plus permafrost in an alternate manner below the seasonally frozen soil
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layer, it is a ground without connection (Q,, is calculated by Formula H.0.2-2).

/\I v Level of ice surface
Level of riverbed surface
222/ 77
L t L
Top surface of foundation

 Maximum seasonally frozen depth

o, ‘ [N

o Permaftost upper limit

o, .

Fig. H.0.2 Diagram for the Frost Heave Force of the Permafrost Foundation

T,—tangential frost heave to the foundation;
Q,,—skin friction of the foundation in the thawing layer;

Q,,—freezing force between the foundation and the permafrost.

Table H.0.2 Nominal value of Frozen Force between the Permafrost and the Foundation, g, (kPa)

Temperature (C)
Soil type and thaw-subsidence grade
-0.2 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0
I 35 50 85 115 145 170 200
I} 30 40 60 80 100 120 140
Silty soil, cohesive soil
I,V 20 30 40 60 70 85 100
\Y 15 20 30 40 50 55 65
40 60 100 130 165 200 230
I} 30 50 80 100 130 155 180
Sand

I,V 25 35 50 70 85 100 115
\Y 10 20 30 35 40 50 60
I 40 55 80 100 130 155 180
Gravelly soil ( content of grain i 30 40 60 0 100 120 135

with grain size less than 0. 075 mm
is less than or equal to 10% ) I,V 25 35 20 60 70 85 %5
Vv 15 20 30 40 45 55 65
I 35 55 85 115 50 170 200
Gravelly soil ( content of grain ]I 30 40 70 90 115 140 160

with grain size less than 0. 075 mm
is greater than 10% ) I,V 25 35 50 70 5 95 115
\Y 15 20 30 35 45 55 60

Note:1. The thaw-subsidence grade of permafrost can be found in Table E. 0.3 of theSpecifications ;
2. The nominal value of frozen forces for a foundation made of precast concrete, wood, and metal, the value listed
in Table H. 0.2 shall be multiplied by a coefficient of 1.0, 0.9, and 0. 66, respectively.
3. The nominal value of frozen force between permafrost and driven piles are taken as the value for the thaw-
subsidence Grade IV category.
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H.0.3 The stability against frozen uplift for pile ( column) foundation may be checked by the
following formulas;
Fo.+ G+ Q,=kT, (H.0.3-1)
Q =0.4u q,1, (H.0.3-2)
where .
F,—self-weight of structures acting on top of the pile (column) (kN) ;
G,—self-weight of the pile (column) (kN), which is taken as buoyant unit weight if the pile
(column) is below water level and the soil layer at its bottom is permeable;
Q,—sum of nominal value of skin friction of piles ( columns) in all soil layers below the depth
of frost potential, which is calculated by Formula (H.0.3-2) ;
u—rpile perimeter (m) ;
q,—nominal value of skin friction of all soil layers below the depth of frost potential (kPa) ,
see Table 6.3.3-1 or Table 6.3.5-1 of the Specifications
I, —depth of i" soil layers below the depth of frost potential (m) ;
T,—tangential frost heave of each pile (column) (kN), which is calculated by Formula ( H.
0.1-2).

H.0.4 If the tangential frost heave is large, the tensile strength at the weak sections of the pier,

abutment, foundation, and pile (column) shall be checked.
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Appendix J

Superimposed Compressive Stress Coefficient
o and Average Superimposed Compressive
Stress Coefficient o of Foundation Bases in
Bridge and Culvert

J.0.1 Superimposed compressive stress coefficient o at the centroid of underlying stratum in the

bridge and culvert foundation bases under uniform load may be taken from Table J. 0. 1.

Table J.0.1 Superimposed Compressive Stress Coefficient o at the Centroid of

Underlying Stratum in the Foundation Bases

/b

1.0 1.2 1.4 1.6 1.8 2.0 2.4 2.8 3.2 3.6 4.0 5.0 =10strip

0.0 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000

0.1 0.980 | 0.984 | 0.986 | 0.987 | 0.987 | 0.988 | 0.988 | 0.989 | 0.989 | 0.989 | 0.989 | 0.989 0.989

0.2 0.960 | 0.968 [ 0.972 | 0.974 | 0.975 | 0.976 | 0.976 | 0.977 | 0.977 | 0.977 | 0.977 | 0.977 0.977

0.3 0.880 | 0.899 | 0.910 | 0.917 | 0.920 | 0.923 | 0.925 | 0.928 | 0.928 | 0.929 | 0.929 | 0.929 0.929

0.4 0.800 | 0.830 | 0.848 | 0.859 | 0.866 | 0.870 | 0.875 | 0.878 | 0.879 | 0.880 | 0.880 | 0.881 0.881

0.5 0.703 | 0.741 | 0.765 | 0.781 | 0.791 | 0.799 | 0.810 | 0.812 | 0.814 | 0.816 | 0.817 | 0.818 0. 818

0.6 0.606 | 0.651 | 0.682 | 0.703 | 0.717 | 0.727 | 0.737 | 0.746 | 0.749 | 0.751 | 0.753 | 0.754 0.755

0.7 |0.527 | 0.574 | 0.607 | 0.630 | 0.648 | 0.660 | 0.674 | 0.685 | 0.690 | 0.692 | 0.694 | 0.697 0.698

0.8 |0.449 | 0.496 | 0.532 | 0.558 | 0.578 | 0.593 | 0.612 | 0.623 | 0.630 | 0.633 | 0.636 | 0.639 0.642

0.9 0.392 | 0.437 | 0.473 | 0.499 | 0.520 | 0.536 | 0.559 | 0.572 | 0.579 | 0.584 | 0.588 | 0.592 0.596

1.0 0.334 | 0.378 | 0.414 | 0.441 | 0.463 | 0.482 | 0.505 | 0.520 | 0.529 | 0.536 | 0.540 | 0.545 0.550

1.1 0.295 | 0.336 | 0.369 | 0.396 | 0.418 | 0.436 | 0.462 | 0.479 | 0.489 | 0.496 | 0.501 | 0.508 0.513

1.2 0.257 [ 0.294 | 0.325 | 0.352 | 0.374 | 0.392 | 0.419 | 0.437 | 0.449 | 0.457 | 0.462 | 0.470 0.477
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continued

/b

/b
1.0 1.2 1.4 1.6 1.8 2.0 2.4 2.8 3.2 3.6 4.0 5.0 =10strip

1.3 0.229 [ 0.263 | 0.292 | 0.318 | 0.339 | 0.357 | 0.384 | 0.403 | 0.416 | 0.424 | 0.431 | 0.440 0.448

1.4 0.201 | 0.232 | 0.260 | 0.284 | 0.304 | 0.321 | 0.350 | 0.369 | 0.383 | 0.393 | 0.400 | 0.410 0.420

1.5 |0.180 | 0.209 | 0.235 | 0.258 | 0.277 | 0.294 | 0.322 | 0.341 | 0.356 | 0.366 | 0.374 | 0.385 0.397

1.6 0.160 | 0.187 | 0.210 | 0.232 | 0.251 | 0.267 | 0.294 | 0.314 | 0.329 | 0.340 | 0.348 | 0.360 0.374

1.7 0.145 | 0.170 | 0.191 | 0.212 | 0.230 | 0.245 | 0.272 | 0.292 | 0.307 | 0.317 | 0.326 | 0.340 0.355

1.8 |0.130 | 0.153 | 0.173 | 0.192 | 0.209 | 0.224 | 0.250 | 0.270 | 0.285 | 0.296 | 0.305 | 0.320 0.337

1.9 0.119 | 0.140 | 0.159 | 0.177 | 0.192 | 0.207 | 0.233 | 0.251 | 0.263 | 0.278 | 0.288 | 0.303 0.320

2.0 0.108 | 0.127 | 0.145 | 0.161 | 0.176 | 0.189 | 0.214 | 0.233 | 0.241 | 0.260 | 0.270 | 0.285 0.304

2.1 0.099 | 0.116 [ 0.133 | 0.148 | 0.163 | 0.176 | 0.199 | 0.220 | 0.230 | 0.244 | 0.255 | 0.270 0.292

2.2 0.090 | 0.107 | 0.122 | 0.137 | 0.150 | 0.163 | 0.185 | 0.208 | 0.218 | 0.230 | 0.239 | 0.256 0.280

2.3 0.083 [ 0.099 | 0.113 | 0.127 | 0.139 | 0.151 | 0.173 | 0.193 | 0.205 | 0.216 | 0.226 | 0.243 0.269

2.4 10.077 1 0.092 | 0.105 | 0.118 | 0.130 | 0.141 | 0.161 | 0.178 | 0.192 | 0.204 | 0.213 | 0.230 0.258

2.5 0.072 | 0.085 | 0.097 | 0.109 | 0.121 | 0.131 | 0.151 | 0.167 | 0.181 | 0.192 | 0.202 | 0.219 0.249

2.6 0.066 | 0.079 | 0.091 | 0.102 | 0.112 | 0.123 | 0.141 | 0.157 | 0.170 | 0.184 | 0.191 | 0.208 0.239

2.7 0.062 | 0.073 | 0.084 | 0.095 | 0.105 | 0.115 | 0.132 | 0.148 | 0.161 | 0.174 | 0.182 | 0.199 0.234

2.8 0.058 [ 0.069 | 0.079 | 0.089 | 0.099 | 0.108 | 0.124 | 0.139 | 0.152 | 0.163 | 0.172 | 0. 189 0.228

2.9 0.054 | 0.064 | 0.074 | 0.083 | 0.093 | 0.101 | 0.177 | 0.132 | 0.144 | 0.155 | 0.163 | 0.180 0.218

3.0 |0.051|0.060 | 0.070 | 0.078 | 0.087 | 0.095 | 0.110 | 0.124 | 0.136 | 0.146 | 0.155 | 0.172 0.208

3.2 |0.045 | 0.053 | 0.062 | 0.070 | 0.077 | 0.085 [ 0.098 | 0.111 | 0.122 | 0.133 | 0.141 | 0.158 0.190

3.4 0.040 | 0.048 | 0.055 | 0.062 | 0.069 | 0.076 | 0.088 | 0.100 | 0.110 | 0.120 | 0.128 | 0. 144 0.184

3.6 0.036 | 0.042 | 0.049 | 0.056 | 0.062 | 0.068 | 0.080 | 0.090 | 0.100 | 0.109 | 0.117 | 0.133 0.175

3.8 10.032|0.038 | 0.044 | 0.050 | 0.056 | 0.062 | 0.072 | 0.082 | 0.091 | 0.100 | 0.107 | 0.123 0.166

4.0 0.029 [ 0.035 | 0.040 | 0.046 | 0.051 | 0.056 | 0.066 | 0.075 | 0.084 | 0.090 | 0.095 | 0.113 0.158

4.2 0.026 | 0.031 | 0.037 | 0.042 | 0.048 | 0.051 | 0.060 | 0.069 | 0.077 | 0.084 | 0.091 | 0.105 0.150

4.4 10.024 | 0.029 | 0.034 | 0.038 | 0.042 | 0.047 | 0.055 | 0.063 | 0.070 | 0.077 | 0.084 | 0.098 0.144

4.6 0.022 [ 0.026 | 0.031 | 0.035 | 0.039 | 0.043 | 0.051 | 0.058 | 0.065 | 0.072 | 0.078 | 0.091 0.137

4.8 0.020 [ 0.024 | 0.028 | 0.032 | 0.036 | 0.040 | 0.047 | 0.054 | 0.060 | 0.067 | 0.072 | 0.085 0.132

5.0 |0.019 |0.022 | 0.026 | 0.030 | 0.033 | 0.037 | 0.044 | 0.050 | 0.056 | 0.062 | 0.067 | 0.079 0.126

Note:/, b—Length of the long and short sides of the rectangular foundation, respectively (m); z—Distance from the

foundation base to the top surface of the underlying stratum (m).
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J.0.2 Average superimposed compressive stress coefficient « at the centroid of the underlying

stratum in the rectangular foundation under uniform load may be taken from Table J. 0. 2.

Table J.0.2 AverageSuperimposed Compressive Stress Coefficient « at the Centroid of
Underlying Stratum in the Rectangular Foundation under Uniform Load

Vb
b
1.0 1.2 1.4 1.6 1.8 2.0 2.4 2.8 3.2 3.6 4.0 5.0 =10strip

0.0 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
0.1 0.997 [ 0.998 | 0.998 | 0.008 | 0.998 | 0.998 | 0.998 | 0.998 | 0.998 | 0.998 | 0.998 | 0.998 0.998
0.2 [0.987 | 0.990 | 0.991 | 0.992 | 0.992 | 0.992 | 0.993 | 0.993 | 0.993 | 0.993 | 0.993 | 0.993 0.993
0.3 [0.967 | 0.973 | 0.976 | 0.978 | 0.979 | 0.979 | 0.980 | 0.980 | 0.981 | 0.981 | 0.981 | 0.981 0.981
0.4 0.936 | 0.947 | 0.953 | 0.956 | 0.958 | 0.965 | 0.961 | 0.962 | 0.962 | 0.963 | 0.963 | 0.963 0.963
0.5 0.900 | 0.915 | 0.924 | 0.929 | 0.933 | 0.935 | 0.937 | 0.939 | 0.939 | 0.940 | 0.940 | 0.940 0.940
0.6 0.858 [ 0.878 | 0.890 | 0.898 | 0.903 | 0.906 | 0.910 | 0.912 | 0.913 | 0.914 | 0.914 | 0.915 0.915
0.7 |0.816 | 0.840 | 0.855 | 0.865 | 0.871 | 0.876 | 0.881 | 0.884 | 0.885 | 0.886 | 0.887 | 0.887 | 0.888
0.8 [0.775|0.801 | 0.819 | 0.831 | 0.839 | 0.844 | 0.851 | 0.855 | 0.857 | 0.858 | 0.859 | 0.860 | 0.860
0.9 0.735 | 0.764 | 0.784 | 0.797 | 0.806 | 0.813 | 0.821 | 0.826 | 0.829 | 0.830 | 0.831 | 0.830 0.836
1.0 0.698 [ 0.728 | 0.749 | 0.764 | 0.775 | 0.783 | 0.792 | 0.798 | 0.801 | 0.803 | 0.804 | 0.806 0. 807
1.1 0.663 [ 0.694 | 0.717 | 0.733 | 0.774 | 0.753 | 0.764 | 0.771 | 0.775 | 0.777 | 0.773 | 0.780 0.782
1.2 | 0.631 |0.663 | 0.686 | 0.703 | 0.715 | 0.725 | 0.737 | 0.744 | 0.749 | 0.752 | 0.754 | 0.756 | 0.758
1.3 ]0.601 | 0.633 | 0.657 | 0.674 | 0.688 | 0.698 | 0.711 | 0.719 | 0.725 | 0.728 | 0.730 | 0.733 0.735
1.4 0.573 | 0.605 | 0.629 | 0.648 | 0.661 | 0.672 | 0.687 | 0.696 | 0.701 | 0.705 | 0.708 | 0.711 0.714
1.5 0.548 | 0.580 | 0.604 | 0.622 | 0.637 | 0.648 | 0.667 | 0.673 | 0.679 | 0.683 | 0.686 | 0.690 0.693
1.6 0.524 | 0.556 | 0.580 | 0.599 | 0.613 | 0.625 | 0.641 | 0.651 | 0.658 | 0.663 | 0.666 | 0.670 0.675
1.7 ]0.502 | 0.533 | 0.558 | 0.577 | 0.591 | 0.603 | 0.620 | 0.631 | 0.638 | 0.643 | 0.646 | 0.651 0.656
1.8 |0.482|0.513 | 0.537 | 0.556 | 0.571 | 0.588 | 0.600 | 0.611 | 0.619 | 0.624 | 0.629 | 0.633 0.638
1.9 0.463 | 0.493 | 0.517 | 0.536 | 0.551 | 0.563 | 0.581 | 0.593 | 0.601 | 0.606 | 0.610 | 0.616 0.622
2.0 0.446 | 0.475 | 0.499 | 0.518 | 0.533 | 0.545 | 0.563 | 0.575 | 0.584 | 0.590 | 0.594 | 0.600 0. 606
2.1 {0.429 | 0.459 | 0.482 | 0.500 | 0.515 | 0.528 | 0.546 | 0.559 | 0.567 | 0.574 | 0.578 | 0.585 0.591
2.2 |0.414 | 0.443 | 0.466 | 0.484 | 0.499 | 0.511 | 0.530 | 0.543 | 0.552 | 0.558 | 0.563 | 0.570 | 0.577
2.3 {0.400 | 0.428 | 0.451 | 0.469 | 0.484 | 0.496 | 0.515 | 0.528 | 0.537 | 0.544 | 0.548 | 0.554 | 0.564
2.4 0.387 [ 0.414 | 0.436 | 0.454 | 0.469 | 0.481 | 0.500 | 0.513 | 0.523 | 0.530 | 0.535 | 0.543 0.551
2.5 0.374 | 0.401 | 0.423 | 0.441 | 0.455 | 0.468 | 0.486 | 0.500 | 0.509 | 0.516 | 0.522 | 0.530 0.539
2.6 0.362 | 0.389 | 0.410 | 0.428 | 0.442 | 0.473 | 0.473 | 0.487 | 0.496 | 0.504 | 0.509 | 0.518 0.528
2.7 |0.351 | 0.377 | 0.398 | 0.416 | 0.430 | 0.461 | 0.461 | 0.474 | 0.484 | 0.492 | 0.497 | 0.506 | 0.517
2.8 0.341 [ 0.366 | 0.387 | 0.404 | 0.418 | 0.449 | 0.449 | 0.463 | 0.472 | 0.480 | 0.486 | 0.495 0.506
2.9 0.331 | 0.356 | 0.337 | 0.393 | 0.407 | 0.438 | 0.438 | 0.451 | 0.461 | 0.469 | 0.475 | 0.485 0.496
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continued

/b
/b
1.0 1.2 1.4 1.6 1.8 2.0 2.4 2.8 3.2 3.6 4.0 5.0 =10strip

3.0 0.322 | 0.346 | 0.366 | 0.383 | 0.397 | 0.409 | 0.429 | 0.441 | 0.451 | 0.459 | 0.465 | 0.474 0.487
3.1 0.313 | 0.337 | 0.357 | 0.373 | 0.387 | 0.398 | 0.417 | 0.430 | 0.440 | 0.448 | 0.454 | 0.464 0.477
3.2 0.305 [ 0.328 | 0.348 | 0.364 | 0.377 | 0.389 | 0.407 | 0.420 | 0.431 | 0.439 | 0.445 | 0.455 0. 468
3.3 0.297 | 0.320 [ 0.339 | 0.355 | 0.368 | 0.379 | 0.397 | 0.411 | 0.421 | 0.429 | 0.436 | 0.446 0. 460
3.4 0.289 1 0.312 | 0.331 | 0.346 | 0.359 | 0.371 | 0.388 | 0.402 | 0.412 | 0.420 | 0.427 | 0.437 0.452
3.5 0.282 1 0.304 | 0.323 | 0.338 | 0.351 | 0.362 | 0.380 | 0.393 | 0.403 | 0.412 | 0.418 | 0.429 0.444
3.6 0.276 | 0.297 | 0.315 | 0.330 | 0.343 | 0.354 | 0.372 | 0.385 | 0.395 | 0.403 | 0.410 | 0.421 0.436
3.7 0.269 [ 0.290 | 0.308 | 0.323 | 0.335 | 0.346 | 0.364 | 0.377 | 0.387 | 0.395 | 0.402 | 0.413 0.429
3.8 0.263 | 0.284 | 0.301 | 0.316 | 0.328 | 0.339 | 0.356 | 0.369 | 0.379 | 0.338 | 0.394 | 0.405 0.442
3.9 0.257 | 0.277 | 0.294 | 0.309 | 0.321 | 0.332 | 0.349 | 0.362 | 0.372 | 0.380 | 0.387 | 0.398 0.415
4.0 0.251 | 0.271 | 0.288 | 0.302 | 0.311 | 0.325 | 0.342 | 0.355 | 0.365 | 0.373 | 0.379 | 0.391 0. 408
4.1 0.246 | 0.265 | 0.282 | 0.296 | 0.308 | 0.328 | 0.335 | 0.348 | 0.358 | 0.366 | 0.372 | 0.384 0.402
4.2 0.241 | 0.260 | 0.276 | 0.290 | 0.302 | 0.312 | 0.328 | 0.341 | 0.352 | 0.359 | 0.366 | 0.377 0.396
4.3 0.236 | 0.255 [ 0.270 | 0.284 | 0.296 | 0.306 | 0.322 | 0.335 | 0.345 | 0.353 | 0.359 | 0.371 0.390
4.4 0.231 | 0.250 | 0.265 | 0.278 | 0.290 | 0.300 | 0.316 | 0.329 | 0.339 | 0.347 | 0.353 | 0.365 0.384
4.5 0.336 | 0.245 | 0.260 | 0.273 | 0.285 | 0.294 | 0.310 | 0.323 | 0.333 | 0.341 | 0.347 | 0.359 0.378
4.6 0.222 [ 0.240 | 0.255 | 0.268 | 0.279 | 0.289 | 0.305 | 0.317 | 0.327 | 0.335 | 0.341 | 0.353 0.373
4.7 0.218 | 0.235 | 0.250 | 0.263 | 0.274 | 0.284 | 0.299 | 0.312 | 0.321 | 0.329 | 0.336 | 0.347 0.367
4.8 0.214 1 0.231 [ 0.245 | 0.258 | 0.269 | 0.279 | 0.294 | 0.306 | 0.316 | 0.324 | 0.330 | 0.342 0.362
4.9 0.210 | 0.227 | 0.241 | 0.253 | 0.265 | 0.274 | 0.289 | 0.301 | 0.311 | 0.319 | 0.325 | 0.337 0.357
5.0 0.206 | 0.223 | 0.237 | 0.249 | 0.260 | 0.269 | 0.284 | 0.296 | 0.306 | 0.313 | 0.320 | 0.332 0.352

Note:/, b- Length of long and short sides of rectangular foundation, respectively (m) ; z- Soil layer depth measured from

the bottom of the foundation (m).
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Appendix K
Post-Grouting Technical Parameters of Piles

K.0.1 Water-to-cement ratio of grout shall be determined by the soil saturation and permeability.
It should be taken as 0.5 ~0.7 for the saturated soil, and 0.7 ~0.9 for non-saturated soil (0.5 ~
0. 6 for the loose gravelly soil and sandy gravel). Grout with a low water-to-cement ratio should be
mixed with a superplasticizer; and when there is a flowing groundwater, it shall be mixed with

cement accelerator.

K.0.2 The grouting pressure at pile tip when grouting is finished shall be determined by the
properties of the soil and the depth of the grouting point. For weathered rock, non-saturated
cohesive soil, and silty soil, it should be taken as 3.0 ~10.0 MPa. For saturated soil, it should be
taken as 1.2 ~4.0 MPa, in which a low value should be taken for soft soil, while a high value
should be taken for dense soil. The grouting pressure at the pile sides when grouting is finished
should be 1/3 ~ 1/2 of that at the pile tip.

K.0.3 The holding time for grouting is 5 min.
K.0.4 Grouting flow should not be larger than 75 L/min.

K. 0.5 Grout quantity for a single pile shall be determined by pile diameter, pile length,
properties of soil at the pile tip and pile side, compressive resistance increment for a single pile after
grouting, etc. It may be calculated by the following equation
Gczé ad +a,d (K.0.5)
where ;
G,—grout quantity for a single pile (t) ;
a,, ,a,—empirical coefficients of grout quantity for the i grouting section at the pile sides and pile

SisTp
tip (t/m), respectively. The range of coefficients «; and «, are shown in Table K.0.5;
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m—cross section number for grouting at the pile sides;
d—pile diameter (m).

Table K.0.5 Empirical Coefficient of Grouting at Pile Side,«,; ,and Empirical

Coefficient of Grouting at Pile Tip,«,

Cohesive Coarse Completely
o . i Gravelly .
Name of | soil,silty . . . ) Medium sand, Breccia, and highly
) ] Silty soil | Silty sand | Fine sand stone,
soil layer | cohesive sand gravelly gravel weathered
cobble
soil sand rocks
o 0.7~0.810.8~0.910.8~0.910.8~0.90.9~1.10.9~1.10.8~0.9]0.8~0.9| 0.8~0.9
a, 2.0~2.412.1~2.5|2.4~2.7(2.4~2.7(2.3~2.7(2.7~3.0(2.9~3.2(2.3~2.8 2.3~2.5

Note : For slightly dense and loose sand as well as gravelly soil, the high value may be taken; for the dense sand and
gravelly soil, the low value may be taken.
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Appendix L

Calculations of Horizontal Displacement and
Action Effect for Elastic Piles by Using the m
Method

L.0.1 The effective width of a pile may be calculated by the following formulas .
When d=1.0 m;

b, = kk, (L.0.1-1)

When d< 1.0 m:

b, = kk, (L.0.1-2)

For multi-row piles with L, =0. 64, or single-row piles:

k=0 (L.0.1-3)
For multi-row piles with L, <0.64A, ;
k=b2+1_b2-5 (L.0.1-4)
0.6 h
where .

b,——effective width of the pile(m) ,b, <2d;

d diameter or width of the pile perpendicular to the horizontal force(m) ;

k; transformed factor for pile shape, which is determined by the horizontal force acting
plane ( perpendicular to the horizontal force acting direction ) ; for circular section, &, is
taken as 0.9 ;for rectangular section,k; is taken as 1.0 ;for composite section of round
end and rectangular, k, is taken as k; = (1 -0.1 %)(Fig. L.0.1-1);

k coefficient for mutual influence between piles in the direction parallel to the horizontal force;

L, clear distance between piles in the direction parallel to the horizontal force (Fig.L.0.1-2)
(m). It may be calculated by the projection distance between piles in the direction of the
horizontal force(Fig. L. 0. 1-3)for piles arranged in quincuncial shape if the center-to-center
distance between two adjacent piles,c,is less than(d +1) ;

h, effective bearing depth of a pile below the ground or local scour line(m). It may be
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taken as 4, =3(d + 1) ,but shall not be greater than the pile bearing depth below the
ground or local scour line,s( Fig. L.0.1-2).

coefficient for pile number ( 7) in one row in the direction parallel to the horizontal
force. When n=1,b, =1.0;when n=2,b, =0.6;when n =3,b, =0.5;and when n=
4,b, =0.45.

In the plane layout of the piles,if the pile number of each row in the direction parallel to the

bZ

horizontal force is not the same, and the center-to-center distance between adjacent piles ( any
direction ) is equal to or greater than(d + 1) ,then the same coefficient for mutual influence between
piles, k,may be taken in the calculation for all the piles,in which its value is adopted according to
the row with the largest pile number. In addition, if there are n piles in the direction perpendicular to
the horizontal force,the effective width shall be taken as nb, ,but it also shall satisfy nb, <B +1,
where B is the distance of outer edges of n piles in the direction perpendicular to the horizontal

force , taking meter as unit( see Fig. L.0.1-4).

p
| M
The ground or

__legf_al scour line

1

Dl

L jd| L \d
H N
Cl
© © o 4
H
ol LA
\_/ = e 0 4
Fig.L.0.1-1 Schematic Diagram for Calculation Fig.L.0.1-2 Schematic Diagram for
of k, for Composite Section of Calculation of k for
Round-end and Rectangular Pile Foundation
M T
d |H

¥ oo LU
& & % N

c<d+1
F— &/ b
Fig. L.0.1-3 Schematic Diagram for Width Fig. L.0.1-4 Diagram for Width Calculation
Calculation of Quincuncial Piles of Single Pile

L.0.2 The deformation coefficient of a pile in a pile foundation may be calculated by the

following formulas

5mb

1
- [ L.0.2-1
a 2l (L.0 )
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where .

(0%

ET

EI=0.8E. I

deformation coefficient of a pile(1/m) ;

(L.0.2-2)

flexural stiffness of a pile. For a reinforced concrete pile mainly subjected to bending

moment, it is adopted according to the provisions in the current Specifications for

Designw of Highway Reinforced Concrete and Prestressed Concrete Bridges and

Culverts(JTG 3362) ;

my

proportionality factor for partial factor in non-rock ground. The partial factor in non-rock

ground increases proportionally with the pile bearing depth. The factor of horizontal

resistance at depth z is C, =m x z,and the factor of vertical resistance at the pile tip is C,

=m, X h(when h <10,C, =10 x m, is taken) ,where m is the proportionality factor for

partial factor in non-rock ground,and m, is the proportionality factor for partial factor in

non-rock ground at the pile tip ground. Both m and m, shall be determined by tests;in

case of lack of test data, it shall be adopted from Table L. 0. 2-1 according to ground soil

type and state. When there are two soil layers below the ground surface aside from the

foundation or below the local scour line with a depth of i, =2(d +1) (m) (in case of

ah<2.5,h, =h is taken ) as shown in Fig. L. 0. 2, the proportionality factor for such two

soil layers shall be transformed into one m value by Formula L. 0.2-3 ,and this m is used

for the overall depth. The partial factor for rock ground does not change with the rock

buried depth,thus C, = C, is taken in the calculation, where C; may be taken from Table

L.0.2-2 or determined by tests.

5(h/h,)*

m =-ym, +(1 _7)m2

h,/h, <0.2

1-1.25(1 =h,/h,)> h,/h,>0.2

Table L.0.2-1 Values of m and m, for Non-rock Soils

(L.0.23)

(L.0.2-4)

Soil name

m and m,(kN/m*)

Soil name

m and m, (kKN/m*)

Liquid cohesive soil with I, > 1.0,

Stiff, semi-stiff cohesive

0.25,silty sand,slightly dense silty soil

semi-liquid cohesive soil with 1.0=1; > 3000 ~ 5000 soil with I; <0, coarse sand, 20000 ~ 30000
0.75,mud dense silty soil
Plastic cohesive soil with 0. 75 =1, > Gravelly sand, breccia,
5000 ~ 10000 30000 ~ 80000

round gravel , gravel ,cobble

Stiff plastic cohesive soil with 0. 25 =

I, >0, fine sand, medium sand, medium

dense silty soil

10000 ~ 20000

Dense cobble plus coarse
sand , dense boulder, cobble

80000 ~ 120000

Note:1. This table is applicable where the maximum horizontal displacement of the foundation on the ground does not

exceed 6 mm. In case of larger displacement,the values in the table shall be reduced accordingly.

2. If there is a slope or step at the foundation side and the slope ratio or the ratio between the total width and depth

of the steps is greater than 1:20,the m value in the table shall be reduced by 50% for application.



Table L.0.2-2 Partial Factor for Rock Ground,C,

No. fu (kPa) C,(kN/m*)
1 1000 300000
2 =25000 15000000

Note: f,,—the nominal value of the uniaxial compressive strength of saturated rock. For the sample that can not be

saturated ,the nominal value of uniaxial compressive strength of a sample with natural content of water may be
used. When 1000 < f,, <25000, C, may be determined by the straight-line interpolation method.

The ground or
v localscour line

N\ O\ ARNIRNZRNZRN7RN
\\
— \
~ \
\
\\
& \.
3 i A L —
m.h mzhz
~ 1™
~
m,(h,th,)

d

Fig. L.0.2 Schematic Diagram for Calculation of Transformed Value m for Two Soil Layers

L.0.3 When ah >2.5,the action effect and displacement of the pile bent pier with single-row

piles under the load at pier top may be calculated according to Table L. 0. 3.

Table L.0.3 Calculation Table for Pile Bent Pier with Single-row Piles under Load at Pier Top

Calculated scheme

(1) Pile bent pier with single-row
piles whose pile top is free and whose
pile tip is supported by non-rock soil or
bedrock surface.

P

A
o T

/ Axial lines of pile
F andcolumn after
J  deformation

/
| L EI=nEl

{  The ground or

oy / ¢
 local scour line
RNIRNIRNZRN

| _EI

o \/M‘

A
——_Jo

Pile bent pier with single-row piles
whose pile top is free but whose pile tip

is socketed into bedrock.
P

A
TN
H M

/' Axial lines of pile
/" and column after

/  deformation

< /
| LE L=nEl

. ! The ground or

local scour line

< 0
ONYONY PANVANVZNTZN
< |_EI
w Bedrock
RELLKRALLLL
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continued

Bending M, =M+ H(h, +h)
Action effect of the pile | moment o =M 2 T
on the ground or local
i Sh
scour line ear H,=H
force
SO _ 1
Horizontal HH o’ El (0) 1 B,D,-BD,
21T P
displacement| (B,D, -B,D;) +k,(B,D, -B,D,) HH o’EI" A,B, -AB,
(A;B, ~A,B;) +k,(A,B, -A,B,)
Action of|
H, =1
(0) 1 «

Deformation Rotation ®HH o' 0)_ 1 AD -AD,
produced on the angle(rad) | ByD, - B,D; +k,(B,D, - B,D;) MH o’El A,B, -AB,
force acting (AzB4 - A433 ) + kh (AzB4 - A432 )
section when
unit * force’ is (0) (0) 1
applied on the . HM MH o’ El
ground or local Horlzontal B,C, - B,C, +k,(B,C, - B,C, ) (0) (0) 1 %
scour line displacement A,B, —A,B, HM MH o’ EI

Action of]
M. =1 k/;(AzB4 _A4Bz)
)=
NONSE
Rotation MM " aEl (0) 1 AC -AC,
angle(rad) A,C, -A,C, +k,(A,C, -A,Cy) MM T aEl A,B, -A\B,
(A;B, -A,B;) +k,(A,B, -A,B,3)
Displacement Honzontal X, =H,8 (0) +M, 5 (0)
of the pile on the displacement HH
ground or local . (0) (0)
scour line Rotation angle( rad) ¢, = — |H,0 uat M,é MM
Internal force M, H

Bending moment M, =’ El| x,A + B +52C + 52D
of the pile section & 2= 0773 EEI P &CEL ]
at depth z below

M, H,
the ~ ground  or Shear force Q. = a3EI(x0A4 1Py C, + 3—°D4)
local scour line a o Bl o EI
Horizontal A=xy =@y (hy +h) A,

displacement at where

the head of the HT1 5 ; M
pile column AE,I, 3 (nh‘+h2)+nh‘h2(hl+h2)]+2Elll > +nhy (2h, + 1) ]
Note ; Physical meanings of &%, ,6 (0) <0) and 6 (0) in the table refer to Fig. L. 0. 3.
MH’ HM MM

The A, is the length of the pile that is over the ground, /, is the height of the pier.
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a)When H =1 acts on b)When M, =1 acts on the c)When H, =1 acts on the d)When M =1 acts on
the ground or local scour | ground or local scour line, the |ground or local scour line, the [the ground or local scour line,
line, the horizontal displa-| horizontal displacement of the |horizontal displacement of the |the horizontal displacement of
cement of the pile produced | pile produced on the force acting|pile produced on the force acting |the pile produced on the force
on the force acting section is| section is x0=8£3{ and rotation |section is x0=6§3 and rotation [|acting section is x0=6}g3 and
x,=6.and the rotation angle| angle is ¢, =—8, angle is 9 =—6, rotation angle is =8,
is 9= o
x,=65 x=569 x =59 Th dx°=6HM
0 HM HH
The ground The ground The ground ° %rouln I -
- r local or foca M=1
or local or local M=1 o 4 scour line 0
scour line H=1 scour line scour line H=1 Vi
R FRZRIRIRTRS 5 N7 " RS ONV ANVZN % AR TR R RS 7R 7R
P=-5%, P=8n
=85 ¢=-350 = oM = oMM
< o < ¢ Pile axial Pile axial
dllfl‘le after line after
. . eformation deformation
11)'ﬂe a){gtial Il’illlg :)Etlgrl Bedrock
 line after B . AV
deformation deformation RELEALLLI L i &(&izdrock
UM, S )
2 z z z

Pile tip supported on the non-rock soil or bedrock surface

Pile tip socketed into bedrock

L.0.4

Fig. L.0.3 Deformation of Pile Under Load Action

If ah >2.5,the action effect and the displacement of the pile bent abutment with

single-row piles under the earth pressure on the pile column side surface may be calculated

according to Table L. 0.4 ,and shall comply with the following requirements

1

4

Table L. 0. 4 is applicable for piles with ah > 2. 5. For piles with ah <2. 5, refer to
Appendix M of the Specifications.

(0) 5(0) S(0) . (0)
HH’~ MH’~ HM MM

are taken from Table L. 0. 8 according to h=az In calculating M_ and Q_,they are taken

In calculating & and 6 ,the coefficients A,,B,,C,,D,(i=1,2,3,4)

from Table L. 0.8 according to h=az.Forh =ah and h = az,h =4 is considered when
h>4.

C, 1
The k, = i X 70 is the influence coefficient of the soil resistance at the pile tip due to

rotation of the pile tip to 8, ,8%, 6. yand 8'r, , where C, is determined according to Clause
L.0.2,7 and [, are the moment of inertia of cross-section of the pile body below ground or
local scour line and the pile-tip , respectively. When the pile tip is located on a non-rock soil

and ah=2.5,or when the pile tip is located on a rock bed and ah=3.5 k, =0.

The n is the ratio of E, I, to EI ,where E, I, and EI are the flexural stiffness of the upper and
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lower parts of the pile bent pier,respectively. EI is calculated according to Clause L. 0.2,
while E,1, =0. 8E 1., where E_ is the compressive elastic modulus of concrete of the pile

body and /, is the moment of inertia for the cross-section of the upper part of the pile.

5 Thegq,,q,,q;,and g, are the earth pressures acting on the piles(kN/m). The earth pressure
and the effective width of the pile may be determined according to Clause 4. 2. 3 of
General Specifications for Design of Highway Bridges and Culverts(JTG D60) . If the pile
cross-section above the ground or local scour line is constant, &, is taken as the full height,
and h, =0.

6 When the pile has anbearing depth 2=4/a,the action effect of the pile below depth z =4/

a may be ignored( that is,the embedment length of pile can be taken as z=4/a).

7 When there are two soil layers within &, =2(d + 1) (if ah<2.5,h, = h is taken) below
the ground surface at the foundation side or the local scour line, the actual maximum

bending moment of the pile body may be modified by the following formula;

Mmax = é‘:Mzmax ( L- 0. 4_1 )
where :
M, ——maximum bending moment of the pile body calculated by Table L.0.3 or Table L.0.4;
M. actual maximum bending moment of the pile body;
& modification coefficient for maximum bending moment, which may be calculated by
the following formulas .
26 Iy hy _1
— - - g I
€=5ean "1 p S60t2)
(L.0.4-2)
_ 20 h] 4 + h]
5_8_ hm+4—5 hm> (6+2)
L (L.0.43)

0=
H,+0.1M, " m,
where , the unit of H, is kN and the unit of M, is kN - m.

" (0) (0) S(0) (0) 4 RN
e S L) HH ,0 MH,a HM,a Py R B UL L. 0. 3.
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Table L..0.4 Table for Calculations of Pile Bent Abutment with Single-Row Piles Under Earth

Pressure on the Pile Column Side Surface

Computational scheme

For pile bent abutment with a single-
row piles, the pile column is subjected
to trapezoidal loads, the pile column
top is free and the pile tip is supported
bedrock

by the non-rock soil or

surface.
P

q, A_‘
AN
H M,
|LE I =nEI
2 —=
A

I Axial line of pile
¥ and column after

s
L f
<" q /
1

| deformation
- I
I
< / %l The ground or
/—., y local scour line
A\/A\/A\q&\ RNIRNRNRNARN
4
< |-—',.’ EI
1| M,
A

For pile bent abutment with a single-
row piles, the pile column top is
subjected to trapezoidal loads, the pile
column top is free and the pile tip is
socketed into the bedrock.

ql P A
By
H M
/
/
|_LE1=nEl
< 7, | / Axial line of pile
F and column after
o ! deformation
1
< / q; The ground or
local scour line
s ——E
w Bedrock
P T IITI TS IV T ITIS

Bending

Action effect on the pile | moment

section at the ground or

1 1
My, =M+H(h, +h,) +?h2[(2‘11 +q,)h, +3(q, +q,)h ] +?(243 +q,)h;

local scour line
Shear force

1 1
Ht):H*’?(% +q,)h, +7(q3 +q,)h,

NONE
Horizontal HH o&'EI 5 0) 1 B,D2 -B,D,
displacement| (B;D, - B,D;) +k,(B,D, - B,D,) HH &’EI" A,B, -AB,
(A;B, -A,B,) +k,(A,B, —A,B,)
Action of]|
H, =1
: 50 _ 1
Deformation Rotation MH o’El 5 0) 1 A,D, -A,D,
produced on .the angle(rad) (A;D, -A,D,) +k,(B,D, -B,D,) MH ~ &’EI A,B, -A,B,1
force acting (A,B, -A,B,) +k,(B,D, -B,D,)
section when a
unit ‘ force’ is
applied on the 0 =5 (0) = 21
ground or local Horizontal HM MM o EI 50 =8 (0) _ 1 sz ¢ -BG
scour line . displacement (B, C, - B,C;) +k,(B,C, - B,C,) HM ~o&’El" A,B, -AB,
Action of] (B,C, —A,B,) +k,(A,B, —A,B,)
DG
56. 109mm|
M, =1 5(0)_ 1
Rotation MM  «aEl (0) 1 _AC -ACG
angle(rad) | (A;C, -A,Cy) +k,(A,C, -A,C,) MM~ «El” A,B, —A,B,
(A3B, -A,B;) +k,(A,B, -A,B,)

727




continued

Displacement Horizontal (0) (0)
: . x, =H,6 +M,6
of the pile displacement HH HM
section at the
0 0

ground or local | & aiion angle(rad) Py = = (H05 () +Myd ) )
scour line MH MM

Inter.nal folrce Bending moment M. =?El(xA, + 2B, + M, C +iD
of the pile section : "3 o oPEI &PEL
at depthz below

M, H

the  ground or Shear force 0. = aBEI(xOA4 + &34 +5C, + 5= D4)
local scour line @ o EI o El

A=x, =@y (hy +h)A,

M

Ao = 2E 1,

(nh? +2nh b, +B) +

Where .

Horizontal displacement at the H
3E 1,

(nlt +3nhlhy +3nh i + 1) +
head of the pile column
1
120E, I,
A4(hy +10nkE2 1 +5Snidh, + 50k h, +5nh,k ) q, +

(11nh} +15nh, 1) gy + (4nh} +5nh,h) 3 q,

[ (11 +40ni3h, +20nh, i} +50nk2H2 1q, +

(0) (0) ;(0) 0

Note : The physical meanings of & s , nd & in the table are referred to Fig. L. 0. 3.
HH' MH' HM MM

L.0.5 The maximum and minimum compressive stress of the soil mass at the pile tip shall meet

the requirements of the following formulas:

Nhk th . . .
Pn=—" <gr(bored pile)or «, g, (driven pile) (L.0.5)
AO WO
where
P oax s Pmin———maximum and minimum stresses of soil mass at the pile tip,respectively;
N,,—nominal value for the axial force at the pile tip. For non-rock ground,N, =P, +

G, - T,. For rock ground,N,, =P, + G, ;

P, nominal value of axial force on pile column top;

G,—self-weight of all the pile columns. For drilled ( bored ) piles in non-rock ground,
the self-weight of the pile below the local scour line should be deducted from the
replaced soil weight ( if the buoyancy of the pile is considered, that of the
replaced soil shall also be considered) ;

T, sum of nominal value for the skin friction of the pile below the local scour line;

M,,——bending moment at the pile tip,it is calculated using the formulas in Table L. 0.
4 for calculating M, by setting z =h. When ah=4 /M, =0;
A,,W,—area and section modulus of pile tip,respectively;
q, characteristic value of bearing resistance of soil at pile tip ( kPa), which is

calculated according to provisions in Clause 6. 3.3 of the Specifications;



nominal value of bearing resistance of soil at pile tip( kPa) , which is taken from
Table 6.3.5-2 of the Specifications.

influence coefficient for end bearing resistance of the driven pile,see Table 6.3.5-3 of

Qrk

el
the Specifications.

In addition, for piles supported on non-rock soil,rock surface with ah >3.5,or socketed into
rock with ah >4 | the pressure at the pile tip is considered to be evenly distributed , the compressive
stress of the soil at the pile tip may not need to be checked. For pile supported by the bedrock
surface ,when e > p (e is the load eccentricity, pis the core radius of the pile tip section ), the
redistribution of pressure on the pile tip shall be considered ( refer to Appendix K of the
Specifications) ;for the pile socketed into bedrock, the strength at the socketed section shall be
checked.

L.0.6 If ah >2.5,the action effect and displacement of pile bent pier with multi-row ( vertical )
piles under load at the pile top may be calculated according to Table L. 0. 6.

Table L.0.6 Table for Calculations of the Action Effect and Displacement in Pile Bent
Pier with Multi-Row Vertical Piles under Load at the Pile Top

Foundation of pile bent pier with multi-row symmetrically-arranged ( vertical ) piles

(pile foundation of high-rise cap)

(1) Pile tip set on non-rock soil or bedrock (2)Pile tip socketed into the bedrock

surface P
P
M -+ L=
__ =10 x The ground or
gy | The ground or ~° EI |1ocal scour line
Computational = local scour line TR RN7RRRN [7RYTAN[7RRN[ 7R 7RTRS
scheme fRN7AN7 RN [7RTRN[7RRN[7R7RS7RS
< x,|%; EI
=~ X[, EI 1T
T 7 Bedrock
RRRRKARCKALRKARLLLL
12 n 1 2 n

b0
S
b N~
b9
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continued

L (0)
: §. =415 2
.Horlzontal =3 MMIO +
Action of displacement 2801, +60)
H=1
Displacement Rotation A 0)
produced on the angle Oun =5 +0 MMlO Ol 50 8 & andd’,, are calculated by the
pile top under a formula listed in Table L. 0.3 or L. 0. 4 according
unit force at the 5 to the restrained conditions of the pile tips
pile top Horizontal Bum =B = 261"
Action of displacement s (0) +8)
M1 MM
Rotation l
Oym = -+ 51(';1\21
angle EI
Axial force produced at
the pile top section by a | p,, =7 +§h1 ]
unit displacement along . EA CA
0470
the pile axis
&- coefficient; for end-bearing pile, & = 1; for
Horizontal force produced friction pile( or friction bearing pipe pile) , when
at the pile top section by a Ot it is driven by hammering or vibration, & =2/3;

Action effect
at the pile top
section produced
by a unit
displacement at

the pile top

unit displacement perpendic-
ular to the pile vertical axis

p =<
i 6HH6MM - (6MH)

Bending moment prod-
uced at the pile top section
by a unit displacement
perpendicular to the pile

vertical axis

6MH

P =<
M 6HH6MM - (6MH)

Horizontal force prod-

uced at the pile top section

. . Pum =Pun
by a unit rotation angle at
the pile top
Bending moment prod-
uced at the pile top section O

by a unit rotation angle at

the pile top

Pum =5 5 (s
e BHH5MM - (6MH

when it is drilled by bore or dig,&=1/2

A- average sectional area of the buried part of
the pile;

A,- is calculated by the following formula.

Friction pile:

N2
Tr(%+htan£)

Ay = - 4

s
End-bearing pile:

A=md/4
; average internal friction angle of the soil

layers the pile penetrating through;

s center-to-center distance of the pile tips;
d diameter of pile tip.
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continued

Sum of reacti-
on forces of all
pile top to the
pile cap,under a
unit displaceme-

nt at the pile cap

Sum of vertical reaction
forces at the pile top,und-
er a unit vertical displace-
ment at the pile cap

Yee =NPpp

Sum of horizontal reac-
tion forces at the pile top,
under a unit horizontal
displacement at the pile

cap

Yaa ="Pun

Sum of horizontal react-
ion forces at the pile top,
under a unit rotation angle
around the center O of the
pile cap; or, sum of
reaction bending moments
at the pile top,under a unit
horizontal displacement at

the pile cap

Yap =Yg =

NPy = —

Sum of reaction bending
moments at the pile top,
under a unit rotation angle

at the pile cap

Yes ="Pum tPpp 2K,

n total number of piles;

X; distance from the origin of coordinate O
to each pile axis:

k, number of piles in i™ row.

Cap

displacement

Vertical displacement

Horizontal displacement

ue Yot — VoM
Yad¥gs — ('yaﬁ)Z

Rotation angle( rad)

 YaM -V gH
YaaVps ~ (Yw)z

P,H,and M are the vertical force, horizontal
force, and bending moment at the origin of
coordinate O of the bottom of the pile cap,

respectively

Action effect

at the pile top

Axial force at any pile top

N, = (C+Bxi)ppp

x; value is positive when it is in the right side

of the origin of coordinate O, while negative in
the left side.

Shear force at any pile top

H
n

Q =y —Boun =

Bending moment

at any pile top

M; =Bpyy — apyy

‘Force’ acting
on the section of
top pile at the
ground or local

scour line

Horizontal force

Bending moment

M, =M, +Q,

Note ; The physical meanings of 6, ,6,,, ,0,,and §,,, in the table are referred to Fig. L. 0. 6.
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produced at the pile top is J,,
and the rotation angle is 3,

a)When H =1 acts at the pile
top, the horizontal displacement

The ground of
lacal scour line

b)When M=1 acts at the pile
top, the horizontal displacement
produced at the pile top is J,,
and the rotation angle is J,,,

\LJNM

The ground of

¢)When H=1 acts at the pile
top, the horizontal displacement
produced at the pile top is &,
and the rotation angle is &,

The ground of

d)When M=1 acts at the
pile top, the horizontal disp-
lacement produced at the pile
top is &,,, and the rotation
angle is 6, 5

The ground of
lacal scour line

v lgcal scour line éacal scour line e
PAVANJAVAVANAN R RN R AR RTRS R 7R PRIRVRTAS Axis of pile
| Axis of pile Axis of pile Axis of pile < Axis of pil_e
<~ Axis of pile | < /Axis of pile < Axis of pile after deflection
after deflection| after deflection after deflection
S RN ARRLRLLRRLL
N/ M, M, RRRERRRARK

Pile tip is supported on the non-rock soil or rock surface Pile tip is socketed into the bedrock

Fig L.0.6 Deformation of Pile Under Load Action

L.0.7 If ah >2.5,the action effect and displacement of an abutment with multi-row vertical piles
under earth pressure on pile column side surfaces may be calculated according to Table L. 0. 7. The

calculation shall comply with the following provisions.

1 The g, and g, are the earth pressure acting on the pile. The earth pressure and the effective
width of the pile may be determined according to the current General specifications for
Design of Highway Bridges and Culverts(JTG D60 ) .

2 If the piles are arranged asymmetrically,the origin of coordinate O of the pile cap bottom
may be selected freely ;if the piles are arranged symmetrically , it should be selected on the
symmetric axis as shown in Table L. 0. 7.

3 If the vertical piles are arranged asymmetrically,calculation formulas are as follows

1) If no lateral earth pressure acts on the side surface of the pile,the cap vertical displacement
c, the horizontal displacement a, and the rotation angle Bshall be obtained by solving

simultaneously the equation group as follows:
C’)/cc +B’)’CB _P :0
a7¢1a +B7q8 _H:O
aYg, + CYp, +,B'yBB -M=0

(L.0.7-1)

752



2)If lateral earth pressure acts on the side surface of the pile,the cap vertical displacement c,
the horizontal displacement a, and the rotation angle (B shall be obtained by solving

simultaneously the equation group as follows:
Yee *BY —P =0
Yo +BYp — (H-20Q,) =0 (L.0.7-2)
ayp, + Y —(M-2XM,) =0

where .

YCB = YBL' :ppp zKixi

sum of vertical reaction forces of all pile tops acting on the pile cap
when there is a unit rotation angle around the origin of coordinate O
of the cap, or sum of reaction bending moments of all pile tops
acting on the pile cap when there is a unit vertical displacement on

the pile cap;

X, distance from the origin of coordinate O to each pile axis. It is
positive when it is located on the right side of the origin O, while
negative on the left side;

20,,2M, sum of Q  and M, for all piles under the direct actions of earth

pressures , respectively.

3)If the ground or local scour line are located above the pile cap bottom, the soil around the
pile cap may be regarded as an elastic medium, and the shape coefficients ..,V Vs, Y s @S

well as yz, may be calculated by the following formulas ;

Yee :nppp
Yaa = MPun + b, F*
Yap =Vpa = — NPy +0,S" = —npyy +5,5° (L.0.7-3)

YCB = YBC :ppp Z kixi

Yes = MPvm T Ppp zkixlz' +b, I

where ;
b, effective width of the bottom of the pile cap perpendicular to the horizontal force,
which is determined by Clause L. 0. 1;
F,8.I graph area of the horizontal coefficient of ground reaction above the bottom of the

pile cap,and its section modulus and moment of inertia with respect to the axis of the

bottom surface of the pile cap.
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oo C.h,
2
C.n’
S =— (L.0.7-4)
6
o G
12
where .
C,— horizontal coefficient of ground reaction at the pile cap bottom,c, =mh,_;
h, depth of the pile cap bottom buried below the ground or local scour line.

In the calculation of p,,,pu,,Punand p,,, ,let 1, in the related formulas. In taking coefficients
A, ,B,...C,,D, from the table, z in the transformed depth h = az is measured from the pile cap

bottom, and the earth pressure on the side surface of the pile may be ignored.

4  After the pile bending moment M, (it is M, for pile subjected to trapezoidal load directly )
and horizontal force H, (it is H, for pile subjected to direct trapezoidal load directly ) at the
ground or local scour line are obtained according to Tables L. 0. 6 and L. 0. 7, the
horizontal displacement x, and rotation angle ¢, at the ground or local scour line, the
bending moment M and shear force Q. for each cross-section at depth z below the ground
or local scour line,as well as the maximum and minimum compressive stress P, and P

at the pile tip can be calculated according to Tables L. 0.3 and Table L.0.4.

5 The meanings of other symbols in this table are the same as those in Tables L. 0.3 and
L.0.4.

6 The horizontal displacement on the top of the pier or abutment with multi-row piles, A, is

calculated by the following formula .

A=a+Bl+A, (L.0.7-5)
where .
a horizontal displacement at the cap bottom;
B rotation angle at the cap bottom;
1 distance from pier/abutment top to its cap bottom;
A, horizontal displacement of pier/abutment top caused by the elastic deflection between the

pile cap bottom and the pier/abutment top surface.
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Table. L.0.7 Calculation Table for the Abutment with Multi-Row Vertical Piles under

Earth Pressure on the Pile Sides

Abutment foundation with multi-row , symmetrically-arranged vertical piles ( pile foundation of high-

rise cap,the piles are subjected to trapezoidal load)

(1)Pile tip supported on non-rock soil or bedrock surface

9,

(2)Pile tip socketed into the bedrock

q
P |<—‘| P
7T
| M | & L HM | &
The ground or - The ground or
Computational EI |1ocal scour line local scour line
scheme A7 RN 7RRRN[7RTAN[7RRN 7RNTRNTAS ANAN AN ATAN ARAN ZANVANAN
q, 2
i Vol = ol
v/ Bedrock
— KRR KR KARRKARLLLR
1 2|i n !
z 1 2]|i n
zZ
e 20 4|4 ¢
=0 O 4 4 6 b b
= 4| ¢ 26 |4 &
I <(0),
Horizontal Oun = 3ELT d MM o+
displacement (0)
2891, +6
MH"0 HH
Action
of H=1
Displacement Rotation 5 =£ ' (O)I Vs 5 (0) S8 8 and O are
produced on the angle(rad) Y Y/ AR HH
pile top under a calculated by the formulas in Table L.
unit force at the 0.3 or L. 0.4 based on the embedment
pile top conditions of the pile tip
Horizontal
displacement
Action
of M=1
Rotation l
Sy = +6 (0)
angle(rad) EI MM

o2




continued

Action effect
at the pile top
section produced

by a unit displa-

Axial force produced at

the pile top section by a unit

pPP = l() +§h 1

displ t al the pil +
isplacement along the pile EA C A,
axis

Horizontal force produced
at the pile top section by a O

unit displacement perpendic-

ular to the pile vertical axis

Pun =5 o (a2
" 8HH6MM - (81\/111)2

Bending moment produced

at the pile top section by a

&——coefficient;for end-bearing pile,&
=1;for friction pile (or friction-
bearing pipe pile ), when it is
driven by
vibration, ¢ = 2/3; when it is
bored or excavated & =1/2

hammering  or

A average sectional area of the
buried part of the pile;
A, it is calculated by the follow-

ing formulas:

For friction pile:

frr(i+htan£)h

unit displacement perpendic- 2 4
cement  at  the ular to the pile vertical axis Ao = T o
pile top TS
Horizontal force produced For end-bearing pile:
at the pile top section by a A, =md /4
. . . Pum =Pun - . o
unit rotation angle at the pile [ average internal friction angle
top of the soil layer the pile
Bend; duced penetrating through ;
ending moment produce
.g p N center-to-center distance of the
at the pile top section by a Sun o
. . | he il Pmm =—8 5 (30 pile tips;
unit rotation angle at the pile - . I
£ P M MH d diameter of pile tip.
top
Sum of vertical reaction
forces at the pile top,under a
. . . Yee =1MPpp
unit vertical displacement at
the pile cap
Sum of horizontal reaction
forces at the pile top,under a
. . . Yaa =Pun
unit horizontal displacement
. at the pile cap
Stm. of reacti~ n total number of piles;
on_forces of all Sum of horizontal reaction X; distance from the origin of
ile top to the .
p'] P forces at the pile top,under a coordinate O to each pile
pile cap, under a unit rotation angle around the axis:
unit displacement .
P center O of the pile cap;or, Y - _ K, number of piles in i" row.
at the pile cap Yag =Ypa = ~Wum = ~Pun

sum of reaction bending
moments at the pile top,
horizontal

under a unit

displacement at the pile cap

Sum of reaction bending
moments at the pile top,
under a unit rotation angle at

the pile cap

Yas =1Pum TPpp ZKK.X?

Yo




continued

Cap

displacement

Vertical displacement

Horizontal

displacement

a=
Ye(H-20,) -v,,(M-EM)
YaVes — (Veg)’

Rotation angle(rad)

b:
Ve (M=ZM,) -y ,,(H-20,)

YauYes = Ves)’

P,H,and M are the vertical force,
horizontal force, and bending moment
at the origin of coordinate O of the
bottom of the pile cap,respectively.

X M, and ¥ Q, are the sum of
reaction bending moment and shear
force from the pile top which are
caused by the earth pressure on the
pile, respectively. See the last term in
this table.

Action effect

at the pile top

Axial force at any pile top

N, =(c +Bx,.)pm,

Shear force at any pile top

O, =apyy —BPuy
For pile subjected to earth
pressure directly ;

Q,',:Qi"’Q,,

Bending moment

at any pile top

M; =Bpyu = APy
For pile subjected to earth
pressure directly ;

x; value is positive or negative when
it is in the right side or left side of the

origin of coordinate O,respectively.

1 ’

Force
acting on the
pile section at
the ground or

local scour line

M{=M,+M,

H, =0, q,, 9 earth pressure intensity
For pile directly subjected acting on the pile top and
Horizontal force to earth pressure; pile section at the ground

level ,respectively ;

' q, +q 4 % Y3

H():Q,.+Qq+( ! z)l() .

2 M,,Q,— bending moment and

Bending moment

M() :Mi + Qil()
For pile directly subjected

to earth pressure:
My=M,+M,+(Q,+0Q,)

shear force acting on the
pile cap from the forces
at the pile tops

(connected with the pile

cap ), the piles are
subjected to  earth
pressure  directly, as

illustrated in Fig.L.0.7,
where M, and Q, are all

in positive direction.
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continued

M, , Q,—bending moment and
, 4 " shear force of the pile
M, =M -
Io st Qb + 21 +q23'q1 0 at the ground, in
) which the pile is
Q,=0,+ (ql + 422 ‘ql )lo subjected to  earth
M, and Q, are VIME OF il ('q ol pressure directly, the
solved b g e upper end of the pile
Y el 2r 3 T 51 PP P
simultaneous (0) (0) is considered to be
equations M6 HM +0,6 HH socketed rigidly in the
il hile the pil
TN PP ST RUSTATY
7l Y 3 41 tip is considered to be
socketed elastically in
=-[Mp3 (0) +0,000 ]
MM the ground, as shown
in Fig. L.0.7.
P
q, 9, 7IT\M q, Cap Cap
H 1 k= (0] * - <QL_LL_LLL
[ ] M
q1 q Q
M, a
|
o \
~ \ No
\
\ -
H I .
o\
,’ | Ground IWM] Ground Ground
AATR AR AR (rara| [oRsrRs VY :Q D RIS
| 4 | |22 ||]F2|* q AL q
= f f I | 2 M, = 2 <
ly
I | 2 i n T - T -
z
:$ _ d} {b_ Action surface
A —EF PN 4 of extemal force
—Y —$ ¥ ¥ (symmetric plane)

Fig. L.0.7 Schematic Diagram for Calculation of M, and Q,

L.0.8 The dimensionless coefficients for calculation of pile action effects shall be taken according
to Table L. 0. 8.
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Appendix M
Calculation Methods of Displacement and

Action Effect for Rigid Pile

This appendix is applicable to the calculations of horizontal displacement and action effect for

M.0.1
pile foundation with ah <2.5 and caisson foundation. For foundations supported on non-bedrock and

deep foundations supported on bedrock ,the methods shown in Table M. 0. 1-1 and Table M. 0. 1-2 may

be used, respectively.
Table M.0.1-1 Calculation Method of Horizontal Displacement and Action effect of

Rigid Pile Supported on Non-bedrock
(1) When horizontal forceH acts together (2) When only eccentric vertical
with eccentric vertical force N force N acts
H e €
} iy ol
< I I T/-~L-_ Ground or local /| [7~t~-_ Ground or local
/ oL /scour line I/ :7 scour line
I !
GNTZONS ! T RN 73N KA RN 7R PANARN
x x
< /I %’ /I 21: - i[ R
Calculated scheme / / [/ A N £ N
~ ! I/ f; z
| N
/A II II
e !
S
T y
SIS
d
. . _6H _2B(Ne) 2BM
Rotation angle of the foundation w= = B = hB
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continued
Distance from the foundation 5
) Bb,h” (4X = h) +64W,) 2h
rotating center to the ground or to 2y = 2Bb,h(3A —h) =73
the local scour line
Bending moment on the M, =H(A-h+2z) \
foundation section at depthz below Hb, 7z M, =M, —Bﬂgzlhz (2zy-2)
the ground or local scour line T 2hA (22 -2)

Horizontal pressure on the
foundation side face at depthz P, = Zihlz (zg—2) p. =2';%42(ZO -2)
below ground or local scour line
Vertical pressure at the bottom o = N, 3dH e = N aMm

of the foundation mn A, " AP mn A, " B
Bb, 1’ +18dW, 1 s
A= sB=—<Bbl +d - W,;
o 28GA-m) P Taghh s s
Coefficients in the table
mh mh m >SM
¢, myh m, H
Note : 3

ratio of the coefficient of ground resistance at the side surface of foundation to the coefficient of ground
resistance above the foundation base at the depth h; when the foundation base is supported on non-bedrock
L.0.2-2;

ground,m and m, is taken from Table L. 0. 2-1; when it is supported on bedrock, C, is taken from Table

(m) ,in which the bending moments are induced by the horizontal and vertical forces above the ground or
local scour line;

A= (X M)/H— ratio of total bending moments at the centroid of the foundation base to the horizontal force

d- foundation diameter or width on the horizontal force acting plane ( perpendicular to the horizontal force acting
direction) (m) ;
W, elastic section modulus of the edge in the foundation base;
b, effective width of the foundation(m) ,see Clause L.0.1;
A, area of foundation base(m’) ;
N-

e
M
N,

nominal value of vertical force at the foundation base (including the foundation self-weight) (kN) ;
eccentricity of vertical force at the foundation base(m) ;

nominal value of bending moment at the foundation base induced by eccentric vertical force(kN «+ M) ;
vertical force on the foundation section at z depth(including the foundation self-weight above z) (kN) ;

M,——bending moment on the foundation section at z depth induced by the eccentric vertical force N, (including the

foundation self-weight above z) (kN « M), M, = N,e, , where e, is the eccentricity of N, at depth z. If the
foundation shape is symmetric,then M, =N, e.
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Table M.0.1-2 Calculation Method of Horizontal Displacement and Action
effect of Rigid Pile Supported on Bedrock
(1) When horizontal forceH acts together (2) When only eccentric vertical
with eccentric vertical force N forceN acts:
H e e
< r-—“/___ r—~“/~_~
," 1Ground or local ," 7Gr0unq or locall
i | | scour line I ! scour line
~< 7N l‘ 0 ,'V 7\ 7N II 0 ,‘V VN x
Pl R A B AR
Calculated scheme | / ! - ! h ! -
-~ :' ', N < " ,; N
i I 'f |Rock ! ! Rock
,’l N * | surfac i N % surface
| 1
L 4 e L. A T
H, —RRERRRIRE H —~— RRIIYERRR
z z
4 T S
d d
. . __H __Ne M
Rotation angle of the foundation = mhD, W= D,mh ™ D,mh
Distance from the foundation
rotating center to the ground or Zo=h Z,=h
local scour line
Bending moment on foundation N 5
ti t depthz below the ground M.=H(A-h+7z) < b'M(Zh ) M. =M < b]M(Zh )
ion = - - - =M, - -
section at depthz below the grot : D) WA M T p Rt e
or local scour line
Horizontal pressure on foundat- H Iy
ion section at depthz below th .=(h-2)z .=(h-2)z
p z. elow the p.=( ) Dy p.=( ) Y
ground or local scour line
Vertical pressure at the bottom o = N . dH o = N . aM
of the foundation min Ay " 28D, min Ay~ 28D,
Horizontal force at the foundati- b I’ h,M
. H =H 1 H =b, —
on socketed point 6D, 6D,
_b,Bi’ +6dW, b _b,Bh’ +6dW,
0~ 12/\B » 1 T lzﬁ ’
M

mh mh m
¢y myh my H

Coefficient in the table

Note : the meanings of the symbols are the same as those in Table. 0. 1-1.
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M. 0.2 In order to ensure that the foundation is socketed reliably in soil , the horizontal pressure p,

on the foundation side face shall meet the following conditions

4
PinS (%htangp + C)Th m,

oS¢ (M.0.2)
D $iyhtango +cnm,
cosg
where ;
P »P,— horizontal pressure at depth of z = h/3 and z = h,respectively;
@,Y,C internal friction angle, unit weight and cohesion of soil. For permeability soil, vy

shall be taken as the buoyant unit weight;if there are several soil layers within the
range of investigated depth, it shall be taken as the weighted average value of all

layers of the soil ;

ul coefficient; for piers/abutments in external statically indeterminate arch bridges,
1, =0.7 ;for pier/abutment in other bridges,n, =1.0;

M, coefficient for considering the percentage of the structure self-weight in the total

M,

load,n, =1-0.8 ﬁ;

M, bending moment produced by structure self-weight on the centroid of the
foundation base;

M bending moment produced by all loads on the centroid of the foundation base.

M. 0.3 The calculation of horizontal displacement at the pier/abutment top may be applied by the
following formula.

A =k wz, + kol +6, (M.0.3)
where :
1 height from the ground or local scour line to the pier/abutment top;
0, horizontal displacement at the pier/abutment top caused by the deformation of the pier/
abutment stem within /;, and the foundation;
k, ,k,——coefficients considering the influence of foundation rigidity , which is adopted from Table
M.0.3.
Table M.0.3 Coefficients k, ,k,
Transformed h
depth Coefficient
= ah 1 2 3 5 o
k, 1 1 1 1 1
1.6
) 1 1.1 1.1 1.1 1.1
k, 1 1.1 1.1 1.1 1.1
1.8
k, 1.1 1.2 1.2 1.2 1.3
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continued

Transformed Ah
depth Coefficient
h=ah ! 2 3 *
k, 1.1 1.1 1.1 .1 1.2
2
k, 1.2 1.3 1.4 .4 1.4
k, 1.1 1.2 1.2 .2 1.2
2.2
k, 1.2 1.5 1.6 .6 1.7
k, 1.1 1.2 1.3 .3 1.3
2.4
k, 1.3 1.8 1.9 .9 2
k, 1.2 1.3 1.4 .4 1.4
2.5
k, 1.4 1.9 2.1 .2 2.3

Note:1. For ah <1.6,k, =k, =1.0.

2. If there is only theeccentric vertical force,A/h—o0 .
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Appendix N
Calculations for Pile Group as a Block
Foundation

N.0.1 When a pile group( friction piles) is used as an block foundation,the pile foundation may

be regarded as a block foundation within the range of ‘acde’ as shown in Fig. N.O. 1.

—|el— —|e —~le
Ground or f Ground or f
local scour local scour

¢ N- d lvme c N d llne N

CNYONT ¢ Y
X \ < : Lo Ground or
! | | | %pcal scour
ine
| | ] - ¢ 41n
! ! ', . Q! [ —/ . v
I | — —
. | e | PYY 19, | e
1 \ o en 4 ! ~
: LO : ~ : Il LO \\ : ~ :4,: Lo \\4:
[0 a 'y V! (] v
] | II ‘l [ vy —
| | N \! ' Vi
| 'I \I " \
______ L Mo - —_— Y L M _ My Mo N vy L M _ ML AN
a e a e a e
= =
(I s g (T 2 g (] T e
_ _,

a) b) ©)
Fig. N.0.1 Calculated Scheme of Pile Group Acting as a Block Foundation

N.0.2 The calculation of the pile group as an block foundation shall comply with the following
requirements ;

1 Under axial compression ;
BLyh N

= .0.2-1
<L, (N.0.2-1)

p=yl+yh-
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2 Under eccentric compression, it shall satisfy the following conditions beside Item 1 ;

- BLyh N( eA)
= - —| 1+ A< .0.2-
Puan VLA yh ===+~ 1+ 5 JAS Y, (N.0.2-2)
A=ab (N.0.2-2)
If the inclination ofa batter pile aS%;
a:L0+d+2ltan% (N.0.2-4)
b:B0+d+21tan% (N.0.2-5)
If the inclination of a batter pile o > £;
a=1,+d+2ltana (N.0.2-6)
b =B, +d +2ltana (N.0.2-7)
— I, +o,l, +--+¢,l
p=f11 % 5 ot (N.0.2-8)
where
p average pressure at pile tip plane(kPa) ;
Dnax——Maximum pressure at pile tip plane(kPa) ;
Poin minimum pressure at pile tip plane(kPa) ;
Y

average unit weight of soil (including the pile gravity ) from the pile cap bottom to the
plane of the pile tip(kN/m’) ;
| —— pile depth(m) ;

0% unit weight of soil above the pile cap bottom(kN/m’) ;
L cap length(m) ;
B cap width(m) ;
N- vertical component force of the resultant force acting on the pile cap bottom(kN) ;
A effective area of the pile tip plane in the assumed block foundation(m®) ;
a,b effective width and length of the pile tip plane in the assumed block foundation(m),
respectively ;
L, length of the rectangular contour formed by the centers of the surrounding piles(m) ;
B, width of the rectangular contour formed by the centers of the surrounding piles(m) ;
d pile diameter(m) ;
W section modulus of the assumed block foundation with respect to the pile tip plane
(m?);
e eccentricity of the vertical force component of the resultant force acting on the pile cap
bottom with respect to the gravity axis of the effective area at the pile tip plane(m) ;
¢

average inner friction angle of the soil layers the pile penetrates through(°) ;

product of the internal friction angle of each soil layer and the corresponding soil layer
depth;
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£, adjusted characteristic value of bearing resistance of soil at the pile tip plane (kPa) ,
which is taken according to provisions in Clauses 4. 3. 4 and 4. 3. 5 of the
Specifications ,and shall be increased appropriately according to provisions in Clause
3. 0.7 of the Specifications;

Y partial factor,see Clause 3.0.7 of the Specifications.
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Appendix P
Calculations for Caisson Walls during Caisson
Sinking Process

P.0.1 The bearing capacity and deformation of caisson wall at the bottom segment during the
sinking process of caisson shall be checked. The action effect may be calculated based on the frame

model as follows:

1  When a caisson is sunk through an excavation in drain soil, the bottom segment of the
caisson can be assumed to be vertically supported at the four points marked as ‘1’ in Fig.
P.0.1-1.

&l L1
G r Aﬂmmﬁm\

0.71

a)Plane b)Bending moment diagram

Fig. P.0.1-1 Caisson sunk by dewatering

2 When a caisson is sunk without dewatering, the bottom segment of the caisson can be
assumed to be vertically supported on the central point of the long side marked as ‘2’ in
Fig. P.0. 1-2,or on the four-corner points at two ends of the short sides marked as ‘3’ in
Fig. P.0.1-2.

P.0.2 The vertical tensile strength of the wall during the caisson sinking process shall be

checked. The checking may be carried out according to the following provisions
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~
[u M y
U3 L2 34
Plan

Bending moment when the caisson is
vertically suppoited on the central point
‘2’ of the long sides

caisson is vertically suppoited

w on the four-corner points ‘3’
of the short sides

1
[\®]

"0 Bending moment when the

S

Caisson sunk by excavation in water

1 It is assumed that the caisson is socketed by the skin frictions from the surrounding soil,

and the soil under the edge has been excavated.

2 It is assumed that the tensile stress at the connector is not beard by concrete but all by steel

bars there.

3 If a caisson has constant wall section andits top surface is at the ground level it is assumed
that the skin friction of its wall is distributed in triangle along the full height,i. e. ,the skin
friction is zero at the bottom of the cutting edge and the maximum on the ground section.
In this case, the most unfavorable section is located at 1/2 of the buried depth of the
caisson( Fig. P.0.2a) and the maximum vertical tension force P, is 1/4 of the total self-

weight of the caisson, G, .

max

G
P :Tk (P.0.2-1)

4 The tensile force in the changing section of the caisson wall in a stepped caisson shall be
checked. The tensile force P_( Fig. P.0.2b) of the changing section of the caisson wall may

be calculated according to the following equations

P =G, =%uqxx (P.0.2-2)
X
qx :;qd (PO. 2'3)
where .
P, tensile force of the caisson wall in changing section with a distance of x away from the

cutting edge bottom(kN) ;
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G, self-weight of the caisson within the height of x(kN) ;

u perimeter of the caisson wall(m) ;

q, skin friction in changing section with a distance of x away from the cutting edge bottom
(kPa) ;

q, skin friction on the caisson top(kPa) ;

h total height of the caisson(m) ;

X height from the cutting edge bottom to the changing section or the checked section

(m).

x=h/2

a)Constant caisson wall b)Stepped caisson wall

Fig. P.0.2 Vertical Tension of Caisson Wall

P.0.3 The horizontal resistance of the caisson wall during the sinking process shall be checked. In
the checking,the caisson may be modeled as a horizontal frame. The horizontal load on the frame

may be determined according to the following provisions

1 The water pressure and earth pressure acting on the caisson wall are determined according

to the excavation condition;in dry or in water.

2 For a caisson sunk by slurry jacket method, when the slurry pressure is larger than the
horizontal forces such as water pressure and earth pressure,the slurry pressure is taken as
the pressure on the caisson wall. For a caisson sunk by air curtain method,the pressure on

the caisson is same as the pressure in calculation of ordinary caisson.

3 In addition to the horizontal load within the investigated range of the caisson wall, the
horizontal shear force transmitted from the cantilever of the cutting edge shall also be

considered.

4 A caisson wall segment with a height equal to the wall thickness measured from the root
of the cutting edge is taken for calculation of the root of the cutting edge. The average
load q acting on this caisson wall segment is calculated according to Formulas(P.0.3-1) ~
(P.0.3-5)
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gq=W+E+Q (P.0.3-1)

W:w-t (P.0.3-2)
W, =Ahy, (P.0.3-3)
W, =Ah,y, (P.0.3-4)
E=E1+E2-t (P.0.3-5)
2
where ;

q average load acting on the caisson wall segment with a height of ¢+ (kN/m) ;

W- water pressure acting on the caisson wall segment with a height of + (kN/m). The
distance from the acting point of the resultant force of the water pressure to the root of
the cutting edge is W, +2W, . L;

wW,+W, 3
W, unit water pressure acting on section A with a height t above the root of cutting edge
(kPa) ;
W, unit water pressure acting on section B of the root of cutting edge(kPa) ;
t thickness of the caisson wall(m) ;
h, ,h,——depth of the investigated sections A and B from the water surface(m) ,respectively ;
o unit weight of water( 10 kN/m3) ;

A reduction factor. When a caisson is excavated in dry,there is no water pressure inner the
caisson, water pressure outside the caisson depends on the soil property,A = =1.0 is
taken for sand and A =0. 7 is taken for cohesive soil. When a caisson is excavated in
water ,the water pressure outside the caisson is calculated as 100% ,that is A =1.0,and
the water pressure inner the caisson is calculated as 50% ,that is A =0.5;

E lateral earth pressure acting on the caisson wall of a segment with a height of #(kN/m).
The distance from the action point of the resultant force of the earth pressure to the root
of the cutting edge is EZ+72EI . L;

E,+E 3
E, unit earth pressure acting on section A with a height t above the root of cutting edge
(kPa) ,which may be calculated according to the earth pressure formula in the current
General Specifications for Design of Highway Bridges and Culverts(JTG D60 ) ;
E, unit earth pressure acting on section B of the root of the cutting edge(kPa) ;
0 horizontal force transmitted by the cutting edge (kN/m ) , which is equal to the horizontal

force acting on the cantilever beam of the cutting edge multiplied by the distribution

coefficient a,see formula(Q.0.5-1).
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N
| t |

E, | thickness) |

"
———
W E— -
(Root of
B  cutting edge)
W, E |I—o /
|(Cutt1ng//
edge)
==
L _//Q (Bottom of cutting edge)

Fig. P.0.3 Load Distribution of a Caisson Wall Segment above the Cutting
Edge Root with a Height Equals to the Wall Thickness

For other segments of the caisson wall,the segments of the caisson wall with a unit height
above the changed sections are taken for analysis. The average loadq acting on the frame is
calculated according to Formula(P.0.3-1),but the horizontal shear force transmitted by

the cantilever of the cutting edge is not considered.



Appendix Q
Calculations for Cutting Edge during the
Caisson Sinking Process

Q.0.1 In checking the flexural resistance of the cutting edge of a caisson, the cantilever beam and
frame structure model may be adopted for the checking in the vertical direction and on the

horizontal plane,respectively.

Q.0.2 If the cutting edge behaves as a cantilever beam deflecting outward when its flexural
resistance is checked, the action forces may be calculated according to the following provisions
(Fig.Q.0.2-1,Fig. Q.0.2-2) .

1 It is assumed that the inside of the cutting edge is cut into the soil by 1 m,and the caisson
is exposed above the ground or above the water surface with a certain height, or the caisson

wall has a certain exposed height after all the wall is cast.

Wi, E fl\ M
’«—T——| o .
) . o Top of cutting edge

J
]
// II T
]
]

o Bottom of cutting edge

| =

Fig. Q.0.2-1 Analytical Model of a Typical Cutting Edge

2 The lateral earth pressure E|,E},E’ and water pressure W), W, , W’ acting on the cutting
edge are calculated according to the provisions in Appendix P of the Specifications by

taking a segment with unit width along the periphery of the cutting edge.
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Ir,

Fig. Q.0.2-2 Skin FrictionT of Caisson Wall and Soil
Reaction Force R under the Cutting Edge

3 The 70% hydrostatic pressure is taken as the sum of lateral earth pressure and water
pressure acting on the outside of the cutting edge if the sum is greater than 70% of the

hydrostatic pressure.

4 The total skin friction of the caisson side surface with a unit height along the wall perimeter

is calculated according to the following formulas,and the lesser value is taken.

T=p-E (Q.0.2-1)
T=q-A (Q.0.2-2)
where .
T total skin friction of the caisson side surface with a unit height along the wall perimeter
(KN/m) ;
M friction coefficient,u = tang;
@ internal friction angle of the soil, generally it is taken as tang =0.5;
q unit skin friction between the soil and the caisson wall,is taken from Table 7. 3.2 of the
Specifications ;
A total area per unit height of the caisson side surface in contact with the soil(m’) ,A =1
xh=h,( his the height of the caisson,in meters) ;
E——total earth pressure per meter width acting on the caisson wall(kN/m).

5 The vertical reaction force R, of the soil on the unit perimeter below the cutting edge is
calculated according to the following equation

R =G-T (Q.0.2-3)

where ;

G

self-weight of the caisson wall with unit height along the perimeter of the outer surface
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of the caisson(kN/m). Its value is equal to the total weight of the caisson within the
height divided by the perimeter of the caisson. When the caisson is sunken by excavation
in water,the buoyancy of the submerged portion of the caisson shall be deducted from

the total self-weight of the caisson.

6 The action point of Rv is calculated according to the following provisions ( see
Fig. Q.0.2.3) .

1)1t is assumed that the soil reaction force acting on the slope of the cutting edge is
distributed in a triangle , with an angle of 8 between its direction and the normal of the
slope. The 8 is taken as the external friction angle between the soil reaction force and

the slope of the cutting edge( generally 8 =30°is adopted) ,.

2) Thevertical force component of the soil reaction force acting on the slope of the cutting

edge,V,,is calculated according to Formula( Q.0.2-4) ,in which the distance between

the force acting point to the outer wall of the cutting edge is a + 2

3
V, = b ‘R, (Q.0.2-4)
2a+b
where .
a bottom width of cutting edge tread(m) ;
b horizontal projection ( m) of the slope where the cutting edge enters the soil, b = cota,

where ais the angle formed by the slope of the cutting edge to the horizontal plane.
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Root of cutting edge
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o !
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Fig. Q.0.2-3 Action Point ofR, below the Cutting Edge
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3) The vertical reaction force acting on the bottom surface of the cutting edge, V,, is

calculated according to Formula( Q. 0.2-5) ,and the distance between the acting point

and the exterior surface of the cutting edge is %.

V,=R, -V, (Q.0.2-5)

7 The horizontal force component acting on the slope of the cutting edge, U,is calculated by
the following formula. Its action point is at 1/3 of the height( m) from the bottom surface
of the cutting edge.

U=V,tan(a -) (Q.0.2-6)

8 The unit weight of the cutting edge, g,is calculated as follows:

t+a
g:yh-hl 3 (Q.0.2-7)
where ;
v, unit weight of concrete ( kKN/m’ ). If the caisson is sunk without dewatering, the
buoyancy shall be deducted;
h, slope height of the cutting edge(m).

9 The skin friction acting on the outside of the cutting edge,7’ ,may be taken as the larger

value calculated by the following formulas.

T'=u-E' (Q.0.2-8)
T'=¢qg-A’ (Q.0.29)
where ;
A’ total area per unit height of the outer surface of the cutting edge contacting with the soil
(m*),A"=1xh, =h;
E' total earth pressure per meter width within the height of the cutting edge(kN/m).

10 The horizontal force acting on the side of the cantilever cutting edge is the maximum
horizontal force on the cutting edge multiplied by the distribution coefficient a. Value « is

calculated according to Clause Q. 0.5 of the Specifications.

Q.0.3 If the cutting edge behaves as a cantilever beam deflecting inward when its flexural

resistance is checked,the action forces may be calculated according to the following provisions

1 A segment with unit width along the periphery of the cutting edge in the horizontal
direction is taken for calculation under the assumption that the caisson has reached its
design elevation andthe soil below the bottom of the cutting edge has been hollowed out,

as shown in Fig. Q.0. 3.
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2 The earth pressure and water pressure acting on the outside of the cutting edge may be

calculated in accordance with the provisions in Appendix P of the Specifications.

3 If the caisson is sunk without dewatering, outside water pressure shall be calculated by
100% ,while the inside water pressure shall be calculated by 50% or by the water head
difference possible appeared in the construction. If the caisson is sunk by dewatering, the

outside water pressure may be calculated as 70% of hydrostatic pressure in permeable soil.

4 The skin friction acting on the outside of the caisson wall, T’ ,is taken as the lesser value
from the calculated results by Formula( Q. 0.2-8)and Formula(Q.0.2-9).

5 The unit weight of the cutting edge,g,is calculated according to Formula( Q.0.2-7).

N

Wall of caisson

Cutting edge

"

€

Fig. Q.0.3 Cutting Edge Deflecting inward

m

Q.0.4  When the horizontal resistance of a cutting edge is checked by modeling the caisson as a

horizontal frame,the calculation may be carried out according to the following provisions(Fig. Q.0.4) .

1 Assume the caisson has already been lowered to the design elevation, the soil under the
cutting edge has been removed totally, and the unit height is intercepted along the cutting

edge in the vertical direction to form a horizontal frame structure.

2 The forces on the plane frame are calculated following the provisions in Clause Q. 0.3 of
the Specifications;if necessary, the horizontal forces subjected from inside and outside of

the frame are considered according to the construction situation.

3 The finaluniformly distributed load subjected on the entire perimeter of the plane frame is

the product of maximum horizontal force on the cutting edge multiplied by the distribution
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coefficient 8,and its value is calculated according to the provisions in Clause Q. 0.5 of the

Specifications.

\\\|||| 17 —
7. =
T T

2 12 _1

Fig. Q.0.4 Plane Frame of the Cutting Edge of a Rectangular Caisson

Q.0.5 For a rectangular caisson,the distribution coefficient of the horizontal force on the cutting

edge may be calculated according to the following approximation method;

1 The cutting edge shall be regarded as a cantilever in the vertical direction and its length is
equal to the height of the inclined plane portion. If the distance from the bottom surface of
the internal diaphragm to the bottom surface of the cutting edge is 0.5 m,or it is larger
than 0. 5 m but has been strengthened by vertical supports, the horizontal force on the
cantilever portion may be multiplied by the distribution coefficient « .

0.17

a:m<l.0 (Q.0.5-1)
where
[, maximum effective span of the outer wall supported by the internal diaphragms(m) ;
h height of the inclined plane portion of the cutting edge(m).

2 The cutting edge may be regarded as a closed frame in plan. If the horizontal force for the
cantilever of the cutting edge is multiplied by the distribution coefficient «,the horizontal

force acting on the plane frame may be multiplied by the distribution coefficient 3

h4
B = m (Q.0.5-2)
where ;
L minimum effective span of the outer wall supported on the internal diaphragms(m) ;
h, height of the inclined plane portion of the cutting edge(m).
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Appendix R

Calculations for Horizontal Earth Pressure
Based on the Principle of Soil-Retaining
Structure Interaction

R.0.1 When the retaining structure is designed by the principle of deformation control,the earth
pressure on the diaphragm wall may be determined by the principle of soil-structure interaction.
Considering the influence of wall horizontal deformation to the horizontal earth pressure on the

wall , the horizontal earth pressure may be calculated by the following formulas .
E, =E, - K5 (R.0.1-1)
Ey =K,(q, + Zvh,) (R.0.1-2)
K=mz (R.0.13)

where

E

jk

horizontal earth pressure on the wall(kPa) ;when E, <E, ,E, =E, ;when E, >E, E,
=E,,where E, and E, are the active and passive horizontal earth pressure on the wall,
respectively , which involve the effects of the soil self-weight and the surcharge load on
the ground aside the wall, and they may be calculated by Coulomb or Rankine earth
pressure theory;

E,—at-rest horizontal earth pressure on the wall(kPa) ;

K

coefficient of horizontal reaction of the ground soil beside the wall(kN/m’) , which
should be determined by in-situ test, or based on reliable methods or experience. In
absence of reliable methods or experience, it may be calculated by Formula(R. 0. 1-
3)

proportionality coefficient for the factor of horizontal reaction of ground ( kN/m4 ),

m
which is increased proportionally with the depth, and may be determined by the

horizontal loading test or based on the engineering judgment;

1} horizontal deformation of the wall( m). The deformation towards the direction of the
earth pressure is positive, while the deformation away from the direction of the earth

pressure is negative;
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K,

qx

h;
7z

coefficient of at-rest earth pressure. For normally consolidated soil, K, =1 — sin¢ ; for

over consolidated soil, K, = /1 - sin¢] , where ¢] is the effective internal friction angle
(°) of the soil layer at the investigated point;

uniformly distributed vertical load on the ground(kPa) ;

unit weight of soil in i" layer above the investigated plane(kN/m’) ;

thickness of soil in the i" layer above the investigated plane(m) ;

depth of the investigated point to the ground surface beside the wall(m).



Appendix S
Calculations for Straight Diaphragm Wall as
Retaining Structures

S.0.1 If the method of vertically elastic foundation beam is applied to calculate a straight
diaphragm wall as retaining structure, the internal force and deformation of the wall panel may be
calculated by the finite element method with bar elements. The calculation scheme is shown in
Fig.S.0.1.

qy
T
Groundwater level
Kzl ) ——
K, ##
e
K smd Ejk Ewk
M— 4
K +h
Excavation surface ” \ ] \
Groundwater fé\‘fre& \\ [ \
%z
\
By \\
\

Fig.S.0.1 Calculation Schema of a Typical Straight Diaphragm Wall as Retaining Structure

where .
Kzl , KZZ .. .Kzi .. .Kzn

elastic coefficients of strut, horizontal bracket, earth anchor ( or cable)

and other supports;

qi uniformly distributed vertical load on the ground(kPa) ;
E; horizontal earth pressure on the wall ( kPa) , which is calculated by

Formula(R.0.1-1);
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E ,——water pressure on the wall (kPa). Water pressure may be calculated as
hydrostatic pressure when water pressure and soil pressure are calculated
separately ; if specific experiences are available,the influence of seepage

on water pressure may also be considered.



Appendix T
Calculations for Circular Diaphragm Wall as
Retaining Structures

T.0. 1 If the method of vertical elastic foundation beam is applied to calculate the circular
diaphragm wall as a retaining structure, the internal force and deformation of the wall panel may be
calculated by the finite element method with bar elements. The calculation scheme is shown in
Fig. T.0. 1.

a4
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i Groundwater level
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- N
E W \
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Fig. T.0.1 Calculation Schema of the Circular Diaphragm Wall as Retaining Structure

where
K., ,K,-k,---K,——elastic coefficients of internal ring beam or inner lining, which are
calculated by Formula T.0.2;
K ,——¢lastic coefficient of equivalent distribution along the depth direction

of the wall panel, which is calculated by Formula T.0. 3;

q, uniformly distributed vertical load on the ground(kPa) ;

E

jk

horizontal earth pressure on the wall (kPa) , which is calculated by
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Formula(R.0.1-1);

water pressure on the wall (kPa). Water pressure may be calculated

E wk
as hydrostatic pressure when water pressure and soil pressure are
calculated separately; if specific experiences are available, the

influence of seepage on water pressure may also be considered.

T.0.2 When the circular diaphragm wall as retaining structure is supported by the internal ring
beams or inner linings,the action due to the internal ring beams or inner linings may be simulated as
the action of equivalent springs, as shown in Figs T. 0. 2-1 and T. 0. 2-2. The equivalent elastic
coefficient of an internal ring beam or inner lining per unit width wall panel may be calculated by

the following equation ;

EA,
K, = 3 (T.0.2)
where ;
K.——celastic coefficient of equivalent spring for internal ring beams or inner linings per unit
width of the wall panel(kN/m) ;
E, elastic modulus of the materials of the internal ring beam or inner lining (kN/m) ;
A, effective sectional area for one internal ring beam or one inner lining ( m®), the
influence of deviation in the construction shall be considered in the calculation;
R, radius of the cross-section centerline of the internal ring beam or inner lining(m).
O Famd
2 0 3 )
Excavation surface \_1 Excavation surface \_1
RYAF — AYA¥ |
a)Internal ring beam b)Equivalent spring support

1- Diaphragm wall panel;2-Internal ring beam ;3-Equivalent spring
Fig. T.0.2-1 Internal Ring Beam and Its Equivalent Springs in Typical

Circular Diaphragm Wall as Retaining Structure

T.0.3 The circumferential effect of the panel of the circular diaphragm wall may be stimulated by
spring supports distributing along the depth, as shown in Fig. T. 0. 1. The equivalent distributed
elastic coefficient per unit width of the panel of the diaphragm wall may be calculated by the

following formula .

Ed
K,=a— T.0.3
1= ( )
where :
K, equivalent distributed elastic coefficient per unit width of the panel of the diaphragm

wall(kN/m’) ;



(R

7
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Excavation surface [J|\ 1 Excavation surface #+{|\ 1
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a)Inner lining b)Equivalent spring support

1-Diaphragm wall panel;2-Inner lining;3-Equivalent spring
Fig. T.0.2-2 Inner Lining and Its Equivalent Springs in Typical Circular Diaphragm Wall as

Retaining Structure

E elastic modulus of the panel material of the diaphragm wall( (kN/m’) ;
d effective thickness of the panel of the diaphragm wall( m) ,influence of deviation in the
construction shall be considered in the calculation ;
R, radius of the centerline of the panel of the diaphragm wall(m) ;
o adjusting factor, which shall be adopted according to the actual engineering conditions.

If practical experience is unavailable,it may be taken as o =0.4 ~0.7;and the lesser

value is taken when R,is large or the number of the trench segments is great.
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Wording Explanation for the Specifications

1

Words for strictness in implementation of the Specifications

1) “Must” or “must not” is used for a mandatory requirement in any circumstances.
2) “Shall” or “shall not” is used for a mandatory requirement in normal circumstances.
3) “Should” or “should not” is used for an advisory requirement.

4)“May” or “may not” is used for a permissive condition that no requirement is intended.

The following expressions are used in citation of other specifications:

1) To state the relation between the Specifications and other specifications in Chapter “General
Provisions” ,it is expressed as “In addition to the Specifications, --- shall also comply with

the provisions in the current relevant national and industrial standards” .

2) When referring to national and industrial standards in clauses of the Specifications, it is
expressed as “shall comply with the relevant provisions in ( )7

13

3) When citing other clauses in the Specifications, it is expressed as “shall comply with the
relevant provisions in Chapter of the Specifications”, “shall comply with the relevant
provisions in Section . of the Specifications” , *“shall comply with the relevant provisions in
Clause . . of the Specifications”, or “shall be implemented in accordance with the

relevant provisions in Clause . . of the Specifications”.
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Background to Provisions



1 General Provisions

1.0. 1 The Specifications is a revision of the Specifications for Design of Ground Base and
Foundation of Highway Bridges and Culverts (JTG D63-2007 ) ( hereinafter referred to as ‘2007
Version Specifications’ ) . During the revision, many amendments and supplements were carried out
based on 2007 Version Specifications by summing up the practical experiences and referencing the

research results from China and other countries.

1.0.3 ~1.0.4 The ground soils are extremely complex for their properties, their mechanical
indexes vary greatly even in the same foundation and ground. Moreover, many hidden or exposed
adverse geological conditions exist here and there, together with difference properties of soils. All
these aspects emphasize that the foundation design shall follow the principle of the adaptation to
local conditions. Bridge foundations are important and huge projects in rivers, lakes, and seas, which
need a large amount of soil, rock, and concrete materials. Most of the foundations underwater are
constructed directly in water or in a dewatered site, resulting difficult and workload works.
Therefore, the geological conditions of the specific projects must be practically gathered and
reasonable schemes must be selected by the designers, and the accidents caused by any unknown
situations or by wrong design must be avoided. In addition , foundation engineering is closely related
to water issues, so that the scheme shall be designed according to the actual conditions, the large
volumes in excavation and filling shall be avoided, and pollution of water resources shall be

prevented.

The type of bridge foundation generally needs to be selected reasonably according to the
construction conditions proposed in this Clause. In case of complicated situations, it may be
necessary to retrofit the natural conditions partially, or to propose several schemes and then select an

optimal solution by comparison of them in aspect of technology and economics.

1.0.5 The engineering geology has great influence in the scheme selection and structural design
for not only the foundation but also the bridge type. Engineering geological exploration shall be
emphasized , especially when the faults or karsts exist at the bridge site, partially weak soil layer is

buried in the uneven stratum,or foundations are built on undulating or sloping rock strata.

1.0. 6 The structural durability has been attracting people’s attentions. The durability of the
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foundation structure is affected not only by the harmful substances contained in the materials( such
as concrete and reinforced concrete ) ,but also by the natural environment such as air, water, and soil
where the foundations are located. Therefore, the durability for foundation structures needs to be

designed according to different environment conditions.
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2 Terms and symbols

This chapter only lists the terms that are present and need to be clearly defined in the
Specifications. General terms related to the bridge profession and the terms that have been clarified
in the Clauses are not listed in this chapter.

In this revision, some terms in the 2007 Version Specifications are deleted, including safety
level ,combination of short-term effects, combination of long-term effects, and allowable value of
resistance; some terms are supplemented according to the revision of the provisions in the
Specifications ,including the characteristic values of ground bearing capacity, shallow foundation,
pile with expanded branches and plates.

Most of the explanations of the terms are only of general meanings. The terms are not
standardized names and are cited for reference only.

Symbols in this chapter are listed by four parts;resistance and material properties of ground,
actions and action effects, geometric parameters, calculation coefficients and others. These main
symbols are adopted in accordance with the provisions in the current national standards of China. If
no provision is specified in current standards to follow, they are adopted from the 2007 version
Specifications or as customary. Not all symbols used in the Specifications are listed, only some

primary ones are listed in this chapter.

3 GeneralRules

3.0.7 The partial factor of ground bearing capacity, y,, specified in this Clause is determined
according to load conditions and loading stages.

Due to the importance of the ground bearing capacity, the partial factor is generally taken as
1.0, and it can be appropriately increased if there are sufficient evidence. The 2007 Version
Specifications uses ‘shall’ for situations that can be improved, however it is revised to ‘may’ in
the Specifications ,which means the designer can determine to increase or not the factor according to
the specific situation.

The action combinations carried by the ground in the service stage can be taken according to
the provisions in Clause 3.0. 6 of the Specifications. The frequent combination in the Specifications
is equivalent to the combination of short-term effects of the 2007 Version Specifications, which

refers to the combination with all permanent and variable actions that may occur simultaneously and
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will produce adverse effects to the ground bearing capacity. Such a combination has the maximum
value due to all the frequent factor of the actions in it are taken as 1.0, whereas the probability of
simultaneous occurrence of them is not considered. Therefore , the action effects on the ground in the
computation with such an action combination must be larger than the actual ones. Therefore, the
characteristic value of ground bearing capacity,f, ,needs to be multiplied by a partial factor greater
than 1.0.

However, if the action combination only includes the self-weight of the structure, the preload,
the soil weight, the lateral earth pressure,the vehicle,and the pedestrian, i. e. ,the actions directly
acted on the structures, the distribution of the compressive stress of foundation base is close to a
rectangular, which is close to the actual ground bearing capacity. Therefore, f, does not need to be
multiplied by yR,that is,let yR =1.0.

The accidental combination of actions in the Specifications is equivalent to that in the 2007
Version Specifications. The accidental action occurs instantaneously with very small probability.
Though sometimes it may cause large compressive stress in the base with a distribution of
trapezoidal shape, but the maximum value in one side of the base is of local and temporary.
According to the previous various versions of the Specifications ,the characteristic value of bearing
capacity under this condition is also considered to be multiplied by the partial factor y, =1.25.

The actions on the ground during construction are of short-term, compared to those in the
service stage,thus a larger partial factor is generally adopted. The provisions of the Specifications

follow the values in the 2007 Version Specifications.

3.0.8 The deformation characteristics of the ground shall be considered in calculating the
foundation settlement. Since the ground soil is a type of material with large deformation and long-
term effect, the settlement of foundation needs to be calculated according to the quasi-permanent
combination of actions at the serviceability limit state. This combination consists of the
characteristic values of permanent actions and the quasi-permanent value of variable actions, in
which the former only includes the structural self-weight, soil weight, soil lateral pressure and
normal buoyancy,and the latter only includes the vehicle and pedestrian load. This combination is
consistence with that in the 2007 Version Specifications. According to the investigation statistics,
such a combination has a large probability to act on the bridge, stays there some long time, has
large influence on the foundation settlement, therefore it is relatively reasonable to be adopted in

settlement calculation.

3.0.9 Stability check for foundation structures is one of the contents for the design of ultimate
limit state. The fundamental idea is to regard the foundation as a rigid body, to keep it in static
balance with a certain safety factor for stability. In the check, characteristic values are adopted in the
combination of actions that will produce balance effect or unbalanced effect, and all factors in the
expression for effects of combination of actions are taken as 1. 0. Moreover, the most adverse effects

of the combination of actions need to be considered. All the variable actions that cause structure
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instability in the same direction and may appear simultaneously need to be considered, while for the
variable actions in favor for structure stability in the same direction but may not appear
simultaneously ,the domestic actions are considered but other variable actions are not taken in the

combination in order to minimize the effect of stabilization.
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4 Geotechnical Classification, Engineering
Characteristic and Bearing Capacity of
Ground

4.1 Geotechnical Classification of Ground

4. 1.1 Classification of rock and soil includes geological classification or engineering
classification. Geological classification is mainly based on its geological origin, mineral
composition, structure, and weathered degree. It may be expressed by geological name (i. e.
petrological name ) plus weathering degree, such as highly weathered granite, slightly weathered
sandstone, etc. This is necessary for the survey and design of engineering project. Engineering
classification is mainly based on the engineering properties of rock masses, enabling engineers to
have a clear concept of engineering properties of the rock and soil. Geological classification is a
basic classification. Engineering classification shall be carried out based on geological classification
to better generalize the engineering properties of the rock and soil, and to facilitate engineering

evaluation.

4.1.2 Rock mass rating of strength aims to determine the bearing capacity of the ground. For
rocks with bearing resistance larger than 30 MPa, their bearing resistance do not depend on the
strength of the rocks themselves, however, in order to consistence with the other geotechnical
classifications, the rock stiffness is still divided into two categories in the Specifications,i. e. ,very
strong rock and moderately strong rock. For rocks with bearing resistance no larger than 30 MPa,
their bearing resistance are impacted significantly by the strength of the rocks, so that a more
detailed classification for their stiffness is necessary. They are classified as moderately weak rock,
very weak rock and extremely weak rock in the Specifications. It is very important to distinguish
extremely weak rocks,because such rocks are not only extremely soft, but also often have special
engineering properties. For example, some mudstones have a very high swelling property;
argillaceous sandstones and completely weathered granites have strong softening properties ( the
uniaxial compressive strength of saturation sample may be equal to zero) ;some tertiary sandstones
disintegrate in contact with water and have the nature of quicksand. For rocks that disintegrate in
water or those their compressive strength cannot be tested for saturated samples, qualitative methods

are generally used to determine their classifications.

4.1. 4 Attention shall be paid for the softening rocks, because their bearing resistance will
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significantly decrease after they are immersed in water. The softening coefficient is the ratio of the
compressive strength of the saturated sample to that of the dry sample. Using softening coefficient
0.75 as the threshold is based on relevant specifications in China and other countries as well as

engineering judgement accumulated decades.

4.1.5 According to design experience, the bearing resistance of rock with frk >30MPa is not
controlled by its strength,but by the intactness of the rock mass. For rock grounds,special attention
shall be paid to weak rock, extremely weak rock, very fractured and extremely fractured rock, and
rock with a basic quality grade of V. For those types of rocks whose undisturbed sample can be
taken ,the geotechnical test methods are used to test their behaviors, their physical and mechanical
properties. When the intactness of the rock mass is extremely fractured, the rock mass rating of

strength is not performed.

4.1.6 In 85 Version of the Specifications for Design of Ground and Foundation of Highway
Bridges and Culverts( hereinafter referred to as ‘85 Version Specifications’ ) , fracture degree and
rock mass rating of strength are used to determine the bearing capacity of rock grounds. In revision
of the Specifications ,the method in the 85 Version Specifications is still reserved for reference by
engineers. However, the fracture degree in the 85 Version Specifications has been modified to the
development degree of joint in the 2007 Version Specifications ,and this modification is followed in
the Specifications.

4.1.7 Gypsum,rock salt and other soluble rocks, swelling mudstone, collapsible sandstone, etc. ,
are of special natures and have great hazards to the engineering projects. Special studies are

necessary in the design,therefore they are specifically listed in the Specifications.

4.1.9 The application of heavy dynamic cone penetration test is popular. In this Clause, heavy
dynamic cone penetration test method is used to classify the density of gravelly soil into four
levels,i. e. , loose, medium dense, slightly dense and dense. In Appendix A. 0. 2, the field
identification method is used to classify the gravelly soil according to its density because it still
has practical value, but the identification results often vary from person to person and are difficult
to maintain objectivity , therefore the gravelly soil can only be roughly divided into three levels, .
e. ,loose, medium dense, and dense. The °slightly dense’ and ‘loose’ identified by dynamic
cone penetration test corresponds to the ‘loose’ identified in the field. Since the results obtained
by these two identification methods may be inconsistent, it is necessary to state whether the
identification is based on the ‘field identification’ or ‘ heavy dynamic cone penetration test’ in

the investigation report.

4.1.15 The engineering properties of cohesive soil are closely related to the age of deposition. In

the Specifications ,the classification for the age of deposition of cohesive soil is retained from the
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previous Specifications. Cohesive soils deposited in the Late Pleistocene ( Q, ) of the Quaternary
Period and its predecessors generally have higher strength and lower compressibility than others. The
cohesive soil deposited in the Quaternary Holocene ( Q, ) is generally considered as normally
deposited cohesive soil. The cohesive soil deposited since the cultural period is generally under-

consolidated and has low strength.

4.1. 18 In the Specifications, the indexes of soft soil refer to the relative provisions in
Specifications for Design of Highway Subgrades( JTG D30-2015) . Considering that ¢ cohesive soil’
and ‘silty soil’ are not appeared in the classifications in the Specifications for Design of Highway
Subgrades(JTG D30-2015) ,only part of identification indexes in the Specifications for Design of
Highway Subgrades( JTG D30-2015) are used in the Specifications.

4.1.21 The collapsible soil in this Clause refers to the natural soil ( except loess) that can produce
additional settlement over a certain amount under load when immersed in water. Only the
characteristics of collapsible soil is given in this Clause, while for the identification and classification

methods, they can refer to the Specification for investigation of geotechnical engineering ( GB
50021-2001).

4.2 Engineering Characteristic Index

4.2.1 Mature experiences on in-situ tests, including static cone penetration test, dynamic cone
penetration test and standard penetration test, have been obtained in China and can be used to
determine the bearing capacity of foundations in practice , therefore , they are included in this Clause.
However,it should be noted that they should not be used alone but should be used through a

comprehensive analysis with indoor test results.

4.2.2 How to select the representative values of engineering characteristic properties is very
important for foundation calculation. The selection principle is clearly stipulated in this Clause. The
nominal value is the 0. 05 quantile of its probability distribution. The characteristic value is taken for

the bearing capacity of the foundation.

4.2.3 Loading test is one of the main methods to determine the bearing capacity of rock and soil.
In the loading tests,the test results vary with the variation of the loading plate size,the loading time
interval and the standards for settlement stability. Results from different tests are comparable only
when the tests are carried out by unified operating procedures. Therefore , the key points of the tests

are included in the appendix in the Specifications similar as in previous versions.

4.2.4 The compressibility properties of soil is the basic data for calculating the settlement of the

777



structure. Compressive modulus and compressive factor are determined by compression test, which
is applicable for fine-grained soil but inapplicable for coarse-grained soil. In calculation of the
settlement of coarse-grained soil, the deformation modulus obtained from the field loading test
should be used. In order to be consistent with the force conditions in the settlement calculation, the
maximum compressive stress applied in the indoor or field foundation compression test shall exceed
the sum of the effective self-weight stress of the soil and the expected superimposed stress,and the
compressed segment same as that in the actual project should be taken to calculate the deformation
parameters. Generally, the compressive factor a,, is only used for the comparison of the

compressibility of different soil bodies,but not for the calculation of foundation settlement.

4.3 Bearing Capacity of Grounds

4.3.1 Grounds are designed according to the requirements for the serviceability limit state. The
designated ground bearing capacity in design is its characteristic value, this is because the soil is a
material with large deformation. The deformation of ground will increase correspondingly with the
increase of the load,and the bearing capacity of the ground will also increase gradually,so that it is
difficult to define a true °limit value’ for the bearing capacity of ground. In addition, bridge and
culvert structures in service should meet the requirements for their functions. It is a common case
that the ground bearing capacity has potential to be utilized , but the deformation of the ground has
reached or exceeded the serviceability limit state.

It is required to determine the characteristic value of the ground bearing capacity byloading
tests or other in-situ tests in the Specifications,but sometimes these tests cannot be conducted in the
grounds of bridges and culverts. To provide tables for characteristic values of ground bearing
capacity in the Specifications is helpful for surveyors and designers of highway engineering.

Therefore , tables for ground bearing capacity are still remained in the Specifications.

4.3.3 The items of this Clause are the tables for the characteristic value of various types of

ground bearing capacity,f,,.

1 Bearing capacity of rock ground

The bearing capacity of rock ground is related to the genesis, structure , mineral components,
age of formation, degree of joint development, and the influence of water immersing, etc. The
influence degrees by various factors are varied according to the specific situations, usually
depending mainly on the strength of the rock block and the degree of rock fracture. For fresh and
integral rock mass, the bearing capacity is mainly influenced by the strength of the rock mass;
while for the rock mass affected by tectonic and weathering, its strength is low and its
fragmentation is high, so that the bearing capacity is not only influenced by the strength of the

rock mass, but also by its fracture degree. Therefore, the rock foundation is classified according to

774



the strength of the rock,and is subclassified further according to the degree of joint development.
Such a classification approach is clear in concept and can reflect the objective reality. The
following points shall be paid attention in using the table of the allowable value of the ground

bearing capacity in the Specifications

(1)Due to insufficient test data,the accurate influence value of water on the bearing capacity
of rock cannot be given. When such a situation is encountered on site, it shall be
determined according to specific research. For example, when the easily weathered rock is
used as the ground, special attention shall be paid to the possible changes in the
hydrogeological conditions after the construction, and the f,, value shall be carefully

selected. If necessary , it should be determined by loading test.

(2)When the rock mass has been weathered into soil ,sand or gravel, the characteristic value of
the ground bearing capacity may be determined referring to residual soil or sand. However,
for the recently weathered residual sand and gravel,the characteristic value of their bearing
capacity may be taken some higher than that of the corresponding soil type,because they
still maintain a certain relationship with the parent rock mass and the particles have

cohesive force( or cementing force) .

(3) The values in the table shall be appropriately selected according to the strength , thickness,
fracture development degree, and other factors of the rock block. It would be better to use a

smaller value for softening rocks and extremely softening rocks immersed in water.

(4) For softening rock with f, higher than 30 MPa, its ground bearing capacity needs to be
determined comprehensively according to the actual situation. It cannot be taken directly
from the ground bearing capacity of very strong rock or moderately strong rock in the
table.

2 Bearing capacity of gravelly soil ground

The determination of allowable bearing capacity of gravelly soil is mainly based onloading
test. Because the compressibility of most of the gravelly soil is low, the foundation settlement is
small and the settlement process is fast, so the deformation is not the main control factor in the
foundation design. The allowable bearing capacity [ o, ] in the 85 Version Specifications was

determined by proportional limits or by 1/3 of the ultimate load.

4 Bearing capacity of silty soil ground

The recommended values of ground bearing capacity of silty soil refer to the recommended
values in the Code for Design of Building Foundation ( GBJ 7- 89 ) and Code for Geology
Investigation of Railway Engineering (' TB 10012-2001 ). Data from soil samples with saturation
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greater than 90% were accounted for 36% .

A variety of methods were adopted in the statistical calculations,including stepwise regression,
binary regression with selected independent variable combination, and single index e statistical
analysis. The selected independent variables are as follows : characteristics of soil ( plasticity index 7,
and liquid limit w, ) ,soil density index ( void ratio ¢), and soil state indicators ( liquidity index I,
and water content ratio a, ). In addition, the water content w is also included in the independent
variables because it is an index that can reflect not only the soil state but also the density of
saturated soil to a certain extent.

Natural void ratio e and moisture content w were selected as independent variables through

analysis. The equation is written as follows:
fao :148 6e—lA692 XW—0.1912 (4_5>

where .

f.o- Characteristic value of ground bearing capacity (kPa).

The complex correlation coefficientR =0.785 and the residual variance o =0.0944. When the actual
table is built,the value in the table is adjusted by taking into account the error of o in Eq. (4-5)and the
guaranteed probability of 85% .

5 Bearing capacity of old cohesive soil ground
Eq. (4-6)is obtained from 53 data for the bearing capacity of old cohesive soil ground with a
correlation coefficient of R = 0.52,which is used to get the Table 4.3.3-5.

fo =308.9 +79E (4-6)

where .
E - compression modulus( MPa).
For the old cohesive soil £, < 10MPa,the above formula is not applicable due to lack of data,

so its bearing capacity may be taken by considering it as the general cohesive soil.

6 Bearing capacity of general cohesive soil ground

After comparisons of varies groups of factors, the liquid index and void ratio were finally
selected as the basic factors for the table making. After considering the modification value for depth,
k,y,h(among them,k, is selected according to Table 4. 3.4 in the provisions of the Specifications,
v, =15 kKN/m’,h = 1.5 m), and the adjustment of individual values according to the past
experiences , the calculated results from the regression equation were taken for Table 4. 3. 3-6 in the
provisions of the Specifications.

Considering application range of Table 4. 3.3-6 in the provisions is limited, the value cannot
be found from the table for those general cohesive soil with physical property indicators beyond the
range ,the formula with the variableE was established and listed as a supplement in Note 2 of Table

4.3.3-6 in the provisions.
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7 Bearing capacity of newly deposited cohesive soil ground

Due to the lack of information,the characteristic value of ground bearing capacity of the newly
deposited cohesive soil,f,,,in Table 4.3.3-7 are directly cited from Table 5 of Appendix III in the
Code for Design of Building Foundation (TJ7-74).

4.3.4 Eq. (4.3.4)is established based on the ground theory of shallow foundation. It is clear in
the mechanical concept to separate f,, from the width and depth adjusting factors. The units of f, and

f.o are the same,both are in kPa,and k, and k, are dimensionless coefficients.

1 Adjusting factors of width and depth of foundation base on cohesive soil ground

No modification is considered in the Specifications for the foundation width to the characteristic
value of the bearing capacity of ground with various cohesive soils,f,,,that is,k, = 0 is adopted.
This is because large settlement is detrimental to the normal operation of bridges and culverts, while
the wider the ground, the larger the later settlements of the clay and loess after the ground is
compressed. When f,, is determined by the load-settlement curve, it is generally determined based
on the relative sinking of the load plate by 2% . When the width increases, taking k, = 0 for

cohesive soil and loess can ensure that the foundation does not cause excessive settlement.

(2) Adjusting factors of width and depth of foundation base for silty soil

Silty soil has a certain degree of plasticity and presents some characteristics of sand, it is
conservative in design to regard it as cohesive soil and to take its adjusting factor of width of
foundation base as k, = 0. The particle size of silty soil is smaller than that of silty sand, and its
adjusting factor of depth of foundation base is smaller than that of silty sand,k, = 1.5 is taken for it

by reference of cohesive soil.

(3) Adjusting factors of width and depth of foundation base for sand or gravelly soil

The settlements of ground of sand and gravelly soil are almost completed during the
construction period , the settlements in the later period are very small. Therefore , the bearing capacity
of the ground is not controlled by the settlement, and the foundation strength can be improved when

the width of foundation is increased.

(4) In principle, the ground bearing capacity of the rock may be revised by the adjusting
factors of width and depth of the foundation base, but it is rather complex on how to
modify it. At present, experimental data on it is still lack. It is recommended that no
modification for the width and depth of the foundation base is made for rocks with under-
developed joints or developed joints ; modification is made by k, and k, for rocks with well-
developed joints or very fracture, the factors may be determined by referring to those of
gravelly soil; for rocks that have been weathered into soil or sand, the adjusting factors

may be selected by referring to those of cohesive soil or sand.
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(5) When the soil is immersed in water , the unit weights y, and vy, in the formula are specified

or

where .
dS

Yw
e

as follows: vy, is the weight of the base bearing stratum, when the bearing stratum is
permeable soil, y, is the effective weight; on the contrary, when the bearing stratum is
impermeable ,y, is the saturated weight vy, ;if it is difficult to determine whether the bearing
stratum is permeable or impermeable, it is safe to take effective weight for y,. The v, is
generally considered as the overload acting on the base. When the bearing stratum is
permeable , the force acting on it includes not only the gravity of the soil particles but also
the gravity of the water in the pores no matter if the soil over the bearing stratum is
permeable or not, that is, y, is the saturated weight. Saturated weight vy, and effective

weight y, are calculated as follows:

d,+e (47)
’ys_1+€’yw -
’)’b ZYs _’)/w (4_8)

d -1
Yo m T re (49)

specific weight of soil particles;
unit weight of water,y, =10 kN/m’ in general;

natural void ratio of soil.

(6) When the bearing stratum at the foundation base is impermeable soil , the foundation base is

4.3.5

not affected by the buoyancy of water,and the water gravity and saturated soil gravity on
the sides of the foundation are regarded as the overload of the foundation. If the bearing
stratum is permeable soil, it is generally affected by the buoyancy of water,and the water
gravity is not considered or only the buoyancy of soil is considered. However, for deep-
water foundations or complex soil layers, it is difficult to determine the water permeability
of the bearing stratum. The most unfavorable combination of loads is used to determine

whether to consider the buoyancy of the foundation or not.

In order to ensure the safety and normal use of bridge and culvert structures, both the

requirements for stability and deformation must be considered in determining the allowable bearing

capacity of soft ground. The method for determining the bearing capacity of the untreated soft soil

ground is the same as that of the 85 Version Specifications, which can used in the design for

foundations of small and medium bridges and culverts where loading test or in-situ tests cannot be

carried out or no other more reliable methods are available. The basic characteristic value of bearing

capacity of soft soil foundation treated by drainage consolidation method shall be determined by

loading test or other in-situ tests.
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The natural moisture content of saturated soft clay has a unique relationship with its strength.
The soil particle density is about 2. 7kN/m’. Therefore , the void ratio is close to 1.0 when the water
content is 36% , and is about 2. 0 when the water content is 75% . Table 4. 3. 5 of the bearing
capacity of the soft soil in the Specifications refers to the provisions of Code for Design of Building
Foundation ( GBJ 7-89 ), which is simple and applicable for the determination of the bearing

capacity of the ground for small bridges and culverts.
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5 Shallow foundations

5.1 Bearing depth

5.1.1 The safety value of bearing depth of foundation base for the pier and abutment on non-rock
riverbed is taken from the Table 8. 6.3 of the Hydrological Specifications for Survey and Design of
Highway Engineering (JTG C30-2015).

5.1.2 For the foundation bases of piers and abutments of bridges and culverts which are directly
set in the natural grounds,their bearing depths need to be comprehensively considered according to
the soil properties and frost heave, scouring situations by flowing water, and the properties of the
bridge and culvert structures.

If a foundation of pier of abutment is set at aseasonally frozen soil , the minimum bearing depth
of the foundation base is the design frost depth minus the allowable maximum depth of frozen layer
below the foundation base. The average value of the local measured maximum frost depth minus the
average surface frost heave is adopted for the design frost depth as far as possible. If the above
information is lack, the design frost depth is adopted as the nominal frost depth z, multiplied by
various influence coefficients; the nominal frost depth z, in the Specifications is adopted from the
Appendix F of the Code for Design of Building Foundation ( GB 50007-2011) ( referred to as GB
50007-2011 Version ), in which three coefficients ¢, ¢, and ¢, are considered, namely: the
influence coefficient of frost depth by soil type,by the frost heave of soil,and by the environment.
In addition to above three coefficients, two other coefficients (¢, ,4_) should also be taken into
account, thus there are five coefficients in total.

The values of the above five coefficients specified in the Specifications follow the regulations
of 2007 Version Specifications,including

(1) The influence coefficient of frost depth by frost heave of soil, i, ,is calculated based on

w

both the multi-year tests conducted in the science testing site of frozen soil and the

-0.0175k,
b

expression of the influence of frost depth by the frost heave of soil,#_, =0.94
proposed by the regression analysis of test data, where k, (% ) is the frost heave rate of

ground.

(2) The influence coefficient of frost depth by the foundation,,,is calculated based on both

787



the tests of different bearing depths(2 = 1.4,1.6,1.8,2.0 m) of the concrete foundation
in the science testing site of frozen soil,and the expression of influence coefficient of frost
depth by foundation proposed by the analysis of the test data,¢_, =0.09 +0. 19In(1004) ,
where £ is the depth of foundation(m).

(3) In calculating the allowable maximum depth of frozen layer below the foundation base,
h

first computed based on the 20 mm as the allowable frost heave deformation of the bridge

o » the residual thicknesses of frozen layer of the soils with various frost heave rate are
and culvert structure; its relationship with the frost heave rate d, is expressed as h,,, =
154. 3 —47Ink, by regression analysis. The computed results are shown in Table 5-1. The
recommended values of £, in the Table 5-1 are the values specified in Table 5.1.2-5 of

the Specifications.

Table 5-1 The Allowable Maximum Thickness of Frozen Layer under the

Foundation Base for Different Types of Soil Frost Heave

Type of soil frost heave Weak frost heave | Frost heave | Strong frost heave | Extra strong frost heave
Calculated value 0.45z, 0.33z, 0. 18z, 0.096z,
hmax
Recommended value 0. 38z, 0.28z, 0.15z, 0.08z,

Note:1. The z0 is the nominal frost depth,which can be found in Clause E. 0. 1 of Appendix E of the Specifications.

2. The recommended value is the calculated value divided by 1. 2.

(4) In addition, the influence coefficient of frost depth by the topographic aspect, ¢ _, , also
refers to the relevant regulations of the Code for Engineering Geological Investigation of
Frozen Ground( GB50324-2014 ) and Design Code for Anti-frost-heave of Canal and Its
Structure(SL 23).

5.2 Check for Ground Bearing Capacity and Eccentricity of Foundation
Base

5.2. 1 The foundations of piers and abutments are important components of bridges. The
foundations and the bearing stratum below the foundation base must have enough strength and
stability to ensure the safety of the bridges. Therefore,in design of pier and abutment, the stability of
the foundation and the bearing capacity of the ground shall be checked by considering the
combination of those loads, which produce the most adverse effects and may occur simultaneously
during construction and in service. Whenever necessary , the settlement of the foundation shall also
be checked.

When the abutment backfill is high and the ground is poor, the ground will suffer

thesuperimposed compression stress induced by the high backfill, which generally results the total
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stress of the ground exceeding its allowable bearing capacity ,causes the instability of the abutment.
Therefore , the adverse effects by high backfill shall be taken into account in checking the stresses of

the abutment ground.

5.2.2 The stress value and distribution shape in the foundation base is a complex problem,
because the ground and the foundation are not the same material , their stiffnesses differ greatly and
their deformations cannot be coordinated. Shallow foundation is a type of rigid foundations, has very
high flexural stiffness and almost has no elastic deformation under the action of loads. Therefore , the
original plane base of the foundation can remain a plane after settlement. If the resultant load on the
base passes through its centroid, the settlement of the base is uniform. However, according to the
field measurement by buried earth pressure boxes and theoretical analysis, the stress distribution
shape of the base may be saddle-,parabolic- and bell-shape according to the magnitude of the load
on the base center( Fig.5-1). It can be seen that the foundation with great flexural stiffness has the
‘spanning effect’ , that is, at the same time to adjust the base settlement to make the stress
distribution tending uniformly ,it causes the base stresses transferring from the middle to the edge.
Under axial loading,the base stress distribution is saddle-shape if the load value is normal ; with the
increase of the load,the base stress distribution will change from saddle-shape to parabolic-shape,
because plastic deformation zone will occur in the soil at the base edge if the load is large, thus the
stresses at the base edges will not increase while the stresses in the middle part of the base will
continue to increase. When the load is close to the failure load of the foundation base, the stress

pattern changes from a parabolic-shape to a bell shape protruding in the middle.

LT UL LTI
U U

a)Saddle-shape b)Parabolic-shape c)Bell-shape

Fig.5-1 Stress Distribution Diagram at the Base of Rigid Foundation

The shallow foundations of piers and abutments generally can be regarded as rigid foundation
with a saddle-shape stress distribution. The loads on these foundations are limited by the ground
bearing capacity and are not very large,and the foundations have certainbearing depths, their stress
distribution may be considered as uniform under axial loading. In addition, according to the Saint-
Venant principle, the soil stress under a certain depth below the foundation base(about 1.5 to 2.0
times the foundation width ) induced by foundation load has almost nothing to do with the
distribution shape of the load at the foundation base,but only related to the resultant force and the
location of the action point. Therefore, in engineering practice, the pressure below the foundation
base is assumed to be a linear distribution, which may be simplified according to formulas of elastic

material mechanics,as shown in Eq. (5.2.2-1),(5.2.2-2) ,and(5.2.2-3)in the Specifications.

5.2.3,5.2.4 The eccentricity of the resultant force on the foundation base of the abutment or pier
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on the bedrock is allowed to exceed the core radius(i.e. ,e, >p) ,but its value shall not exceed the
value specified in Clause 5.2. 5 of the Specifications. When the eccentricity of the resultant force on
the foundation base exceeds the core radius, the tensile stress will be occurred, but the bedrock
cannot withstand the tensile stress, so that the foundation will debond from the bedrock with gap and
the stresses will be redistributed. The stresses after redistribution for foundation subjected to uniaxial
eccentric compression with an eccentricity larger than the core radius is calculated by Eq. (5.2.3)
in the Specifications. The calculation of the stresses after redistribution for foundation subjected to
biaxial eccentric compression with the eccentricity larger than the core radius is problematical in
mathematical solution,you can refer to the relevant information when necessary ,the Appendix G of
the Specifications is available for use,which is referred to the calculation norm diagram of Railway
Design Manual in 1962. The norm diagram is originally used in calculation of stresses as well as
their redistribution for a section subjected to biaxial eccentric compression in elastic material
mechanics. It is also applicable to check of foundation base pressure because the same theory is

applied in the check.

5.2.5 To limit eccentricity aims mainly to have the uniformity of the pressure on the ground. For
the soil ground, the difference between the maximum and the minimum pressure shall not be too
large ; for the rock ground, it is allowed to consider the pressure redistribution after tension stress
appeared in the calculation. For a rectangular cross-section, if uniaxial eccentricity e, <0. 1p(pis the
core radius) ,the ratio of the maximum to the minimum pressure is p,_. /p,... <1.22;if ¢,<0.75p,
DPuax’ Pmin =7. An abutment bears the earth pressure of the backfill, its eccentricity is much larger
than that of a pier;but the bottom area of an abutment foundation is also larger than that of a pier,
resulting a smaller maximum pressure compared with that of a pier. Therefore, some large value is
specified for allowable eccentricity for the bottom of the abutment foundation, which is based on the
actual stress conditions, considering its pressure is not large in general and some large allowable
value will not affect the bearing capacity and settlement of the ground too much. These regulations
have been using since 1950s.

For piers and abutments under combination of actions, the calculated eccentricity is larger than
that under only permanent action,and the eccentricity direction is variable. Therefore ,comparing to
that under permanent action, the allowable value of the eccentricity for non-rock foundation is
relaxed to [ e, ] <p;for rock ground,tensile stress is permitted to appear in the calculation,but after
that, stress redistribution shall be considered and stability against overturning shall be ensured.
According to the Eq. (5.4. 1-1)in the Specifications ,for rectangular section under uniaxial eccentric
compression , the corresponding factor of stability against overturning is k,=3.0,k,=2.5,and k, =
2.0 for ¢, =p,e,<1.2 p,and ¢, <1. 5p. The calculated factor of stability against overturning
according to the eccentricity in the above is higher than the factor from the stability check. It seems
that such a comparison is made under the same loading conditions, but in fact, if there is no
sufficient assurance,the buoyancy force is not considered in the bearing capacity calculation, while

it is considered in the calculation of stability against overturning, therefore, the loading conditions
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are not the same in some cases.

The calculation formulas of p( core radius) or ¢,/p for biaxial eccentric compression (uniaxial
eccentric compression is one of its special case) are derived as follows:

Assuming a rectangular section ( Fig. 5-2 ), the axial force acts on the first quadrant, the
bending momentM, about x-axis, the bending moment M, about y-axis, and the oblique bending

moment M are:

M, = Ne, = Ne,sina (5-1)
M, = Ne, = Ne,cosa (5-2)
M = Ne, (5-3)

All the symbols are illustrated in Fig. 5-2.

B Yy

2 \ = /11

Fig.5-2 Biaxial Eccentric Compression on the Bottom of Rectangular Foundation

M, = Ne, = Ne,;sina (5-1)
M, = Ne, = Ne,cosa (5-2)
M = Ne, (5-3)

Rotate thex- and y-axis by an angle o, and take x, as the abscissa and y, as the ordinate, the
minimum compressive stress on the foundation base may be obtained as:

N M
= -4
pmm A ‘17 (5 )

According to the definition of the core radius of the section in the material mechanics,p = W /
A ,the Eq. (5-4)may be written as;
Y Yo Ny e

pmin - X - pA = Z p
that is
€
= 5-5
p 1 psinA ( )
N
In calculating p,p,,,may be obtained by the following equation .
_ N Negsina Ne,cosa

pmin - A - - W\- - W\. (5'6)
where ;

W, section modulus of the bottom area of the foundation about X-axis at the edge in the

non-eccentric direction;
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W, section modulus of the bottom area of the foundation about Y-axis at the edge in the
non-eccentric direction.

When p, .. is a negative value, it is tensile stress. In the calculation, stress redistribution after
cracking is not considered , the negative value( tensile stress)can be substituted.

For any non-rectangular cross-section,the above calculation formulas are also applicable.

For arch bridges, the horizontal thrust is relatively large. Based on the actual stress conditions,
when piers and abutments only subjected to permanent actions, it is required in the Specifications
that the resultant forces shall be acted as close as possible to thecentroid of the foundation base for
non-rock grounds, which follows the requirements in the 2007 Version Specifications; when piers
and abutments subjected to frequency combination of actions, the resultant forces on the non-rock
ground shall not exceed the core radius. For robust piers of arch bridges supported on non-rock or
rock ground,the eccentricity may be not necessary to be controlled due to the one-direction thrust is
a temporary case in abnormal usage case, however, ground bearing capacity, stability against

overturning and sliding shall still meet the requirements.

5.2.6 The bearing capacity shall be checked when there is a soft ground or soft soil layer under
the foundation base. As the value of the superimposed pressure stress of the underlying layer
decreases with the increase of its depth, it is generally not necessary to check the underlying layer of
all piers and abutments, it is necessary only when there is the collapsible soil or the cohesive soil
with a liquid index greater than 0. 6 under the foundation base. The pressure stress at the bottom of
the foundation is a trapezoidal distribution, and is simplified approximately as a rectangle shape in
this Clause. The pressure value, p, at the bottom of the foundation is adopted in accordance with this
Clause. This is also used in settlement calculations. This method is also adopted in Clause 3.2. 1 and
Clause 5. 2.1 of the Specification for Design on Subsoil and Foundation of Railway Bridges and
Culvert (TB10093-2017 ). As the foundation deepens, the superimposed compressive stress will
gradually decrease,and the influence of compressive stress of foundation base will also decrease, so

the pressure stress shape can be simplified.

5.3 Check for Settlement

5.3.1 The settlement of foundation of pier and abutment will inevitably cause the settlement of
the superstructure, which will affect the clear height beneath the bridge and the usage of deck
expansion joints,bearings,and link slab in multi-span deck-only continuous girders. Generally, the
settlements of the foundation base of pier and abutment shall be checked under the following

circumstances:

1 The span lengths of the two adjacent spans are obviously different.
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2 In determining the clear height beneath an overpass bridge or overpass aqueduct, the

settlement values of their piers and abutments need to be calculated in advance.

3 When the piers are built on a ground with complicated geology,uneven stratum,and poor

bearing capacity.
4 Bridges are reconstructed or widened.

5.3.3 In order to make the bridge facilities, such as deck expansion joints, link slabs and
bearings, can accommodate the settlement differences of adjacent piers/abutments, the relative
requirements are specified in this item.

The settlement differences of foundations will cause additional internal forces in the external
statically indeterminate structures( continuous girders, true arches,rigid frames,etc. ). Therefore , the

relative requirements are specified in this item.

5.3.4 ~5.3.7 The calculation method for final settlement of pier and abutment foundations in the
Specifications follows the method specified in the 2007 Version Specifications. This method is a
simplified layer-wise summation method. In the layer-wise summation method, the foundation is
regarded as a straight-line deformation body,and the deformation under external load is assumed to
occur only in the range of the limited depth z(i. e. compression layer). The compression layers are
divided into several layers,and the stress of each layer is calculated. Then,the deformation of each
layer is calculated by the ‘stress-strain’ relationship of the soil,,and the deformation of each layer is
summed up to obtain the final settlement of the foundation. The layer-wise summation method is

simplified or improved from the following aspects to form the method in the Specifications .

(1)In the layer-wise summation method, 7, <0. 4b is required for layering ( where A, is the
depth of the layer and b is the width of the foundation ), which has a large analysis
workload. In the method specified in the Specifications,each natural soil layer is basically

treated as a layer to calculate the settlement.

(2) The averagesuperimposed stress coefficient,&,is used in the Specifications instead of the
superimposed stress coefficient « in the original layer-wise summation method, where both

aand «a can be found in the Appendix J of the Specifications.

The o is derived as follows; the formula of deformation of each layer in the layer-wise
summation method may be changed to( see Sections 4.3 and 4. 4 in Soil Mechanics Foundation and
Foundation Difficult Interpretation edited by Zhao Minghua et al. ,published by China Architecture
& Building Press) :

€

i €y o, (py —Pyi) P2 =P p;
1 +e; 1 +e, ' E, ' E;,' (57)

si si

si i~
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where :

eli and €2i the void ratio of the ground under the self-weight compressive stress,pl , and
under the sum stresses of the self-weight compressive stress plus the
superimposed compressive stress,p2 ,respectively ;

hi layer depth( h i <0.4b is required in the layer-wise summation method) ;

Q; superimposed stress coefficient;

Pu average value of self-weight compressive stress;

Do average value of superimposed compressive stress ;

E, compressive modulus of the i"layer below the foundation base. It is calculated
in the range of the compressive stress from the compressive stress of the soil
taken from the self-weight compressive stress to the sum of the self-weight
compressive stress of the soil and the superimposed compressive stress;

pzi superimposed compressive stress at z,below the foundation base induced by
the foundation self-weight, p, = o, p,, where p, is the superimposed
compressive stress of the foundation base. In the above formula,p, #, may be
regarded as the superimposed compressive stress area A, enclosed by the
shadow lines as shown in Fig. 5-3 (a),and the compressive stress area is
A3456 =A1234 - A1256.
Natural ground
elevation
SForommomro
Elevation of Py P,
N 1 foundation base 1 2 1 Py
c5 2 ' !
S8 | '
a9 Curve of | - :
SE superimposed | N
g @ compressive stress | 5_7 6
5.5 P.=0P, 3 4 Q1P
=R Curve of ap 1
Z:;;"g averagesuperimposed |<'—°'|
—2 comnpressive stress
= ap,
a) b) ©)

Fig.5-3 Layering Diagram for Calculation of Foundation Settlement

The A,,,,represents the compressive stress area of the vertical superimposed compressive stress
pz in the range of zi [ see Fig. 5-3 (b)]. In order to simplify the calculation, an average

1234

superimposed stress coefficient is introduced as &i = . The &i Doz, in the above formula has the

0<i
equivalent value of the pressure area A1234, while A1234 is the area of the vertical superimposed
compressive stress p, within the depth zi. Similarly ,&i_l DoZ;i_, 18 the equivalent value of the pressure
area A1256 of the vertical superimposed compressive stress within the depth z, [ see Fig.5-3(¢) ].
Thus, the equation of the layer-wise summation method is;

A _pzihi_A3456_A1234 _A1256_& -
s F T E. E_ _E‘(Ziai_zi—lai71>

S1 S1 S1 S1

(5-8)
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The averagesuperimposed stress coefficient,«, ,is expressed as follows;

f p.dz p f adz f adz
_ A o z 0 0 0
pz PoZ PoZ z

where :

z

jadz

0

the area of superimposed compressive stress at depth z, which may be found in a

table using numerical integration.

Therefore , the method proposed in theSpecifications is also called ‘ pressure area method’ .

(3) The investigated depth for the foundation deformation, z,, has been re-specified in the
Specifications. In the layer-wise summation method,0. 2 or 0. 1 is taken as the control
value for the ratio of the superimposed compressive stress of the foundation to the self-
weight compressive stress. This method is referred to as the pressure ratio method in short.
However, the structure and properties of the soil layers are not considered and the
influence of the load on the compression layer is emphasized too much, while attention on
the more important factor of foundation size is inadequate. The relative deformation is
taken as the control value in the Specifications(refer to as deformation method ) ,that is, it

is required to meet:

AS,<0.025 3AS, (5-10)
where .
AS/ calculated deformation value of the i" layer of soil within the investigated depth Z_;
AS/ calculated settlement value of soil layer with depth Az taken upward at the investigated

depth,Z, [ see Fig.5-3 ]. The Az can be seen from Table 5. 3.6 of the Specifications.

(4 ) Introduction of empirical coefficient of settlement, i,

The above simplified approach will inevitably cause some deviations. This deviation coupled
with the theoretical deviation of the layer-wise summation method itself will cause difference
between the calculation results and the actual situation. A large amount data of settlement
investigation shows that when the foundation soil layer is dense, the calculated settlement value is
rather large ; when the soil layer is weak ,the calculated settlement value is rather small. As a result,
an empirical coefficient ¢ is introduced in the Specifications to modify the calculation result. The ¢,
is obtained by mathematical statistical analysis from a large number of actual settlement
investigation data of real engineering projects, which can comprehensively reflect the influence of
many factors, such as the assumption of lateral confinement conditions; the assumption of the
homogeneity of the ground soil in calculating the superimposed pressure, the influence of the
inconsistency of the actual layering of the ground soil on the superimposed pressure;the various
difference between the calculated settlement value and the actual measured value for ground soil

with different compressibility ,etc. Therefore, the method proposed by the Specifications can give a
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result close to the real value.

The values of theys, are listed in Table 5. 3.5 of the Specifications. The ¢ is given according to
the foundation superimposed pressure P,and the equivalent value Es of compressive modulus within
the range of Z . In the 2007 Version Specifications , weighted average value of depth was adopted.
Though it was simple, it ignored the characteristics of the superimposed pressure along the depth.
Therefore , for the compressed soil layer composed of multiple layers, the obtained Es values are not
equivalent to the Es values for the compressed soil layer composed only a single layer. Thus, a

weighted average method based on the layered deformation ES was proposed in the Specifications,

namely ;
— A, @ -7 7o -7 .Q
i 10y _ _
E_z _p02<zl i i-1 11)_24( i i i-1 1]) (5 11)
¢ = = — — = -
zi E Z(Zi o =7 0 ) P
ESi 0 Esi
ANZAZNYVNUNV AV NV)NY
Coarse sand :
=19.5kN/m* (2|l | 150kPa |
E_=4.5MPa NS ﬁI 5 4
N
Silty clay
y=19.8kN/m? [ Curve of average
E =5.1MPa Z B superimpo sed
2 7 AN compressive stress
2 «
N — b
Silt sand — 3 7
=19kN/m> «
E_=5.0MPa L

Fig.5-4 Calculation diagram of Es( dimension unit:m)

(5) Determination of the investigated depth for the foundation settlement, Z,.
For the investigated depth for the foundation settlement ( including the influence of adjacent

loads) , the relative deformation is used as the control standard ( referred to as the deformation

method) ,namely ; As’ <0. 025 .ilAs,. [ See Eq. (5.3.6)of the Specifications |.

(6) The pressure graph in the bottom of the foundation is approximately simplified as a
rectangle in this Clause, the pressure p of the foundation base is adopted in accordance with the
provisions of this Clause. The reason for such a treatment please refers to the commentary of Clause
5.2.2 of the Specifications. For some piers or abutments with complex foundation conditions, the
corner point method may be used to calculate the settlement at the center point of the foundation
according to the actual trapezoidal pressure diagram, and the relevant calculation tables in the
appendix of Code for Design of Building Foundation ( GB 50007- 2011 ) may be used in the

calculation.
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5.4 Check for Stability

5.4.2 There are two possibilities for foundation sliding. One is that the horizontal thrust
overcomes the frictional resistance at the interface between the foundation bases and their soil to
make the structure slide along the interface; the other is that the horizontal thrust overcomes the
frictional resistance inside the soil to make the foundation together with part of the bearing stratum
slide. The latter rarely occurs in piers and abutments, because their foundations are generally buried
deeply,and a certain safety factor has been taken into account in the allowable pressure of the
ground soil , which ensures that local limit equilibrium condition will not produce in the soil under
the foundation bases,and plastic flow in the soil will not occur. Therefore,only the stability against
the former sliding is stipulated to be checked in theSpecifications. The safety factor of stability

against sliding is the ratio of sliding resistance forces to the sliding forces.

5.4.3 The safety factors of stability against overturning or sliding of pier and abutment foundation
in the Specifications are the same as in 2007 Version Specifications. The safety factor of stability
against overturning is slightly greater than that against sliding under the same conditions of
combination of actions. This is because the soil surrounds the foundation can play a larger role in
resisting sliding than in resisting overturning.

The safety factors of stability against overturning of pier or abutment foundations, &, , have a
certain relationship with the eccentricity of resultant force, e, , which is specified in Clause 5.2.5 of
the Specifications. Now take the rectangular section with uniaxial eccentricity as an example, the
explanation is as follows

From Formula(5.4. 1-1) of theSpecifications ,k, = s/e,. ,we will have e, = s/k, = (b/2)/k,
(where b is the foundation width). For a uniaxial eccentric loaded rectangular section, taking the
foundation in unit length for analysis,p =0. 167b (b is the foundation width) , we can obtain e,

under various k,,as shown in Table 5-2.

Table 5-2 Comparison Table of Safety Factor of Stability against Overturning, K, , Eccentricity

and P, /P, in Uniaxial Eccentric Loaded Rectangular Section

Eccentricity e,
kO Pmax/Pmin
Expressed by b Expressed by p
1.2 0.417b 2.497p (3.502/-1.502) x N/A
1.3 0.385h 2.305p (3.31/-1.31) xN/A
1.5 0.333b 1.99%4p (2.998/ -0.998) x N/A
Note:1. The P, and P, are the maximum and minimum stresses, respectively,p, .. = N(1 +6¢,/b)/A,p., = N(1-

6e,/b)/A ,negative value represents tensile stress.

2. N is the vertical force;A is the area of the foundation base.

797



It can be seen from Table 5-2 that when the safety factor of stability against overturning for a
uniaxial eccentric loaded rectangular section is equal to the specified limit value,the corresponding
eccentricity is larger than that specified in Table 5. 2.5 of the Specifications. This indicates that
limitation of eccentricity will control the stability design in resisting overturning of pier and
abutment foundation. For the relationship between the eccentricity limitation and the safety factor of

stability against overturning,see commentary on Clause 5.2.5.
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6 Pile Foundations

6.1 General

6.1.1 The pile foundations are designed according to the following two limit states;

(1) Ultimate limit state: the pile foundations achieve the ultimate bearing capacity or the

overall instability,or the large deformation that unfits to keep on loading;

(2) Serviceability limit state: the pile foundations achieve the deformation limit specified in

normal use or achieve some sort of limit values required for durability.

The calculation of the bearing capacity and check of the stability for pile foundations are the
specific contents in ultimate limit state design, and shall be carried out in a targeted manner in
accordance with the specific conditions of the project. Pile foundation deformation is the specific
content of the serviceability limit state design,covering the settlement and horizontal displacement.
The latter includes displacements caused by long-term horizontal loads, by horizontal earthquake
actions in high seismic intensity areas as well as by wind loads. Pile settlement is the basic

benchmark for calculation of the absolute settlement and the differential settlement.

6.1.2 Reasonable selection of pile types is important in the design of pile foundations. The
classification of piles is explained as follows:

1. Classified by load-bearing properties :

Under the vertical load,the loads on the pile top are carried together by the pile skin friction
and pile tip resistance. The values of the pile skin friction, pile tip resistance, as well as the load
sharing ratio between them are mainly determined by the physical and mechanical properties of the
ground soil at the pile side and the pile tip, the size of the pile, and the construction technology
used. The piles are divided into friction pile and end-bearing pile in traditional classification
method. Friction pile can be further divided into only friction pile and friction pile with end-
bearing. End-bearing pile can be further divided into only end-bearing pile and end-bearing pile with
skin friction.

2. Classified by pile forming methods

A lot of engineering practices show that the soil squeezing effect in pile formation has a great
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influence on the compressive resistance of piles, pile quality control, and the environment.
Therefore , according to the pile forming methods and the compaction effect on soil in the pile
forming process, piles are classified into three types: non-soil-compaction piles, partial soil-
compaction piles,and soil-compaction piles.

For soil-compaction piles in saturated soft soil,a significant compaction effect will be produced
in the pile forming process if the piles are not designed and constructed properly, which will cause
pipe pile fracture, pile upwelling and shift, ground uplift, etc. , thereby reducing the compressive
resistance of the pile. Sometimes it can damage the neighboring buildings. After the pile foundations
are constructed ,reconsolidation settlement of the soil layer may occur after dissipation of pore water
pressure in the saturated soft soil, which will result negative skin friction in the pile, reduce the
resistance and increase the settlement of the pile foundation. Soil-compaction piles can receive good
technical and economical results only if they are properly designed and constructed.

In the unsaturated loose soil, the bearing resistance of soil-compaction pile is significantly
higher than that of the non-soil-compaction pile. Therefore, the correct selection of pile forming
methods and technology are important in the design of pile foundations.

For non-compaction piles, since they do not have the negative effects of soil compaction, while
have the capacity to pass through various stiff interlayers,to be rock-socketed,and to enter various
stiff bearing stratums, therefore , the selection range of the pile geometric size and the resistance of a

single pile for non-compaction piles is large.

6.1.5 The settlement of friction piles is generally greater than that of end-bearing piles. To
prevent uneven settlement of the pile foundations, it is not recommended to use friction piles and
end-bearing piles in a same pile foundation. It is also not recommended to use piles with different
diameters , different materials,and excessively different pile tip depths in a same pile foundation, not

only because it is complicated in design,but also it is prone to have errors in construction.

6.1.6 Commonly used piles are those with a slenderness ratio less than 40. Static loading test
methods include heap load method, anchor pile method, self-balance method, etc. Static loading test
methods are often used to test the resistance of piles,the test results are intuitive and reliable. In the
cases the piles are located in narrow sites, slopes, foundation pit bottoms, water ( sea ) or the piles
with super large bearing capacity, the traditional static loading test methods ( heaping method or
anchor pile method ) are often restricted by factors such as site conditions or loading capacity of the
tests. The self-balancing method is a new method of static loading test for piles. It has the
advantages of time-saving, labor-saving, safety, no pollution, low comprehensive cost, and no
restrictions of site conditions and low loading tonnage. At present, the self-balancing method has
been used in cast-in-place drilled piles, manual bored piles, caisson piles, pipe piles, and deep
foundations ( caissons, diaphragm walls ) , including friction piles, end-bearing friction piles, friction
end-bearing piles, end-bearing piles, and uplift piles according to classification of piles by load-

bearing properties. The self-balancing method tests currently has a corresponding industry standard
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Static Loading Test of Foundation Pile—Self-balancing Method (JT/T 738-2009).

6.2 Detailing Requirements

6.2.1 The diameter of a pile is determined by the comprehensive factors, such as the values of
forces subjected, the forms of pile foundation, and the construction conditions. The diameters of
reinforced concrete pipe piles generally are 0.4 ~ 1.2 m,which can facilitate the applications of the
current driven equipment in the construction. The minimum thickness of the pipe wall is 80 mm,
which refers to the wall thickness when the pipe is manufactured by the centrifugal rotating

machine.

6.2.2 Reinforced concrete square piles and pipe piles driven by hammering or vibration are all
prefabricated piles. They shall be reinforced to meet not only the strength requirements of the
foundation structure, but also the stress requirements during transportation, lifting and driving
process of the piles, therefore the reinforcing bars shall be arranged along the full length of the pile.
In the driving process by hammering or vibration, the two ends of the pile are stressed greatly,
especially in the stiff soil layer. Therefore,the spacing of stirrups or spirals at both ends of the pile
shall be appropriately increased.

The drilled ( bored ) piles are made by drilling( boring ) a hole first,and then poured concrete in-
site , without process of pile hoisting, driving,and so on. Therefore , the drilled ( bored ) piles are only
reinforced segment by segment according to the requirements for structural stresses. If no reinforcing
bar is needed from the analysis of the internal force, the piles are reinforced according to the

detailing requirements.

6.2.3 In order to ensure the welding quality,, welding are performed in factory as far as possible
and double-sided welding shall be used. If double-sided welding is not available, it needs inside
lining plate for single-sided welding or other reliable welding processes.

In order to prevent the buckling failure of steel pipe piles, the required minimum wall thickness

is stipulated.

6.2.4 The basic principles of concrete-filled steel tube composite piles are: the stability and
stiffness of steel tube is improved by the inner filled concrete; the compressive strength and
deformation resistance of core concrete is enhanced due to the hooping effect from the outside
steel tube, which make the core concrete under three-direction compression. Because of the
advantages of high ductility, great resistance ,and convenient construction , the concrete-filled steel
tube composite piles have a great development prospect in offshore pile foundation engineering.
The section reinforcement ratio of concrete-filled steel tube composite pile is generally controlled

by the requirement of horizontal resistance. Considering the durability of the piles, the adverse
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effects of accidental collision of ships and construction factors, and referring to the minimum
reinforcement ratio in specifications of China and other countries, the ratio given in the
Specifications is 0. 6% . The end-bearing piles, uplift piles, and piles with negative skin friction
are reinforced along the whole pile lengths because they have large axial pressures in their whole
pile lengths. For piles on a slope or shoreside where soft soil exist, they are generally subjected to
the shear forces induced by the additional horizontal thrusts and are also reinforced along the

whole pile length.

6.2. 5 The corrosion of steel belongs to electrochemical corrosion. Due to difference in
environmental conditions, water quality and climate in the sites of the projects, the corrosion
characteristics of steel are different. Various factors shall be considered comprehensively in anti-
corrosion design,including the importance of the project,the function requirements, the parts of the
structure, the possibility of the anti-corrosion treatments in construction, the methods of

maintenance ,and the source of materials.

6.2. 6 Piles are arranged according to the stress and construction conditions. Pile groups are
generally arranged symmetrically. If the area of the cap is limit while the number of piles is large,
pile groups can be arranged in a plum or a ring.

From the point of view of mechanical behaviors, the center-to-center spacing of friction pile
group had better to be large enough to make the pressure distribution range at each pile tip not
overlap,thus can fully play the carrying capacity of each pile. According to this requirement, the
center distance is 6d( d is diameter or side length) according to test results. However, if pile spacing
is 6d,a large cap is required. Therefore, the spacing in a pile group generally is less than 6d. To
prevent the pressure of the soil at the plane of pile tip induced by adjacent piles to be overlapped too
much,and to prevent too compactness of the soil to let the pile to be driven down, it is stipulated
according to the experiences that the center distance of piles at the plane of pile tip shall no less than
3d for the piles driven by hammering or static pressure. For piles driven by vibration, it is stipulated
that the center distance at the pile tip plane shall not be less than 4d because the compactness effect
of the soil is more significant. The center distance of piles at the bottom of pile cap shall not less
than 1.5 times of pile diameter( or side length).

For drilled piles during construction, there is no interaction effect among piles and no
phenomenon that the pile cannot be driven to the required depth, therefore the spacing of the piles
may be appropriately reduced to save the area of the pile cap. However, if the center-to-center
spacing is too small, the skin friction between the soil and the pile will be reduced, thus it stipulated
that the spacing shall not be less than 2. 54.

For end-bearing piles, as long as the construction permits, the spacing can be appropriately
reduced compared to the friction piles because there is no phenomena of pressure overlap at the pile
tips.

The distance from the outside of the border pile( or corner pile ) to the edge of pile cap shall be
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large enough to ensure the protection cover after the primary reinforcement of the pile top is bent
into a flared shape,and to ensure the masonry of the cap edge will not be broken under the action of

the bending moment of the pile top and the lateral force.

6.2.7 The depth,the reinforcement and the concrete strength class of the pile cap are generally
determined according to the requirements for stresses of the pile cap. However, the stresses of the
pile cap are generally complex, and there is no mature calculation method. According to the
current Specification for Design of Highway Reinforced Concrete and Prestressed Concrete
Bridges and Culverts(JTG 3362) ,the depth of a pile cap should not be less than 1.5 times the
pile diameter and 1.5 m. The concrete strength class shall not be less than C25. If reinforcing steel
with a nominal strength of 400 MPa or larger are used, the concrete strength class shall not be less
than C30 and one layer of reinforcement mat shall be set at the top of the pile around the bottom
of the pile cap. When the primary reinforcement of the pile is extended into the pile cap for
connection , the reinforcement mesh shall pass through the top of the pile by full length,and shall
be tied with the primary reinforcement of the pile to prevent cracks in the tension area of the pile
cap,as shown in Fig. 6-1. When the pile head is embedded directly into the cap without trumpet
connection,one or two layers of local reinforcement mesh shall be set on the top of the pile, in
which the diameter of the steel bar should not less than 12 mm , the length of each side of the mesh
should not less than 2.5 times the pile diameter, and the mesh size should be 100 x 100 mm ~
150 x 150 mm.

Primary reinforcement

Pile cap

N
Spiral or stirrup \\\\ 1 § / / 100~200mm
as==0
Reinforcementmesh

at thebottom of pile cap

1

100mm

Pile

U

Fig.6-1 Connection Between Pile head and Pile Cap

The calculation of the pile cap is performed in accordance with the relevant chapters of the
currentSpecification for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges
and Culverts(JTG 3362).

The auxiliary reinforcement of lateral bracing is arranged no less than 0. 15% the cross-

sectional area of the bracing.

6.2.8 In order to strengthen the connection between piles and the pile cap, it is stipulated in the
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Specifications that the concrete pile heads shall be embedded into the pile cap 100 mm.

Hinged structure is complicated in details, and unfavorable to the corrosion resistance of the
pile head , therefore fixed connection is generally used in real engineering design. The stress state of
the fixed pile head is complicated, and is generally computed by the stress superposition method.
The fixed form of the pile head shall meet the following requirements;

When the pile head is fixed, the connection needs to bear the bending moment, shear force ,and

axial force of the pile head. The checking contents are listed in Table 6-1.

Table 6-1 Checking Items for Fixed Connection of Pile Head

Fixed connection form

Pile head is extended Pile head is extended into the
. directly into the pile cap pile cap through anchors
Load condition
Axial compression Squeezing and punching of concrete in pile head

. . . Cross-sectional area, development
Axial tension Anchor depth of the pile head .
length , and welding length of the anchor

. . Squeeze stress of the concrete on the Extrusion stress of concrete in the
Horizontal shear and bending moment . . o
side of the pile pile side and stress of the steel members

6.3 Analysis

6.3.1 From the excavation inspection of some old bridges,it was found that some bottom surfaces
of the pile caps were separated from the ground, thus the ground below the pile caps is not
considered to share the vertical load above the bottoms of the caps.

The earth pressure of abutment is generally calculated from the original ground before filling,
and when there is excavation, it is calculated from the bottom of the foundation pit. For old fills or
alluvial fills,the so-called ‘original ground’ still refers to the ground before filling with new soil.
When the steep ridge in front of the abutment is close to the abutment, the earth pressure is
calculated from the ground under the steep ridge ; when the abutment is constructed after filling and
the filling quality is fully guaranteed,the earth pressure is calculated according to the ground after
the filling.

6.3.2 The negative skin friction (down drag) of the compressed soil layer to the pile shall be
considered in the following two cases: (1) when a pile passes through soft soil and/or weak
foundation soil layer and reaches the solid soil layer,and there are vertical loads( such as approach
fill) acting on the soft soil layer around the pile, which will cause compressive settlement
deformation larger than the displacement of the pile ( including pile compression and pile tip

settlement) ; (2 ) the groundwater in the soil layer is substantially lowered and caused the ground to
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sink in a large area, which will make the compression settlement speed of the soil layer greater than
the displacement speed of the pile body.

At present,the calculation methods for negative skin friction are not mature, though there are
many methods but the estimation results are quite different among them. The negative skin friction
could be obtained from field tests, but it requires a large investment and a long period. Therefore,
the negative skin friction is usually estimated by empirical formulas based on relevant data. It is

proposed by the Specifications to calculate the negative skin friction of a single pile as follows:

N, = ué‘,l gnili (6-1)
gni =Bo'vi (6-2)
where :
Nn negative skin friction of a single pile(kN) ;

u perimeter of a pile(m) ;

li depth of each soil layer above the neutral point( m) ;the neutral point depth /, shall be
determined according to the condition that the settlement of the soil around the pile is
equal to the settlement of the pile. If it is available to be calculated, it can also be
determined according to Table 6-2;

gni calculated value of negative skin friction (kPa) of each soil layer with respect to [,
when the calculated value is greater than the positive skin friction, take the positive skin
friction value;

B negative skin friction coefficient,it may be taken according to Table 6-3;

o, average vertical effective stress of the i" layer of the pile side soil (kPa) , which is
calculated by Eq. (6-3) ;
oL=p+y (6-3)
v'i weighted average buoyant unit weight calculated by the depth of the soil around the
pile above the bottom of the i" soil layer;
zi midpoint depth of the i" layer of soil from the ground;
p uniform load acting on the ground.

Table 6-2 Neutral Point Depth,/,

Bearing stratum properties | Cohesive soil,silty soil | Medium dense sand or more dener sand | Gravel,cobbles | Bedrock

Neutral depth ratio /,/1, 0.5 ~ 0.6 0.7 ~ 0.8 0.9 1.0

Note:1. The /,and [, are the neutral point depth and the lower limit depth of the soil around the pile and with settlement
deformation, respectively ;
2. When the pile passes through the self-weight collapsible loess layer, the depth is increased by 10% of the value

listed in the table( except the bearing stratum is bedrock) .



Table 6-3 Coefficient of Negative Skin Friction,3

Soil B Soil B
Saturated soft soil 0.15~0.25 sand 0.35~0.50
Cohesive soil, silty soil 0.25 ~0.40 Self-weight collapsible loess 0.25~0.30

Note:1. In the same type of soil,the larger value in the table is used for driven piles or cast-in-place piles of driven pipe;
the smaller value in the table is used for cast-in-place bored( punching) piles;
2. For coefficient of negative skin friction of a fill with various components, the largest value among all the

coefficients of the components in the Table is taken.

It is worth noting that the value of negative skin friction of a single pile calculated according to
Eq. (6-1) shall not be greater than the sinking down self-weight of the soil surrounding the pile
which is shared by the single pile,i. e. ,the self-weight of the soil cylinder which has the center axis
same as the pile, with a radius of 1/2 pile spacing and a high of/ . As for the negative skin friction
of pile group, it is recommended to calculate the downdrag load of each single pile in the pile group
according to the calculation method for negative skin friction of single pile.

In design of the pile foundation,necessary measures( such as asphalt coating on the surface of

the precast pile,etc. ) can be applied to reduce or eliminate the negative skin friction.

6.3.3 In the calculation formula of the characteristic value of the axial compressive resistance of a
single drilled ( bored ) pile supported in the soil: Ra = ;fu ’_211 qikli + A q,, the first item is the

characteristic value of the total skin friction of the pile side,and the second item is the characteristic

value of the total bearing resistance of the pile tip.

(1)On the nominal value of skin friction of pile side soil, gik(kPa)
The classification of soil shall be taken according to the provisions of Section 4. 1 of the

Specifications, gik is taken as the data in the 2007 Version Specifications.

(2) Theadjusted characteristic value of the bearing resistance of the soil at pile tip, g, (kPa)
see Eq. (6-4).
q, =myALf,, +ky,(h-3)] (6-4)

The calculation formula for ¢, is still adopted the provisions in the 2007 Version
Specifications.

The upper limit of g, is not the maximum value calculated by the formula, but is obtained based
on a large amount of measured data.

When the bearing stratum at pile tip is cohesive soil, the upper limit of g, is not limited,
because the measured data by some test piles are greater than the possible maximum value
calculated by the formula.

When the bearing stratum at pile tip is sand,the upper limit of g, is specified according to the
three categories;1000 kPa for silty sand, 1150 kPa for fine sand,and 1450 kPa for medium sand,
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coarse sand,and gravelly sand.
When the bearing stratum at pile tip is gravelly soil ,2750 kPa is taken as the upper limit of g, .
When reliable test results show that the g, value exceeds the above-mentioned specified values,

the actual measurement results can be taken as the g, value.

(3)Regarding the self-weight of the pile below the ground or local scouring line, the ¢, and ¢,
in the recommended formulas in the Specifications adopt the numerical value and
calculation formula of the 2007 Version Specifications. Most of these values are determined
based on static loading tests for medium and short lengths of pile with medium and small
diameters. The self-weight of the pile body has been balanced in the soil before the static
loading test, and it is not necessary to consider the self-weight of the pile body in the
design. However, considering that the difference between the self-weight of the pile body
and the weight of the replacement soil will cause settlement, to ensure safety, the difference
between the self-weight of the pile body and the replacement soil is considered as

overload.

6.3.4 According to the different grouting locations, the type of post-grouting for a pile can be
divided into post grouting at pile tip ( pile tip post-grouting ) , post grouting at pile side ( pile side
post-grouting ) ,and combined post grouting at pile tip and pile side( combined post-grouting).

The pile side post-grouting employs the embedded pipe at the pile body for grouting. It may be
divided into two forms according to the grouting devices: (1 the grouting pattern pipe is set
longitudinally along the reinforcement cage ;@ the grouting pattern pipe are set along the ring of the
steel cage according to the pile diameter; (@) the pressure grouting devices in the pile side are set
along the longitudinal direction of the reinforcement cage.

For the post-grouting at the pile tip,the grout diffuses in the sediment and the soil in a certain
range of the pile tip through the types of infiltration ( coarse-grained soil ) and splitting ( fine-grained
soil ) , thereby playing a reinforcement role. Test results showed that the grout spread upward
through the mud skin and weak disturbance layer on the side of the pile to a height of 10-12 m(low
value for coarse-grained soil and high value for fine-grained soil ) , which enhances the pile skin
friction. This indicated that the pile tip grouting not only enhanced the tip resistance but also
increased the lateral skin friction in a certain range above the pile tip. This phenomenon has been
confirmed by investigations through excavation and by pile force tests.

During the revision of the Specifications, test data of 716 post-grouting piles in China were
obtained for statistics. The enhancement coefficient in Table 6. 3.4 was obtained through statistical
induction. According to the test data of 178 post-grouting piles with good enhancement results, the
R, was calculated according to the formula in Clause 6. 3. 4. Among them, ¢, and ¢, were taken
from the experience values provided in the survey reports or the experience values listed in the

Specifications. The skin friction enhancement coefficient, 8, and the tip resistance enhancement

si 9

coefficient,B, , were taken as the upper limit values listed in Table 6. 3. 4. The scatter plot of the
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measured value R, and the calculated value R is shown in Fig. 6-2. It can be seen that the actual
measured values are basically close to 450 line or above the 450 line, that is,they are all higher or
close to the calculated values, indicating that the characteristic value of the axial compressive

resistance of the post-grouting cast-in-place pile is properly reliable when calculated in accordance
with Clause 6.3.4.
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Fig.6-2 Relationship Between Allowable Measured Value and Calculated Value of Axial

Compressive Resistance of Single Pile of Post-grouting Pile

In order to ensure that the post-grouting can improve the resistance of the pile, attention shall
be paid for post-grouting piles to the following technical indicators; (D water-cement ratio of the
grout; @ grouting pressure at pile tip when grouting is finished; @) loading duration; 4 grouting
flow ;and (Bgrouting quantity. See Appendix K of the Specifications for details.

6.3.5 According to the usage and test results in recent years, the calculated pile resistance based
on the Code for the Design of Ground Base and Foundation of Highway Bridges and Culverts (JTG
D63-2007 ) does not differ greatly from the resistance in actual situation. For pipe piles with open
ends,in order to simplify the calculation,the pile tip soil plugging coefficient is introduced.

The bearing capacity mechanism and the relationship between the resistance and related factors
of pipe piles with open ends are more complicated than those of pipe piles with closed ends, this is
due to the ‘soil plugging’ formed by part of the soil at the end of the pile pressed into the pipe with
open end during the pile driving process. The height and occlusion effect of the soil plug vary with
many factors,such as soil properties, pipe diameter , wall thickness, and the depth of the pile entering
into the bearing stratum. The degree of occlusion of the pile tip soil directly affects the bearing
behavior of the pile, which is called the soil plug effect. The difference in the degree of occlusion
causes two types of failure modes for the tip resistance. In one failure mode, the soil plug is
squeezed upwards along the pipe,or a large amount of soil at the pile tip is pressed because the
compression deformation of the soil plug is large. This state is called incomplete occlusion, which
will cause a reduction in the tip resistance. In the other failure mode , the pile is destroyed like a pipe

pile with closed end,this phenomenon is called complete occlusion. The degree of occlusion of the
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soil plug is mainly related to the relative depth of the pile tip embedded into the bearing stratum and

the pile diameter.

6.3.7 The compressive resistance of a single rock-socketed pile ( excluding the pile supported on
highly weathered and completely weathered rock ) given in the Specifications generally consists of
three parts:the total skin friction provided by the soil around the pile, the total skin friction in the
rock-socketed part,and the total tip resistance.

Regarding the skin friction of the overlying soil layer,a former concept is like that;all rock-
socketed piles must be end-bearing piles, and the skin friction of the soil layer shall not be
considered in all end-bearing piles. Research indicates that the performance characteristics of the pile
skin friction and tip resistance vary with the property and depth of the overlying soil layers, the
property and depth of the embedded bedrock,and the sediment depth at the pile tip. A lots of field
test results show that under normal circumstances, even if the pile tip is placed in fresh or slightly
weathered bedrock ,the overlying soil layer may still exert its skin friction to the pile.

The rock-socketed pile mentioned in this Clause refers to the pile that its end is embedded into
medium weathered rock , slightly weathered rock or fresh rock,in which the rock mass at the pile tip
can be sampled for uniaxial compressive strength test. For rock-socketed pile supported on highly
weathered rock, the strength of the rock cannot be determined by the uniaxial compression test due
to available to be sampled. The nominal value of the ultimate bearing capacity of the segment of the
rock-socketed pile in such highly weathered rock could be calculated as the pile is supported in sand

or gravelly soil according to the degree of weathering of the rock mass.

6.3.8 According to the special research report of the editing team of the Specifications, the
formula for calculating the socketed depth of rock-socketed pile is applicable for pile socked in a

rock with f, =2 MPa. The formula is obtained according to the following assumptions;

1) The stresses on the sidewall of the socket rock change linearly. Among them, the top surface
of the bedrock ( the top surface of the socket rock ) and the sidewall stresses of the soil layer
at the pile tips are consistent and equal to the allowable stress of the sidewall. The sidewall
stresses in a certain depth range below the top surface of the bedrock are assumed to be the
same,and it is assumed that the sum of the stresses in this segment with constant stress is
equal to the load on the loaded segment. In other words, the stress distribution of the pile
within the socket depth,/,is in such a pattern that it is a trapezoid distribution at the upper
part and a triangle distribution at the lower par,and the triangle in the trapezoid has the same

shape of the lower triangle shape( Fig. 6-3) ;

2) For the distribution of pilelateral pressure, it is assumed that the maximum pressure o, is
equal to the average compressive stress o for rectangular piles. While for circular piles, it is

assumed that the maximum pressure o, is equal to 1.27 times of the average compressive
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stress o ;

3) The rock-socketed pile is assumed to be rigid when compared with pile in the soil layer;

4)The frictional forces and adhesion between the pile and surrounding rock and/or soil is

ignored.

R

Pile = o

Fig. 6-3 Schematic Diagram of Pressure Distribution on Pile Side

1  For rectangular piles,according to the above assumptions,we can obtain .
z Hm = 0
{ hol (6—4)
H=0ohyb
2M, =0
h hy h\ 1 (6-5)
H(ho +2') M, =ah0b(2° +21) v Lol
h,=h, +h,
O-max = 0 SBfrk
By combining the above formulas,the following equations can be obtained:
H

hO:E

h,=h,—h,=h, —%
Substituting h, ,h, into Eq. (6-5) ,then:
h, h, 1 H\
A5 ~aas) M=l 5 s 5P 0o
After simplification, we have:
o’b’h’ —2h,cbH -2H —60bM,, =0
For rectangular piles,o =0, =0.56f,,.

By solving the binary linear equation about thef, ,the minimum rock-socking depth can be
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obtained .

20H + .40’ V’H +80°b°H +240°b’M,,
r = 20_2b2

_H+ ./3Bf,,bM,, +3H’ (6-6)
- 0. 56f,.b )

where ; H horizontal force at the top surface of the bedrock (kN) ;
M, bending moment at the top surface of the bedrock (kN - m) ;

h, socket depth(m) ;

h, depth of the rock in the socket rock segment when the allowable stress is reached(m) ;

h, depth of the elastic zone of the socket rock layer(m) ;

b side length of the pile in the plane perpendicular to the bending moment(m) ;

o, . .——maximum compressive stress on the side of the pile(kPa) ;

B reduction coefficient for converting the vertical compressive strength of the rock to the
horizontal compressive strength, which is taken as 0. 5 ~ 1. 0, determined by the
structure beside the rock stratum. The smaller value is taken for rock with developed
joints , while the larger value is taken for rock with under-developed joints;

fu Nominal value of uniaxial compressive strength of rock of saturated sample( kPa).

2 Circular pile
For circular piles,except that o is equal to 1.27 times the average compressive stress on the
side of the pile, the other assumptions are the same as those for rectangular piles. The minimum

rock-socketed depth of the circular pile can also be obtained.

; _1.27H + ./3. 81f,.dM,, +4. 894H’
. 0. 58,

(6-7)

where :
d

The rock-socketed depth of a rock-socketed pile is generally not greater than the recommended

pile diameter(m).

upper limit of the rock-socketed depth given in Table 6-3.

Table 6-3 Recommended Value for Socket Depth of Rock-socketed Pile

Rock mass rating of strength The value range of recommended socket depth

Drilled pile.6 ~9d

Extremely weak rock
Bored pile:3 ~5d

Weak rock 4 ~5d
Moderately weak rock 3~4d
Moderately strong rock 2~3d

The resistance of the rock-socketed pile is affected by the rock-socketed depth, which may be

summarized as follows:
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1) The distribution of skin friction in the rock-socketed segment affected by the rock-socketed
depth. Under the action of general load, the non-linear distribution of skin friction in the
rock-socketed segment is significant, generally the distribution will show a bimodal curve.
When the rock-socketed depth is small, the non-linearity of the skin friction distribution in
the rock-socketed segment is particularly obvious;when the rock-socketed depth is large,the
peak at lower position will gradually degenerate. Generally, the skin friction peak at upper
position is greater than that at the lower position. The location of the maximum peak of the
skin friction has a trend to move downward with the increase of the ratio of rock-socketed

depth to pile diameter.

2) As the ratio of rock-socketed depth to the pile diameter increases,the pile tip resistance will
decrease significantly, that is, the ratio of the pile tip resistance to the pile top load decreases
with the increase of the rock-socketed ratio. For rock-socketed piles in stiff rock, the

decrease trend is more obvious.

The staticloading test data of 120 rock-socketed piles were summarized and their bearing
characteristics were analyzed by considering the different strength of the bearing stratum rock at the
pile tips. The conclusions are as follows:

(D When the bearing stratum rock at the pile tip is extremely weak rock (f, <5MPa) , the
maximum rock-socketed depth of the rock-socketed pile generally exceeds 7 ~12d and it may be
taken as 10 ~ 15d in some special cases by considering the actual engineering situation, bearing
capacity ,economy , construction , and other factors. The recommended rock-socketed depth for bored
rock-socketed piles is 6 ~9d,and for excavated piles is 3 ~5d.

(@When the bearing stratum rock at the pile tip is weak rock (5MPa < f, < 15MPa) , the
maximum socket depth generally exceeds 5 ~10d,and the optimal socket depth is recommended to
be 4 ~5d.

(3 When the bearing stratum rock at the pile tip is moderately weak rock (15MPa < f, <
30MPa) , the maximum socket depth generally exceeds 5-7d, and the optimal socket depth is
recommended to be 3 ~4d.

(4) When the bearing stratum rock at the pile tip is moderately strong rock (30MPa < f,, <
60MPa) ,the maximum socket depth generally exceeds 4 ~ 5d, and the optimal socket depth is

recommended to be 2 ~3d.

6.3.9 It is known from the experiments that when the pile is pulled up,the soil around the pile
can bulge upward relatively freely; while the soil around the pile is squeezed against each other
when the pile is compressed and difficult for pile to be driven. Therefore, the skin friction is
different in these two movements. The skin frictions of the soil to the side of the pile when the pile

is pulled out is much smaller than that when the pile is compressed downward. According to
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research in China and other countries, the skin friction when the pile is pulled out is 0.6 ~ 0.8
times of the skin friction when the pile is compressed if the soil around pile is cohesive soil and silty
soil;and it is 0.5 ~0.7 times if the soil around the pile is sand. For safety, it is uniformly taken as
0. 6 ; after considering the safety factor, it is taken as 0.3 in the Eq. (6.3.9) of the Specifications.

For belled pile, when the ratio of pile length to pile diameter is . li/d <5 ,the weight of the
pile(soil ) may be taken as the weight of the pile ( soil ) formed by the projection surface of the
enlarged end cylinder. In this case,the perimeter of the failure body is wD,and the nominal value of
the ultimate skin friction of a single pile when it is pull upward is still taken as that of the soil on the
side of the pile.

For belled pile with Y. /i/d,its uplift failure mode is affected by the compressibility of the soil
and the shear surface in the upper part of the pile will change to the pile-soil interface, that is, the
diameter of the failure column is reduced from D to d. Therefore, the perimeters of the shear

surfaces are calculated in segments,taking > /i/d =5 as the boundary.

6.3.10 There are m method ,constant coefficient method ,c method ,k method ,etc. ,for the internal
force calculation of piles under horizontal load. A large number of tests and engineering practices
show that the m method is suitable if the ground displacements do not exceed 10 mm. In the case of
piles in deep and rapid flow water and subjected to horizontal loads,its displacement at the ground
is usually greater than 10 mm and behave nonlinearity. However, the m method is still used in the
Specifications considering that this method is already familiar by the majority of engineers and
technical personnel, and it is convenient in usage due to there are ready-made dimensionless
coefficient tables, moreover, its calculated result only has small deviation from the actual result
when the horizontal load on the pile is small or the displacement of the pile at the ground does not
exceed 10 mm. For large and major projects,p-y curve method may be used.

The calculation of elastic internal force and displacement of concrete-filled steel tube composite
piles is determined based on experiences or experiments. In the absence of technical data,the pile
body stiffness is calculated according to the stiffness superposition principle.

In the calculation of the concrete filled steel tube composite pile as an entire member, its
horizontal rigidity is superimposed by the rigidity of steel tube and rigidity of concrete; in the
calculation of the distribution of the internal force between the steel tube and core concrete, the steel
tube is equivalent to reinforcement steel. Because the formula reflecting the combined effect is too

complicated , the most conservative value is takenfor the sake of safety.

6.3.11 The failure forms of a pile group may be block failure or punching failure of a single pile.
To avoid block failure, the pile group is considered as a block foundation and the end bearing
resistance of the total area at the pile tip plane is checked in accordance with the provisions in the
Appendix N of the Specifications. To avoid punching failure of a single pile,resistance of individual
pile shall be checked.
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6.3. 12 The pile compressive deformation is calculated according to the actual skin friction

distribution. When there is no relevant information, the following equation is used for estimation ;

. . . Pl
Pile compressive deformation = 2E7A,, (6-8)
where
P load acting on the pile top(kN) ;
[ pile length(mm) ;
E compressive modulus of concrete of the pile body (kN/mm?) ;
A, sectional area of the pile body (mm”).
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7 Caisson Foundations

7.1 General

7.1. 1 The caisson is a deep foundation with many advantages in the construction, such as
relatively stable and reliable technics,easy and simple in construction. At the same time, the caisson
foundation has good stability and can support large loads due to deeply buried. The degree of
difficulty in caisson lowering will be increased dramatically if there are obstacles that are difficulty
to be removed , such as boulders, logs of trees and existing bridge foundations. In addition, when the
rockbed expected to be bearing stratum under the overlying soil of the riverbed has a steep slope, the
construction difficulty will also be increased. Therefore, we should try to avoid using the caisson

foundation in the above circumstances.

7.1.2 According to the stiffness of the soil,the caisson materials may be concrete reinforced by
detailing requirement,reinforced concrete, steel shell concrete, and steel. Table 7-1 lists the materials
of some caissons in large-scale bridge built in recent years in China. From the statistical results, it

can be seen that the caissons are mainly made of reinforced concrete and steel shell concrete.

Table 7-1 Materials Investigation in Some Caissons of Large-scale Bridges

. . Total height . .
Project name Plane size Height of each segment Material

(m)

The first segment is

North Anchorage The first segment is 6 m high; | Q235B steel shell
of Nanjing Fourth 69 m x58 m 52.8 the second to tenth segments are 5 | concrete, the other
Bridge m high;the last segment is 1.8 m | segments are reinforced

concrete
The first segment is 8 m high; The first segment is
the second to seventh segments | Q235B steel shell

Anchorage  of . .
. 60.2 m x55.4 m 48 are 5 m high; the eighth segment | concrete, the other
Maanshan Bridge . . i .
is 5.5 m high; the ninth segment | segments are reinforced

is 4.5 m high concrete
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continued

Total height

Hutong Bridge

Project name Plane size (m) Height of each segment Material
m
) . ) The first to seventh
The first segment is 8 m high;
Sunk Well of . segments are Q235B steel
. . the second to thirteenth segments
Taizhou Bridge 58 m x44 m 76 . shell concrete, the other
. are 6 m high; the fourteenth .
Middle Tower . ; segments are reinforced
segment is 8 m high
concrete
The first segment is
Taizhou Bridge The first segment is 8 m high; | Q235B steel shell
North Anchor | 67.9 mx52 m 57 the tenth segment is 4 m high;the | concrete, the other
Caisson remaining segments are 5 m high | segments are reinforced
concrete
The first segment is
. The first segment is 8 m high; | Q235B steel shell
Anchor caisson of
) ] ] 69.2 mx51.2 m 58 the second to tenth segments are 5 | concrete, the other
Jiangyin Bridge . .
m high segments are reinforced
concrete
. . The first segment is 6 m high; The first segment is steel
Anchor Caisson of | Outer diameter .
the second to sixth segments are 5 | shell concrete, the other
the Cockatoo Chau 66 m, Inner 43 . ] )
. . m high; the seventh to eighth | segments are reinforced
Bridge diameter 41.4 m .
segments are 6 m high concrete
The first segment is 9. 5 m
o high;the second to fifth segments .
No. 3 main pier of ) ] The bottom 50 m is steel
. are 7.5 m high;the sixth segment
Tongling Yangtze 62 m x38 m 68 . . shell concrete, the top 18 m
. . is 10. 5 m high; the seventh to | = .
River Bridge . is reinforced concrete
tenth segments are 4 m high; the
eleventh segment is 2 m high
. The bottom 50 m is
No. 29 caisson, . .
. Standard segment height is 6 | Q235B steel shell
middle tower of | 86.9 mx58.7 m 115 . ) .
m;bottom segment height is 8 m | concrete, the rest is

reinforced concrete

7.1.3 A caisson is directly set in the natural ground to be pier or abutment foundation,so that its

bearing depth needs to comply with the relevant regulations of shallow foundations.

7.1.4 As a structural component, the caisson during the construction and in service stage shall be

checked to comply with the relevant requirements for structures.
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7.2 Detailing Requirements

7.2.1 The plane shape of a caissons may be circular, round-end , rectangular, etc. In the riverbed
where the great scour may occurred,a cross-sectional form with smaller water resistance is preferred
to be used. When the bridge foundation is of round-end or rectangular shapes, appropriate ratio of
the long side length to the short side length needs to be adopted in order to maintain the stable of the
caisson during its sinking.

The edges and corners of a caisson are made rounded or obtuse in order to ensure the caisson
uniformly stressed when it behave as a plane frame, and to reduce the skin friction area of the

caisson wall.

7.2.2 Caissons are generally sunk in segments. Considering the rigidity requirements for large
caissons, the regulation that the segment height should not be higher than 5 m has been canceled in

the Specifications. The outer surface of caissons may be made as column,stepped,or cone.

7.2.3 The thickness of the caisson wall is closely related to the segment length to be sunk, the
skin friction of soil against sinking, and the construction methods. According to the design examples
of large caissons,the upper limit of the caisson wall thickness is appropriately increased from 0. 8 ~

1.5m in 2007 version Specification to 0.8 ~2.2m in the Specifications.

7.2.4 In order to facilitate the dredging,the cutting edge slope of the caisson could be made as
steep as possible on the premise that the flexural and shearing strength meet the requirements.
Therefore , it is stipulated that the angle between the slope and the horizontal plane shall not be less
than 45°.

To stipulate that the bottom surface of the diaphragm is at least 0. 5 m higher than the bottom
surface of the cutting edge is to reduce the resistance during sinking.

If a caisson with high and low cutting edges is used to stand on a sloping rock surface,
sufficient drilling data is necessary for the designers to accurately understand the elevation changes
of the rock surface,to design the cutting edges in steps or slopes to be compatible with the slope of
the rock,and to make the cutting edges socketed into the rockbed to facilitate dredging and bottom

cleaning without sand blowing.

7.2.5 Tt is stipulated in Clause 9. 1. 12 of the Specifications for Design of Highway Reinforced
Concrete and Prestressed Concrete Bridges and Culverts ( JTG3362- 2018 ) that the minimum
reinforcement ratio of eccentric compression members is 0. 5% , and the minimum reinforcement
rate of flexural members is(45f,,/f,,) % and not be less than 0.2% , which is consistent with the

provisions in the Code for Design of Highway Reinforced Concrete and Prestressed Concrete
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Bridges and Culverts (JTG D62-2004 ) , but some higher than that in the earlier version of the
specifications. The provisions on the caisson reinforcement ratio shall not be less than 0.1% in the
previous specifications (2007 Version)is followed in the Specifications. In the bottom segment of a
caisson ( including the cutting edge) , the stresses of the cutting edge are difficult to be computed
accurately, so that its minimum reinforcement ratio should not be too small. For thin-walled
caissons, to satisfy by the minimum value for limitation is not enough, some larger reinforcement
ratio should be adopted. For steel shell concrete caisson,the minimum reinforcement ratio may be
0.05% , and the caisson may be calculated as a reinforced concrete structure or a steel-concrete

composite structure.

7.2.6 According to the actual engineering application in recent years, the requirements for
concrete strength class of the cutting edge and well of a caisson is properly improved in the

Specifications.

7.3 Analysis

7.3.1 In calculating the caisson as an block foundation,the shape and size of the caisson may be
preliminary determined according to the load, hydrogeological conditions and engineering
characteristics of each soil layer,and then the corresponding resistance , eccentricity , stability against
sliding and overturning may be checked to find if they meet the design requirements. In the
calculations, the constraint effect of soil on the caisson wall may be considered after deducted the

scouring effect.

7.3.2 The sinking of a caisson is achieved by continuously dredging out soils from the open wells
of the caisson,and the skin friction along the outside of the caisson wall and bearing resistance on
the cutting edge are overcome by the total weight of the caisson and the ballast minus the
buoyancy. Therefore, it is necessary to determine whether the caisson has enough self-weight acting
to force the caisson lowering smoothly at first in the design. After the soil under the cutting edge,
diaphragm and bottom beam are excavated out totally, the caisson sinking is only restrained by the
skin friction on the outside wall,,and the sinking factor of the caisson is calculated by Eq. (7.3.2-1)
under such a working condition.

Besides the sinking shall be ensured to be smoothly, the stability of the caisson shall also be
ensured and strength failure of the soil at the bottom of the caisson shall be avoided during the

sinking. Therefore , it is necessary to use the Eq. (7.3.2-3)to check the stability during the sinking.

7.3.5 Typhoons,waves,and ocean currents have strong coupling effects on bridges crossing over
bays or straits. In checking the caisson in construction and service period,the impact of wind-wave-

current coupling effects on the caisson structure need to be considered in the most unfavorable
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conditions.

7.3.6 As the caisson is used as the bridge foundation,the bottom seal concrete bears not only the
water pressure under it,but also the upward ground-soil reaction force generated by all loads of the
caisson foundation. In case dewatering and dry construction after bottom sealing is required, if the
design strength of concrete has not reached due to the insufficient age in dewatering, it is necessary
to using the degraded strength grade of the concrete in calculation,to adopt the actual strength of the
sealing concrete in dewatering for the calculation. If the caisson is filled after the bottom seal with
granular materials such as sand and stone, it is beneficial to improve the stress of the bottom seal
concrete in the service stage. From economic considerations, it is feasible to deduct the gravity effect

of the filler from the reaction force of the seal.

7.3.7 Tipulating the inclination angle of a floating caisson not greater than 6’is to ensure its
stability during its floating, which can also avoid unsafety in construction. The provisions on the
stability check on floating caisson in the Specifications are stipulated by referring to the current
Technical Specifications for Construction of Highway Bridges and Culverts(JTG/T F50).
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8 Underground Diaphragm Walls

8.1 General

8.1.5 The inspection requirements for the construction quality of the diaphragm walls presented in
design mainly include check or inspection of the materials, the production of reinforcement cages,
the preparation and pouring of concrete, the setting of embedded components, the flatness and
verticality of the side of the trenches,the quality of the connector of the trenches, and the integrity
of the concrete walls, etc.

The requirements for environmental inspection presented in the design of diaphragm walls are
associated with their function. The main requirements are described as follows

For diaphragm walls as retaining structures, they include the inspection and monitoring of the
foundation pits, the retaining structures and the surrounding environment,as well as the measures to
be taken when abnormal conditions occur;

For diaphragm walls as foundations in service stage,they include the deformation inspection of
diaphragm wall foundations;

For diaphragm walls as anchorage foundations of important bridges, they also include the long-
term deformation inspection and monitoring,in order to grasp in time the deformation characteristics
of the diaphragm wall foundations in service stage.

The fieldloading test of walls is usually carried out when it is necessary to evaluate accurately

the bearing capacity or deformation characteristics of the diaphragm wall as foundation.

8.2 Retaining Structures

8.2.1 The requirements for calculating the strength, stability, and deformation in the design of

retaining structures of foundation pits mainly include .

(1) Strength ; the strength of the retaining structures, including the walls, internalbracing system
or anchor rods ( anchor cables) , shall meet the design requirements for the resistance of
corresponding components.

(2) Stability ; the soil body around the foundation pits and the retaining structures shall be
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stability , that is,no sliding failure of the soil,no flow of sand,no flow of soil and piping
caused by seepage,and no instability of the retaining structures and internalbracing system

will occur.

(3 ) Deformation: ground deformation caused by stratum movement and by changes of
groundwater level due to excavation of the foundation pits do not exceed the allowable
deformation value of the buildings and underground facilities around the foundation pits,

and does not affect the construction of the underground structures.

8.2.2 The supporting system of straight diaphragm walls as retaining structures includes internal
bracings( such as struts,horizontal brackets) and earth anchors( cables) ,etc. The supporting system
of circular diaphragm walls as retaining structures includes the internal ring beams ( including

vertical ribs) ,inner linings, etc.

8.2.3 The deformation of the foundation pits with safety level 1 or 2 will affect the normal usage
function of the retaining structures of the foundation pits, but the specific value of the deformation
limit cannot be given at present. It may be determined according to factors such as the surrounding

environment of the project in the local area.

8.2.4 For the safety in construction of the foundation pits and the stability of the soil around the
bottom of the pits, the diaphragm walls are required to be inserted into the soil below the excavation
surface of the foundation pits to a certain depth (also called the bearing depth). Generally, the
bearing depth is preliminary determined by the limit equilibrium method, then comprehensively
determined by referring to local engineering judgement after the checking of the stability and wall

deformation.

8.2.7 This Clause specifies the detailings. The commentary are as follows

1 Many techniques can be used for trench forming of diaphragm walls, such as excavators
and trench milling machines. According to the design experiences and considering the
feasibility and rationality of implementation, it is stipulated in the Specifications that the
wall thickness should not be thinner than 600 mm. The largest wall thickness is mainly
restricted by the ability of the trench forming equipment. At present, the largest thickness of
trench in China is 1500 mm , which has been used in the foundations of the diaphragm walls

of Wuhan Yangluo Bridge and Fourth Nanjing Yangtze River Bridge.

2 The wall thickness adopted in the calculation is directly influenced by the trench verticality
of the diaphragm walls, especially for the circular diaphragm wall. At the same time, the

anti-seepage effect of the wall and the construction of the connectors is also affected by the
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trench verticality. The trench verticality of the diaphragm walls is closely affected by the
trench forming equipment, trench depth, process technology and management level. Under
normal circumstances, it can reach to a level of no more than 1/100. The maximum depth
of the diaphragm walls of the south anchorage in Wuhan Yangluo Bridge is 60 m. The
verticality required in the design was less than 1/300. This requirement was met in the
actual construction, and the verticality even reached to 1/450 ~ 1/500 in some trench
panels. Therefore, according to the current technology level in China, it is realistic to

stipulate that the trench verticality of the diaphragm walls shall not be greater than 1,/200.

3 In order to increase the durability of the structure,the thickness of the concrete cover of the
primary reinforcement is specified in the Specifications, in which the factors such as
difficult in control of the construction accuracy of the diaphragm wall and direct contact of
the wall concrete with soil in its casting are considered. For reinforcement cages with L-,
T-, Y- and polygonal shape, the concrete cover thickness needs to be appropriately
increased because the concentration of mud for wall protection is heavy. If there is
corrosive water or seawater, the concrete cover thickness needs to be appropriately

increased.

4  Design and construction of wall connectors are the key issues for diaphragm walls.
According to the used materials, the types of connectors may be divided into:steel pipe,
steel plate, steel bar,shape steel and cast steel , precast concrete , man-made fiber cloth and
rubber, etc. According to the structure types and construction methods, they may be
divided into; drilling type, connector pipe, connector box, partition type, flexible
connector , precast concrete components, etc. According to the forcing cases, it may be
divided into ; non-stressed connectors that only as a stopper for water and seepage, hinge
connectors that can withstand shear, and rigid connectors that can withstand bending
moment and shear force. The choice of connector type needs to meet the requirements for
structural stresses and construction. Fig. 8-la) ~ h) show several common connector
types. The technology of connector pipe is mature and may be used under normal

circumstances.

5 The vertical division of the reinforcement cages mainly depends on the lifting capacity.
Considering that the position of connectors may form a weak part in the structure,in order
to ensure safety, the position of connectors is required to be set at the place with less

stress, and the connectors should be staggered each other as possible.

8.2.10 For cohesive soil with weak permeability,the groundwater is not easy to form buoyancy
force on its soil particles. Therefore, in calculating the retaining structures, the water pressure and

earth pressure may be considered at the same time by using the saturated weight and the total stress
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intensity index,and the effect of water pressure is involved in the calculation results. However,if a
water head is formed between the retaining structure and the surrounding soil layer, the effect of
water pressure still needs to be considered independently. For silty soil ,sand,and gravelly soil below
the groundwater level, groundwater can form buoyancy forces on the soil particles due to their
strong permeability, so that the water and earth pressure are calculated independently. The water
pressure may be calculated according to the hydrostatic pressure,and the influence of seepage action

on the water pressure may also be considered according to the experience.
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Fig.8-1 Schematic Diagram of Several Types of Connectors ( unit:cm)
(a)Milling connector; ( b) Double trench precast reinforced concrete member connector; (c) V-
shaped steel plate connector; ( d) Shaped connector-pipe connector; ( e) Circle connector-pipe

connector ; ( f) Round connector-pipe connector; ( g) Rigid connector 1 ( h) Rigid connector 2.

8.2.12 This Clause mainly specifies the requirements for the calculation of straight diaphragm

wall as retaining structure. Commentary of this Clause is as follows:



1 The stability of the retaining structure and the soil body include stability against overturning
(stability for socket of diaphragm wall) , overall stability against sliding, stability against
basal heave, stability against groundwater seepage and surge,etc. These are the basic design
concerns for foundation pit engineering and have mature calculation methods, so that they
are not the main focus in the Specifications. The calculations may be implemented in
accordance with the relevant provisions of the Code for Design of Building foundation
(GB50007).

2 At present,the methods commonly used in the design of retaining structures in China may
be divided into the elastic beam foundation method and limit equilibrium method. The
influence of various working conditions and complex conditions on the stresses of the
retaining structure during the construction of the foundation pit may be reflected better in
the elastic beam foundation method. When the socket depth is reasonable and the stiffness
of the elastic support is determined by test data or local experience, it is reasonable using
this method to determine the internal forces and deformations of the retaining structures.
Considering all the current calculation methods can obtain the reasonable results, the elastic

beam foundation method is used to calculate the retaining structures in the Specifications.

8.2.13 The vertical axial force of a diaphragm wall is mainly caused by the self-weight of the
wall and the internal bracing members, so that the wall is calculated as an eccentric compression
member. But because the vertical axial force is generally small, the wall sometimes may be
calculated as a flexural member conservatively. However , if the axial force is large,the wall should

be calculated as an eccentric compression member.

8.2.14 A circular diaphragm wall as retaining structure is stressed differently from that of a
straight diaphragm wall. A circular diaphragm has obvious spatial behaviors in the structural
mechanism, so that it is calculated as a spatial structure. However, if the symmetricity of the
structure , the hooping effects of the wall, the internal ring beam or the inner lining are accurately
understood, and the uneven distribution and degree of water and earth pressure are also well
known,the simple and intuitive calculation method may be adopted by computing a wall unit
width as a vertical elastic beam foundation. This calculation method and its principle are similar to
that for straight diaphragm wall as retaining structure, the only difference relies on that its
calculation needs to consider the support stiffness of the ring effect for the wall , internal ring beam
or inner lining.

The internal ring beams or inner linings may be calculated as rigid-frame ring beams in the
plane. The nonuniform property of the load distribution has a great influence on the calculation
results of the internal forces and deformations of the internal ring beams or the inner linings. This
phenomena needs to be fully studied and accurately mastered. In the absence of data, the non-

uniformity coefficients of loads may be taken as 1.1 ~ 1. 2. For safety,the calculation is carried out
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according to the distribution along the diagonal quadrant. The restraining effect of the soil in the
outer deformation area of the ring on the internal ring beam or the inner lining may be simulated by

setting horizontal radial springs on the outer side.

8.3 Foundations

8.3.1 According to the connection type of the wall units, layout and functional use, diaphragm
walls as foundation may be classified into the diaphragm wall as strip foundation, caisson
foundation,and a part of other foundations.

1. Diaphragm wall as strip foundation

The diaphragm wall as foundation is composed of only one wall unit, or composed by more
than one wall units separated or connected together but not closed. A unit has a plane length no less
than 2.5 times of its width. Diaphragm walls as strip wall type foundations may be divided into the

following sub-types:

(1) Single-wall type: one diaphragm wall unit works as a foundation [ Fig. 8-2a)]. A
diaphragm wall as single-wall type foundation can be seen as a special-shape cast-in-place

pile( rectangular pile). Top plate may not be set.

(2) Parallel double-walls type: a diaphragm wall as foundation is formed by two or more
separated diaphragm wall units in parallel, connected by the top plate [ Fig. 8-2b) |. The

stiffnesses along the bridge axis and perpendicular to bridge axis are quite different.

(3) Free double-walls type: a diaphragm wall as foundation is formed by two or more
diaphragm wall units scattered in the plane and connected by the top plate [ Fig. 8-2¢) |.

The units may be freely arranged according to the loading direction.

(4) Combined double-walls type:a diaphragm wall as foundation is formed by two or more
diaphragm wall units connected by the top plate. This type diaphragm wall has various

plane shapes,including T-,cross-,H-,I- and radial-shape [ Fig.8-2 d) ~h) ].

2. Diaphragm wall as caisson foundation

It is also called as diaphragm wall as closed foundation. It is a diaphragm wall as foundation
composed of rigid connected multi wall segment units,or multi wall segment units rigid connected
in outer wall while connector connected in inner wall. The foundation has closed section in plane
and all walls are connected together by the top plate. The foundation may be divided into two sub-

types, single-cell type and multi-cells type [ Fig.8-3(a) ,Fig.8-3(b) ].



a)Single-wall type b)Parallel double-walls type c)Free double-walls type

d)Combined double- €)Combined double- f{)Combined double-walls g)Combined double- h)Combined double-

walls type with T walls type with type with H shape walls type with walls type with radial-
shape cross-shape I-shape shape

Fig.8-2 Types of diaphragm walls as strip wall type foundations
a) Single-wall type;b) Parallel double-walls type;c) Free double-walls type ;d) Combined double-walls
type with T shape;e) Combined double-walls type with cross-shape;f) Combined double-walls type
with H shape; g) Combined double-walls type with I-shape; h) Combined double-walls type with

radial-shape

O
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Fig.8-3 Diaphragm Wall as Caisson Foundation

3 Diaphragm wall asa part of other foundations

A diaphragm wall is mainly used as the retaining structures during the excavation of the
foundation pit,and is also served as a part of foundation of the bridge in service stage to participate
in carrying the superstructure loads. The diaphragm wall is a reinforced concrete structure built
inside the foundation pit after the soil inside the trench is excavated to the required depth. The plan

layouts of the diaphragm walls have rectangular | Fig. 8-4(a) | ,circular [ Fig. 8-4(b) ] and hybrid
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special shape.
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Fig.8-4 Diaphragm Wall as a Part of other Foundations

8.3.2 The vertical compressive resistance of a diaphragm wall as foundation is mainly composed
of the frictional force of the side walls and the supporting resistance of the wall base. When the
bearing stratum is a non-rock stratum,increase of the wall depth can significantly increase frictional
force of the side walls and the supporting resistance of the wall base, which is more economic and
easier in construction than increase of the wall size in plane. Therefore, it is stipulated in this Clause
that increase of the bearing depth of the wall are more priority to increase the vertical compressive

resistance.

8.3.3 The layouts of diaphragm wall as foundations have various forms and can be arranged
flexibly in design. The layout of the trench segments in a diaphragm wall as caisson foundation may

be arranged as one-cell section, two-cell section, or multi-cell section in plane.

8.3.4 The calculation of ground bearing capacity is an important issue in design of the structure
of the diaphragm wall as foundation. The vertical ground bearing capacity of the diaphragm wall as
strip foundation may be calculated with reference to that of the pile foundation. The calculation of
the ground bearing capacity of the diaphragm wall as caisson foundation includes the vertical
bearing capacity of the ground in the foundation base,the horizontal bearing capacity of the ground

in front of the foundation, the horizontal shear bearing capacity of the ground at the side of the
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foundation,and the shear bearing capacity of the ground in the foundation base, etc. Its vertical
bearing capacity includes the vertical foundation reaction force of the base foundation, the vertical
frictional force of the side walls in the outer peripheral surface of the foundation, as well as the
surrounding frictional force of the internal soil ; the shear bearing capacity of of the ground in the
foundation base includes the frictional force between the foundation body and the foundation soil

and the frictional force among the internal soil.

8.3.7 This Clause is on the detailing requirements. Commentary of this Clause is as follows

2 As an important load-carrying component, the foundation shall have a certain bearing

capacity , so its minimum thickness is specified.

Considering the construction process and the influence of slurry, wall thickness may be divided
into trench thickness, design thickness, and effective thickness. The trench thickness is the actual
size of the trench formed by the excavator or the trench milling machine;the effective thickness is
the design thickness minus the thickness of the slurry skin, the latter generally is 20 mm on each
side,40 mm in total. The design thickness is used in the stability calculation, and the effective
thickness is used in the section check.

If the width of the single cell in a diaphragm wall as caisson foundation is too small, the
construction will be difficult;while if the width is too large, it is not economic. It is stipulated that
the minimum width shall not be less than 5 m and the maximum width shall not be greater than 10
m. The working-day cost of machines for trenching diaphragm walls is high. It is required to have
the same thickness as possible for outer peripheral walls and diaphragms,in order to improve the
efficiency of the trenching equipment, to reduce transformation steps in the construction process and

to facilitate construction.

3 The top plate connects various wall panels into an integral diaphragm wall structure to bear
the forces together, playing a similar function as cap beam for pile group. Therefore, top
plate with sufficient rigidity is required for the diaphragm wall as foundation that is not a
single wall type but is composed of multiple wall panels.
The diaphragm walls need to be built integral with the top plate, the walls need to be
connected rigidly to the top plate, and their steel bars need to be extended into the top plate a

certain length.

5 As anblock foundation, a diaphragm wall as caisson foundation shall have large overall
rigidity. The outer peripheral wall supported by the inner diaphragm directly bears the
external water and earth pressure, and is subjected to large bending moments and shear
forces, so that rigid connectors are used for it. As the supports of the outer peripheral walls,
the inner diaphragms mainly bear axial forces, therefore hinge connectors that cannot bear

bending moment may be used in them ,however,rigid connectors shall be used as much as
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possible to increase the overall rigidity of the foundation.
8.3.8 A diaphragm wall as foundation is stressed complexly, and the soil-structure interaction

shall be taken into account in its mechanical analysis. In designs, the structure may be taken as a

spatial structure and calculated using reliable methods according to relevant data or experience.
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9 Special Grounds and Foundations

9.1 Soft Grounds

9.1.1 ~9.1.2 When the bearing capacity of the soft ground in shallow foundation is insufficient
or its settlement is greater than the allowable value, artificial reinforce treatment shall be adopted,
and the treated ground is also called artificial ground.

Soft soil or soft ground generally refers to mud, muddy soil, hydraulically placed fills, plain
fills, and miscellaneous fills, saturated soft clay,and other highly compressible soil layers with low
shear strength, high natural moisture content,large natural void ratio, high compressibility,and low
permeability.

To build structures on soft soil or ground, attention must be paid to the deformation and
stability of the ground. The allowable bearing capacity of soft soil or ground under ordinary shallow
foundation is about 60 ~ 80 kPa. It generally cannot meet the requirements for bearing capacity if it
is not treated at all. There are many methods for ground treatment. The replacement layer of sandy
gravel , sandy stone piles,and pre-pressed sand drain wells are commonly used in highway bridges.
The treatment methods specified in the Specifications is based on those presented in the 2007
Version Specifications and adjusted according to recent developments. Other methods can refer to
the current Technical Code for Ground Treatment of Buildings(JGJ 79-2012).

9.1.3 The materials of replacement layer of sandy gravel shall be obtained from local,and at the

same time, shall comply with the requirements for strength.

9.1.4 The provisions in this Clause are derived from the relevant regulations of the Technical
Code for Ground Treatment of Buildings(JGJ79-2012).

9.1.9 ~9.1.10 Preloading method is suitable for treating saturated clay ground composed of
muddy soil, mud or hydraulically placed fills. It can be divided into two sub-methods: loading
method and vacuum method. For loading method, it has the disadvantage that the preloading
requires a large amount of stacking loads and long time for drainage and consolidation , therefore,
before preloading, sand drain wells are often drilled into the ground,and then the ground is loaded,
this is the so-called preloading method with sand drain wells. In this method, the sand drain well

plays a function to shorten the drainage distance in the soft soil. The water in the soil is drained
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through the replacement layer of sand on the top of the sand drain well or through drainage ditches,
thus the pore water pressure in the soft soil may be quickly released, and the consolidation process

of the ground will be accelerated,and the strength of the ground can be improved quickly.

9.2 Collapsible Loess Grounds

Loess ( collectively referred to as primary loess and secondary loess ) is particularly developed in
China. The engineering geology of the loess area has been paid great attention. Based on the relate
provisions on treatment of loess grounds in the Section 4. 6 of the 2007 Version Specifications,
revisions are made in this chapter according to the relevant researches and practice achievements on
loess ground in China in recent years.

The main references include :

1 Code for Design on Subsoil and Foundation of Railway Bridge and Culvert ( TB10093-
2017) ;

2 Practical Techniques for Design and Construction of Highway Foundation Treatment

(Edited by Zhang Liujun and others,People’s Communications Press,2004 ) ;
3 Code for Building Construction in Collapsible Loess Regions( GB50025- 2004 ) ;
4 Relevant specifications in building and construction industry.

9.2.1 ~9.2.5 Self-weight collapsible soil refers to the soil that will have collapse settlement
when it is wetted by water and subjected to self-weight of the overlying soil ; while non-collapsible
soil under self-weight refers to the soil that will not have collapse settlement under the same
conditions. The provisions in these Clauses are referenced to the relevant provisions in Code for
Building Construction in Collapsible Loess Regions ( GB50025-2004 ) and Code for Design on
Subsoil and Foundation of Railway Bridge and Culvert( TB 10093-2017).

9.2.7 This Clause is compiled with reference to the Section 2 of Chapter 4 in the Practical
Techniques for Design and Construction of Highway Foundation Treatment. The three methods, i.
e. ,replacement layer method,dynamic compaction method, and lime-soil compaction pile method,
are mainly recommended in the Specifications, which are commonly used. In addition, vibro-
flotation method (applicable to saturated loess) and high-pressure jet grouting method can also be
used for treatment on the loess ground. Regarding the design and construction of loess ground
treatment, in addition to the aforementioned relevant information for references, the current
Technical Code for Ground Treatment of Buildings(JGJ79-2012)is also applicable.
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Generally, the cost of the treatment is relatively high, and it needs to be selected through
technical and economic comparisons;comprehensive measures with combination of improvement of

the superstructure and foundation, treatment of the ground is favorable to be applied.

9.3 Steep Slope Grounds and Foundations

9.3.1 Referring to the definition in the road engineering,1:2.5 is also taken as the threshold in
definition of the deep slope ground and foundation for bridge and culvert in the Specifications. Such
a definition is appropriate for bridge engineering,and can unify the definition of deep slope in road

and bridge engineering, which is favorable for the field investigations.

9.3.2 For steep slope ground and foundation,not only the original steep slope shall be ensured to
be stable,but also the steep slope after the foundation of the bridge or culvert is set in it shall be
ensured to be stable. Therefore, it is necessary to analyze the stability and deformation of the slope
subjected to the foundation loads. The consequences of instability of a slope where bridge and
culvert located is more serious than that of a slope where road subgrade relied. Therefore , the safety
factor of steep slope ground and foundation of bridge and culvert shall be higher than that of
roadbed at the same highway. The values in Table 9. 3. 2 are the minimum safety factors specified in
the Specifications. The actual safety factors may be larger than the values in Table 9. 3. 2, which
may be determined by the designers based on the importance of the bridges and culverts and the
local experiences.

The anti-sliding effect of pile foundations is generally not considered in the stability analysis of
the steep slope. There are two reasons for this:on the one hand, once the steep slope slides, the
landslide range may be much larger than the range that the pile foundation can retain, therefore , the
resistance of the pile foundation resisting the landslide load is not considered in design unless it is a
special design; on the other hand, the slope retaining structures and the bridge foundations are
designed according to different reliability criteria, so that their designs are not mixed together except
it is approved to be appropriate after an in-depth research.

If the slope where the bridge and culvert foundations located does not meet the safety
requirements, the slope shall be reinforced by retaining methods, in order not to consider the
influence of the sliding force in design of the pile foundation. In the case the displacement of the
slope beside the pile cannot be avoided, an isolation method shall be used to separate the foundation
side from the steep slope. Isolation may be achieved by placing a low-modulus flexible material

between the side of the foundation and the steep slope.

9.3.3 To set a foundation in a steep slope area, the foundation will increase the loads on the
slope , resulting a reduction of the slope stability. However, if the elevation of the foundation base is

set below a certain depth of the slope surface,the adverse influence of the foundation loads on the
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slope stability may be ignored. The formula to calculate the minimum bearing depth of a foundation
on steep slope is stipulated in this Clause. In the formula, the bearing depth H in soil ground
corresponds to the depth when the vertical superimposed stress generated at the slope is less than 0.

01p,where p is the square load acting in the elastic semi-infinite space.

9.4 Karst Grounds and Foundations

9.4.1 For bridge foundations in karst regions, it is relatively simple to employ a design scheme of
pile foundation. For example,the piles can be supported on stable bottom plate or integral bedrock
to ensure the bearing capacity and deformation of the bridge foundations to meet the design
requirements. Therefore, pile foundation schemes are widely used. However, in the case that the
stable floor is buried deep,the piles need to pass through multi-layer karst caves to reach the stable
floor,the pile foundation is difficulty for construction, and needs high cost and long construction
period , thus the pile foundation scheme is not an optimal choice. The designers are encouraged to
select an optimal foundation scheme by comprehensively considering the requirements for
superstructure and substructure as well as the foundation conditions.

The difficulty of ground and foundation design for bridges and culverts in karst regions owes to
the complexity of karst geological and hydrogeological conditions. The development and distribution
of karst in a large area may have certain rules,but in terms of the site scope of a specific bridge and
culvert, it is difficult to reveal the development and distribution of karst and the regularity of ground
hydrological characteristics with limited survey work. Therefore,the design of foundations in karst
regions is a work that needs experiences , understanding of local conditions and the characteristics of
the specified case. The basic procedures and principles that shall be followed in the design of

foundations of bridges and culverts in karst regions are stipulated in this Clause ,namely .

1) Foundation is designed after evaluation of the stability of the karst cave roof;

2) Principles of dynamic design in the full process of the design work ;

3) If foundation treatment is required, it is necessary to minimize the disturbance to the surface

water and groundwater channels.

9.4.2 There are two methods for evaluation of karst cave roof ; quantitative method and qualitative
method. With regard of the quantitative evaluation of the stability of the karst cave roof, though
there are some literatures can be taken as references, however, it is still in the exploratory stage.
Because many factors can affect the karst stability. It is generally difficult to identify karst
characteristics with current exploration methods. Thus, the evaluation of karst stability in present is

still based on qualitative analysis and experiences. But no matter what evaluation method is used,
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qualitative or quantitative, stability shall be evaluated because karst collapse has a high impact on
bridges and culverts. If the evaluation result indicates that the karst is not stable, the karst must be
treated.

Filling the karst cave is a simple but rough treatment method. For a karst cave with the function
of water passing, if it is filled , the surface water and groundwater cannot be drained normally , which
will cause other problems. Therefore, in the treatment design of karst ground, not only the bearing

capacity but also hydrological requirements must be considered.

9.4.3 1t is a good choice to adopt shallow foundations for small bridges and culverts in karst areas
where the karst is developed mainly in vertical direction. This method has significant economic and
social benefits,and the construction is not difficult, compared with the pile foundation. Even if the
ground bearing capacity of the spread foundation ( rigid foundation ) in the karst region is satisfied ,in
order to reduce the stress of the foundation and improve the stability when the karst may deform

unevenly , the foundation shall be reinforced concrete monolithic slab footing.

9.4.4 When the pile foundation of a bridge in a karst region needs to be set in a certain depth of
the karst cave roof,it is generally considered that the depth of the cave roof under the pile tip shall
not be less than 3 times of pile diameter. If multiple piles are built on the same cave roof or the cave
span is very large,the depth of the cave roof needs to be increased. The depth of the cave roof under
the pile tip stipulated in this Clause is only the minimum requirement.

When the foundation piles are built on the cave roof ,care shall be taken to protect the integrity
of the cave roof under the pile tip. The rock-socketed depth of the piles shall be minimized on the
premise of meeting the load requirements and minimum rock-socketed depth.

For bridges in karst region, multiple piles under the same pier or abutment may have different
lengths,and the depths of the cave roof under the pile tips may also be different, and even the
depths will be zero or negative for some piles. All these problems may lead to uneven load
distribution among the piles and difference settlement at the pile tips. If these differences are not
considered in the design, serious problems may be resulted in the engineering. Therefore, attention
need to be paid for these problems in design of foundations in karst regions. To appropriately
increase the resistance and rigidity of the pile cap or to adopt other structuralstiffness measures are

all alternative solutions.

9.5 Foundation of Piles with Expanded Branches and Plates

9.5.1 Pile with expanded branches and plates are a new type pile invented in the 1990s. It has
been widely used in industrial and civil construction, municipal administration and other fields,
covering a variety of geological conditions, structures with various loading and deformation

conditions in more than 20 provinces and cities in China,and the technology has become mature.
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The provisions on the piles with expanded branches and plates in this section is formulated in
conjunction with the provisions in the industrial standard of the Ministry of Transport Pile with
expanded branches and plates for Highway Bridge ( JT/T855-2013 ) and the local standard in
Zhejiang Province Technical Specification for Pile with Expanded Branches and plates of Highway
Bridge and Culverts Engineering( DB33/T750-2009 ) as well as the summary of the development of

the related technologies in recent years.

9.5.2 The provisions on the soil layers suitable for branches and plates in the Specifications are
mainly referred to the relevant regulations of the industrial standard Pile with expanded branches
and plates for Highway Bridge(JT/T855-2013). After this industrial standard was issued by China
Ministry of Transport in 2013, the technology and construction methods, the extrusion capacity of
equipment ,and quality inspection methods of the piles with expanded branches and plates have been
improved for perfection. The application scope of the branches and plates used in soil layers is
expanded appropriately in the Specifications. Thick collapsible loess is widely distributed in western
plateau in China,branches and plates may be set at the soil layer with a good bearing capacity and
in a depth not influence by water, and the collapsibility of the soil may be improved through the
expansion and compaction process.

The branch length and plate ring width are generally related to the characteristics of the soil
layer, equipment capacity, and construction technology, a rough range on them is specified in the
Specifications by referring to the Pile with expanded branches and plates for Highway Bridge (JT/
T855-2013). In application of pile with expanded branches and plates in highway engineering in
recent years, larger ring plate width and longer branch length can be designed owing to the
improvement of the equipment and technology for expanding and compacting the branches and
plates, which further enhances the bearing capacity of the piles and saves raw materials and
investment.

According to the test results of the bearing performance of the branches and plates constructed
by the expanding and compacting process, the reserved positions and numbers of the standby
branches and plates need to be marked in design of the pile with expanded branches and plates, so as

to achieve the purpose of regulating the pile resistance and controlling the pile rigidity.

9.5.3 The stress rationality among the plates in transverse direction and the construction
reasonability of the spacing among the plates are considered in the provisions for the center-to-
center distance between piles specified in this Clause. The plates are generally set in the pile body
with small diameter for a variable diameter pile with branches and plates, which can better solve the
problem of lateral plate spacing. At the same time,such an arrangement can provide an increase in

the effective end bearing area of the plate ring.

9.5.4 The relevant formulas in this Clause follow the principles of the formula for calculating the

resistance of pile foundations in the Specifications,and the calculations of end-bearing resistance at

252



the end of the branches and plates is added, while the enhancing effect from compaction and
expansion is not considered and is taken as a reserve.

Since various parameter information of the soil layers may be obtained in the process of
expanding and compacting the branches and plates, Eqs. (9-1)and (9-2) are proposed after many
years of accumulation and analysis. These two equations can be used in checking the characteristic
values of the compressive resistance, and have been widely used in the industrial and civil
construction industry, where the diameters of the pile and plate are smaller than those used in
highway bridges. Therefore, when the piles are applied in a new region and new bridge type, it is
recommended to carry out the staticloading test and internal force test for the branches and plates, in
order to further optimize the parameters and to provide supplement and improvement of the design

parameters for these two equations.

R,=R/K (9-1)
R=uXq,l +2A,q, +A,q, (9-2)
where :
R vertical ultimate bearing resistance of a pile;
K——safety factor,which may be 2 ~2.5;
q,,—nominal value of ultimate bearing resistance of the soil supported by the j" branch and

plate on the pile body ( kPa). This value is taken from the actual measured bearing
resistance of the soil at the end of the branch and plate. If actual measured value is
unavailable, the nominal value of the ultimate bearing resistance proposed by the
geological survey data is taken. If it is not provided in the geological survey,the value

can be taken by referring to Table 9-1 ;

9o ultimate value of pile tip resistance(kPa) ,refers to Table 9-1.

Table 9-1 Characteristic value of Ultimate Bearing Resistance of Soil at the Pile Tip,q,, (kPa)

First index Second index Third index 9k
Soil name
State of soil q, N 5<H=<20 H>20
0.75 <1,<1.00 1300 ~ 1800 3 <N<I10 192 ~288 288 ~484
. . 0.5<1,=<0.75 1600 ~ 2500 8 <N<20 288 ~484 484 ~700
Cohesive soil
0.25<1,<0.50 2000 ~ 4500 15 <N<30 484 ~700 700 ~ 960
0<1,<0.25 4500 ~ 8000 N>30 700 ~960 960 ~ 1650
0.95 <e,<1.05 1300 ~2000 5<N<I2 192 ~288 288 ~ 484
Silty soil 0.85<¢,<0.95 2000 ~ 5000 10 <N<35 484 ~600 600 ~ 960
0.75<e,<0.85 5000 ~ 8000 N>35 580 ~960 960 ~ 1800
Silty sand, fine Slightly dense 3000 ~ 6000 10 < N<25 480 ~720 720 ~960
sand, medium Medium dense 6000 ~ 12000 20 < N<50 960 ~ 1200 1100 ~ 1780
sand, coarse sand Dense > 12000 N>50 1160 ~ 1980 1980 ~2800
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continued

First index Second index Third index 9k
Soil name
State of soil q, N 5<H<20 H>20
Round( breccia) Slightly dense 10 <Ng; s <25 1040 ~ 2260
ound ( breccia
Medium dense — 20 < Ng 5 <50 2060 ~2800
egg(crushed) stone
Dense Ng 5 >50 2560 ~ 3500
Completely-wea- 15 < Ngy s <50 960 ~2220
thered , highly-wea- Weak rock —
thered Ng 5 >50 2220 ~ 3500
ere
Moderately we-
athered, slightly Strong rock — — 2600 ~ 3650
weathered

9.5.5 During the expansion and compaction process, various parameters of the soil layers may be
obtained through indicators such as the compaction pressure and the equipment uplift value,so that
the bearing performance of the branches and plates are inspected, which not only verifies the
resistance of the pile foundations, but also verifies the geological survey data. If the inspection
results show that the bearing capacity of the pile foundations cannot meet the design requirements,
the number of branches and plates may be increased by using the reserved positions for the standby
branches and plates, or the preset branches are changed into the plates in order to ensure the bearing
resistance meeting the design requirements. The preset branches are the branches among the

designed multiple branches that can be changed into plates.

9.5.6 Piles with expanded branches and plates were mostly used in underground anti-floating
structures in former,such as basements, subway stations, and municipal water treatment pools. The
formula in this Clause is determined based on the empirical formula in the industrial and civil
construction industry, and comes from the local standard in Zhejiang Province Technical
Specification for Pile with Expanded Branches and plates of Highway Bridge and Culverts
Engineering (DB33/T750-2009).

9.5.7 The shallow geological layers often have poor geological conditions and cannot provide
horizontal load-bearing capacities , therefore the horizontal forces of the branches and plates are not
considered generally. When it is necessary to provide a large horizontal resistance to meet the
requirements for seismic loading,a larger bearing branches may be set on the upper part of the pile
body if the pile body itself cannot provide enough horizontal resistance to meet the design
requirements , while there is a stiff ground in the shallow part of the soil layer. Generally the cross
branches, six-star branches,and eight-star branches can be used,in which the horizontal load-bearing

capacity can be determined through tests.
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Appendix B
Essentials for Shallow Plate loading test

B.0.1 The 2007 Version Specification only specified the minimum area of the load plate for
shallow plate loading tests on natural ground and soft soil ground. Due to the increasing applications
of ground treatments in highway bridge and culvert engineering, it is necessary to standardize the
size of the load plates for the ground loading test after treatment,so as to avoid using a too small
load plate to obtain inaccurate results. For ground treated with composite ground,when determining
the bearing capacity of the composite ground, the area of the load plate needs to cover the area

reinforced by a pile.

B.0.7 1In 2007 Version Specifications ,no provisions was specified to deal with the case when the
range of the measured values from the three testing points in the same soil layer exceeds 30% of the
average measured value. It was found in practical engineering that when the range exceeds the
requirement , sometimes the testing point number was simply increased and then the new and old
tested data were merged together for analysis. Such a simply treatment can not conform to the
particularity of the foundation engineering. In this Clause, it is stipulated that if the range of the
measured values from the test points cannot meet the requirements, the cause shall be analyzed from
a geological point of view in addition to find out the causes in the test method, operation,etc. If the
soil layers in the testing points are different,the statistical units for the ground need to be redivided

for evaluation.
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Appendix H
Check for Stability against Frozen Uplift for
Frozen Soil Ground

For the pier and abutment foundations ( including pile foundations ) setting in the regions
ofseasonally frozen soil and permafrost soil ,as shown in Fig. H. 0. 2 of the Specifications,there are

upward tangential frost heave T,downward skin friction Q,, ,and downward freezing force Q , in the

sk o
soil layers below the riverbed. The bearing depth of the foundations needs to meet the requirements
for stability against frost heave ( pulling ) based on the stress condition. According to the
investigations in Heilongjiang Province ,many small bridges were damaged by frost heave , especially
those hollow slab bridges with pile foundations. In a small bridge, the self-weight of the
superstructure is light and the bearing depth of the foundation is shallow, the uplift force of frost
heave is greater than the self-weight of the structure. In order to overcome the damage induced by
the frost heave,one method is to increase the self-weight of the superstructure , and the other method
is to increase the bearing depth of the foundation. But for a small bridge, it is difficult to increase
self-weight of the superstructure. Therefore, properly increase of the foundation bearing depth is
usually a preferable solution. In such a solution, the force equilibrium should be considered, the
tangential frost heave and the tensile strength at the weak section of the foundations should be

checked.

1 Tangential frost heave acting on shallow or pile foundations of pier and abutment

The nominal value of tangential frost heave inseasonally frozen soil listed in Appendix Table
H.0.1,¢,,is obtained by test and analysis results. In Anqing Freezing Science Test Site of
Heilongjiang Transportation Research Institute, a total of 28 groups of tests in real situation on
tangential frost heave of piles at the frost heave rates of 6% ~28% were carried out under different
frost heave conditions,in which the piles with d 250 mm(d is the pile diameter) had 5 groups, with
d 370 mm had 3 groups, with 4 500 mm had 2 groups, with d 750 mm had 2 groups, with d 800 mm
had 13 groups,with d 1000 mm had 2 groups,and with d 1250 mm had 1 group. Moreover,indoor

model tests with three proportions were conducted, dozens of piles subjected to frozen uplifts were
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analyzed. Based the mass data from tests and analyses, five regression methods ( straight line,
logarithmic curve, power function curve, exponential curve, and hyperbola) were used for data
analysis, and three check methods ( correlation coefficient, residual sum of squares, and correlation

index ) were used to validate the equation. Finally, the best logarithmic equation was selected as

follow .
T, =63.45Ink, -2.38 (H-1)
where ;
T, nominal value of unit tangential frost heave(kPa) ;
k, frost heave rate of the ground soil( % ).

The relationships between the pile diameter and the unit tangential frost heave are shown in
Table H-1.

Table H-1 Relationship Between Pile Diameter and Unit Tangential Frost Heave

Pile diameter( mm) 500 750 1000 1250

Tangential frost heave (kPa) 60 58 56 58

The force ratio, taking the force when the pile diameter is 500 mm as the basis 1.00 0.97 0.93 1.00

It is shown by Table H-1 that the pile diameter has little effect on the tangential frost heave,so
that the modification of the pile diameter on the tangential frost heave may not be considered in

design calculation.

2 Stability forces against frozen uplift

The stability against frozen uplift of pier or abutment foundations(including strip foundation )
on the ground ofseasonally frozen soil is calculated according to the Formula( H. 0. 1-1). Stability
forces in resisting frozen uplift include the self-weight of the structure on the foundation, F, , the
self-weight of the foundation and the soil over it, G, ,and the skin friction of the thawing layer, Q..
The stability against frozen uplift of pier or abutment foundations ( including strip foundation ) on
permafrost ground is calculated according to the Formula ( H. 0. 2-1). In addition to the above-
mentioned F,G, and Q,the frozen force of permafrost,Q,,is also involved in the stability forces
in resisting frozen uplift.

The stability against frozen uplift of piles ( columns) on permafrost ground is calculated
according to the Formula ( H. 0. 3-1). Stability forces in resisting frozen uplift include the self-
weight of structure on the top of the piles( columns) , F, , the self-weight of the piles( columns) ,G,,
the sum of the( columns) skin friction of the piles in all soil layers below the seasonal frost depth,
Q,. The nominal value of skin friction may be obtained from Tables 6. 3.3-1 and 6. 3. 5-1 in the

Specifications.

3 Unit tangential frost heave on strip foundations

Strip foundations have a relatively large length-to-width ratio( the length-to-width ratio is equal
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to or greater than 10). In former design,due to the lack of researches,tangential frost heave on strip
foundations was generally substituted by that on the pile foundations. In fact,based on the field test
observation and the theoretical analysis,the tangential frost heave on strip foundations is smaller than
that on pile foundations under the same conditions.

If a length of D/2 is taken from the strip foundations(as shown in Fig. H-1) ,the length of the
sidelength contact with the frozen soil is 2 x D/2 = D. Assuming that the diameter of a pile is d,the
perimeter of the pile is wd. Let wd = D ,that is,the perimeter of the pile is equal to the length of the
two sides of the strip foundations. Assuming the frost depth is 4, the constraint ranges of the strip
foundations and the pile foundations to the frozen soil are equal,both are 1. Then,the soil volumes V,
and V, involved in frost heave in the design frost depth range are shown in Fig. H-1 and Eq. (H-2)
and(H-3).

} / b 1
i —
q
Q
a)Strip foundation b)Pile foundation

Fig. H-1 Plane Diagram of Tangential Frost Heave on Pile and Strip Foundations (frost depth’ is not shown)
b

which is taken as d = D/7;l—restrained range of the strip or pile foundations on the frozen soil

width of the strip foundation ; D/2——cut-off length of the strip foundations ;d pile diameter,

Strip foundations

V]:hx2lx§:th (H-2)

Pile foundations

1 1
V, =hmw(2l+d)’ ><Z—hfrrd2 Xy

1
4

=hwl(1 +d) =hnl’ +hwld (H-3)
Because D =md,V, =hnl’ + hiD

From the above Eq. (H-2)and(H-3) ,it can be seen that the volume of soil involved in frost

=hw(4F +2 x2ld +d*) xi——hwdz X

heave in the pile foundations, V, ,has an additional term of mhl’, compared with the volume in the
strip foundations. Field tests have also shown that the frost heave range [/ affected by the pile
foundations not only exceed the frost depth A but also is more than twice the pile diameter d,
indicating that the tangential frost heave on pile foundations is larger than twice of the force in the

strip foundations.
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4 Nominal value of the pile ( column ) self-weight, Gk, and the skin friction of the piles
( columns ) in the thawing layer below the maximum seasonal frost depth line, Qs, in
Eq. (H.0.3-1)are explained as follows:

The nominal values of the skin friction of the soil around the bored piles, g, , shown in
Table 6.3.3-1 were measured under the test loads,in which the influence of pile self-weight on the
friction was not included. In other words, before the test load was applied, the self-weight of the pile
itself had caused resistance in the foundations. When the poured concrete was still in a fluid state, its
self-weight was mainly resisted by the pile tip; when the concrete was hardened, the pile self-weight
was mainly resisted by the pile skin friction. Therefore, the pile self-weight may be considered in
checking the uplift of the pile; when the pile tip is below the water level and the soil under the pile
tip is permeable, the buoyancy needs to be considered in calculating the pile self-weight.

The skin friction of the friction piles( columns)below the maximum seasonal frost depth line,
Q,,is the stability force in resisting frost heave, which is multiplied by a coefficient of 0.4 in Eq.
(H.0.3-2). Taking real engineering projects as prototypes, various coefficients of 0.35,0.40,and
0.50 were analyzed in comparison of the actual and computed bearing depths by the Heilongjiang
Research Institute of Transportation. The results showed that the percentages of piles, not be pulled
out by frozen uplifts,are 61% ,98% and 100% for the coefficients of 0.50,0.40 and 0. 35 in the
analysis , respectively. Coefficient 0. 40 was finally adopted.

5 To prevent or reduce the tangential frost heave,the following measures may be adopted :

1) Using coarse sand, gravel ( pebbles ) , and other non-frost heaving materials to replace the
frost heaving soil around the foundation. The replacement range is 0.5 ~ 1. 0 m, and the
replacement depth may be:75% of the design frost depth for frost heave and strong frost
heave ground,90% for extra strong frost heave ground, 100% for extremely strong frost

heave ground.

2 ) Making flat and smooth for the structural surfaces within the frozen layers,including the pier

or abutment stems and the side of the foundations.

3) Coating asphalt,industrial Vaseline ,or residual oil on the foundation sides within the frozen
layers.

4)Making the foundation shape as regular trapezoidal block with inclined planes,in which the
inclined plane slope( vertical to horizontal ) is equal to or greater than 1.7 ( see the 3rd Item
of Clause 5. 1. 4 in Code for Design of Soil and Foundations of Building in Frozen Soil
Regions(JGJ 118-2011).
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Appendix L

Calculations of Horizontal Displacement and
Action Effect for Elastic Piles by Using them
Method

Appendix L was rewritten by following the provisions of the 2007 Version Specifications. In
rewriting this appendix , the m method for piles of ah >2. 5 (elastic foundation)in Appendix 6 of the
Specification for Design of Foundations and Foundations of Highway Bridges and Culverts ( JTJ
024-85) was taken as the reference; the transformed m method for two-layer grounds and the
modification method for the maximum bending moment of the pile body were improved, other
contents remained unchanged with great simplification in the expression to make them be

understood more clarity.
L.0.2 Transformation of equivalent m for multi-layer grounds;

(1) Accurate calculation method for displacement and internal force of piles in multi-layer
grounds subjected to laterally load

As shown in Fig. L-1, the coefficients of ground resistance at the pile side increase

proportionally with the depth. The proportionality factor of the first layer soil is m, , the soil layer

depth is 4 and the deformation factor of the corresponding pile is «, ;the proportionality factor of the

second layer soil is m, ,the soil layer depth is 4, and the deformation factor of the piles is «,. If the

pile diameter is constant,the deformation factor of the piles in different soil layers is;
5
m] b]
= [— L-7
N (L-7)

the i" layer of soil;
the effective width of the pile;

where :

the subscript i
bl
EIl

Then, the internal force and displacement of the piles in each soil layer are.

the flexural stiffness of the pile.

270



X, =apA, +a,B, +a,C, +a,;D,
Oi o A, +a,B, +a,C, +a,D
a_—aio  ta,b, +a,C, +al,
M, (L-8)
R oAy +oy By +a,C +a,D,
O _ A B C D
a3EI—O‘i0 sto, by +ta,C, o0,
MO
H 7~"N\ Ground or local
o [ \V4 scour line
':,_‘ \\ \ mlhl
o _\L mh,
=]
< @ \
1 \ m,(h +h,)
) m(h+h)
< <
m3hm
7

Fig. L-1 Schematic Diagram of Multi-layer Grounds

where .

A, ~ D, are dimensionless coefficients,and a, ~ a, are the coefficients to be solved , which may
be determined according to boundary conditions and continuous conditions. For a two layers
ground,a linear equation group with 8 equations may be obtained, and the internal forces and
displacements of any point of the pile may be obtained by simultaneous solution.

(2) The transformed method of m value and the calculation method of the maximum bending

moment of the piles in the Specifications

In this Specifications, the equivalent m value is obtained from the weighted value of the upper
and lower layers of soil according to the pile displacement deflection curve;then the pile in multi-
layer is calculated as a pile in single layer by the calculation method and tables in the
Specifications. Considering the influence of pile displacement to convert the m value is a more
scientific method, the results obtained by the method specified in the Specifications as mentioned
before shall be more accurate ( see paper Research about Simplified Calculation Method of Laterally-
Loaded Piles in Double-layered Foundation in 2006 (12 ) of Journal of Highway and Transportation

Research and Development) .

L.0.6,L.0.7 (1)Tables L.0.6 and L.0.7 are applicable for calculations of the action effect and
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displacement in high capped vertical piles arranged symmetrically. Table L. 0. 6 is applicable for
piles without lateral earth pressure, while Table L. 0. 7 is applicable for piles with lateral earth
pressure. In Table L. 0.7, only the piles in the outer row are subjected to lateral earth pressure, while
other row piles are sheltered by the outer row piles, so that the lateral earth pressure is not
considered to act on them ;but if the piles are arranged in a quincuncial form,lateral earth pressure

shall be considered for those piles that are not sheltered by the front piles( Fig. L.0.7).

(2) The action effect and displacement of high capped vertical piles arranged asymmetrically
may be calculated according to the descriptions in Tables L. 0. 6 and LO. 7 and to the
provisions in Sub-item 1 and Sub-item 2 in Item 3 of Clause L. 0. 7, respectively. If no
lateral earth pressure acts on the piles, they may be calculated according to
Eq. (L.0.7-1).If the piles are subjected to lateral earth pressure,they may be calculated
according to Eq. (L.0.7-2).

(3)For a low capped pile foundation,i. e. ,the ground or the lowest scour line is above the
pile cap bottom and the cap is buried in the soil, the soil around the cap can be regarded as
an elastic medium. The action effect and displacement of the foundation are calculated
according to provisions of Sub-item 3 in Item 3 of Clause L. 0. 7. Here, since the pile cap

is buried in the soil,no lateral earth pressure is considered to act on the pile.
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Appendix P
Calculations of Caisson Wall during Caisson
Sinking Process

Appendix P was rewritten from the provisions and its corresponding commentary of Clause 6.3.2 in
the 2007 Version Specifications, mainly the calculations of the caisson wall during the sinking
process , where the main provisions and calculation methods were remained as before, while the text

was adjusted accordingly in order to make the expressions clearer.

P.0. 1 Due to the uncertainty of the supporting conditions, the most unfavorable supporting
conditions that may be caused by different construction techniques is needed to be considered in the

check of the caisson wall in the bottom segment.

1  When a caisson is lowered by excavation in the dry,the supporting positions of the caisson
may be controlled in the most favorable range for structural stresses. For round-end or
rectangular caisson, when the long side is greater than 1. 5 times the short side, the
supporting point may be set on the long side,and the distance between the two supporting
points is equal to 0.7 times the side length ( see Fig. PO. 1-1). The absolute value of the
negative bending moment generated at the support is approximately equal to the one of the
positive bending moment generated at the midpoint of the long side,and the tensile strength
of the concrete at the top or bottom of the caisson wall caused by the self-weight of the

caisson is checked according to this condition.

2 When a caisson is lowered by excavation in water,because the supporting positions cannot
be controlled, the bottom segment of the caisson may be checked as a beam under the

unfavorable supporting conditions as assumed as follows

(1)By assuming that the bottom segment of the caisson is only supported at points ‘2’ at the
midpoint of the long sides ( see Fig. PO. 1-2) and both ends are suspended in the air, the

tensile strength of the concrete at the top of the caisson wall on the most unfavorable
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vertical section near the midpoint of the long side caused by the self-weight of the caisson

is checked.

(2) By assuming that the bottom segment of the caisson is supported at points ‘3’ at both ends
of the short sides( see Fig. PO. 1-2) , the tensile strength of the concrete on the bottom of
the cutting edge at the midpoint of the short side caused by the self-weight of the caisson is
checked.

P.0.2 When the caisson is sunk to the designed elevation and the soil under the cutting edge had
been hollowed out,the upper part of the caisson wall may be clamped by the soil layer while the
lower part of the caisson wall is suspended in air,thus the middle part of the caisson wall will be
subjected to maximum vertical tension. The provision in this Section is only applicable to the case
where the top of surface of the caisson is flush with the ground level. If the caisson is exposed above
the ground,the acting position of the maximum tension force moves down and its value decreases.

The calculation method is derived as follows:

(1) Caisson wall with constant sections;
Considering the most unfavorable condition for a caisson wall under vertical tension, it is

assumed that the skin friction is distributed as shown in Fig. P-1.

9,
T Y Riverbed surface
| | &/ B 7B
x | (Caisson |
: self-weight) :
x | \ |
| |
| |
qx T | Gk | ~
| |
T | |
» | |
| | .
Designed base
T o= - Veleva%tion

Figure P-1 Vertical Tension on the Caisson Wall with Constant Sections

Because Gk:%-qd-h-u
Theref _2G
erefore, 9=
Because again e _4a
g ’ X - h
q. 2Gk X 2ka
Theref =x=—" x> = P-1
erefore , q.=5xX=" X P (P-1)
where .
G, self-weight of the caisson(kN) ;
7’ perimeter of the wall(m) ;
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h embedded depth of the caisson(m) ;
q, unit skin friction acting on the wall at the riverbed (kPa) ;
q, unit skin friction acting on the wall at the section with a height x from the base of the

cutting edge(kPa).
The tension force of the caisson wall at x section, P_,is equal to the result of its self-weight in
x range minus the skin friction in x range ,namely ;

Gx qxu Gx 2Gx xu Gwx Gx

P =— P-2
Y h 2 h Pu 2 h n ( )
) dP
To find Pmax,set — =0
dx
dP, GK 2G.xx
1y - r = =
Namely : - oh 7 0
Then,we can obtain x = g Substituting x into the Eq. (P-2) .
Gk h Gk( h )2 Gk Gk 1
Pmax_h 2_h2 2 _2_4_4Gk (P_3)

(2) Stepped caisson wall( Fig. P-2)

Because G, +G, +G;, +G,, =0.5q,hu
2(G,, +G,, +G,, +G,,
Therefore , q,= (G, 2kh %+ Gu)
u
qx q X
From o= f,we have ¢, = e

The tension force of the caisson wall atx section is equal to the result of its self-weight in x

range minus the skin friction in x range,namely .

P :Gx _%uqx'x (P_4)

For a stepped caisson wall, the section tension force shall be calculated for each step segment,
and then the maximum value shall be taken. Through calculations, we can find that the maximum

tensile force occurs at every section where the step is changed.

94

Fig. P-2 Stepped Caisson Wall Subjected to Vertical Tension Forces
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P.0.3 When a caisson is sunk to the design elevation and the soil under the cutting edge is
hollowed out, the caisson wall is subjected to the maximum horizontal force under the actions of
water pressure and earth pressure. For this case, the caisson wall is taken as a plane frame, the
bearing capacity of a caisson wall segment with a height equal to the wall thickness ¢ as well as

other sections of the caisson wall are checked in sequence.
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Appendix Q
Calculations for Cutting Edge during Caisson
Sinking Process

Appendix Q was rewritten from the provisions and the corresponding commentary of the
Clause 6. 3. 3in the 2007 Version Specifications ,mainly the calculations of the cutting edge during
the caisson sinking process, where the main provisions and calculation methods were remained as

before , while the text was adjusted accordingly in order to make the expressions clearer.

Q.0.1 During the sinking process of a caisson,its cutting edge is subjected to a very large force
and the bearing capacity needs to be checked. For convenience in calculations, the cutting edge of a

caisson is calculated as a cantilever beam and a plane frame, separately.

Q.0.2~Q.0.3 When the cutting edge is regarded as a cantilever beam , there are two critical load
cases. In the first case,the inside of the cutting edge is inserted into the soil by a certain depth, the
cutting edge behaves as a cantilever beam deflecting outward. In the second case, the soil under the
cutting edge has been hollowed out, the cutting edge behaves as a cantilever beam deflecting
inward. In calculating the force, it shall be noted that the cutting edge is regarded as a cantilever
beam and also a closed plane frame ( see Q. 0.4 of the Specifications) ,thud the horizontal force
acting on the cutting edge side will be shared by the two different models. The distribution

coefficients can be found in Clause Q. 0.5 of the Specifications.

Q.0.5 On the one hand,the cutting edge of a caisson can be regarded as a cantilever beam fixed
at the root of the cutting edge, and the beam length is equal to the height of the slope part of the
outer wall of the cutting edge ; on the other hand, the cutting edge may be regarded as a closed plane
frame. In other words, the horizontal force acting on the cutting edge side will be shared by two
different models,namely the cantilever beam and the plane frame. That is to say, one part of the
horizontal force is carried by the root of the cutting edge vertically ( cantilever effect) ,and the other

part is carried by the plane frame ( frame function). According to the deformation coordination
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relationship , the distribution coefficients o and 3 are derived. These formulas are applicable to the
cases when the distance from the bottom surface of internal diaphragm to the bottom surface of the
cutting edge is 0.5 m,or greater than 0. Sm but strengthened by vertical supports. Otherwise, all the

horizontal forces are carried by the cutting edge as a cantilever beam(i. e. ,a=1).
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Appendix R
Calculations of Horizontal Earth Pressure
Based on Soil-Retaining Structure Interaction

When the retaining structure is designed according to the control principle of deformation, the
earth pressure acting on the retaining structure is calculated according to the deformation condition.
The proportionality factor m for horizontal partial factor of ground that increases with the depth
shall be determined through horizontalloading test as far as possible. If the test is unavailable, the
value may be selected based on experience. If the test data are unavailable and the experience is

lack, the value may be selected according to Table R-1.

Table R-1 ‘m’ Value

Ground soil condition m value(kN/m*)
I, =1 cohesive soil,mud 1000 ~2000
1.0>1,=0.5 cohesive soil,silt 2000 ~ 4000
0.5 >1, =0 cohesive soil, fine sand 4000 ~ 6000
I, <0 cohesive soil,coarse sand 6000 ~ 10000
Gravelly stone, gravelly sand, gravel,cobble 10000 ~ 20000

Note:1. The I, is the liquidity index of cohesive soil.
2. When the horizontal displacement of the diaphragm wall at the soil surface or the excavation surface is greater

than 10 mm in the calculation,the smaller value in the table shall be taken.

Cohesive soil ( especially for semi liquid or liquid clay ) has a creep effect. The creep effect
affects the value of earth pressure. Fig. R-1 shows the hysteresis of earth pressure caused by the
creep effect of the cohesive soil. For a certain soil unit on the non-excavation side, if the
displacement from A to B occurred in the previous stage, and then the soil unit moves to the
opposite non-excavation side in the next stage,its earth pressure pattern shall be re-established , that
is, the straight-line BC. The creep characteristics of cohesive soil are closely related to the factors
such as foundation pit excavation and internalbracing construction process, soil stress level in the

passive zone ,and changes in soil moisture content. The creep effect of soil is difficult to be mastered
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accurately. In the calculations, the influence of the creep effect of earth pressure on the force and

deformation of the retaining structures is considered according to a reliable method or experience.

Earth pressure
Passive state D

Active state

1 B
New abscissa at / Horizontal
stationary state / displacement

of wall
Fig. R-1 Schematic Diagram of Earth Pressure Hysteresis
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Appendix S
Calculations of Straight Diaphragm Wall
Retaining Structures

When the elastic beam foundation method was used to compute the earth pressure, internal
force and deformation of the diaphragm wall, the following steps are carried out for the iterative

processes :

(1) Assume the horizontal deformation of the walls to be O at the initial state,and compute the

horizontal earth pressure on both sides of the walls using Eq. (R.0.1-1);
(2) Compute the horizontal deformation of the walls;

(3 ) Compute the horizontal earth pressure on both sides of the walls according to the Eq. (R.

0. 1-1)using the obtained horizontal deformation of the walls;

(4)Re-compute the internal force and deformation of the structure using the newly obtained

horizontal earth pressure of the walls following the above computation steps;

(5)Repeat Step 3 and 4 until the difference between two adjacent computed deformations is

small enough.
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Appendix T
Calculations for Circular Diaphragm Wall
Retaining Structures

T.0.2 The effective cross-sectional area, A, for one internal ring beam or inner lining is the
effective ‘true ring’ cross-sectional area, which is the design cross-sectional area deducted by the
construction deviation. The weakened section mainly refers to the reduction of the horizontal ring
width of the internal ring beam or inner lining. The influence factors mainly include: (1) for the
‘polygonal’ diaphragm wall composed of multiple straight trenches, the diameter reduction of the
theoretical ‘true circle’ of the internal ring beam or the outer edge of the inner lining; (2 ) the offset
of the outer edges of the horizontal circular ring of the internal ring beam or the inner lining , which
is induced by the mismatch between wall sections caused by the verticality deviation of trenches in
construction of the diaphragm walls along vertical direction; ( 3 ) the diameter reduction of the
theoretical ‘true circle’ caused by the plane construction errors of the internal ring beam or the

inner lining itself.

T.0.3 The effective thickness d of the diaphragm wall panel is the effective ‘true circle’
thickness, which is the design thickness deducted the construction deviation. The influence factors
mainly include: the reduction of the theoretical ° true circle’ wall thickness caused by the
‘polygonal’ diaphragm wall composed of multiple straight trenches, the reduction of the wall
thickness induced by the mismatch of adjacent wall sections caused by the verticality deviation of
trenches in the construction of the diaphragm walls along vertical direction.

The reduction of the circumferential compression stiffness of the circular diaphragm wall by the
clay coating between the wall sections is mainly considered in the modification coefficient o in Eq.
(T.0.3). The concrete of the trenches is cast in stages. Due to the use of slurry for wall protection,
when the second-stage trench section is cast, there must have a certain thickness of clay coating
between the first and second-stage wall sections. When the foundation pit is excavated, the outside
water and earth pressure causes the diaphragm wall to be compressed in the circumferential
direction, causing the clay coating deformed and the circumferential rigidity of the wall to be

weakened. For a circular diaphragm wall with large diameter, more connectors in the trench section
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and the greater the thickness of the clay coating will be used,and greater degree in weakening the
stiffness will be resulted. The weaken effect is closely related to the technical level and experience
of the contractors,how to consider the weaken effect in the design should be studied according to
the specific conditions of the project. In calculation of the force of the circular diaphragm wall as
retaining structure in the south anchorage foundation of the Wuhan Yangluo Bridge,the value of
was calculated using the recommended method by the French foundation company based on its years
of experience. The computed results of the o was 0.417. According to the construction monitoring
results, the force and deformation state of the wall were in good agreement with the calculated
results. The outer diameter of the circular diaphragm wall as retaining structure of the south
anchorage foundation of the Wuhan Yangluo Bridge reached 73 m,the wall thickness was 1.5 m,
the maximum wall depth was about 61 m, and the maximum excavation depth was about 45 m,
indicating it as a considerable scale diaphragm wall. Therefore,a as 0.4 is adopted as the low limit
value in this Clause is applicable for circular diaphragm wall as retaining structures under normal
circumstances. The high limit value of « is taken as 0. 7, which is mainly referred from the
provisions in the Design and Construction Technical Code for Diaphragm Wall Structure of Port
Engineering (JTJ 303-2003).
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Technical Terms in Chinese

and English

Jrs HSOR TR P N
1 R %= hypabyssal rock
2 AR A dispersive rock
3 BEIR T wave force
4 N H R adverse geology
5 A HEK ST 0 undrained shear strength
7 ZE BH. skin friction
8 1) K73 lateral pressure
9 i steel dowel
10 ULk settlement
11 Mkl caisson foundation
12 RO 3 1 trench verticality
13 KE pile cap
14 TRERE S BRARZS ultimate limit state
15 BhZ bearing stratum
16 HRINR & scour depth
17 ) £ scour line
" hiE £ hydraulically placed fill

ZIH A plain fill

19 b coarse sand
20 b T i 2K surcharge load
21 b sand drain well
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continued

Jre HSOR TR BEOR T
22 B [l g0 B2 P uniaxial eccentric compression
23 2 stratum
24 HhZ 85 strata
25 Hb AL ground
26 MR 2 ) M 4 7K # ) ground bearing capacity bearing resistance of soil
27 i S ot foundation soil
28 55 landform
29 o SRS diaphragm wall
30 iR K groundwater
31 B seepage
32 HE topography
33 Hb 5 geology
34 K% base beam
35 HZ replacement layer
36 E AR metacenter radius
37 BTN frost depth
38 TReksk depth of frost potential
39 %+ frozen soil
40 IS frostheave
41 i 34 b steep slope ground
42 Ui BH. 77 tip resistance
43 Ui 7 ATE end-bearing pile
44 ZHEG L permafrost
45 AN development degree
46 ¥ silty sand
47 #t silty soil
48 WEi+ silty clay
49 TR buoyant unit weight
50 fEERA S negativeskin friction
51 )2 overlying layer I§ covering layer
52 e cover plate
53 N1/ NI 58 reinforcing steel/reinforcement cage
35 B elevation




continued

Jre HSOR TR BEOR T
56 TRER engineering judgement
57 ¥4 15 4R 3 auxiliary reinforcement
58 i 5% diaphragm
H
59 A%+ red cohesive clay
60 L transformedunit density
SR T transformed section
J
61 R foundation base
62 B SR Rk i retaining structure of foundation pit
63 s bedrock
64 ML foundation pile
65 FLAh i 1f base of foundation
66 e T p extremely fractured
67 e extremely weak rockveryweak rock
68 30 stiffness
69 B rock mass rating of strength
70 135 ib=s very strong rock
71 W HETE grouting
72 ik breccia
73 Bk moderately fractured
74 B moderately weak rock
75 gt moderately intact
76 Bt A moderately strong rock
71 kA6 box-typedconnectors
78 Eii pile splicing
79 S joint
80 REBL U]z spacing ofjoint
81 LR E B R AL importance factor of structure
82 T 5 DT RI sectional shear stiffness
83 P K g sectional flexural stiffness
84 T 48 W1 sectionalcompression stiffness
85 W3 v e offset width
86 ZHHERK constant flow
87 J-BE caisson wall
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continued

Jre HSOR TR BEOR T

88 AL dredge hole( Well hole)
89 H R 7 L2 I diaphragm wallas caisson (or closed ) foundation
90 e vertical clearance

91 ) bR static cone penetration test
92 FoK RS hydrostatic water pressure
93 g survey

94 rig e e stability against sliding
95 SRS ey stability factoragainst sliding
96 Uy R e shear strength

97 EIWIEY i resistance factor

98 b against overturning

99 ETIR(=E "2 against sliding

101 BiERE compressive strength

102 ¥ plastic

103 fLBR L void ratio

104 yoa block stone

105 RHE belled pile

106 ¥ fLER S bell-bottomed part

167 Y b pile with expanded branchffs and plates/

under-reamed pile

108 4L bell bottom

109 R gravelly sand

110 i va) gravelly stone

111 RU4E crack

112 Z4p fissure

113 I 2K I TRAE wave action near water
114 ik quicksand

115 WAKIES stream pressure

116 bz} liquid

117 oA cobble

118 HE IR embedded depthor bearing depth
119 WHE G spill-through abutment
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continued

Jre HSOR TR BEOR T

120 AR development length
121 S N AR anchorage reinforcement
122 SR density

123 THFRHRH U section modulus

124 JE T friction pile

125 JEERH 1/ BE 8 7 frictional resistance/frictional force
126 NEZN7S internal ring beam
127 AR inner lining

128 AR internal bracing

129 TR peat

130 Pes + peaty soil

131 v mudstone

132 i+ A argillaceous rock

133 Fht /Kt clay

134 Zh cohesive soil

135 HEK drainage

136 HEK F 25 drained consolidation
137 ik swelling soil

138 7l Qe=ral swelling rock

139 =ha boulder

140 S48 K A average normal water level
141 T 24 fracture plane

142 TR very fractured

143 il R fracture degree

144 T 25 Tl fractured rock foundation
145 LA shallow foundation
146 i [EAE FH socketed effect

147 wealt ratio of rock-socketed depth
148 A R rock-socketed depth
149 A rock-socketed pile
150 i XAk highly weathered

151 i dynamic compaction
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continued

Jre HSOR TR BEOR T
152 B BSOS BY trench wall unit
153 Y1) 2R Bk 1 tangential frost heave
154 AL AT inclinedanchor rod
155 2Nk completely weathered
156 HEWE group piles

FEAE Pile group
157 T cutting edge
158 b/ Karst depression
159 iyl soft rock
160 WAL ZBL softening coefficient
161 s Hh Ik soft ground
162 L | semi plastic
163 L soft soil
164 s very weak rock
165 Bkt soft clay
166 Wb F R 2% preloading method with sand drain wells
167 ibBk sandy gravel
168 FhiREZE replacement layer of sandy gravel
169 WA sandy stone piles
170 irt sand/sandy soil
171 = sandstone
172 e slightly dense
173 Bist permeability
174 A collapsibility coefficient
175 MRA T collapsibility
176 T8 R+ collapsible loess soil
177 MR- collapsible soil
178 A A lime piles
179 SR ERT block foundation
180 2 F1 primary reinforcement
181 IR FERE cement deep mixing piles
182 IR hydrological
183 N soft soil




continued

Jre HSOR TR BEOR T

184 PNEL loose

185 E3hN placed fill

186 FERLHEK b plastic vertical drains
187 AR EL plasticity index

188 [y gravel

189 A+ gravelly soil

190 AHEEL abutment backfill
191 B JL g elastic foundation beam
192 Bt fill/backfill

193 SRRESUHL T 1 2 1 Sl diaphragm wall as strip foundation
194 + ZEFF () earth anchor ( cable)
194 + FER soilplugging

196 FAFLE bored pile

197 SEAE intact

198 AL slightly weathered
199 KRN unweathered

200 R tie-beam

201 b fine sand

202 T sinking

203 EE TR R 4 newly deposited cohesive soil
204 FEHYHA pressure spreading angle
205 JESZIE A compacted fill

206 JEEE s compressive modulus
207 45+ )% compressible soil layer
208 46 25 compressive factor
209 JE 4 compressibility

210 TEFEHH [X extremely cold region
211 2 rock stratum

212 AR I karst grounds

213 A rock

214 Py apiiEY rock foundation

E




continued

Jre HhSORE BESCRI

215 AR R RRE joint development degree of rock mass
216 Ak salt swelling

217 s £ salinized rock

218 HEit salinized soil

219 FH3H adret slope

220 WPETE AL liquidity index

221 Ry =ral soluble rock

222 hE YR stiff plastic

223 e mud

224 R A muddy soil

225 5] ik round gravel

226 [BE H T 3% 2 circular diaphragm wall
227 JEAE circular pile

228 etk £ undisturbed soil
229 2+ miscellaneous fill
230 PR oA BE vibratory crushed stone piles
231 (LN | block bearing resistance
232 HARILRE block foundation B, entire foundation
233 TEH A AR BRAR 25 serviceability limit state
234 RRG supporting system
235 HEIE T Sk straight diaphragm wall
236 o Xk moderately weathered
237 i medium dense

238 b medium sand

239 oS gravity density

240 A 2 B skin friction of pile
241 vty pile tip

242 W R 7 tip resistance

243 W LA pile foundation
244 *Eﬁ_it( *ﬁ) g pile bent pier

245 B/NhTE minimal margin width
246 I longitudinal gradient
247 Bl drilled pile
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