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The People’ s Republic of China
Ministry of Transport
Public Notice

No.50

Public Notice on Issuing the English and French Versions of Seven
Highway Engineering Industrial Standards including” Specifications
for Design of Highway Tunnels Section I Civil\ Engineering

The English and French versions of Specifications for Designyof Highway Tunnels Section 1
Civil Engineering [ JTG 3370.1—2018 ( EN)., substituting JTG D70—2004 (E) ; and
JTG 3370.1—2018 (FR) |, the French yersion<of Specifications for Design of Highway
Tunnels Section 2 Traffic Engineering_and-Affiliated Facilities\JJTG D70/2—2014(FR) ],
the English version of Guidelines for Design”of ‘Lighting rof-Highway Tunnels [ JTG/T D70/2-
01—2014 (EN) ], the English version of“Guidelines'for' Design of Ventilation of Highway
Tunnels [ JTG/T D70/2-02—2014 (EN) ], the-English version of Specifications for Seismic
Design of Highway Tunnels ['JTG 2232—2019(’EN) J», and the English version of Technical
Specifications of Maintenance for/Highway, Funnel [ JTG H12—2015(EN) | are issued hereby
for promoting international cooperation—and ‘sharing of standards in highway engineering

industry.

The general administration and final interpretation of theforeign language versions of the above
mentioned standards belong to Ministry of Transport, while particular interpretation for
application and routine administration shall be provided by China Merchants Chongqing

Communications Technology Research & Design Institute Co. , Ltd.

Inevent of any ambiguity or discrepancies between the foreign language versions and Chinese

version, the Chinese version should be referred and accepted.

Comments, suggestions and inquiries are welcome and should be addressed to China
Merchants Chongqing Communications Technology Research & Design Institute Co.,

Ltd. (Address: Institute of Tunnel and Underground Engineering, No. 33 Xuefu Avenue,



Nan’ an District, Chongqging, P. R. China; Postal Code: 400067 ; E-mail: chengliang@

cmhk. com) .

It is hereby announced.

Ministry of Transport of the People’s Republic of China
September20, 2023

General Office of Ministry of Transport Printed on September 21, 2023




Introduction to English Version

w

Standards reflect the achievement of civilization and progress; provide common
languages for technical communications and improve global ‘¢onnectivity. In recent
years, Chinese government has been proactively implementing the standardization
to stimulate innovation, coordination, greening, @nd—epening up for shared
development in China and worldwide. In light of 'mutdal development along the
Silk Road Economic Belt and the 21st-Century Maritime Silk Road (so called the
"One Belt One Road" initiative ) ,. the Ministry of Transport of the People’ s
Republic of China organized translation”and published international version of
Chinese highway industry standards ‘andspecifications, to cope with the increasing
demands for internationmaly eooperation in“wotld - transportation, achieve
interconnected development~and, promote ‘krowledge dispersion and experience

sharing.

JTG is the designation referring to”the standards and specifications of highway
transportation, indasiry, issued by “the Ministry of Transport of the People’ s
Republi¢ of China. Tt coversithe standards and specifications in terms of facilities,
technologyy, “administration \and service for whole process from highway planning
through to highway maintenance. The criteria for safety, environment and economy

assessment are also included.

The Specifications for Design of Highway Tunnel; Section 1-Civil Engineering
(‘hereinafter referred to as the Specifications) are important technical standards for
the design and construction of mountain highway tunnels in China. It is mainly
used by supervision and management departments, geological teams, design
institutes, construction enterprises and engineering supervisors for geological
surveys, tunnel structure, load calculation, water resistance and drainage,
auxiliary engineering, special address field, subgrade and pavement, seismic
design and reserved embedment of new, modified and expanded mountain tunnels
of all levels. The Specifications for Design of Highway Tunnels (JTJ 026—90)

were first issued for implementation by the Ministry of Transport of the People’ s
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Republic of China”in1990, which feresightedly introduced the design and
construction methods of highway_ tunnels with the world advanced level at that
time, provide a'basic guarantee for thie_construction of mountain highway tunnels
and plays an ‘impertant rele’ On the basis of fully summarizing the relevant
scientificiresearch achievements “and rich engineering experience of China, the
Specifications were improved and revised continuously with reference to
international advanced design and construction technology of mountain highway
tunnels. In 2004, the revised version was released. With the rapid development of
highway tunnel construction scale in China since the 21st century, the total
number of highway tunnels in China reached 24,850 in 2022, amounting to 26,
784,300 linear meters, and grew rapidly at an average annual rate of over 12%.
With the expansion of highway tunnel scale and the increase of highway tunnel
types, the design and construction technology of highway tunnels has made great
progress. In 2018, the new version of the Specifications was released again,
focusing on unifying and standardizing the technical requirements for the design
methods of new mountain highway tunnels and modified & expanded mountain
highway tunnels excavated by the drill — and — blast method. Based on the basic

principles of safety, durability, economy, energy saving, and environmental
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protection, the Specifications emphasize the specified strength, stability, and
durability for the main structure of tunnels, maintenance, and repair convenience,
and advocate the idea of dynamic design and information — based construction.
The Specifications are applicable to the design requirements for civil engineering of

different types of mountain highway tunnels.

The purpose of compiling and publishing this English version is to exchange and
share China’ s engineering experience and technical achievements with
counterparts in other countries, and to provide reference, for the design and

construction of mountain highway tunnels in other countties,

The Ministry of Transport of the People’ s Republic -of.China entrusted China
Merchants Chongqing Communications Technelogy Refearch & Design Institute
Co. , Ltd. to preside over the compilation*of the -English version of Specifications
for Design of Highway Tunnel: Seetion 1-Civil Engineering, and the Highway
Bureau of the Ministry of Transport of the People s Republic of China organized
the review. These Specificatiens were, supported hy many experts in Europe and
America during compilation, Speeial thanks arealse given to Pakistani expert
Asim Amin, Australian”expert” Bedi Anmol; Singaporean expert Wen Dazhi,
Chinese expert Yan, /Jinxiu;, Pakistani-expertss Babar Khan Usman Jilani and
Rasheed Ahmed for their assistance afid support during the editing and approval of

these Specifications.

The«English-version of Specifications for Design of Highway Tunnel ; Section 1-Civil
Engineering is consistent with the current Chinese version. In the event of any

ambiguity or discrepancies, the Chinese version shall be referred and accepted.

Gratitude is given here to Mr. Jiang Shuping and Mr. Cheng Chongguo, the
editors in charge of Chinese version, for their guidance and support during the

editing and approval of the English version.

Comments, suggestions and inquiries are welcome and should be addressed to the
editing organization in charge of the English version ( address: Tunnel and
Underground  Engineering  Research  Institute, =~ Merchants ~ Chongqing
Communications Technology Research & Design Institute Co. , Ltd., No. 33,
Xuefu Avenue, Nan’ an District, Chongqing, postal code: 400067, e-mail;
chengliang@ cmhk. com) .



Editing organization in charge for English version:China Merchants Chongqing

Communications Technology Research & Design Institute Co. , Ltd.
Chief editor for English version: Wu Mengjun

Associate editors for English version: Ding Hao, Hu Xuebing, Hu Juyi, Cheng

Liang, Li Ke, Guo Hongyan, Wang Daoliang, Wu Shengzhong, Wang Jianhua
and Xu Xu

Review editor for English version:Asim Amin (Pakistan) andBedir Anmol ( Australia)

Associate review editors for English version:Zhang Huiyu\ ( China)
Yan Jinxiu ( China)
Wen Dazhi ( Singapore )
Babar Khan ( Pakistan)
Usman Jilani ( Pakistan)
Rasheed Ahmed ( Pakistan)
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Foreword to Chinese Version

According to The Ministry of Transport Notice on Issuing the Order for Highway
Engineering Standard Development/ Revision Program 2010x( TGLZ [ 2010 ] No.
132), China Merchants Chongging Communicatiens..Technology Research &
Design Institute Co. , Ltd., as the principal drafter; hassundertaken the task of
revising the Specifications for Design of <Highway Tannel ( JTG D70—2004 )

(hereinafter called the “previous edition™ )

The previous edition has been comprehiensively revised on the guiding principle of
“safety, durability, economys, energyefficiency and environmental protection”,
on the basis of highway tunnel. design & research” achievements and experiences
across China in recént years\and fullydrawing on domestic and international
standards and advanced teehnologies on” highway tunnels. It has been approved
and issued forimplementation assthe Specifications for Design of Highway Tunnel .
Section 1-Civil ‘Engineering( JTG, 3370. 1—2018 ) ( hereinafter called “ this

edition” )i

This revised edition is organized into 18 chapters and 14 Appendices: General;
Terminology and Symbols; Tunnel Survey and Surrounding Rock Classification;
Oyerall Design; Building Materials; load; Portal & Portal; Lining Structural
Design; Structural Calculation; Waterproofing and Drainage; Special Types of
Tunnels; Auxiliary Channel; Auxiliary Engineering Measures; Design of Tunnels
in Special Geology; Tunnel Subgrade and Pavement; Seismic Design;
Reconstruction and Expansion Design; In-tunnel Reservation, Embedment and

Structures ; Appendices A-P.
The changes with respect to the previous edition include;

1. Changed the applicable scope to “all classes of new, reconstructed or expanded

highway tunnels excavated primarily by drill-and-blast method” from the
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previous “all classes of highway two-lane tunnels drill-and-blast method” ;

Aligned highway tunnel construction gauge with other standards and
specifications ; adjusted and supplemented provisions on maintenance access/
sidewalk , emergency stop zone, pedestrian and vehicle cross passages and

parallel adit for single-tube bidirectional extra-long tunnel ;

. Added provisions on tunnel construction monitoring and measurement and

advance geological forecast;
. Adjusted and supplemented provisions on building materials ;

. Added calculation methods for rock load and seismi¢ foad on neighborhood and

twin-arch tunnels

. Supplemented and adjusted structdaral ‘design contents by simplifying structural
design of two-lane tunnel lining 'and adding tostructural design of large-span

highway tunnel accommedating-three or four lanés;

. Added provisions on_ partial load combination and its safety factor; introduced
the strength’ reduction™ finite*.element_method ( FEM ) for safety factor of

surrounding rock during construetiorny

. dmproved” provisions “on deésign of tunnel waterproofing and drainage and
supplemented provisions 6n waterproofing and drainage design for tunnels in

cold areas;

. Improved provisions on design of neighborhood and twin-arch tunnels and
supplemented provisions on design of special tunnels such as branching-out and

shed tunnels;

10. Improved design specifications for auxiliary caverns such as vertical shaft,

1

inclined shaft, cross passage and underground machine room;

1. Added and detailed design contents of auxiliary engineering measures ;

12. Subdivided the “karst and goaf“ from the previous edition into two sections



(“karst” and “goaf” ) ; supplemented design specifications for loess tunnel;
changed “rockburst® from the previous edition to “High in-situ stress” ; added

design specifications for permafrost tunnels ;

13. Supplemented and adjusted provisions on cement concrete pavement and
composite pavement in tunnels; added design requirements for CRC
( Continuously Reinforced Concrete ) surface course; added provisions on

installing drainage under the tunnel pavement structure;

14. Deleted design specifications for ventilation and”lighting,_in the previous

edition;

15. Added three new chapters: “Seismic Design”, “Reconstruction and Expansion

Design” and “In-tunnel Reservation, Embedment and Structures”.

Comments and suggestions from users.ofthis publication are welcome and should
be addressed to the routine -administration team( Attention: Cheng Chongguo,
Tunneling and Underground, Engineering Branchj Nov, 33, Xuefu Avenue, Nan’
an District, Chongqing-400067 ; e-mail ; "chéngchongguo@ cmhk. com; Tel; 023-
62653439 ; Fax: 023-62653128 ). The feedback will be considered in the next

edition.

Editing organization in charge: China Merchants Chongqing Communications
Technology Research & Design Institute Co. ,
Ltd.

Associate editing organizations :
Zhejiang Provincial Institute of Communications Planning, Design &
Research
Tongji University
CCCC First Highway Consultants Co. , Ltd.
CCCC Second Highway Consultants Co. , Ltd.
Chongqing Jiaotong University
Research Institute of Highway Ministry of Transport
Hunan Provincial Communications Planning, Survey & Design

Institute
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1 General Provisions

1.0.1 These Specifications are intended to provide standards and guidelines for design of highway

tunnels.

1.0.2 These Specifications are applicable to all ‘classes’ of new, reconstructed or expanded

highway tunnels excavated primarily by drill-and-blast:method.

1.0.3 Tunnel designs shall fulfill highway functions and follow the basic principles of " safety,

durability,, economy and environmental proteetion" .
1.0.4 Highway tunnels can be grouped'into four|categories by length, as specified in Table 1.0. 4.

Table 1. 0.4 Classification of highway tunnels by length

Classification Extra-long tunnel Long tunnel Medium tunnel Short tunnel

Length (m) L >3000 3000 =L > 1000 1000=L >500 L<500

Note: The length, L of a tunnel is the distance between the intersections of its axis at the top of the road surfaces and end

planes of ‘the portal lining at both ends.

1.0.5 The primary tunnel structure shall be designed as a permanent structure with specified
strength, stability and durability. It shall meet all the service life requirements, and shall allow for

easy maintenance and repair.

1.0.6 The design of civil engineering components of a tunnel such as the primary structure,
pavement, waterproofing and drainage shall be carried out in comprehensive consideration of the
design of operational facilities, such as the ventilation, lighting, traffic monitoring, power supply

and distribution and fire protection.

1.0.7 Civil engineering design of a tunnel shall follow the principle of observational design

7



approach with information technology based construction monitoring. A general plan for geological
inspection, prediction, and construction monitoring and measurement shall be developed to provide
basis for observational design approach to make timely adjustment to support parameters and

construction methods.

1.0.8 Tunnel design shall be such that land use is minimal, existing vegetation preserved wherever

possible and muck and sewage properly disposed.

1.0.9 Tunnel design shall proactively and safely adopt new technologies ;- materials, equipment

and processes in line with relevant national technological and economic policies.

1.0.10 Highway tunnel design shall comply with relevant current natienal and industrial standards,

in addition to these Specifications herein.



2 Terms and Symbols

2.1 Terms

2.1.1 Highway tunnel
An underground passageway for motor vehicles, non-motor vehicles and pedestrians to pass
through. Highway tunnels are commonly classified .into® motor ‘vehicle tunnels and mixed-use

tunnels for motor vehicles, non-motor vehicles\and pedestrian$

2.1.2 Mountain tunnel

A tunnel featured by excavation through mountains

2.1.3 Drill-and-blast tunnel
A tunnel excavated’ by manually or mechanically drilling boreholes, loading explosives and

controlled blasting

2.1.4 Cut-and-cover tunnel

A tunnel built by cut and cover method

2.1.5 Shed tunnel
A highway structure formed by open excavation followed by constructing a roof supported by

columns on one side and walls on the other.

2.1.6 Construction gauge

Clear defined-space required in highway tunnels to ensure vehicular and pedestrian passage

2.1.7 Clear section

The cross-section area surrounded by the intrados of tunnel lining, pavement and side drain



2.1.8 Emergency stop zone

An area inside the tunnel for temporary parking of faulty or inspection vehicles

2.1.9 Cross passage
A transverse, nearly horizontal passage linking two tunnels or caverns, or linking the tunnel to

ground surface

2.1.10 Vertical shaft

A vertical excavation provided to improve operational ventilation or construction conditions

2.1.11 Inclined shaft

An inclined excavation at a certain angle to improve operational ventilation or ¢onstruction conditions

2.1.12 Twin tunnels with small clearance
Two parallel tunnels constructed in sufficiently close proximity-to each other such that one will have

a structural impact on the other.

2.1.13 Twin-arch tunnel
Two parallel arch tunnels with no rock. pillar in-“between_and ‘theirsman-made support structures

connected together

2.1.14 Branching-out tunnél

A bidirectional large-span, or-twin=arch tunnel whichitrafisitions into two separate tunnels

2.1.15 Surrounding tock classification

Classification of surreunding rock by stability property according to rock mass integrity and strength

2.1.16 Rock Quality Designation

Rock Quality Designation determined using rock hardness and integrity as basic parameters

2.1.17 Modified Rock Quality Designation
Rock Quality Designation corrected according to groundwater, main weak structure plane, initial

stress, etc.

2.1.18 Load

A force acting on and creating stress within a structure

2.1.19 Loosening pressure

The pressure acting on the lining structure as a result of loosening of surrounding rock mass
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2.1.20 Distortional pressure

The pressure acting on the lining structure as a result of deformation of surrounding rock mass

2.1.21 Rock load
The pressure acting on the lining structure as a result of deformation or loosening of surrounding

rock mass. It is a collective term for distortional pressure and loosening pressure

2.1.22 Eccentric load

Unsymmetrical load acting on a tunnel’ s lining structure

2.1.23 Portal

A structure provided to support and retain rock and soil on the heading slope at the opening of a tunnel

2.1.24 End-wall tunnel portal

A retaining wall provided to retain soil on the heading slope-at.the opening of a tunnel

2.1.25 Cut-and-cover tunnel portal
A structure provided to protect the slope at the ‘opening of a tufinel andito enable its lining structure

to extend outward

2.1.26 Lining
Shell structure used to provide support te the surrounding rock of a tunnel

2.1.27 Tunnel invert

An arch inverted_areh lining at the bottom of+a tunnel

2.1.28 Shoterete and rockbolt lining
A surrounding tock support structure composed of shotcrete, rockbolt, reinforcement mesh, steel

rib support or a2 combination thereof

2.1.29 Monolithic lining

A tunnel lining structure constructed of concrete placed in formwork or masonry after tunneling

2.1.30 Composite lining
A composite lining structure composed of shotcrete and rockbolt lining, waterproofing layer and

concrete placed in formwork

2.1.31 Pilot tunnel

A small adit driven through the excavated cross-section ahead of the tunnel face of the main tunnel
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2.1.32 Advance geological forecast
Activities to detect, examine and evaluate geological conditions ahead of the tunnel face by means

of geophysical exploration or drilling

2.1.33 Tunnel construction monitoring and measurement
Activities to observe, monitor, examine and evaluate deformation of surrounding rock and strata as
well as the stress and deformation of support structures inside the tunnel or on the ground surface,

using various tunnel construction monitoring and measurement instruments and tools

2.1.34 High in-situ stress
An in-situ stress field high enough to causes rock burst and rock strippingyin hard rock strata or

large deformation and significant decrease of clear section after the tunnel is driven

2.2 Symbols

BO—Rock Quality Designation;

[ BQ | —Modified Rock Quality Designatien ;
R.—Saturated uniaxial compressive strefigth-of rock ;
R,—Ultimate compressive strength of concrete or masonry ;
R,—Ultimate compressive strength~of concrete in bending;
R,——Ultimate tensile strength{of,concrete;

I 50,—Measured point load strength index offoek;
K,—Groundwater. inflaence correction coefficient ;
K,—Correction eoefficient for influence.of main weak structure plane occurrence;
K,—Cortection_coefficient for influence of initial stress;
K,—Rock mass‘integrity index;

J,—Volumetric joint count of rock;
S —The mumber of joints per meter of survey line in the n"joint set;
S,—The number of joints not in sets per cubic meter of rock;
v,n— Velocity of elastic longitudinal wave in rock mass;
v,,— Velocity of elastic longitudinal wave in rock;
0 ...—Maximum initial stress perpendicular to tunnel axis;
y—Unit weight of surrounding rock ;
k—Coefficient of elastic resistance;
E—Modulus of deformation;
pu—Poisson’ s ratio;
¢—Internal friction angle;

¢.—Calculated friction angle;



B—Width of excavated cross-section of a tunnel;
W—Width of carriageway ;
L, —Left lateral width;
Ly—Right lateral width;
L—Tunnel length;
C—Width allowance
J—Width of maintenance access;
h—Height of maintenance access or sidewalk ;
R—Sidewalk width;
H—Tunnel construction gauge height;
K——Coefficient of elastic resistance of surrounding rock;
0—Lining displacement;
n—Ratio of side slopes excavated;
m—Ratio of backfilled slope surface.



Tunnel Survey and Surrounding Rock
Classification

3.1 General

3.1.1 The content and scope of survey data to be collected shall be established according to the
objectives at each phase of the tunnel design. Scoping surveys shall also consider the highway
class, tunnel requirements and size before ‘carrying out «data\ collection, survey, mapping,
exploration and test. The survey data”shall “be complete and accurate to provide sufficient

information to fulfil the design requirements.

3.1.2 Surveys shall be condueted both before“and during construction. The pre-construction survey
shall be scoped to adequately-inform,the intent and*aceuracy requirements of the corresponding design
phase. Surveys duringsconstruction shall‘be, conducted in a timely manner to verify the design
assumptions and., predicty problematic-'geological conditions that may be expected during
construction ; surveys, performed during construction should provide a basis for design changes and

adjustments that may be required to facilitate safe and efficient construction.

3.1.3 Appropriate survey plans shall be developed according to topographic and geologic conditions of
the tunnel site area, taking into account design phase, method and scope. Such plans shall be promptly

corrected if the actual conditions are found during the survey to be inconsistent with assumptions.

3.1.4 The rock mass through which the tunnel is excavated shall be characterised using a

combination of qualitative analysis and quantitative calculation.

3.2 Collection of information

3.2.1 The following information for the tunnel site area shall be collected :
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3.2.2

Topographical data and related remote sensing and telemetering data;

Engineering geological, hydrogeological and surface water information, especially data on

the type, nature, scale and hazard level of natural geological disasters;

Geologic mapping and exploration data;

Meteorological data including air temperature, rainfall, wind speed and direction;

Seismic history and ground motion parameters;

Traffic and construction conditions along the tunnel alignments

Mineral resources along the tunnel alignment, existing works‘nearby, etc.

Social, cultural, environmental informationr, applicable laws and regulations shall

determined.

3.3 Topographical and geofogical survey

be

3.3.1 The objectives, content andséXtent of survey area of tunnel survey in various phases may

be determined in accordance with=Table 3.3. 1%

Table 3.3.1._ Objectives, content and scope in various phases of survey

Phase

Objective

Content

Extent of Survey Area

Pre-

construction

Site

reconnaissance|

Provide basic data for

developing tunnel alignment

options.

Collect and analyze existing
topographic, regional geological
and meteorological data along the
alignments; verify environmental,
disaster,

geological existing

building, road traffic and

construction  planning  data

along the alignments.

To cover an area larger than

that of all possible options

Preliminary

site

investigation

Provide basic data for

comparison of  preliminary
design options, cost estimate

and next-phase investigation.

Collect and analyze the data
obtained from previous phase;
carry out preliminary = site
investigation and topographic
mapping for proposed alignment
options; carry out necessary
geophysical exploration,

drilling and testing.

To cover an area larger than

that of all possible options




continued

Phase Objective Content Extent of Survey Area
Detailed topographic mappin,
Obtain required data for Pogr P PP .g . .
. . . and worksite topographic Both sides and surrounding
. technical design, calculations . . . )
Detailed . mapping ; detailed geological and | areas of tunnel alignment; to
Pre- . analyses and  construction . .
. site . . environmental survey; borehole | be expanded as appropriate for
construction |, L. drawings; construction o . .
investigation drilling, geophysical exploration | extra-long  tunnels, long
programme and cost ) ) .
o and testing according to the | tunnels and tunnels in karst
estimation. . .
design requirements
. . Supplementary topographic,
Predict and confirm . ) .
. . . geologic and environmental Construction influence zone
. . engineering geological and . . \
During construction . . surveys; in-tunnel observation, |“within the tunnel and on
hydrogeological conditions e
. . measurement, advance ‘detection | ground surface
encountered during construction. L
and prediction

3.3.2 Tunnel engineering mapping shall comply with the following provisions :

1 Topographic maps, profiles and cross-sections,shall be<collected or prepared according to

the requirements of the design phases:

2 The content and accuracy 'of the mapping dataishall comply with the current Code for
Survey of Highway Engineering Geology (JTG C20) and Specifications for Highway
Reconnaissance (JTG/C10).

3 Horizontal -and wertical control, pointsishall be set up as specified adjacent to the opening of

the tunnel and avxiliary channéls.

3.3.3

engineering’ geology and hydrogeology etc. , and based on the requirements of the phases, focus on

Pre-construction topographic and geological surveys shall include natural geography,

the survey and’analysis of ;

1 Formation lithology and nature, type and scale of geological structures.

2 Characteristics of faults, joints and weak structural planes and their combined relationship
with the tunnel; basic physical and mechanical properties of surrounding rock.

3 Groundwater type, groundwater table, aquifer distribution and the corresponding

permeability, water volume, recharge relationship, water quality and its corrosivity to

concrete, presence or absence of abnormal water inflow and water gushing.
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4  Unfavorable geology and special rock and soil (including collapse, fault, talus, landslide,
karst, natural or artificial pit, goaf, debris flow, running sand, collapsible loess, saline
soil, rock salt, terrestrial heat, permafrost and glacier) ; their origin, evolvement, type,

scale and trend; the extent of their impact on the stability of tunnel portal and proper.

5 Identify hazardous gas or rock strata, their distribution and the hazardous components and

content, and predict and assess their impact on construction and operation.

6  Determine the seismic peak ground acceleration coefficient for the tunnel area in
accordance with the Seismic Ground Motion Parameter ZonationsMap of China ( GB

18306 ) or Earthquake Authority’s evaluation.

3.3.4 Topographic and geological surveys shall be carried out in accordance with the following

requirements ;

1 If regional faults, especially Holocene active fractures and seismogenic faults, are present
in the tunnel area, the signs and characteristics of neotectonic activity and its relationship
with seismic activity shall be investigated. The extent of<its-impact on tunnel works shall

also be ascertained.

2 If major unfavorable geology erspecial rock and“soil*conditions affecting tunnel schemes
are present in the tunnel ‘site area, | more geological data shall be collected for
comprehensive analysis, “prediction of' locations where collapse, landslide, high in-situ
stress, karst; water'gushing and. mud burst; running sand and hazardous gas overflow are

possible_after tunnel excavation., andproposal of appropriate engineering measures.

3 For tunnels in complex geo-hydrological conditions, real-time hydrogeological monitoring
over aperiod of time or studies on specific issues shall be performed when necessary, in

addition to survey, exploration and test required for normal tunnels.

4  For tunnels along a river or mountain, survey and analysis shall be carried out to
understand geological characteristics and the stability of slopes and the impact of current

scour on the mountain and tunnel stability.

5 For tunnels next to a reservoir, the bank slope stability, reservoir capacity and water level
(including wave height and back-water height) shall be ascertained. If the tunnel portal is
located in a karst depression or at the bottom of a gully, the maximum level of seasonal

back-water in the depression or gully shall be ascertained.
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3.3.5 Geological survey during construction shall include the following

1 Verify formation lithology, tectonics and groundwater based on observation of surrounding

rock exposed by excavation; and determine the actual class of surrounding rock.

2 Detect and predict possible condition of surrounding rock or unfavorable geology ahead of

the face as well as their location, nature and scale.

3.4 Meteorological survey

3.4.1 Meteorological survey shall cover the air temperature ,air-pressure, wind speed, wind
direction, rainfall, snow accumulation, snow line, glacier characteristics,' frozen depth, fogginess
and the number of foggy days as well as past meteorologieal, disasters. Extreme values shall be

investigated for air temperature, wind speed, rainfall and ‘shew: aeccumulation.

3.4.2 Meteorological observation points ( stations)-should be set'up as necessary at the tunnel site
to continuously collect local meteorological data.

3.5 Survey of engineeringenvironment

3.5. 1 Natural environment conditions in and_atound the tunnel site area, including surface
drainage system, outcrop of groundwater;, fountain, hot spring, swamp, lakes, vegetation,

mineral resources and ‘wildlife, etc. shall be-investigated.

3.5.2 Land use, farmland, water conservancy facilities, buildings, underground pipelines, etc.
in the site area shall be investigated. The current conditions of key features in the site area, such as
parks, forest reserves, cultural heritage sites and memorial buildings shall be investigated. The

possible impact on them from tunnel construction shall be evaluated.

3.5.3 The environmental impact due to water consumption for construction and domestic use,
traffic conditions and noise, vibration, sewage and release of exhaust that are generated during
construction and operation shall be investigated. The extent of environmental impact from possible
ground settlement, collapse, damage to surface buildings and depletion of water sources for
industrial or domestic use as a result of groundwater loss during construction and operation shall be
investigated and predicted.

3.5.4 Investigation of construction conditions shall include .
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1 Traffic conditions, construction access, construction site, demolition and relocation, muck

bank, water supply, power supply and communication conditions;
2 Source, quality, quantity, etc. of building materials;

3 Other factors that may affect construction.

3.6 Surrounding rock classification

3.6.1 The comprehensive evaluation of the class of the rock surrounding the tunnel should adopt

the two steps as follows

1 To carry out preliminary classification based on qualitative characteristics of the two basic

elements, rock hardness and integrity ; and the quantitative Rock Quality Designation, BQ.

2 On the basis of the basic quality index to obtainsthe modified Rock Quality Designation
[ BQ] by modifying the Rock Quality 'Designation, taking, into account the effect of
correction elements . Then comprehensive assessment i$,performed in conjunction with the
qualitative characteristics of-the Tock' to determine the detailed classification of the

surrounding rock.

3.6.2 The Rock Quality Designation BQ of ‘the strrounding rock shall be calculated from Eq.
(3.6.2), using quantitativesvalues of therclassification elements, R, and K, ;
BQ.="100 4+ 3R, + 250K, (3.6.2)

subject to the following restrictions .

1 If R, »90K, +30, then R, =90K, + 30 and K, shall be substituted into the equation to
calculate the value of BQ.

2 IfK, >0.04R, +0.4, then K, =0.04R, +0.4 and R_shall be substituted into the equation

to calculate the value of BQ.

The values of R, and K, may be determined respectively in accordance with sections A. 0.1 and A.
0.2 herein.

3.6.3 When determining the detailed classification of surrounding rock, the Rock Quality

Designation, BQ shall be corrected based on the extent of influence from groundwater, main weak
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structure planes and initial stress by applying Eq. (3.6.3):

[BQ] = BQ - 100(K, +K, +K,) (3.6.3)
where
[ BQ | —Modified Rock Quality Designation;
K,—Groundwater influence correction coefficient;
K,—Correction coefficient for influence of main weak structure plane occurrence ;

K,—Correction coefficient for influence of initial stress.

The values of K,, K, and K, may be determined according to Tables A.0.3-1,A.0.3-2 and A.0.3-3 in
Appendix A hereto.

3.6.4 Surrounding rock mass class may be determined according to Table 3. 6. 4 based on
survey, exploration and test data, qualitative characteristics~of'surrounding rock, Rock Quality
Designation BQ or modified Rock Quality Designation [ BQ|, soil type and compactness of
surrounding soil, etc. , subject to the following requirements .

1 For the purposes of surrounding tock ‘elassification, qualitative division of rock hardness

and integrity may be determined in<aceordance with’' A. 0.5 and A.0. 6 herein.

2 In cases where qualitative'classification, of Surrounding rock based on main characteristics is
inconsistent with_the<classification, based on. thé value of BQ or [ BQ], the qualitative
characteristics and ‘reliability of, guantitative index parameters shall be re-examined, re-
observed and re-tested.

3 During stages of engineering feasibility study and Preliminary site investigation,

surreunding rock may be classified by qualitative or engineering analogy methods.

Table 3.6.4 Classification of rock mass surrounding highway tunnels

Rock Quality
Designation BQ or

Surrounding rock class Main qualitative characteristics of surrounding rock or soil . .
modified Rock Quality
Designation [ BQ]
I Hard, intact rock mass >550

Hard, relatively intact rock mass
I ) ) 550 ~451
Medium hard, intact rock mass

Hard, relatively crushed rock mass
1| Medium hard, relatively intact rock mass 450 ~ 351

Medium soft, intact rock mass in monolithic or thick-layer structure
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continued

Rock Quality
. . Lo L . . Designation BQ or
Surrounding rock class Main qualitative characteristics of surrounding rock or soil . .
modified Rock Quality
Designation [ BQ]
Hard, crushed rock mass
Medium hard, relatively crushed - crushed rock mass 350 ~251
Medium soft, relatively intact - relatively crushed rock mass
Soft, intact - relatively intact rock mass
v
Soil mass:
1. Compacted or diagenesis clayed and sandy soils
2.Loess (Q,, Q,)
3. Typical calcareous or ferruginous cemented gravelly soil,“cobble soil
and block stone soil
Medium soft, crushed rock mass}
Soft, relatively crushed - crushed rock mass; =250
All extremely soft rock.and all exteemely crushed rock
\
Typical Quaternary, semi dry hard - hard plastic clayey material and
slightly wet - wet gravelly soil, cebble soil, pebble and breccia soil and
loess (Qy, @, ). Non-clayey materialin,loose structure; clayey material
and-leess-in loose soft structure
Vi Softiplastic clayey material;wmoist and saturated silty sand layer, soft
soil , eftc.

Note: The above table is not applicable to classification of surrounding rock in special conditions, such as swelling

surrounding rock and permafrost.

3.6.5 The physical and mechanical parameters of each class of surrounding rock should be

obtained from laboratory or field tests. If there are no test data and preliminary classification, they

can be selected from Table A.0.7-1 in Appendix A hereto. The shear peak strength of rock mass

discontinuity may be selected from Table A.0.7-2 in Appendix A hereto. If measurement data are

unavailable, physical and mechanical parameters of each class of surrounding soil may be obtained
from Table A.0.7-3 in Appendix A hereto.

3.6.6 The self-stability of each class of surrounding rock may be assessed based on surrounding

rock deformation measurement and theoretical calculation, or based on Table 3.6.6.



Table 3.6.6 Determination of self-stability of surrounding rock

Surrounding rock class

Self-stability

I For a span <20m, stable in long term, occasional falling off, no cave-in
1 For a span of 10-20m, almost stable, possible localized falling off or small cave-in;
For a span <10m, stable in long term, occasional falling off
For a span of 10-20m, stable for several days to 1 month, possible small-medium cave-in;
I For a span of 5-10m, stable for several months, possible localized block displacement and
small-medium cave-in;
For a span < 5m, almost stable
For a span >5m, generally no self-stability, possible loosening, def(;rm’ation and small cave-in
within several days to months, evolving to medium - large cave-in; primafi‘ly arch failure due to
v loosening if the tunnel is shallow; obvious plastic flow. deformation and crushing failure if the
tunnel is deep;
For a span <5m, stable for several days to 1 month
AY No self-stability ; stable for several days if<the span isSm or less
Vi No self-stability

Notes;

1. Small cave-in; cave-in height < 3m or cave-in volume | & _30m>:

2. Medium cave-in; cave-in height of 3 ~6m or cave-in-volume.of 30 ~ 100m’ " ‘

3. Large cave-in; cave-in height > 6m or cave<in 'volumc > 100m’.
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4

4.1

4.1.1

Overall Design

General

Tunnel design shall meet the requirements of highway"planning, highway functions, land

resources, eco-environment and sustainable development. The horizontal and vertical alignment,

construction gauge, section of clear spacing, ventilation, lighting, traffic monitoring and other

facilities shall be consistent with the class ofthe highway.

4.1.2 Tunnels shall be designed Sothat they are safe;, practical 'to use, reasonably economical,

technically advanced and of reliable’ quality:

4.1.3

The overall design of tunnels shall«follow, the.principles below :

The tunnel<ocation, shall meet-the needs of highway function and development and shall

comply with,requirement of overall route alignment.

On the basis of investigations of topography, landscape, geology, meteorology and social
and cultural environment, a scheme shall be recommended after comprehensive
comparisons of alternatives in tunnel orientation, horizontal and vertical alignment, portal

location and connection conditions at both ends.
Construction gauge shall be determined based on highway class and design speed so as to
establish an economically reasonable internal profile of the tunnel while meeting its

functional and structural loading requirements.

Horizontal and vertical alignments inside and outside the tunnel shall be coordinated and be

smooth so as to meet traffic safety and comfort requirements.
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5 An appropriate ventilation method shall be selected and the size of ventilation, lighting,
traffic monitoring, disaster prevention and rescue facilities determined according to tunnel
length, layout plan, traffic volume and its composition, environmental protection and safe

operation requirements.

6 A holistic approach shall be adopted to design the waterproofing and drainage both in and
out of the tunnel, auxiliary channel, muck disposal, traffic engineering facilities,
management facilities and environmental protection, taking into account the highway class,

tunnel length, construction method, duration and operational requirements.

7 Consideration shall be given to interaction of the tunnel with adjacent existing and planned

structures.

8 The overall design of the tunnel shall take account ofienergy‘saving, energy consumption

reduction and easy maintenance and repair.

4.2 Selection of Tunnel Location

4.2.1 The proposed tunnel shall be-Jecated.in a stable’stratum, avoiding locations with extremely
complex engineering geological and hydregeological conditions~or highly adverse geological zones.

If this is unavoidable, practical,and reliable engineering measures shall be provided.

4.2.2 For long and extra-long-tunnels-passing through mountains, different route schemes shall
be developed with different elevations, over “the mountain based on geologic mapping and
comprehensivergeological” exploration over' a relatively large area. The tunnel alignment and
location on-plan shall be determined after a comprehensive technical and economic comparison

taking account of toute connection conditions at both ends, construction and operation conditions.

4.2.3 When the route passes alongside a river or mountain via tunnel, technical and economic
comparisons shall be made between long tunnel option and the option of a group of short tunnels or
the option of groups of bridges and tunnels as well as the option with a high slope on one side or

shed tunnel option.

4.2.4 Portals should not be located in adverse geological zones such as zones with potential of
landslide, collapse, talus, rockfall and debris flow, or low lying valleys with drainage problems or
under an unstable cliff.

4.2.5 For a tunnel running along a reservoir, river or creek, the design elevation of the shoulder
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at tunnel portal shall at least 0. Sm above the calculated flood level (including wave height and
backwater height). Where bank slope collapse due to prolonged immersion has an adverse impact

on tunnel stability, appropriate engineering measures shall be taken.
4.2.6 The frequency standard for tunnel design flood level can be obtained from Table 4.2. 6.
When observed flood level is higher than standard value, the tunnel shall be designed for the

observed flood level.

Table 4.2.6 Flood frequency standard of tunnel design water level

Highway class

Tunnel type Expressway and

Class-1 highway

Class-2 highway

Class III highway

Class-4 highway

Extra-long tunnel 1/100 1/100 1/50 1/50
Long tunnel 1/100 1/50 1/50 1/25

Short and medium tunnels 1/100 1/50 1/25 1/25

4.3 Tunnel alignment design

4.3.1

orientation, ventilation and other facters:” Whete a curve is required, widened circular curves with

The horizontal alignment of»astunnel shall .be “determined by geology, terrain, route

superelevation should net .bé adopted. <“The' minimum radius of a circular curve with no
superelevation for a/tunnel“shall be im accordance with Table 4. 3. 1. Where the horizontal
alignment of a tunnel requirgs a circular, curye. with superelevation, the value of this superelevation
should not be greater, than'4. 0% . If the design speed is 20km/h, the radius of the circular curve
should not be less than 250m. The sight distance for each lane in the tunnel shall meet the sight

distance requirement specified in the current Code for Design of Highway Route (JTG D20).

Table 4.3.1 Minimum radius of circular curve without superelevation (m)

Design speed (km/h)
Camber
120 100 80 60 40 30
<2.0% 5500 4000 2500 1500 600 350
>2.0% 7500 5250 3350 1900 800 450

4.3.2 Expressway and Class-1 highway tunnels shall be designed as twin tunnels with one tunnel
accommodating up-bound traffic and the down-bound traffic, and the two tunnels should be

separated. Other forms of arrangement may be adopted for the following scenarios:
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1  Twin tunnels with narrow pillar are permitted for short and medium tunnels with narrow
space at portals, at bridge-tunnel connection, for contiguous tunnel group, where there are
constraints due to nearby buildings or if there is a need to reduce land occupation outside

the tunnel.

2 Twin-arch tunnels are permitted for short tunnels for which route development is very

difficult as a result of narrow space at portals or constraints due to nearby buildings.

3 Branching-out tunnels are permitted at portals of long and extra-long tunnels, for bridge-
tunnel connections where the space is narrow at portals or.where there are special

requirements.

4.3.3 The clearance between two separated tunnels should be such|that*the two tunnel structures
do not affect each other adversely, taking into account; route connéction conditions at portals,
geological conditions of surrounding rock, cross-section shape.and dimensions, structural design,
construction method, requirements of construction” duration“and other factors. The clearance
between the two tubes should be 0. 8-2. 0 times the exeavated width. A smaller value can be
adopted if overall conditions of the surrounding 'roek ‘are goody and a greater value should be
adopted if they are poor. For tunnels with different span widths, the, clearance shall be controlled
by the larger span width.

4.3.4 The unidirectional gradient should be<adopted for longitudinal gradient in a tunnel while
bidirectional gradient is permitted-for long and extralong tunnels with recharged groundwater. The

minimum radius and length of Vertical curyes, in a tupnel shall be in accordance with Table 4. 3. 4.

Table 4.3.4 Minimum- radius and length of vertical curves (m)

Design spéed (km/h) 120 100 80 60 40 30 20
Minimum radius of convex vertical curve 17000 10000 4500 2000 700 400 200
Minimum radius of concave vertical curve 6000 4500 3000 1500 700 400 200

Minimum length of vertical curve 100 85 70 50 35 25 20

4.3.5 The vertical alignment in a tunnel shall take into account traffic safety, the capacity of
operational ventilation, construction operation and drainage requirements, with a minimum
longitudinal gradient of 0.3% and a maximum longitudinal gradient of 3% . A tunnel shorter than
100m may be exempt from this restriction. The maximum longitudinal gradient in medium and
short tunnels on an expressway or Class-1 highway with topographical or other limitations may be
increased appropriately after technical and economic justification and traffic safety assessment, but
should not be greater than 4% .
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4.3.6 The alignment of the route linking to the tunnel and the tunnel alignment shall be
coordinated so that horizontal and vertical alignments within 3s travelling length at design speed
inside the portal are consistent with those within 3s travelling length at design speed outside the
portal. In difficult sections, horizontal curves inside and outside the portal may be designed as
transition curves after technical and economic justification, provided that alignment guidance
facilities are enhanced.

4.3.7 Horizontal and vertical alignment technical specifications for tunnels at intervals of less than
100m should be designed as a whole.

4.4 Clear section design

4.4.1 Fig. 4.4.1 gives the construction gauge for highway tunnels ,‘into which no other structural
elements shall encroach. The construction gauge width of two-lane, tunnels on highways shall not be

less than the basic width shown in Table 4.4.1, and shall meet-the following requirements :

1 Construction gauge height: 5. 0m for expressway, Class l-and\Class-2 highways; 4. 5m for
Class III and Class-4 highways.

2 The maintenance accesstor sidewalk, if provided , should include width allowance. If it is

not provided, a width allowanee not less than 0.25m shall be provided.
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Fig. 4.4.1 Construction gauge of a highway tunnel ( dimensions given in cm)
H—construction gauge height; W—carriageway width; L, —left lateral width; L,—right lateral width; C—
width allowance; J—maintenance access width; R—sidewalk width; d—height of maintenance access or
sidewalk ; E, —left top width of construction gauge, including width allowance C; E,—right top width of
construction gauge, including width allowance C.

Notes
If L,<Im, then E| =L, ; if L, >1m, then E; =1m;
If Lys1m, then Ey =Lg; if Ly >1m, then Ey =1m.



3 The cross fall of pavement in a tunnel shall be designed as one-sided slope if the tunnel is
to carry unidirectional traffic, and may be designed as two-sided slope if it is to carry
bidirectional traffic. The cross fall in the tunnel should be 1.5% -2.0% and should be

consistent with the pavement cross fall outside the tunnel.

4 If one-sided slope is adopted, the construction gauge bottom line shall coincide with the
pavement. If two-sided slope is adopted, it shall be placed horizontally on the highest

point of the pavement.

5 A tunnel of a single-lane Class-4 highway shall be constructed to the;standard for that of a
two-lane Class-4 highway.

Table 4.4.1 Cross-section elements and basic width of construction gauge for

a two-lane highway tunnel ('m)

Highway ' . Maintenance access width ]'3asic
class Design speed| Travel lane Lateral width Width T or sidewalk width R width of
(km/h) width W allowance C construction
Left side L, |Right side Lg Left side Right side gauge
Expressway 120 3.75 x2 0.75 1.25 0.50 1:00 1.00 11.50
and Class-1 100 3.75 %2 0.75 ) %00 0.25 0.75 0.75 10.75
highway 80 3.75 x2 0750, | 0.75 0.25 0.75 0.75 10.25
60 3.50 x2 0.50 0,75 0-25 0.75 0.75 9.75
Class-2 _ .
. 80 3.75 x2 0.75 0.775% 0.25 1.00 1.00 11.00
highway
60 /| #3.50%2~ 0.50 0.50 0.25 1.00 1.00 10.00
Class III 40 3.50/x2 0. 2-5‘ 0.25 0.25 0.75 0.75 9.00
highway 30 3725 x2 0.25 0.25 0.25 0.75 0.75 8.50
Class-4
i 20 3.00 x2 0.50 0.50 0.25 7.50
highway

Note; For a three-lane or four-lane tunnel, the widths beyond those of the additional lane(s) are the same as presented in
Table 4.4.1. The width of each additional lane shall not be less than 3. 5m.

4.4.2 A maintenance access shall be provided on each side of the pavement in an expressway or
Class-1 highway tunnel. A sidewalk, also serving as maintenance access, shall be provided on each
side of the pavement in a Class II or III highway tunnel. The width of the maintenance access or
sidewalk shall be in accordance with Table 4.4.1. A maintenance access or sidewalk is not required
on the left side of travel direction in a twin-arch tunnel. Nor is it required in a Class-4 highway
tunnel. However, a width allowance not less than 0. 25m shall be reserved ; the width allowance shall
not be less than 0. 5m where the design speed is higher than 100km/h. The height of the maintenance

access or sidewalk may range from 250mm to 800mm, taking account of the following considerations :
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1 The safety of maintenance personnel or pedestrians when they are walking;

2 Provide sufficient space to accommodate cables, water supply pipelines and drains.

3 The convenience of drivers and passengers getting fire-fighting equipment in case of emergency.

4.4.3 The internal clear section shall meet the following requirements :

1 Provide sufficient space for construction gauge and reserve an allowance not less

than 50mm

2 Provide sufficient space for in-tunnel finishes;

3 Provide sufficient space for traffic engineering and-auxiliary facilities including ventilation,

lighting, fire protection, monitoring and signs.

4 The cross-section shape should be beneficial to the stability and structural force of the

surrounding rock mass.

5 Reference can be made tojAppendix B for the cross-section shape and dimensions of a

tunnel internal profile.

4.4.4 Side drain in the-tunnel shall be arranged on both sides of the carriageway, taking account

of maintenance access ,.lateral width and. width, allowance.

4.4.5 Where-hard'shoulder is not provided in an extra-long or long tunnel, or the hard shoulder is
less than 2, 5mewide,"an emergency stop zone is required in a single two-lane tunnel; an emergency
stop zone should“be provided in a single three-lane tunnel; and an emergency stop zone is not

required in a single four-lane tunnel.
4.4.6 The emergency stop zone shall be designed as follows
1 The emergency stop zone shall be widened to at least 3. 0m width toward the right of travel
direction, and the sum of its width and the right lateral width (L) shall not be less than

3.5m.

2 The emergency stop zone should not be less than 50m long, of which an effective length
shall not be less than 40m.



3 Cross slope of the emergency stop zone may be taken as 0 ~1.0%.

4 The spacing of emergency stop zones in unidirectional tunnel shall not be less than 750m

and not more than 1,000m at distance.

5 Emergency stop zones in a bidirectional tunnel shall be arranged on both sides in a

staggered manner. The spacing on the same side may be 800 ~1,200m and shall not be

more than 1,500m in any case.

The components of the construction gauge for emergency stop zones are illustrated in Fig. 4.4.6.

The specific dimensions shall be in accordance with 4.4.1 and 4.4.2 herein.
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Fig. 4.4.6 (Construction gauge, width and length of emergency stop zone ( dimensions given in cm)

4.4.7 In a tunnel where maintenance access or sidewalk is not provided, refugees shall be
arranged on both sides in a staggered manner. The spacing of refugees on the same side should not
be greater than 500m. The refuge shall not be less than 1.5m in width, 2.2m in height or 0. 75m

in depth.

4.4.8 A short tunnel on a four-lane expressway, an independent cut-and-cover tunnel or shed

tunnel, a medium or short tunnel at access to the city should be as wide as the subgrade.

4.4.9 A transition section not shorter than a 3s travelling length at design speed or 50m shall be
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provided at the portals in the approach section to smoothen the transition between cross-sections.

4.5 Cross passage and parallel adit

4.5.1 Between the twin tunnels carrying up and down traffic, cross passages shall be provided as

follows .

1 For a pedestrian cross passage, the clearance width shall not be less than 2. Om and the
clearance height not less than 2. 5Sm. For a vehicle cross passage, the clearance width shall
not be less than 4. Sm and the clearance height shall be consistent with that of the main

tunnel. Fig. 4.5.1 illustrates the cross-section construction ‘gatige of a cross passage.

25 400 25
~ i ' |
= g
=
(=4
w
N
s
200 1R ro—
=2 25 T_=400 125
a)Pedestrian cross passage b)Vehicle cross passage

Fig. 4.5.1 Cross-seetion construction'gauge of ‘a*cross passage (dimensions given in cm)

2 The spacing+of pedestrian cross passages should be 250m and shall not be greater than 350m.

3 The spacing of vehicle cross passages should be 750m and shall not be greater than 1,

000m ; 'vehicle cross passages are not required for medium and short tunnels.

4 The curb height of a vehicle cross passage, d, should be consistent with the height of the
maintenance access on the left side of travel direction in the tunnel.

4.5.2 For an extra-long tunnel with a single tunnel carrying bidirectional traffic, parallel passages

should be provided as follows

1 They should be provided next to the main tunnel along the entire length of its axis; and

may be provided locally if there are constraints.

2 Their cross-section shall not be smaller than that of the pedestrian cross passage.
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3 Pedestrian cross passages shall be provided between the parallel passages and main tunnel;
the spacing should be 250 ~500m.

4  The drain invert level should be 0.2 ~0.6m below that of the main tunnel.

4.5.3 Where topographical conditions allow, a cross passage leading to the ground surface may
be added.

4.5.4 For long and extra-long twin tunnels, a connecting passage{shall be provided in an

appropriate location outside the tunnel.

4.6 Tunnel construction monitoring and measurement and advance geological
forecast

4.6.1 As part of tunnel design, schemes for tunnel-construction/monitoring and measurement and
advance geological forecast during tunnel censtruction shall be ‘developed considering geological

conditions, construction methods, shoring metheds, surrounding.€nvironment, etc.

4.6.2 The schemes for tunnel construction monitoring and-measurement and advance geological
forecast during tunnel construction shall*define<the purpose, content, requirements and information

to be obtained.

4.6.3 During_tunnel construction, _observational approach and information-based construction
process shall be implemented by making ‘timely adjustments to excavation method and support
parameters based on relevant information from tunnel construction monitoring and measurement and

advance geological forecast.

4.7 Construction plan

4.7.1 Construction plan shall be prepared as part of tunnel design to address construction
duration, construction method, division of work zones, temporary facilities, access road, muck
bank, sewage treatment, tunnel construction monitoring and measurement scheme, advance
geological forecast requirements, etc. Preparation of the construction plan shall follow the

principles below .

1 Reasonable construction methods and schedule shall be determined considering tunnel
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length, layout, cross-section, duration, geologic conditions, natural conditions, etc.

2 Work zones shall be divided considering the tunnel’ s longitudinal gradient, engineering
geological and hydrogeological conditions, muck bank, conditions for access road

construction, cut-fill balance, etc.

W

The purpose, role and necessity of providing auxiliary channels shall be justified
technically and economically, taking into account engineering geology, hydrogeology,

construction method, construction operation and operational ventilation scheme.

4 Required technical specifications of key construction machinery and associated facilities

shall be defined according to the size, geological conditionsy=etc. of the proposed tunnel.

(o)

Temporary facilities shall be arranged according to-project size'and portal conditions so that
they satisfy construction needs, minimize disruption, and damage to surroundings and

facilitate reinstatement.



5 Building Materials

5.1 General

5.1.1 For building materials commonly used in tunnel works’, the following strength grades may

be selected :
| Concrete; C50, C40, C30, C25,,620, .C15
2 Stone: MUI00, MUSO, MU60, MU50, MU40.,
3 Cement mortar; M25 ,/M20,"M15, M10, M7.5;
4  Shotcrete; €40, C30,-C25, C205
5 Concréte block.“MU30, MU20;
6 Rebar: HPB300, HRB400, HRBS500.

5.1.2 The strength grade of building material at each position of tunnel works shall not be lower
than that listed in Tables 5.1.2-1 and 5.1.2-2.

Table 5.1.2-1 Strength grades of building materials for lining and pipe trench

Type of material

Position
Concrete Rubble concrete Reinforced concrete Shotcrete
Arch ring C20 — C25 C20
Side wall C20 — C25 C20
Arch invert C20 — C25 C20
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continued

Type of material

Position
Concrete Rubble concrete Reinforced concrete Shotcrete

Floor C20 — C25 —
Arch invert filling C15 C15 — —
Ditch and cable trough C25 — C25 —

Cover plates of ditch
— — C25 —

and cable trough

Table 5.1.2-2 Strength grades of portal building materials

Type of material

Position Reinforced Rubble
Concrete Masonry
concrete concrete
M10"cement stone pitching, block stone
End wall C20 C25 C15 .
or concrete masonry facing
Top cap C20 C25 N M10 cement mortar coarse dressed stone
Wing wall and portal —
. C20 C25 C15 M10 cement stone pitching
retaining wall
Side and interception o
. CI15 e, — M7.5 cement stone pitching
drain
Revetment C15 — e M7.5 cement stone pitching
Notes .

1. C20 shotcrete canbeused for slope protection.
2. In areas where-the.average'témperature in-the, coldest month is less than -15C, the strength grade of cement mortar in

the table shall be increased by one level.

5.1.3 Building materials shall be selected and used as follows:

1 They shall have the required structural strength and durability, as well as the required

freezing resistance, resistance to seepage and erosion resistance.

2  Where there is aggressive water, the concrete and cement mortar used shall be made of

erosion-resistant cement and aggregate, and the required erosion resistance depends on the

erosional features of water.

3 In areas where the average temperature in the coldest month is below - 157C and for

tunnels susceptible to freezing damage, the strength grade of concrete shall be increased

properly.
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5.1.4 Materials used for concrete and masonry shall conform to the following provisions in

addition to relevant national standards:

1 Alkali-reactive aggregate shall not be used for concrete batching.

2 The strength grade of concrete for reinforced concrete structures shall not be lower than
C25. The strength grade of concrete for prestressed concrete structures shall not be lower
than C30.

3 In reinforced concrete members, the technical conditions for rebaryshall conform to the
provisions of the Steel for the Reinforcement of Concrete—Part 1+ Hot"Rolled Plain Bars
(GB 1499. 1) and the Steel for the Reinforcement of Concréte=<Part?2 . Hot Rolled Ribbed
Bars (GB 1499.2).

4  The strength grade of rubble shall not be below MUA40. ‘The strength grade of block stone
shall not be below MU60. The strength grade” of block stone or dressed stone shall not be
lower than MUSO. Stone that is cracked'and susceptible to, weathering shall not be used.

5 The amount of rubble added to.rubble“concrete shall not be. more than 30% of the total

volume.

6 The strength grades 6f concretesblocksishall*not be lower than MU20.

5.1.5 Materials fof shotcrete.and rockbolt, support shall conform to the following provisions in

addition to relevantproyvisions in 5. 1. 1L.x 5.k 4 herein:

1 Portland cement or ordinary Portland cement is preferred, and Portland slag cement may

also be used, to make shotcrete.

2 Coarse aggregate shall be made of hard and durable crushed stones or pebbles, and not be
made of alkali-reactive materials. The particle size of stone in shotcrete should not be
greater than 16mm. The particle size of coarse aggregate in steel fiber reinforced shotcrete
should not be greater than 10mm. Aggregate grading should be continuous grading. Fine
aggregate shall be composed of hard and durable medium or coarse sand; and should have
a fineness modulus of more than 2.5. The moisture content in sand should be controlled

within a range of 5% to 7% .

3 The mortar rockbolt should be made of HRB400 or HRB500 hot rolled ribbed bars.
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4  Hollow rockbolts should be made of seamless steel tubes for Q345 structures. The
elongation at break ( A) of rockbolt shall not be smaller than 16% and shall conform to
the current Seamless Steel Tubes for Structural Purposes ( GB/T 8162).

(91

The composite materials of hollow rock bolts shall conform to 3 and 4 of this clause.
6 The rockbolt plates should be made of Q235 hot rolled steel plates.
7 Reinforcement mesh may be made of HPB300 hot rolled plain bars;

5.1.6 Additives may be added to concrete and shotcrete as needed and’ shall*have performance
required as follows:.

1 Have little effects on the strength of concrete and-the.adhesion of concrete to surrounding

rocks, and cause no corrosion to concrete and steel ;
2 Have little influence on the setting time of concrete (excépt for accelerator and retarder) ;

3 Be not susceptible to absorb moisture~and be easy for/storage; and do not pollute the

environment.

5.1.7 Steel fibers in steel fiber réinforeed shotcretesshould be made of plain carbon steel and meet
the following requirements :

1 They should havejsquare or circular sections with an equivalent diameter of 0.3 ~0. 5Smm.
2 The length should be 20 ~25mm and the length-to-diameter ratio should be 40 ~ 60.

3 The tensile strength shall not be less than 380MPa. They shall be free of oil stain and

obvious rust.

5.1.8 Steel rib supports used for primary support should be steel lattice frame or structural steel
rib support, and also can be made of steel tubes or steel rails. For characteristic parameters of

structural steel, see Appendix C hereto.
5.1. 9 Pavement materials in tunnels shall conform to relevant provisions of the current

Specifications for Design of Highway Asphalt Pavement (JTG D50) and Specifications for Design
of Highway Cement Concrete Pavement (JTG D40).
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5.1.10 Waterproof materials in tunnels shall conform to the provisions of the current Technical
Code for Waterproofing of Underground Works ( GB 50108 ). Waterproof materials may be
groutable waterstop materials, waterproofing membranes, embedded waterstops, back bonded

waterstops, drainage pipes, waterproof concrete, etc.
5.1.11 Grouting materials shall meet the following requirements :
1 Grout shall be nontoxic, odourless and environment-friendly.

2 Grout shall have low viscosity, good flowability and strong groutability. Its setting time

may be controlled as required.

3 Solidified grout shall have good stability and can meet|the setvice life requirements of

grouting works.

4 Grout shall be noncorrosive to grouting equipment ) pipelines and concrete structures and

easy to clean.

5.1. 12 Waterproofing membranes should bé made of ethylene-vinyl acetate copolymers (EVA),
ethylene-vinyl acetate and bitumen copelymers (ECB ), ‘polyethylene (PE) or other materials with
similar properties. Also, new waterproof.materials can be selected-and used, including pre-formed fully
bonded waterproofing membranes or yertical waterproof and drainage boards. Membranes and their

adhesives shall have good.durability- and good resistance. to” water, puncture, corrosion and bacteria.
5.1.13 Non-woven fabrics in tunnel should.be polypropylene needled nonwoven geotextiles.

5.1.14 Circuinferential and longitudinal drainage pipes shall have certain strength and good water

permeability ; and“can be laid in a concave-convex manner along wall surface.

5.2 Material properties

5.2.1 The unit weight of common building materials shall conform to Table 5.2. 1.

Table 5.2.1 Standard or calculated unit weight of building materials (kN/m’)

Reinforced
L Rubble concrete Stone Mortar block | Mortar coarse
Description Concrete . Shotcrete Steel o
concrete | (reinforcement pitching stone dressed stone
ratio<3% )
Unit weight 23 23 25 22 78.5 22 23 25
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5.2.2 The standard strength of concrete shall conform to Table 5.2.2.

Table 5.2.2 Standard strength of concrete (MPa)

Strength grade of concrete
Type of strength
C15 C20 C25 C30 C35 C40 C45 C50
Axial compressive strength, f,, 10 13.4 16.7 20.1 23.4 26.8 29.6 32.4
Flexural compressive strength, f,,, 11 15 18.5 22 26 29.5 32.5 36
Axial tensile strength, f., 1.27 1.54 1.78 2.01 2.2 2739 2.51 2.64

Notes :

1. Concrete shall be poured vertically. When the height of concrete poured in one continuous pourtis greater than 1.5m,
the strength in the table shall be multiplied by 0. 9.

2. For calculation of the cast-in-place reinforced concrete member subject to axial compression, if the circumference or

diameter of the cross-section is smaller than 30cm, the strength in the table shall be’multiplied by 0. 8.

5.2.3 The design strength of concrete shall conform to Table.5.2. 3.

Table 5.2.3 Design'strengthof concrete (‘MPa)

Strength grade of.concrete
Type of strength e - )
Cis C20 C25 €30 C35 C40 C45 C50
Axial compressive, f,, 7o 2 94,6 11.9 14.3 16.7 19.1 21.1 23.1
Flexural compressive, f.,., 8.5 11 135, 4. 16.5 19 21.5 24 27.5
Axial tensile, £, L7091 | 1,10 | w277 143 | 157 | 171 | 180 | 1.8

5.2.4 The ultimate_strength of concrete shall conform to Table 5.2.4.

Table 5.2.4 Ultimate strength of concrete ( MPa)

Strength grade of concrete
Type of strength
C15 C20 C25 C30 C35 C40 C45 C50
Compressive strength R, 12.0 15.5 19.0 22.5 26.3 29.5 33.6 36.5
Flexural compressive strength, R, 15.0 19.4 23.6 28.1 32.9 36.9 42 45.6
Tensile strength, R, 1.4 1.7 2.0 2.2 2.5 2.7 2.9 3.1

Note: The ultimate compressive strength of concrete with rubbles may be used as those given in the table.

5.2.5 The modulus of elasticity of concrete shall conform to Table 5.2.5. The shear modulus of
concrete may be the products of multiplying the values listed in the table by 0.43. The Poisson’ s

ratio may be 0. 2.



Table 5.2.5 Modulus of elasticity of concrete ( GPa)

Strength grade of concrete C15 C20 C25 C30 C35 C40 C45 C50

Modulus of elasticity, E, 22 25.5 28 30 31.5 32.5 33.5 34.5

5.2.6 The design strength of shotcrete shall conform to Table 5.2.6-1. The modulus of elasticity
of shotcrete shall conform to Table 5.2.6-2.

Table 5.2.6-1 Design strength of shotcrete (MPa)

Strength grade of shotcrete
Type of strength
C20 C25 C30 C35 C40
Axial compressive 9.6 11.9 14.3 16.7 19.1
Flexural compressive 11.0 13.5 16.5 - -
Tensile 1.1 1.27 1.43 i 1.57 1.71

Notes ;

1. The strength of shotcrete is the product of multiplying its ultimate compressive strength by 0. 95. Its ultimate
compressive strength is obtained by standard test, in whichtest cubgs with a side length of 10cm are fabricated by
shotcrete slab cutting method and cured under standard'conditions for 28d.

2. Cohesion may be determined by splitting method or by directlyspulling the shotcreted layer.

Table 5.2.6-2 _Modulus of elasticity of shotcrete ( GPa)

Strength grade of shotcrete c20 C25 C30 C35 C40

Modulus of elasticity k 23 26 28 30 31.5

5.2.7 For C20 shoterete, “its“ultimate axial\compressive strength may be 15MPa. Its ultimate
flexural compressive_strength may be 18MPax Its ultimate tensile strength may be 1. 3MPa. The
bonding strength of shoterete to surrounding rocks shall not be lower than 0. 8MPa for Classes I and
II surrounding tocks and not be lower than 0. 5MPa for Class III surrounding rocks.

5.2.8 The compressive strength of shotcrete at 1 day shall not be lower than SMPa. The steel
fiber reinforced shotcrete shall have a design strength grade of not lower than C25, a tensile strength

of not lower than 2MPa, and a flexural strength of not lower than 6 MPa.

5.2.9 The design tensile and compressive strength of rebars shall conform to Table 5.2.9.

Table 5.2.9 Design tensile and compressive strength of rebar (MPa)

Rebar grade HPB300 HRB400 HRB500
Design tensile strength, f, 270 360 435
Design compressive strength, f' 270 360 410
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5.2.10 The total elongation of rebar under the modulus of elasticity and the maximum force shall

conform to Table 5.2.10.

Table 5.2.10 Total elongation under the modulus of elasticity and the maximum force of rebar

Rebar grade HPB300 HRB400 HRB500
Modulus of elasticity, E ,(MPa) 210 200 200
Total elongation under the maximum force (% ) 10 7.5 7.5

5.2.11

strength of rebar may be adopted as per Table 5.2.11.

The standard yield strength, standard ultimate strength and standard.tensile or compressive

Table 5.2.11 Standard yield strength, standard ultimate strength and standard

tensile or compressive strength of rebar (MPa)

HPB300 HRB400 HRB500
Rebar grade
(d =6 ~22mm) (d=6~50mm) (d=6~50mm)
Standard yield strength, f,, 300 400 500
Standard ultimate strength, f,, 420 540 630
Standard tensile or compressive strength, R, 300 400 500
Note: d in the table means the diameter of rebar:
5.2.12 The ultimate strength of stone’shall conform to Table 5.2.12.
Table 5.2.12 Ultimate strength of stone ( MPa)
‘ Strength grade
Type of strength : 3
MU100 MU0 MU60 MUS50 MU40 MU30
Axial compressive 72.0 57.6 43.2 36.0 28.8 21.6
Flexural tensile 6.0 4.8 3.6 3.0 2.4 1.8

5.2.13

eccentrically compressed shall conform to Table 5.2.13.

The permissible stresses on stone and concrete block masonries under axial and

Table 5.2.13 Permissible stresses on stone and concrete block masonries under

axial and eccentrically compressed ( MPa)

Type of masonry

Strength grades of stone

Strength grade of cement mortar

and concrete blocks M20 M10 M7.5

MU100 3.0 2.2 1.9

Rubble masonry MUS80 2.7 2.0 1.7
MU60 2.3 1.85 1.5
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continued

Type of masonry Strength grades of stone Strength grade of cement mortar
and concrete blocks M20 MI10 M7.5
MUS50 2.1 1.6 1.3
MU100 5.6 4.9 —
Block stone masonry MUS80 4.7 4.1 —
MU60 3.8 3.2 —
MUS50 3.3 2.8 —
MU100 7.1 5.0 —
Coarse dressed stone
MUS8O 6.0 4.8 —
masonry
MU60 4.9 4.1 —
MU40 3.7 3.4 —
MU30 5.6 4.7 —
Concrete block masonry 777
MU20 4.4 3.6 —

Notes ;

1. The permissible stresses on other masonries under compréession” bétween the strength grades of stone and cement mortar
listed in the table may be determined by interpolation between:the specified values.

2. If the height, h, of a concrete block exceeds 20cm,_the permissible<stress, on”concrete block masonry shall be the
product of multiplying the value in the table by an increase coefficient, ¢y When 7<40cm, ¢ =0.6 + 0. 02h. When
h>40cm, ¢=1.2 +0.005h. If ¢ is actually greater than 1.7 ,+it will-be taken as 1.7.

3. If fine dressed stone and semi-fine dressed stone masonry are usedfor-special needs, then the permissible stresses under
compression shall be the product of permissible stress on €oarsé dressed stone masonry under compression by increase
coefficients of 1.43 and 1. 14/respectively. “However, the increased permissible stress under compression shall not be

greater than a half of the ultimate.compressive strength.

5.2.14  The design compressive strength. 0f 'mortar masonry shall conform to the following

requirements ;

1 The design compressive strength of mortar masonry of precast concrete block shall comply
with Table 5.2.14-1.

Table 5.2.14-1 Design compressive strength of mortar masonry of precast concrete block ( MPa)

Strength grade of Strength grade of mortar
concrete M20 M15 M10 M7.5
C40 8.10 6.92 5.74 5.15
C30 7.01 5.99 4.96 4.46
C20 5.73 4.89 4.06 3.64
C15 4.96 4.24 3.51 3.15
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2 The design compressive strength of mortar masonry of block stone shall comply with
Table 5.2.14-2.

Table 5.2.14-2 Design compressive strength of mortar masonry of block stone (MPa)

Strength grade of mortar
Strength grade of stone

M20 M15 M10 M7.5
MU100 8.54 7.29 6.04 5.43
MUS80 7.64 6.52 5.41 4.85
MU60 6.61 5.65 4.68 4.20
MUS50 6. 04 5.16 4.28 N 3.84
MU40 5.40 4.61 3.83 3.43

Note: For stone masonry, the strength shall be the product the values in the table by respective coefficients. The
coefficient is 1.5 for fine dressed stone masonry, 1.3 for semi-fine dressed stoné masonry, 1.2 for coarse dressed

stone masonry and 0. 8 for dry jointed stone masonry.

3 The design compressive strength of mortar masonry of rubble shall comply with Table 5.2. 14-3.

Table 5.2.14-3 Design compressive strength of-rubble masonry (MPa)

S‘trength grade of mortar
Strength grade of stone ———* A . :
M20 y C MI5 ' M10 M7.5
MU100 2.0 . ‘ 197/ S 1.41 1.27
MUS0 ¥.79 Id NN N, 1.26 1.14
MU60 ~d.5/ » 7 1.32 1.09 0.98
MUS50 N 1.41 7 N21 1.00 0.90
MU40 % 1.26 1.08 0.89 0.80

5.2.15 The ultimate strength of masonry shall conform to Table 5.2. 15.

Table 5.2.15 Ultimate strength of masonry (MPa)

Strength grade of Compressive strength R, Shear strength R
mortar Rubble Block stone Coarse dressed stone| Concrete masonry
M7.5 3.0 — — — 0.35
MI10 3.5 5.5 8.0 5.5 0.40
M15 4.0 6.0 9.0 6.0 0.50

Note: If the height, h, of a concrete block exceeds 20cm, the ultimate compressive strength of concrete block masonry
given in the table shall be multiplied by an increase coefficient, ¢. When 2#<<40cm, ¢ =0.6 +0.02h. When & >
40cm, ¢=1.2 +0.005A. If c is actually greater than 1.7, it will be taken as 1.7.
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5.2.16 The compressive modulus of elasticity of masonry shall be within a range of 10 ~ 15GPa.
The shear modulus of elasticity of masonry should be 0. 4 times the compressive modulus of

elasticity.

5.3 Properties of waterproof and drainage materials

5.3.1 Technical specifications of waterproofing layers may be used as those specified in Tables 5.3.1-1
and 5.3.1-2.

Table 5.3.1-1 Technical specifications of common waterproofing"layers

Specifications
Item Unit \ § ° Ethylene-vinyl acetate
Polyethylene ( PE)
. copolymer (EVA)
Tensile strength at break = MPa 18 18
Elongation at break = % 600 650
Tear strength = kN/m : 95 100
Watertightness (0.3MPa, 24h) N, \ Without leakage Without leakage
Low temperature bendability < ' CC -35C, WiloutNerack -35%C, without crack
Thermal Expansion Expansion < ~ mm 2 2
Contraction < mm” | : 6 6
Hot air aging(80°C, 168h) | Tensile  stréngth at break = | MPa” | . 15 16
Elongation at'break = %on, 550 600
Alkali resistance (Ca( OH‘)2 v \ 'S
. Tensile strength at break~=- MPa 16 17
saturated solution, 168h);

- Elongation at break = % 550 600

Retention rate of tensile
% 80 80

| strength at break =
Artificial weathering
Retention rate of elongation
% 70 70
at break =

Puncture strength = N 300 300

Table 5.3.1-2 Technical specifications of pre-applied fully bonded waterproofing layers

Specifications

Item Unit
P type PY type
Soluble matter content = g/m’ — 2900
Tension = N/50mm 500 800
Elongation at break of membrane = % 400 —
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continued

Specifications
Item Unit
P type PY type
Elongation at the maximum tension = % — 40
Tear strength of screw rod = N 400 200
Impact property Diameter; (10 +0.1) mm, without leakage
Static load 20Kg, without leakage
Thermo tolerance 70°C , without displacement, flow or dripping for 2h
Thermal aging Tension retention rate = % 90
(70C, 168h) Elongation retention rate = % 80
Low temperature bend -257C, without crack —
Flexibility at low temperature —9 -25T, without crack
Permeability < Sheet — 2
Anti-water channeling Q. 6MPa, without water channeling
Without treatment = 2.0
Surface contaminated by s
cement flour = ’
Peeling strength with )
Surface contaminated N/mm
concrete placed later . 1.5
by silt =
Ultraviolet radiation aging = 1.5
Thermal aging = 1.5
Peeling strength with concrete placed later ‘after s

=

=

immersion into water

N/mm

Note: The thickness of high-miolecular /main material in ‘a P type product shall not be less than 0. 7mm, and the full
thickness of a membranesshallnot be less than 1 2mm./ The thickness of a PY type membrane shall not be less than

4mm.

5.3.2 The technical specifications of nonwoven geotextiles used in tunnels may be used as those

specified in Table’5. 3. 2.

Table 5.3.2 Technical specifications of nonwoven geotextiles used in tunnels

Item Unit Specifications Remarks
Mass per unit area g/ m? 300 400 500 Deviation: +5%
Breaking strength | Longitudinal, transverse kN/m =15 =20 =25
Elongation at break| Longitudinal, transverse % =40
CBR puncture strength kN =2.9 =3.9 =5.3
Tear strength Longitudinal, transverse kN =0.42 =0.56 =0.70
Equivalent aperture Oy, ( Ogs) mm 0.05~0.2
Vertical permeability cm/'s Kx (10" ~107) K=1.0~9.9
Thickness mm =2.2 =2.8 =3.4




5.3.3 Technical specifications of rubber waterstops used in tunnels may be used as those specified
in Table 5.3.3.

Table 5.3.3 Technical specifications of rubber waterstops used in tunnels

Item Unit Specification
Hardness Shore A 60 +5
Tensile strength = MPa 10
Elongation at break = %o 380
continued
Item Unit Specification
70°C, 24h Yo 30
permanent compression deformation :
23°C, 168h % 20
Tear strength = kN/m 30
Brittleness temperature < T —-45
Hardness change = Shore A 6
Hot air aging 70°C, 168h ;
Tensile sttength = MPa 9
Elongation, at break = Yo 320
Saturated solution of Hardncss change < JShore A 6
Alkali resistance calcium hydroxide; at Tensile strength = MPa 9
23%C for 168h Blohgation at’break = |- % 320
Ozone aging 50 x 10 ~%: 20%¢, 40°C, 48h Without crack
Rubber-metal bonding Rubber damage

5.3.4 The required appearance quality, .size deviation and physical properties of rubber waterstops
shall conform t0 the Polymer Water-proof Materials—Part 2 . Waterstop (GB 18173.2).

5.3.5 The properties of drainage pipes shall comply with the relevant provisions of the Flexible

Permeable Hose (JC 937) and the Polyethylene Structure Wall Pipeline System for Underground
Usage—Part 1 ;. Polyethylene Double Wall Corrugated Pipes (GB/T 19472.1).
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6 Load

6.1 General

6.1.1 Loads on tunnel structures shall be classified as given in/Table 6. 1. 1.

Table 6.1.1 Classification of loads on tunnel structures

S/N Load classification Ny, Description
1 Rock load
2 Soil pressure
3 Permanent loads “Dedd ‘weight of structuré
4 Superimposed dead 1oeid_of stiucture
5 Influence of.concrete shrinkage and creep
6 Water pressure
7 Highway vehicle load and crowd load
Basic Qariable Highway vehicle load and the resultant impact loading and soil pressure at flyover
9 ' loads Railway train live load and the resultant impact loading and soil pressure at flyover
Live loads
10 Flowing water pressure at flyover
11 Influence of temperature variation
Other variable .
12 Swelling pressure
loads
13 Construction load
14 Impact loading of falling rock
Accidental load
15 Seismic force

Note: Serial numbers 1-10 denote main loads. Serial numbers 11, 12 and 14 represent additional loads. Serial numbers 13

and 15 represent special loads.

6.1.2 Rock load shall be determined based on such factors as the terrain, geological conditions,

depth, support conditions, construction methods and the distance between adjacent tunnels. It can
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be calculated as per releasing load or relaxation load. Rock load shall be corrected forthwith once it

is found inconsistent with actual site condition during construction and field measurement.

6.1.3 Possible loads that act on tunnel structures simultaneously shall be combined respectively in
order to meet the requirements of load bearing capacity and normal services; and designed by

considering the most unfavorable combination.
6.1.4 Loads on cut-and-cover tunnels shall be combined as follows:

1 For calculation of the backfill pressure on the roof of a cut-and-coventunnel, if the impact
loading needs to be checked and calculated in case of rockfall hazards, it'is possible to only
calculate the actual self weight of fill on the roof of tunnel and-the impact loading of falling
rock, and the self weight of earth and rock accumulated| as a result of collapse does not

need to be considered.

2 If a highway passes over a cut-and-cover tunnel ) the highway vehicle loads shall be
considered. The highway vehicle loads shall’be calculated.in compliance with the relevant

provisions in the current Technical Standard.of Highway<Engineering (JTG BO1).

3 If a railway passes over a cut-and-cover tunnel ,'the live loads of trains shall be considered.
The live loads of trains'shall ‘be. calculated in-accordance with the provisions concerning

live loads in railway’standards.

6.1.5 Special loads that are net coverediin,the Specifications shall be calculated and combined in

a special manner,

6.2 Permanent load

6.2.1 The dead weight of tunnel structures shall be calculated based on the design dimensions of
structures and the standard unit weight of materials. The superimposed dead load of structures shall

be calculated as per actual conditions.
6.2.2 The uniformly-distributed vertical and horizontal pressure due to rock relaxation load in a
deep tunnel may be calculated as follows if no obvious eccentric load and expansive force are

generated in surrounding rocks :

1 The uniformly-distributed vertical pressure may be calculated as per Eq. (6.2.2-1) and



Eq. (6.2.2-2).
q = vh (6.2.2-1)
h =0.45 x2°'w (6.2.2-2)
Where,
g—Uniformly-distributed vertical pressure (kN/m”) ;
y—Unit weight of surrounding rock (kN/m’) ;
h—Rock load calculation height (m) ;
S—Surrounding rock class; to be taken as integers 1, 2, 3,4, 5 and 6;
w—Width influence coefficient, calculated as per Eq. (6.2.2-3);
w=1+i(B-5) (6.2.2-3)
B—Tunnel width (m) ;

i—Rock load increase/decrease rate for each 1m increase/decrease in tunnel width; to be
subject to the uniformly-distributed vertical pressure of surrounding rock when B =5m; its

value shall be chosen as per Table 6.2.2-1.

Table 6.2.2-1 Values of surrounding rock increase/decrease rate i

Tunnel width B (m) B<5 5<B<14 14<B<25
Excavation by.drifts, during construction 0.07
Rock load increase/decrease rate i 0.2 0 :
Heading and bench or full-face heading 0.12

2 If the BQ or [ BQ } of surrounding rockuis-available, S in Eq. (6.2.2-2) can be replaced
with [ S]. [ S] can be caléulated as.per Eq) (6.2.2-4) or Eq. (6.2.2-5):

EBO:IUpper; [BQ]Lower _ I:BQ]

S| =8+ 6.2.2-4
I: :| I:BQ] Upper I:BQ] Lower ( )
Or
BQUpper ;- BQLower _ BQ
[S] =S+ (6.2.2-5)
BQUpper - BQLower
Where

[ S ]—Modified value of surrounding rock class (accurate to one decimal place) ;
BQ or [ BQ] will be taken as 800 if they are greater than 800 ;

BQ e » [ BO ] pper—The respective upper limits of Rock Quality Designation BQ and modified
Rock Quality Designation [ BQ | for this surrounding rock class, which shall
conform to Table 6.2.2-2;

BQO, ee» L BO] ... The respective lower limits of Rock Quality Designation BQ and modified
Rock Quality Designation [ BQ | for this surrounding rock class, which shall
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conform to Table 6.2.2-2;

Table 6.2.2-2 Upper and lower limits of Rock Quality Designation BQ and modified
Rock Quality Designation [ BQ ]

Surrounding rock class I I I I\ \Y
BQ e s [ BOT ypper 800 550 450 350 250
BO,owers [ BO] Lover 550 450 350 250 0

3 The uniformly-distributed horizontal rock load may be determined in accordance with
Table 6.2.2-3.

Table 6.2.2-3 Uniformly-distributed horizontal .rock load

Surrounding rock class I, I I 1Y \" VI

Uniformly-distributed horizontal pressure e 0 <0.15¢ ‘(0. 15~0.3)g/(0.3~0.5)q|(0.5~1.0)q

6.2.3 The rock load in a shallow tunnel may be determined as described in Appendix D.

6.2.4 Where eccentric load is likely to.oceut in-a tunnel, corresponding control measures shall be
taken based on the eccentric load state-and value. If itis projected that the influence of eccentric
load cannot be eliminated, it shall be"considered in load combinations and distribution. Eccentric
load acting on tunnel lining shall be ‘determined based on the terrain, geological conditions and the
covering thickness of surrounding=rock. The rockload i a shallow tunnel under eccentric load may

be determined as deseribed in Appendix-E:

6.2.5 VThe,rock\]load«in twin tunnels”with small clearance may be calculated as described in
Appendix F.

6.2.6 The rock load in twin-arch tunnel may be calculated as described in Appendix G.

6.2.7 The backfill load on a cut-and-cover tunnel may be calculated as described in Appendix H.
The physical or mechanical parameters of backfill shall be taken in accordance with the actual

backfill materials and the designed compaction requirements.

6.2.8 The active soil pressure acting on the back of portal walls may be calculated based on
Coulomb theory. When the back of the wall is inclined acutely or upright, the soil pressure shall be
in horizontal direction. Soil pressure on portal walls may be determined in accordance with

Appendix J.
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6.3 Variable loads

6.3.1 Highway vehicle loads, any resultant impact loading and soil pressures over a cut-and-
cover tunnel shall be calculated in accordance with relevant provisions of the current General
Specifications for Design of Highway Bridges and Culverts (JTG D60).

6.3.2 The railway train live load and the resultant impact loading and soil pressure over a cut-
and-cover tunnel shall be calculated in accordance with relevant provisions of the current
Fundamental Code for Design on Railway Bridge and Culvert ( TB 10002:1,).

6.3.3 For structures that are constrained from expansive and/or contractive deformation, the
influence of temperature variation, concrete shrinkage and creep on the structural elements shall be

considered.

6.3.4 The swelling pressure in tunnels in cold tegions may be determined according to the local
natural conditions, moisture content of surretinding rock in winter, depth of freezing and drainage

conditions.

6.3.5 Construction loads shall be evaluated and applied-based on construction phases, methods

and conditions.

6.4 Accidental loads

6.4.1 If impact loading of potential falling rock needs to be checked and calculated, it may be

verified through field survey or relevant calculation.

6.4.2 Seismic load shall be determined in accordance with Chapter 16 and as described in Appendix K.



7 Portal

7.1 General

7.1.1 The portal design shall follow the principle of " proper prolongation of portal and tunnel”

without large-scale break of rocks.
7.1.2 The location of portal shall be determined by financial and, technical comparisons according
to topographical conditions, geological conditions, relevant engineering works outside the tunnel,

construction conditions, environmental proteetion requiréments, and operational requirements.

7.1.3 Drainage shall be provided taking account of‘the terrain at portals, protection of portals and

subgrade drainage.

7.1.4 The portal structure shall be able, to prevent crushed stone, rolling rock, collapsed material

etc. of the acute slopes afound and above the portals from falling onto the pavement.
7.1.5 At portals where snow is susceptible to accumulate, snow protection measures should be considered.
7.1.6 Portal and portal structures should be designed in a way that enables easy inspection and maintenance.

7.1.7 Portal and portal structures shall be designed to be compatible with surrounding natural environment.

7.2 Portal Opening

7.2.1 The location of opening shall be determined as specified below .

1 The opening shall be located in a place with stable geological conditions.
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7.2.

The tunnel axis should intersect topographic contours at a large angle.

If the route approaches the tunnel across or along a gully, the location of the opening shall
be determined by comprehensive analysis considering hydrological conditions, protection

engineering,, waterproofing and drainage engineering.

Where the route approaches the tunnel from a gentle slope, the location of opening shall be
determined by comprehensive analysis considering tunnel approach conditions, cutting
conditions outside the tunnel, side and heading slope protection, drainage, construction,

farmland occupation, etc.
The design of the opening shall comply with the following trequirements .

Minimise excavation of slopes around and abovelthe opening to avoid formation of steep

slopes or slopes with steep angles and minimise disturbanee to the existing ground surface.

Slopes around and above the opening shall be stabilised by'sloping, shotcrete and rockbolt,
erection of retaining structures, extending the cut-and-coyer tunnel, etc. , as applicable.

Landscaping should be adopted for slope protection.

Flood control facilities shall be.provided where‘the opening is within the zone of influence

of storm, flood and debris flow:.

For the opening under.a cliff ,~overhanging rocks shall be removed; the mountain slope

should not-be“cuty the cut-and-coverstunnel should be extended.

Precautions shall be taken where nearby surface buildings and subsurface structures interact
with the“portal.

7.3 Portal engineering

7.3.1

The form of a portal shall be determined by topographical and geological conditions at the

opening and surrounding environment.

7.3.2 The portal should be orthogonal to the tunnel axis.

7.3.3 The end-wall tunnel portal shall be designed as follows:
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7.3.

7S

End and wing walls at the portal shall be designed as retaining wall structure such that the
soil pressure from slopes on the side and above the portal shall be withstand. The thickness

of portal and wing walls shall not be less than 0.5 m and 0.3 m respectively.

The horizontal distance from the intersection of acute slope and the crest of the backfill above
the portal to the back of the end-wall should not be less than 1.5m. The clearance between
the invert of drain above the portal to the outer edge of arch lining shall not be less than 1.
Om. The top of the end-wall shall be 0. 5m above the backfill surface behind the wall.

Expansion joints, settlement joints and drainage holes shall be provided, as needed, to the

end-wall.

The end-wall base shall be placed on stable ground and embeddéd-in to the ground surface.
It shall be embedded not less than 0. 2m into roek’, or not less than 1.0m into soil. The
wall base shall be placed deeper than the bottom“of varigus ditches and trenches provided
beside the wall. If in a frost swelling soildayer, the elevation of the wall base shall be at

least 0. 25m below the maximum frozen'depth.

Any ground with insufficient bearing capacity shall be suitably reinforced.

The portal structure design shallmeet seismic design requirements.

The cut-and-cover tunnel=portal shall be.designed as follows .

The lining inthevapproach section-shall‘be constructed of reinforced concrete.

The lining in the approach section shall extend not less than 500mm beyond existing

mountain-Slope or the design backfill slope.

The end face of linings in the approach section may be of vertical cut, inclined in the shape
of inclined bamboo cutting, arch inclined portal in the shape of inverted bamboo cutting,

inclined portal in the shape of a trumpet.

Where the portal is inclined in the shape of bamboo cutting, the slope gradient shall be steeper

than or equal to existing mountain slope gradient or the designed backfill slope gradient.

The designed backfill slope should be backfilled per the natural slope gradient. If rock and
soil are used as backfill material, the slope gradient should not be steeper than 1 : 1 and the

slope surface should be turfed.



8 Structural Design of Lining

8.1 General

8.1.1 Linings shall be provided for highway tunnels. Linings may be constructed as a system of
shotcrete and rockbolts, monolithic lining, or comipesite lining, and shall be selected based on
assessment of the surrounding rock class, construction conditions and functional requirements.
Expressway, Class I and Class-2 highway tunnels shall be proyided with composite linings. For
highways of Class III or below, the approach section of the tunnel and the tunnel proper surrounded
by Class IV-VI rock masses shall berprovided with composite or monolithic linings; the tunnel

proper surrounded by Class I-III rock masses may be provided with shotcrete and rockbolt linings.

8.1.2 The tunnel lining shall'be designed to_take advantage of the rock’ s self-supporting
capacity, taking into’aecount,surrounding toekgeological conditions, cross-section shape, shoring
structures, construction. conditions, ete.\ The. lining shall have sufficient strength, stability and

durability to ensure the'long-term operational safety of the tunnel.

8.1.3 The linig type and support parameters shall be determined by engineering analogy and
structural calculation, taking account of functional requirements, surrounding rock class,
engineering geological and hydrogeological conditions, tunnel depth, structural stress
characteristics, surrounding environment, support type and construction method. During
construction, support parameters shall be adjusted based on field monitoring and measurement
results during construction as part of the observational design method. They may be determined by

test and analysis if necessary.
8.1.4 The tunnel lining shall be designed as follows

1 The lining should be designed to have a curved wall and arched cross-section.
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In zones with poor surrounding rock, high lateral pressure and large groundwater inflow,
an arch invert may be provided. The radius of the arch invert shall be determined based on
geological conditions, groundwater pressure, clear section shape, tunnel width, etc. The
space between pavement and the arch invert may be filled with concrete or concrete with
rubbles. An arch invert is not required if the rock surrounding the tunnel invert is good and

the bearing capacity and stability of the side wall base are sufficient.

The approach section requires reinforced linings, of which the length shall be determined
based on topographic, geological and environmental conditions. This length shall not be

less than 10m for a two-lane tunnel or less than 15m for a three-lane tunnel.

The lining in a zone with poor surrounding rock shall extend*5<10m toward the zone with

good surrounding rock.

The asymmetrically loaded lining shall extend toward-conventional lining by a length that

shall be determined based on eccentric load and should not be less than 10m.

At the intersection of main tunnel and'a cross, passage with clear width greater than 3.0m,
both the main tunnel linings and)the.cross passage “linings shall be reinforced. The
reinforced linings shall extend-by not less than 5. Om.in length into the main tunnel and by
not less than 3. 0m in length/into. the cross.passage..No movement joints should be placed

within the extended length.

8.2 Shotcrete.and‘rockbolt lining

8.2.1

The shotcrete shall have a strength grade of not lower than C20 and a thickness of not less

than 50mm,

8.2.2 The shotcrete reinforcement mesh shall be designed as follows;

S0

The rebar diameter shall not be less than 6mm and not greater than 12mm.

The grid shall be rectangular; the spacing between rebars should be 150mm ~300mm.

The lapping length of rebars shall not be less than 30d, where d is the rebar diameter.

The thickness of shotcrete cover to the reinforcement mesh shall not be less than 20mm.

The spacing between two layers of reinforcement mesh, where applicable, shall not be less



than 80mm.

5 The shotcrete shall not be less than 80mm in thickness in case of a single layer of
reinforcement mesh, or not less than 150mm in case of two layers of reinforcement mesh.
6 Reinforcement mesh may be used along with rockbolts or temporary short rockbolts, in
which case it should be securely fastened to rockbolts or other fixtures.
8.2.3 In weak surrounding rock with large deformation and poor stability er swelling rock, fibre
reinforced shotcrete may be employed for protection. Its design shallvimeet the following
requirements ;
1 The design strength grade of fibre reinforced shotcrete shall not be lower than C25.
2 The amount of steel fibres added to steel fibre reinforeedsshotcrete should be 1.5% ~4%
(by weight) of the dry mixture.
3 The amount of fibres added to synthetic fiber reinforced concrete, shall be determined by test.
4 Where stringent waterproofing-performance is required, high-performance shotcrete with a
strength grade above C30 shall.beused.
8.2.4 In rockbolt suppert design, the type and<parameters of rockbolts shall be selected based on

surrounding rock conditionsy, cross-sectional, dimensions, functions and construction conditions,

and in accordance with,the, following provisions:

For permanent support, fully bonded rockbolts shall be used. If end-anchorage type
rockbolts are used for permanent support, the rockbolt hole must be fully filled with

mortar or resin with a strength grade of not less than M20.

To support surrounding rock with a short stand up time, fully bonded, resin anchored
rockbolts or early strength end anchored bolts with cement mortars should be used.

In zones of soft, highly deformable surrounding rock, prestressed rockbolts may be
applied. The pre-applied force for such rockbolts shall not be less than 100kPa.
Prestressed rockbolts must be anchored into stable rock layer.

To support broken surrounding rock wherein hole formation is difficult, self-drilling
rockbolts should be used.



5 The diameter of rockbolts should be 20 ~28 mm.

6 The anchor head shall be equipped with a bearing plate of at least 150mm ( length) x
150mm (width) x 8mm ( thickness).

8.2.5 Systematic bolting shall be designed as follows:
1 Rockbolts should be arranged radially around the tunnel perimeter. They should be
designed to intersect the main joint sets and structural planes within the rock mass at the

largest possible angle.

2 Rockbolts should be arranged in quincunx form, as illustrated=in Fig. 8.2.5.
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Figy 8.2.§ “Layout of Systematic rock bolting

3 The length and spacing of systematic rock bolting shall be determined by calculation or
engineering apalegy ‘based on surrounding rock conditions and tunnel width.

4 The spacing jof rockbolts should not exceed 1/2 the length of the rockbolt, or 1. 5m,
whiehever-is the lesser. Long and short rockbolts may be arranged in a staggered manner if

their spacing is small.

5 The systematic rock bolts for a two-lane tunnel should not be less than 2. 0m long while

that for a three-lane tunnel should not be less than 2. 5m long.

6 Where systematic rock bolting is not provided for surrounding soil, other forms of support

shall be adopted for reinforcement.

8.2.6 Locally unstable rock blocks should be stabilized by local rockbolts. Fully bonded rockbolts,
end anchored rockbolts or prestressed rockbolts may be used. The anchored end shall be placed into
stable rock mass. Rockbolt parameters may be determined by engineering analogy or calculation.



8.2.

7

In zones of poor rock, approach, shallow depth or where ground settlement is strictly

restricted, steel frame support may be added in the shotcrete layer. The steel frame support shall be

designed as follows:

8.2.

1

The steel frame support shall be of sufficient stiffness and strength to withstand all possible

loads during tunneling.

Steel lattice girders should be used.

Steel frame supports should be spaced 0.5-1.2m apart.

The number of steel rib supports used continuously shall.not*be’ less than 3.

Lateral connections are required between adjacent-Steel frame’ supports. If rebars are used
for lateral connections, the diameter of each rebar~should not be less than 20mm, the
spacing of rebars shall not be greater than 1m and the rebars shall be arranged in a

staggered manner on inner and outer edges of the’steel frame support.

Steel frame supports shall be fabricated-in segments, ‘which shall be connected by steel

plates.

The concrete cover between steel frame, support and surrounding rock shall not be less than
40mm thick while that o the free-sideshall not be less than 20mm thick. If a single layer
of shotcrete-and rockbolt lining-isradopted , /the concrete cover on the free side shall not be
less than 4Qmm-thick.

The shape and dimensions of steel frame supports shall depend on excavated cross-section ;
the steel frame support shall not intrude into design clearance or secondary lining after all
induced deformation.

The steel lattice girders shall be designed as follows:

The main bar shall be of HRB40O0 steel; the web bar may be of HRB400 or HPB300 steel.

The diameter of main bar should be 18 ~25mm the diameter of web bar should be 10 ~

20mm.

The cross-sectional dimensions shall be determined by engineering analogy or calculation;

the cross-sectional height may be 120 ~220mm.

&
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4  The plane of the connecting steel plate should be perpendicular to the axis of steel rib
support. U-shaped bars shall be added to aid the welding of the connecting steel plate to

the main bar of the steel lattice frame.

8.2.9 The plane of connecting steel plates at both ends of structural steel rib support segments

shall be perpendicular to the axis of the steel rib support.

8.2.10 Where forepoling is installed, a steel rib support shall be provided as the rear fulcrum for
forepoling. The sectional height of the steel rib support should not be less than 160mm.

8.2.11 Shotcrete and rockbolt lining parameters may be determined by engineering analogy or
numerical calculation, subject to adjustments based on field tunnél~construction monitoring and

measurement. If the method of engineering analogy is used, refer to Table P. 0.3 in Appendix P

hereto.

8.3 Monolithic linings

8.3. 1 Monolithic linings may be designed to~have a constant or variable cross-section. The

thickness of the arch invert, if appliecable, Shall not be less than that of side wall.

8.3.2 Where a monolithic lining is‘employed;, reinforced concrete structure should be used in the

following circumstances.
1 In zones_of obvious, eccentric load;

2 At intersections of main tunnel and a cross passage, ventilating duct or refuge that is
greater than 3m in clear width;

3 In Class V surrounding rock;

4 In single tunnels with four traffic lanes;

5 At approach areas with seismic peak ground acceleration greater than 0.20g.
8.3.3 The reinforced concrete monolithic lining shall meet the following requirements .

1 The concrete strength grade shall not be lower than C30.



8.3.4

8.3.5

The structural thickness should not be less than 300mm.

The spacing of load-carrying main bars should not be less than 100mm.

Monolithic linings shall be provided with movement joints as specified below .

Settlement joints shall be provided at the boundary between cut-and-cover tunnel and mined

tunnel lining and at 5-12m from the portals for tunnels without cut-and-cover section.

Settlement joints should be provided at obvious changes in geologieal conditions and the

boundary between different types of lining.

One settlement joint should be placed every 30-100m in continuous weak rock.

Expansion joints should be installed within a range«f-100-200m from the portals in regions
characterized by significant temperature fluctuations), particularly in cold areas where the

average temperature during the coldest month falls belows15C.

Settlement joints and expansion-and’ contraction joints shallnot be less than 20mm wide
and may be filled with asphalt-board.or bitumastic eakum.' Settlement joints and Expansion
joints should be vertically/ placed, perpendicular”to’stunnel axis. Settlement joints and
expansion joints of arch,” walls and arch invert shall be placed within the same cross-

section.
Settlement-joints yand expansion_joints may also be used as construction joints. Where
settlement joints<and expansion joints are necessary, these shall be designed in conjunction

with construction joints.

For monolithic linings without an arch invert, the base of lined side wall shall be as

specified below .

1

The base shall be placed on stable ground and have a sufficient bearing capacity that meets

design requirements ;

The base bottom shall not be higher than the design excavation bottom of cable trench.
Where the excavation bottom of the side drain is below the base bottom, the side drain

excavation boundary shall be more than 500mm away from the side wall base.

3 Within the thickness of portal wall, the side wall base shall extend to the level of the portal
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wall base.

4 The cross-section of side wall base should be enlarged appropriately.

8.4 Composite lining

8.4.1

Composite linings shall be designed as specified below .

1 Primary support shall be designed as permanent support structure and should consist of

shotcrete, rockbolts, reinforcement mesh, or steel rib support or a combination thereof. It

shall also be in accordance with Section 8.2 herein.

2 Secondary linings shall consist of moulded concrete or moulded reinforced concrete, and

comply with Section 8.3 herein.

3 When determining the excavation cross-section, in addition to the required clear section

and structural dimensions, consideration shall be given to surrounding rock and primary

support deformations that may occur due to loading. The deformation allowance shall be

determined by calculation and-analysis‘based on'surrounding rock class, cross-section size,

depth, construction method ; support configuration, ete. Alternatively, it can be predicted

by engineering analogy- according to Table 8, 4. 1. The deformation allowance shall also

adjusted according to'field tunnel eonstraction.monitoring and measurement results.

Table 8. 4. 1. Deformation allowance (mm)

Surrounding rock
class

Two-lane tunne

Three-lane tunnel

Surrounding rock

class

Two-lane tunnel

Three-lane tunnel

I — — v 50 ~ 80 60 ~ 120

I} — 10 ~30 \Y 80 ~ 120 100 ~ 150

II| 20 ~50 30 ~80 VI Dependent on field measurements
Notes ;

1. Higher values shall be adopted for weak, crushed rock and lower values for intact rock.

2. Values for a four-lane tunnel shall be determined by engineering analogy and calculation and analysis.

8.4.2 Composite linings may be designed by engineering analogy method, and if necessary, may

be checked by theoretical analysis. Support parameters for two-lane or three-lane tunnels may be

selected from Tables P. 0. 1 and P. 0.2 in Appendix P. Values for a four-lane tunnel shall be

determined by engineering analogy and calculation and analysis. During construction, necessary

adjustments shall be made to design support parameters based on advance geological forecast and

S0




field tunnel construction monitoring and measurements.

8.4.3

In poor surrounding rock mass and geological conditions or where construction of a large

span tunnel requires staged excavation, the excavation method shall be designed to define

excavation sequence, temporary support measures and parameters.

8.4.4 For weak, flowing rock, swelling surrounding rock or special rock in high in-situ stress

conditions, the tunnel support parameters may be determined by field test, taking into account the

effect of increasing distortional pressure on the surrounding rock.

8.5 Cut-and-cover tunnel lining

8.5.1

8.5.2

Cut-and-cover tunnel lining should be employed where .
The overburden on top of the tunnel is Shallow and the tunnel is difficult to build by
conventional mining methods. That is,\large”exeavation, and/or cuttings should not be

made.

The subgrade or portals are susceptible to adverse geology such as cave-in, talus, rockfall

and debris flow.
Excavation of the cutiwould put adjacent critical buildings ( structures) at risk.

With a _highway ,railway, canal or-other man made structure passing above the tunnel,

mining and\flyover are inappropriate.

Tunnel Tength extension is needed to reduce excavation and preserve natural landscape at
portals.

The type of cut-and-cover tunnel structure shall be determined based on topographical,

geological and construction conditions and taking into account structural safety, economy,

practicality, aesthetics and other factors. In addition, the following provisions shall be observed .

Arch cut-and-cover tunnel should be employed where the backfill layer on top of the tunnel

is thick or the amount of landslide or rockfall in one occurrence is large.

An arch structure should be employed where the cut-and-cover tunnel needs to withstand

the landslide thrust from the heading slope.



8.5.

8.5.

A rectangular frame structure may be employed in zones with height restrictions.

Cut-and-cover tunnel linings shall be designed as specified below :

The cut-and-cover tunnel shall have a reinforced concrete structure.

For a semi-cut arch cut-and-cover tunnel, eccentric load shall be considered. The outer
side wall of an arch cut-and-cover tunnel should be thickened appropriately. Where
topographic conditions permit, counter pressure backfill or counten-pressure wall may be

employed.

An arch invert shall be provided where side pressure on: the=arch cut-and-cover tunnel is

high or ground bearing capacity is insufficient.

When intended as a measure for landslide controls= the cut-and-cover tunnel shall be

designed as a retaining structure, incorporating comprehensive control measures.

Settlement joints should be implemented in areas .whete there are noticeable shifts in
geological conditions. Additionally. theprovision of e€xpansion joints should be based on

the length of cut-and-covert-tunnels‘in‘regions with fluctuating air temperatures.

For a cut-and-cover/tunnél intended for rockfall protection, its structural safety shall be

checked for impact 1oad from rockfall.

The cut-and-cover, tunnel foundation=shall be designed as specified below ;

The cut-and-cover tunnel foundation with no arch invert shall be in accordance with 8.3.5

herein.

When bedrock is exposed or at a shallow depth, the foundation may be placed on the
bedrock. When in soft ground, the foundation may be an arch invert, monolithic
reinforced concrete slab, or it can also adopt the measures of pile foundation, enlarged

foundation, deepened foundation or ground improvements, etc.

The cut-and-cover tunnel foundation shall be embedded into rock for certain depth and
have certain protection width. When on a slope terrain, the ground may be excavated into
benches. Where freezing damage is possible, the base shall extend at least 250mm below

the maximum frozen depth.



8.5.5

If the outside of foundation is susceptible to the influence of current scour, stabilization and

protection measures shall be taken.
On a transverse slope terrain, if the outer side foundation is buried more than 3. 0m below
the pavement, then horizontal reinforced concrete tie shall be installed below the pavement

and anchored into inner side foundation or rock mass.

The backfilling on top of cut-and-cover tunnel, treatment on the back of an arch shall be

determined according to its purpose, function, terrain and side and headingyslope hazards, and in

accordance with the following .

8.5.6

When posing a serious threat, overhanging rocks from slopés-around and above the tunnel
shall be removed or stabilized. To protect against general rockfall and collapse hazards,
the backfill roof of the arched cut-and-cover tunnel should not be less than 1.2m thick and

shall be sloped appropriately for drainage.

When cut-and-cover portals are employed, the arch roofumay be partially exposed. The

exposed part should be covered with, a screed or finish layer-not less than 20mm thick.

In the case of cut-and-covet, tunnel flyover; bagkfill' thickness shall be determined
considering elevations of highway, railway, canal er-other man-made structures, natural
environment, aesthétics requirementssy, structural design, etc. For an arch cut-and-cover

tunnel, strengthening of*the arch-foot'may' be provided if necessary.

Where a_water, eanal, debris flow aqueduct or other structures are envisaged on top of the
cut-and-cover ‘tunnel, their impact. 'shall be considered. The bottom of a general water
canal or common drain ditch shall not be less than 1. 0m from the outer edge of the tunnel
roof. Fot an aqueduct carrying mountain torrents or debris flow, its bottom should be not

less than 1.5m from the outer edge of the tunnel roof.

Backfilling of the space behind side walls of the cut-and-cover tunnel shall be determined

based on the type of tunnel, geological conditions, design requirements and construction methods,

and in accordance with the following .

Where elastic resistance of strata at the side walls is taken into account, the space behind

the side walls shall be backfilled with concrete, stone pitching or dry rubble.

Where calculation of soil pressure on side walls of the cut-and-cover tunnel is based on

backfill material, the internal friction angle of the backfill material behind the side walls
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shall not be less than the calculated friction angle of existing strata or that of design backfill
material.

8.6 Structural requirements

8.6. 1 Minimum sectional thickness of each component of the tunnel structure shall be in
accordance with Table 8. 6. 1. The masonry structure lining of two-lane tunnel, three-lane tunnel
and Tunnel ventilation fan (TVF) room should not be less than 300mm in thickness.

Table 8.6.1 Minimum sectional thickness ( mm)

o . Lining of tunnel and cut-and-cover tunnel Ehd wall, wing wall and
Type of building material - L 1 l
Arch ring Side wall Arch inyert, 4  etaining wall at portals
Concrete 200 200 200 300
Rubble concrete — — it 500

8.6.2 The rigid angle of concrete foundation step shall not exceed'45°: This shall not exceed 35°
in the case of masonry foundation.

8.6.3 Minimum thickness of'cenerete covette longitudinal load-bearing bars in reinforced
concrete members shall be -as_specifiedin Table 8.6.3"

“Fable 8.6.3 Minimum thicknéss of concrete cover (mm)

Minimum thickness of cover
Member. thickness
Non-aggressive environment aggressive environment
<150 As per site conditions As per site conditions
150 ~300 30 40 ~55
301 ~500 35 40 ~60
>500 40 50 ~60

Note.; Take higher values for highly aggressive environment and lower values for slightly aggressive environment.

8.6.4 Minimum sectional reinforcement ratio of longitudinal load-bearing main bars in reinforced
concrete members shall be as specified in Table 8. 6. 4.
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Table 8.6.4 Minimum sectional reinforcement ratio of longitudinal load-bearing

main bars in reinforced concrete members ( % )

Load-bearing type Minimum reinforcement ratio

Full load bearing main bar 0.6

Compression member
One-side load bearing main bar 0.2

Concrete strength grade

One-side tensile bars in flexural Type of rebar

C25 C30 C40 C50

member and eccentric or axial
tensile member HPB300 0.25 0.30 0.35 0.40
HRB400 0.20 0.20 0.25 0.30

Notes :

1. When using HRB400 bars, minimum reinforcement ratio of full load bearing main bar.in ¢ompression member shall be
0.1% less than the value specified in the table above.

2. Compression bars in eccentric tensile member shall be considered as one-side lpad-bearing main bars in compression
member. k

3. The reinforcement ratio of full load bearing main bars and one-side load bearing main bars in compression member as
well as one-side tensile bars in axial tensile member and small-eccentricity teénsile member shall be calculated based on
the total cross-section area of the member. The reinforcement ratio ‘of ‘one-side tensile bars in flexural member and
large-eccentricity tensile member shall be calculated based“on” thestotal cross-section area less the compression flange
area.

4. Where bars are arranged around the perimeter of-the member ¢ross-section ,~the  one-side load bearing main bar" refers

to the load bearing main bar placed along one-ef ‘two epposite edges in fore¢ direction.

8.6.5 Bent-up bars in reinforced«concrete member (Fig. 8.6.5) shall be designed as specified

below .

1 If a load bearing main bar needs bending , ‘anchorage length shall be reserved at the bend
end point B, This'length shall'nat beless than 20d (d is bar diameter) in tensile zone, or
10d in compression zone. A hook shall be designed at the end in the case of plain

round bar.

2 The béend angle of a bent-up bar should be 45° or 60° for beam, and should not be less
than 30° for slab.

3  When the bent-up bar is HPB300, minimum bending radius R shall be 10d (d is bar
diameter). When the bent-up bar is HRB400, minimum bending radius R shall be 12d.

10d
Tensil 5
ensile R
<<:| zone ¢
B
| 20d |
| | Compression
zone

Fig. 8.6.5 Configuration of bent-up bar end
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8.6.6 Bar anchorage in reinforced concrete member shall be as specified below .

1 The bar anchorage length shall be as specified in Table 8. 6. 6.

Table 8.6.6 Bar anchorage length

Anchorage condition

Bar type

HPB300 HRB400, HRB500
Anchorage length of =30d No hook -
compression bar measured <30d 10d + straight hook —
from the unstressed point =20d o No hook
<20d —

10d" + straight hook

Anchorage length of bar in
tensile member, calculated per
adhesion stress

In a zone without

transverse pressure

30d + semicircular hook .

20d + straight hook

In a zone with transverse

pressure

15d + semnicircular hook

10d + straight hook

Anchorage length of tensile
bar in flexural member and
eccentrically compressed
member, measured from the

unstressed point

In compression-zone

10d + straight heok

10d with no hook

In tensile, zone.(in difficult
condifions)

20d + semicircular hook

20d + straight hook

Length of bent-up bar+/

=204

'Without straight section in
parallel with longitudinal bar;
with straight hook at the end

Without straight section in
parallel with longitudinal bar;

and without hook

stretching into_the

compression’zone

<20d

With a straight section 10d
long in parallel with
longitudinal bar;
and with straight hook

With a straight section 15d
long in parallel with
longitudinal bar;

and without hook

Notes;

1. If their diameters are greater than 25mm, the anchorage length of bars HRB400 and HRB500 shall be multiplied by a

safety factor of 1. 1.

2. The anchorage length of HRB400 and HRB500 epoxy resin coated bars shall be multiplied by a safety factor of 1.25.
3. Where the bar is susceptible to disturbance during concreting ( such as sliding formwork ) , its anchorage length shall be

multiplied by a safety factor of 1. 1.

4. Where the thickness of concrete cover to HRB400 and HRB500 in anchorage zone is more than 3 times the bar diameter

and stirrups are provided, its anchorage length may be multiplied by a factor of 0. 8.

2  Where a hook is required at the end of load-bearing main bar, the inner diameter of the

hook shall be 4d (d is bar diameter) and the straight section shall be 5d long.
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8.6.7

8.6.8

Connection between load-bearing main bars shall be made as specified below .

Connections of load-bearing main bar should be placed at a location of minimum stress.

The number of joints on the same bar should be minimised.

Plain round bars of more than 25mm in diameter and all deformed bars shall be connected
by welding or mechanically. The tensile strength of the welded joint or mechanical joint

shall not be lower than the strength of the bars themselves.

Welded joints shall be staggered with each other. The connection seetion of welded joints
shall be 35d (d is the diameter of the larger bar) long and not less-than 500mm. Any point
with its midpoint within the length of a connection section™is“considered as in the same

connection section.

In the same connection section, the area of welded joints and mechanical joints as a
percentage of load-bearing bar shall not begreater than 50% for tensile main bar whereas
the area of joint area as a percentage|.of ‘compression“imain bar is exempt from this

restriction.

Connection between plain bars-of small diameter may, be made through lap joint, in which
case the end of bars shall-be made into semi-circular heoks. The distance between points of
tangency on two hodks shall net be less than 30d for tensile bars nor less than 20d for

compression bars. Within' the lap range ;¢ the bars shall be tied with wires or welded.

Bar connections under other circumstances shall comply with applicable provisions in the
Code for Designsof Concrete Structures (GB 50010).

Reinforcement configuration for members subject only to axial compression and complete

with load-bearing main bar and general stirrups shall be as specified below .

8.6.9

The cross-sectional area of the load-bearing main bar shall not be less than that of the

member by 0.6% , nor should it be greater by 3% .

b

The diameter of the load-bearing main bar should not be less than 12mm.

The diameter of stirrups shall not be less than 1/4 of the diameter of load-bearing main

bar, nor less than 6mm.

Tunnel lining reinforcement configuration shall be as specified below :
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1 Minimum diameter of the load-bearing bar shall be 16mm.

2 The cross-sectional area of the load-bearing main bar shall not be less than that of the
member by 0.6% , nor should it be greater by 3% .

3 Distribution bars perpendicular to load-bearing main bar shall be provided inside and
outside the lining. The diameter of the distribution bars should not be less than 12mm and

their spacing should not be greater than 300mm.

4 The inner and outer layers of load-bearing bars in the lining shall be connected by
connecting stirrups of not less than 6mm diameter. Both ends of the stitrup shall be made
into a hook whose inner diameter shall not be less than the diameter of load-bearing bar;
the length of straight section shall not be less than 5d (d is\bar diameter) .

5 Lining stirrups shall be arranged at the intersection of-citrcumferential load-bearing bar and
distribution bar, at intervals not greater than’'twice\the spacing of distribution bars. The

circumferential load-bearing bar shall be tied or welded té:stirrups.

6 Constructional position limit bars_of not-less than 16mm diameter should be arranged at
intervals not less than 2. 0m-%2, Om-between inner-and outer layers of circumferential load-
bearing bars. The position limit'bars shall ,be located-at the intersection of circumferential
load-bearing bars and distribution bars: Whete position limit bars are provided, stirrups are
not required. The position limit bars shall be_welded to circumferential load-bearing bars
and distribution bars.

8.6.10 Maximum-“calculated width of cracks on the surface of reinforced concrete members for
tunnel shall’be<0. 2mm, or 0. 15mm in highly corrosive environment, and comply with relevant

codes.

8.6.11 Where tight control on crack width is required, the spacing of distribution bars in tunnel

lining may be reduced appropriately, but should not be less than the spacing of main bars.
8.6.12 For a member in highly corrosive environment, hoisting rings, attachments and other
ironwork embedded in concrete and partially exposed shall be isolated from steel bars in the

concrete member, or the exposed ironwork shall be protected against corrosion.

8.6.13 Configuration of other bars in tunnel structure member and bars with seismic consideration

shall comply with the current Code for Design of Concrete Structures ( GB 50010).
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8.6.14 The diameter and spacing of bars in cover plates for cable trench and water ditch shall be
as stated in Table 8. 6. 14.

Table 8.6.14 Diameter and spacing of bars in cover plates (mm)

Category Diameter d Plate thickness h Spacing

Longitudinal load-bearing bar | 6, 8 or 10 commonly used <150mm <200
('main bar) for load-bearing bar > 150mm <1.5h and <300

Constructional bar d=6 commonly used for distribution bar <200




9 Structural Calculation

9.1 General

9.1.1 The sectional strength of a members forming the tunnel structure shall be checked by the
ultimate limit state design method. Where the structure’ss crack resistance is specified, the concrete
member shall be checked for crack resistance. For a’reinforced concrete member, its crack width
shall be checked.

9.1.2 This chapter applies to analysis-of static forces.

9.2 Lining calculation

9.2.1 In the case<of 'monolithic lining for deep tunnel, monolithic lining or secondary lining of
composite lining for'shallow tunnel and the lining for cut-and-cover tunnel, calculation should be
performed ysing the load-structure method. This method may also be used for secondary lining of
composite lining for deep tunnel. The calculation principle of this method is presented in Appendix
L, hereto.

9.2.2 In calculating internal forces and deformation of tunnel lining using the load-structure method,
elastic resistance shall be taken into account. For a densely backfilled lining, the size and distribution of
elastic resistance may be determined based on local deformation theory and from Eq. (9.2.2).
o = ko (9.2.2)

where

o—Strength of elastic resistance (MPa) ;

k—Elastic resistance coefficient of surrounding rock, which may be selected from Table A.0.7-1

in the absence of measured data;

0—1Lining deformation toward surrounding rock (m) , taken as zero if it is toward the tunnel.
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9.2.3 Calculation for a lining with arch invert shall take into account the effect of the arch invert

on internal force of the structure.

9.2.4 In checking the sectional strength of a member using the ultimate limit state design
method, different safety factors not less than values given in Tables 9.2.4-1 and 9. 2.4-2 shall be
applied depending on load combinations. In checking the strength for construction stage, the safety
factors can be obtained by multiplying the value under " permanent load + basic variable load +
other variable load" in Tables 9.2.4-1 and 9.2.4-2 by a reduction coefficient of 0.9.

Table 9.2.4-1 Strength safety factor for concrete and masonry structures
under various load combinations

Concrete Masonry
Permanent Permanent  Permanent
Cause of failure Permanent load + basic load or Permanent load + basic Permanent
load + basic |variable load + | permanent loady load *; basic |variable load + load +

variable load | other variable + aceidental variable load | other variable | accidental load
load load load

Concrete or masonry I
reaching ultimate 2.4 2.0 1 1.8 277 2.3 2.0
compressive strength

Concrete reaching
ultimate tensile 3.6 3. 00 I e,
strength

Table 9.2.4-2" /Strength safety, factor for reinforced concrete structure under
various load combinations

k Permanent load or permanent | Permanent load + basic variable Permanent load +
Cause of failure ) . . .
load + basic variable load load + other variable load accidental load
Rebar reaching ultimate strength
or concrete reaching compressive 2.0 1.7 1.5
or shear ultimate strength
Concrete reaching ultimate
. 2.4 2.0 1.8
tensile strength

9.2.5 Primary support for composite lining shall be designed mainly by engineering analogy
method. Support parameters may be determined by the ground-structure method presented in

Appendix M hereto and checked for service and construction stages respectively.
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9.2.6 During analysis of surrounding rock stability, the safety factor of surrounding rock during
construction may be checked by strength reduction finite element method; the safety factor of
surrounding rock after primary support is installed may be used as the basis for its stability

assessment.

9.2.7 Where the secondary lining of composite lining and primary support jointly bear the pressure
from surrounding rock and other external loads, internal force and deformation may be calculated by
ground-structure method and checked by load structure method, using load values obtained under
6.2.2 herein.

9.2.8 During the design and analysis phase, lining design calculations shallsadopt the characteristic
parameters of surrounding rock, per available geological data or from Table A.0.7-1 when such data
are unavailable. During construction, the design parameters shall be verified and the analysis
updated according to in-situ geology encountered, tunnel construction‘monitoring and measurement

results.

9.2.9 When designed per bearing capacity, deformation+of primary support for composite lining
shall not exceed the design deformation allowance.

9.2.10 For an eccentrically compressed cencrete member of monolithic lining or cut-and-cover
tunnel lining, eccentricity of its' axial *force should not be greater than 0. 45 times the sectional
thickness. This value should .not be “greater: thamt 0, 3 times the sectional thickness for an
eccentrically compressed-member-of exterior wall<of semi-cut open tunnel, shed tunnel, side wall of

cut-and-cover tunnel’and masonry. The-base, eccentricity shall comply with Table 9.4.1 herein.

9.2.11 Compressive _strength of axial and eccentrically compressed member of concrete and
masonry with a rectangular cross-section shall be calculated from Eq. (9.2.11):
KN < ¢aR bh (9.2.11)
where
K—Safety factor, to be obtained from Table 9.2.4-1 herein;
N—Axial force (kN) ;
¢—Factor of longitudinal bending of a member, taken as ¢ =1 for tunnel lining, arch
ring of cut-and-cover tunnel and side wall with dense backfill behind it; obtained from
Table 9.2. 11-1 per slenderness ratio for other members ;
a—Eccentric effect factor of axial force, obtained from Table 9.2.11-2.
R,—Ultimate compressive strength of concrete or masonry, obtained from Tables 5.2.4 and
5.2.15 herein;
B—Sectional width (m) ;

H—Sectional thickness (m) ;
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Table 9.2.11-1 Factor of longitudinal bending of concrete and masonry members

H/h <4 4 6 8 10 12 14 16
Factor of longitudinal bending ¢| 1.00 0.98 0.96 0.91 0.86 0.82 0.77 0.72
H/h 18 20 22 24 26 28 30
Factor of longitudinal bending ¢| 0.68 0.63 0.59 0.55 0.51 0.47 0.44

Notes ;
1. H is member height and 4 is the length of short edge of cross-section (in the case of concentric compression) or
sectional edge length within the plane subject to bending moment (in the case of eccentrically compressed ).

2. Intermediate values of H/h may be obtained by interpolation method.

Table 9.2.11-2 Eccentric effect factor o

ey/h « e,/ h « e,/ h « e/h « ey/h «

0.00 1.000 0.10 0.954 0.20 0.750 0.30 0480 0.40 0.236

0.02 1.000 0.12 0.923 0.22 0.698 0.32 | 0.426 0.42 0.199

0.04 1.000 0.14 0.886 0.24 0.645 . 0.34 0.374 0.44 0.170

0.06 0.996 0.16 0.845 0.26 0.590 0.36 0.324 0.46 0.142

0.08 0.979 0.18 0.799 0.28 0.535 .7 0. 387 0.278 0.48 0.123
Notes : ‘ ‘

1. e,is eccentricity of axial force.

2.a=1.000 + 0.648 (e,/h) —12.569.—((»’30/}1)2 R15.444 (ey/h)°.

9.2.12  According to crack resistance, requirements, the tensile strength of eccentrically compressed

concrete member of rectangular cross-section, shall'be’ealculated from Eq. (9.2.12) .

CN\\l. 75R,bh

KN <5—— (9.2.12)
-0 _
-1

where .

K—Safety-factor, to be obtained from Table 9.2.4-1 herein;

N—Axial force (kN) ;

R,—Ultimate tensile strength of concrete, obtained from Table 5.2.4 herein;
B—Sectional width (m) ;

H—Sectional thickness (m) ;

e,—Eccentricity of axial force.

9.2.13 If the concrete for monolithic lining is placed intermittently or when side wall is masonry
and arch ring is made from concrete, the eccentricity of arch foot or elephant foot section shall not
be greater than 0. 3 times its sectional thickness; values specified in Table 9. 2. 4-1 herein for

masonry shall be used in calculating the safety factor of sectional compressive strength.
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9.2.14 Sectional strength of flexural and eccentrically compressed reinforced concrete members

may be calculated per Appendix N hereto.

9.2. 15 For flexural members, maximum deflection value calculated based on basic load

combination shall not be greater than the permissible values presented in Table 9.2. 15.

Table 9.2.15 Permissible deflection of flexural members

Type of member Permissible deflection
ly<5m 1,/250
Beam and slab Sm</;<8m 1,/300
l,>8m 1,/400

9.2.16 Deformation of reinforced concrete flexural members under various load combinations

may be calculated by Material Mechanics method according te_given stiffness.

9.2.17 Where the tunnel is constructed by staged ‘excavation method and the support structure is
completed in steps over a long time, the support structure shall take into account stress during

construction.

9.2.18 The structural calculation for ‘linings near portals should consider the interaction effect
between the portal slopes and-the tunnel, structure, Depending on the magnitude of this effect, the

lining structure may need, to be reinforced or the<humber of longitudinal rebars increased.

9.3 Calculation for cut-and-cover tunnel

9.3.1 The internal force in cut-and-cover tunnel lining may be calculated using load structure
model. According to backfill requirements, lateral load may take into account the effect of elastic

resistance or soil pressure.

9.3.2 For cut-and-cover tunnel lining, the member’ s sectional strength shall be calculated by
ultimate limit state design method, and safety factors given in Table 9. 2. 4-2 herein shall be used

depending on load combinations.

9.4 Calculation for portals

9.4.1 Where end-wall tunnel portal is employed, the end wall and wing wall may be regarded as
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retaining wall and their strength shall be checked for ultimate state. The stability against overturn
around wall toe and sliding along wall base shall also be checked. The checking shall be in
accordance with Table 9. 4. 1 as well as applicable provisions in the current Code for Design of
Highway Subgrades (JTG D30 ), Code for Design of Highway Masonry Bridges and Culverts
(JTG D61) and Code for Design of Ground Base and Foundation of Highway Bridges and Culverts
(JTG D63). For a high portal wall, the tensile stress in control section shall be calculated.

Table 9.4.1 Checking specifications for portal wall

Wall section load effect value S, < structural resistance effect value R, (in.ultimate state)
Wall section eccentricity e <0. 3 times sectional thickness
Base stress o < permissible bearing capécity of, ground
Base eccentricity e Rock foundation <B/5 ~B/4; soil founda;ion <B/6 (B is wall base thickness)
Anti-sliding stability safety coefficient K =1.3 s
Anti-stability against overturning safety ey
coefficient K
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1 O Water-proofing and Drainage

10.1 General

10.1.1 Tunnel waterproofing and drainage design shall folfowrthe principle of ‘ comprehensive
control according to local conditions through a combination'of prevention, drainage, interception
and plugging’ to properly handle surface water and groundwater. “Waterproofing and drainages both

inside and outside the tunnel shall be compléete'and unobstructed.

10.1.2 Waterproofing and drainage for, expressway, Class-1yhighway and Class-2 highway tunnels
shall be such that;

1 There is no seepage from the arch, side wall“or equipment cavern, or wet stain on the

pavement.

2 Thereris no'ponding behind the tunnel lining in sections with freezing hazard or no freezing

of drains.

3 There s no water dripping from the arch of vehicular and pedestrian cross passages or from

side walls.
10.1.3 Waterproofing and drainage for Class III and IV highway tunnels shall be such that.

1 There is no water dripping from the arch, no water flowing on side walls or no seepage

water in equipment caverns, no water ponding or flowing water on pavement surface

2 There is no ponding behind the tunnel lining in - sections with freezing hazard or no

freezing of drains.
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10. 1.4  Waterproofing and drainage measures adopted for tunnels shall protect the natural environment. If
seepage in the tunnel is likely to cause reduction in surface water and affect people’ s work and life,

water plugging shall be applied to surrounding rock.

10.2 Waterproofing

10.2.1 Where surface water is likely to infiltrate into the tunnel, prevention and control measures
should be taken; abandoned pits, boreholes, etc. shall be filled and sealed.

10.2.2 If composite lining is employed, a waterproofing layer shall be placed between primary
support and secondary lining. The waterproofing layer should be“a.combination of waterproofing

membrane and non-woven fabric and shall be as specified below ;

1 The waterproofing membrane should be made “of weldable sheet material. Its thickness
shall not be less than 1.0mm and its joint lap lengthnet less than 100mm.

2 The density of non-woven fabric shall not ‘be less than300g<m”.
3 The non-woven fabric should not be‘bended to, the waterproofing membrane.

10.2.3 The cast-in-situ concrete lining-shall meet seepage resistance requirement. Seepage resistance
grade of the concrete should'not be less than PS.

10.2.4 Reliable waterproofing measures ‘shall*be -applied to construction joints, settlement joints
and expansion jointswin castfin-situ concrete |lining.

10.2.5 _Where aggressive groundwater is present, corrosion and erosion resistant waterproofing
materials shall be used depending on corrosion type; the concrete waterproofing grade may be

raised as appropriate.

10.2.6 In zones with high volumes of seepage and inflow from the surrounding rock, rock mass

grouting may be adopted to plug water.

10.2.7 Waterproofing for reserved caverns should be consistent with that for main tunnel.

10.3 Drainage

10.3.1 In the tunnel a longitudinal drainage should be installed such that groundwater is discharged
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separately from discharge of operational sewage and fire-fighting sewage.

10.3.2 Drainage in the tunnel shall be as specified below

Side drain shall be provided on both sides of pavement.

Drainage gradient of the side drain should be consistent with the tunnel’ s longitudinal

gradient.

The side drain should have a rectangular cross-section. Where¢ these drains are buried

conduits, filter grate and settling ponds shall be provided at 25-30m intervals.
Where a center drain is not provided in the tunnel, groundwater behind the lining may be
channeled to the side drain whose invert should not-be less than 50mm below the base of

pavement structure.

Measures shall be taken to prevent water,aceumulation in“cable ducts.

10.3.3 When designing center drain below the“pavement structureslayer, the following shall be

observed ;

1 The center drain shotild be separate from! side drain.

2 The center drain” may be located in ‘the center or on the sides of tunnel, its location,
quantity_and depth ,shall be dependent on tunnel length, pavement width, type of arch
inverty frozen'depth, etc.

3 The center drain should have a rectangular cross-section. Its dimensions shall be dependent
on tunnel length, longitudinal gradient and groundwater inflow.

4 The center drain should be provided with settling ponds at 50-200m intervals and with
manholes as needed. The location and configuration of the manholes shall be easy for
cleaning and inspection, and their spacing should not be greater than 200m.

5 The manhole cover may be covered by pavement surface course.

10.3.4 Drainage of pavement structure base shall be as specified below ;
1 The surface of pavement cushion or arch invert fill layer shall be made into transverse



drainage slope not less than 1.5% tilting toward the center drain, if any.

2 Where there is water seepage at the tunnel bottom, a transverse drainage pipe should be
placed along the tunnel length every 3-8m. Such drain should be located at construction

joint of cushion or arch invert fill or the point of water inflow at the tunnel bottom.

3 In a tunnel without a center drain, the drainage gradient of transverse drainage pipe should
be consistent with pavement transverse slope and shall connect to the lower side drain

through an interface not lower than the bottom of the side drain.

4 In a tunnel with center drain, the drainage gradient of transverse drainage pipe shall not be
less than 1.5% and shall tilt toward and link to the center drain.

5 The transverse drainage pipe should be highly permeable pipe whose diameter shall not be

less than 50mm.

10.3.5 The tunnel lining drainage design shall be as speeified below .

1 At the bottom of secondary lining behind side walls, longitudinal drainage pipe shall be
arranged without encroaching-tupon“secondary lining.space. Its drainage gradient shall be
consistent with the longitudinal.gradient of the tunnel-and its diameter shall not be less than
100mm.

2 Circumferential drainage”pipe shall'be, arranged between waterproofing layer and primary
support at intervals that should.not be. greater than 10m and the spacing shall be decreased
in zones of high.inflow. Where there is concentrated seepage of water from the surrounding
rock, wertical drainage pipe may be added. Circumferential and vertical drainage pipes
shall be connected to the longitudinal drainage pipe and shall not be less than 50mm in

diameter.

3 Transverse pipes shall pass through secondary lining at the foot of lined side walls to
longitudinal drainage pipe at one end, and connect to center drain, if any, at the other
end, or to side drain if there is no center drain. Transverse pipes should have a diameter
not less than 80mm, drainage gradient not less than 1% and longitudinal spacing not

greater than 10m. This spacing shall be decreased in zones of high inflow.

10.3.6 If developed groundwater in obvious aquifers fully recharged poses potential hazard to the
tunnel where water plugging is not efficient, adit and parallel heading may be used for drainage, or

drainage tunnel and other interception and drainage facilities may be provided.



10.3.7 In a tunnel with high volumes of predicted inflow, drainage cross-section of the center

drain and side drain shall be enlarged.

10.4 Waterproofing and drainage for portals and cut-and-cover tunnel

10.4.1 Interception drains shall be provided as needed 3-5m beyond the excavation line of tunnel
and adit portals and side and heading slopes of cut-and-cover tunnel, such that the landscape effect

of side and heading slopes is not affected.

10.4.2  Where the cutting outside the tunnel portal is on an upgrade,) reverse side drain or
drainage guidance measures may be adopted on both sides of subgrade outside the portal so that
water outside the tunnel does not flow into the tunnel.

10.4.3 Waterproofing and drainage design for cut-and-covei-tunnel shall be as specified below .

1 Externally bonded waterproofing layer shall be applied to“the outer edge of cut-and-cover

tunnel lining.

2 At the connection betweenteut<and-cover tunnek and, subsurface-cut tunnel, waterproofing

layers shall be lapped and sealed.

3 Clay drainage layer should be placed on<top of‘backfill and connected to side and heading

slopes. This/layer should be covered with planting soil not less than 20cm thick.
4 Drainage ditches.shall be providedj.as appropriate, on top of cut-and-cover tunnel backfill.

5 The extrados of the cut-and-cover tunnel, if exposed, shall be provided with waterproof

screed/or ceramic tiles.

6 Longitudinal and vertical drainage pipes should be arranged at the foot of or behind the side

wall next to the mountain to direct water to side wall drainage hole for discharge.

10.5 Waterproofing and drainage for tunnels in cold regions

10.5.1 In addition to specifications under 10.3 and 10.4 herein, waterproofing and drainage for

tunnels in cold regions shall meet the following specifications ;



10.5.2

freezing.

Where groundwater may cause freezing condition, a center drain should be provided. The

bottom of the center drain shall be below the level of freezing.

If the center drain cannot meet drainage and anti-freezing requirements, cold-proof
drainage tunnel may be provided. It shall be placed 3 ~5m beneath the pavement. Its arch
and side walls shall be provided with drainage channel.

Drainage pipe shall be provided in the portal subgrade approach section linking center drain
in the tunnel to cold-proof drainage tunnel. The drainage pipe shall be buried below the
frozen depth and provided with manhole at its corner. The drainage pipe exit shall be
provided with cold-proof gravelly outfall.

The seepage resistance grade of tunnel lining concrete may be taised as appropriate.

Longitudinal drainage pipe behind the lining and fransverse pipes shall be resistant to
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1 1 Special Types of Tunnels

11.1 General

11.1.1 Tunnels may take special forms such as twin tunnelsrwith small clearance, twin-arch
tunnels, branching-out tunnels and shed tunnels,” The type of tunnel will be dependent on
topographical and geological restrictions, the impact” of' structures around the tunnel and the

requirement for overall route design.

11.1.2 The form of tunnel shallibe properly determined taking into account geology, terrain,

structural safety, construction conditions, environmental protection and other factors.

11.2 Twin tunnels with small clearance

11.2.1 Twin tunnels with small clearance may be adopted at portals where the space is narrow
and route arrangement is restricted, or at localised locations of short, medium or long tunnel portals

where land joccupation for portal needs to be reduced.
11.2.2 The design of twin tunnels with small clearance shall meet the following requirements;

1 Composite lining structure shall be employed. Support parameters shall be determined
according to engineering analogy, construction method, analysis and calculation, subject
to adjustments based on field monitoring and measurement results during tunnel

construction.

2 Requirements on construction sequence, excavation method and temporary support
measures shall be specified, depending on surrounding rock geological conditions and the

clear distance between the two tunnels. In addition, measures shall be specified to protect



or strengthen the rock pillar for stability, if required.

3 Where the clear distance between the two tunnels is less than 0. 8 times excavation span,

the length of twin tunnels with narrow pillar should be limited to 1,000m.

11.3 Twin-arch tunnels
11.3.1 Twin-arch tunnels may be adopted in special areas of narrow terrain-or with constraints on
alignment.

11.3.2 The twin-arch tunnels shall be designed as specified below?

1

The middle wall for twin-arch tunnels should be of composite type.

Composite lining structure shall be employed. Support parameters shall be determined
according to engineering analogy, construction method , analysis and calculation, subject
to adjustments based on field monitoring ‘and .measurement results during tunnel

construction.

Secondary linings shall be censtructed of reinforced concrete.

Specific requirements’on"eonstruction sequence;, excavation method and temporary support
measures shdll.be stipulated, aceording, to surrounding rock geological conditions as well as
structural stress jand rock _stability < analysis under unfavorable conditions during

construction.

Where the twin-arch tunnels are subjected to eccentric load, the impact of such load shall
be taken into account in determining support parameters, construction method and

construction sequence.

If monolithic middle wall is employed, longitudinal construction joints on both sides of the
middle wall shall be above the level of longitudinal drain on the top of middle wall, and
appropriate waterstop measures shall be taken. Vertical drain shall be embedded in the
middle wall. Its diameter shall not be less than 100mm and its longitudinal spacing should

not be greater than 10m.

Where composite middle wall is employed, heading axis during construction should deviate

from the middle wall centerline.
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8 Deformation joints shall be placed according to structural need. Deformation joints for

main tunnels and for the rock pillar shall be placed within the same cross-section.

9 Effective measures shall be taken to prevent adverse effect of horizontal thrust from the

tunnel arch on the rock pillar structure during construction.

10 The twin-arch section should not be greater than S00m in length.

11.4 Branching-out tunnel

11.4.1 Branching-out tunnel may be adopted at portals with narrowspace or special requirements,
or at portals of long or extra-long tunnels where it is very difficult to arrange two halves of the route
separately outside the tunnel. In Class V and VI surrounding rock, branching-out tunnels should not

be adopted.
11.4.2 Branching-out tunnels shall be designed,as specified below :

1 Horizontal alignment of route centerline~in the approaech’ séction to branching-out tunnel
should be curved. Where thig“alighment is straight ,, the horizontal alignment of left and
right tunnels may be separatedin, the form of ‘Small-deflection " S" curve that meets
operational safety requirementsvand the ‘requirement of alignment consistency within 3s
travelling length-at design speed inside'and ‘Outside the portal. Where left and right tunnels
are separated using ‘small-defleetiony"S" curve, design longitudinal gradient should not be

greater than 2% in general circumstances or 2. 5% under special circumstances.

2 The dength” of branching-out section and the location of structural variation in the
branching-out section shall be determined based on surrounding rock geological
conditions, distance between routes in left and right tunnels and construction methods.

The length of branching-out section should not be greater than 600m.

3 The branching-out tunnel shall be provided with composite lining. Its support parameters

may be determined by engineering analogy or calculation and analysis.

4 Specific requirements on construction sequence, excavation method and temporary support
measures shall be placed, according to surrounding rock geological conditions. Structural
stress and rock stability analysis under unfavorable conditions during construction shall be

carried out.
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5 Within 10-15m of initial section of twin-arch lining and neighborhood lining in the
branching-out tunnel, the structure shall be reinforced appropriately. The tunnel structural

should be designed per surrounding rock of one class lower.

6 At the portal of a branching-out tunnel that is at shallow depth, a cut-and-cover tunnel
structure may be adopted for bidirectional large-span sections and some twin-arch tunnel

sections.
7 Deformation joints shall be arranged at changes in structural form.

8 Bulkhead shall be provided at changes in lining structure; it ‘shallvbe designed per

geological conditions and waterproofing.

11.4.3 Where full longitudinal ventilation is adopted for-both left and right tubes of a branching-
out tunnel, the form of portal shall take account of the air<Supplys and exhaust channeling effect at

portals of left and right tubes, and the following meastres shall be taken as applicable;

1 If the tunnel has a large span at theportal, aumedian partition'wall shall be provided in the

large span tunnel and extension .at the portal.

2 If twin-arch tunnel is at\the.portal, portals of left and right tubes should be staggered or

1solated.

3 Where twinfuanels with”small -elearance is /at the portal and there is air and exhaust fluid

channeling-€ffeet ;, portals of left, and-right tubes may be staggered or isolated.

4  Air'inflow and outflow at the portal shall be adjusted.

11.5 Shed tunnel

11.5.1 Shed tunnel may be provided in river and mountain side or steep sections and skew portal

with high side and heading slopes.

11.5.2 The shed tunnel may be in arch, semi-arch or rectangular shape depending on topographical

condition, geological condition, climate condition, protection and environmental requirements.

11.5.3 Construction gauge of the shed tunnel shall meet basic requirements for tunnel construction

gauge. For a shed tunnel connected to tunnel portal, its construction gauge shall be the same as
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tunnel construction gauge. For an independent shed tunnel on expressway, its construction gauge

width should be the same as subgrade construction gauge width. The outline and dimensions of

shed tunnel shall be proposed according to topographical conditions, its purpose and structural

form.

11.5.4 Loadings on the shed tunnel shall take account of mutual effect between side slope and

shed tunnel. Backfill load and surcharge load shall be considered as permanent load.

11.5.5

Overall stability of the shed tunnel shall be analysed and its key structural members shall

be subjected to sectional strength check and crack check, according to .theform of shed tunnel,

stress conditions and constraints.

11.5.6 The shed tunnel structure shall be designed as specified below ;

11.5.7

The shed tunnel shall have a reinforced concrete structure.
Main structure of arch and semi-arch shed tunnel 'shall be"monolithic.

Rectangular shed tunnel shall have ‘an integrated framework structure or simply supported

structure.

Settlement joints shall.be” placed depending, on geology and structural form. Expansion
joints should be-placed if*the shed«tunnel is ' more than 40m long.

Design_of.shed tunnel foundation shall be as specified below ;

Shed tunnel “foundation shall be placed on solid ground. If the foundation is on soft
subsoil;“monolithic reinforced concrete floor, pile foundation, extended foundation,

deepened foundation and other measures shall be implemented to ensure adequate bearing.

The elevation of shed tunnel base shall be at least 200mm below the excavated elevation of
side drain bottom. In zones of possible freezing damage, the base shall extend at least

250mm below the freezing line.

If the outside of foundation is susceptible to the influence of current scour, stabilization and

protection measures shall be taken.

On a transverse slope terrain, if the outer side foundation of the shed tunnel is buried more

than 3m below the pavement, then reinforced concrete horizontal tie rod shall be installed



below the pavement and anchored into inner side foundation or rock mass. If column is

outside the shed tunnel, stringer may be added to connect adjacent columns.
11.5.8 The side of shed tunnel next to mountain and the outer surface of its top shall be provided
with waterproofing layer. Construction joints, settlement joints and deformation joints shall be

waterproofed.

11.5.9 The back of the side next to mountain shall be provided with drainage pipe. At the

basement on the side next to mountain, drainage holes shall be arranged at 5 ~10m intervals.
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2 Auxiliary Channel

12.1 General

12.1.1 Auxiliary channels may be provided for operational“ventilation, disaster prevention and

rescue or increasing tunnel faces and improving construetion lventilation and drainage conditions.

12.1.2 The site of auxiliary channel shall.be selected considering tepographical and geological
conditions and the needs for construction ‘andvoperation. It should avoid karst and abundant

groundwater zones.

12.1.3 The form, length and-number of auxiliary’ehannels shall be determined by technical and
economic comparison based ‘on  tunnel length,% terrain, geology and hydrology coupled with
ventilation, disaster preyentien-and rescue,, ‘drainagé, muck removal, duration and environmental

requirements.

12.1. 4 _Thevcross-section of auxiliary channel for operation purpose shall be determined by
geological conditions, function and construction conditions. When the operational auxiliary channel
also functions as construction auxiliary channel, it shall meet minimum cross-section requirements

of construction auxiliary channel.

12.1.5 The operational auxiliary channel shall be designed as permanent structure and should be
provided with composite lining or shotcrete and rockbolt lining. It shall also be provided with sound

waterproofing and drainage facilities.
12.1.6 The cross-section of construction auxiliary channel shall be determined according to geological

conditions, construction machinery, construction length of length of auxiliary channel serving the main

tunnel construction, construction ventilation and working environment requirements.
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12.1.7 For a construction auxiliary channel, appropriate lining structure shall be selected according
to surrounding rock geological conditions so as to meet surrounding rock stability and lining safety
requirements during construction. For a temporary construction auxiliary channel that is not intended

to be used after completion of main tunnel, the following shall be considered during design:

1 Where the temporary ground support cannot achieve the design life of the adjacent
operational tunnel, the auxiliary channel shall be reinforced or backfilled. If it is
backfilled, drainage shall be provided. If it is not backfilled, the long term stability of
surrounding rock and lining shall be ensured and an access maintained for inspection and

maintenance personnel.

2 At the intersection of construction auxiliary channel and main tunnel and at portals, a

safety door shall be provided to prevent unauthorized access.

12.1.8 The selection of the location of auxiliary channell (‘shaft) ’ s entrance/exit leading to the
outside of the tunnel, site layout and muck disposal shall meet environmental requirements, prevent
muck from blocking river, canal or road and minimize-thevimpact“on farmland, water conservancy
facilities and supply of domestic water. The channel ('shaft)’ s{entrance/exit shall be protected

against surface water flowing into the channel_to.prevent flooding:

12.1.9 The principle of waterproofing.and drainage.-design-for inclined shaft and vertical shaft

should be a combination of s€aling and ‘draining measures.

12.2 Vertical ‘shaft

12.2.1 The location of vertical shaft shall depend on topographical and geological conditions. It

should be on e€ither side of the tunnel.

12.2.2 The shaft site shall accommodate the layout of hoisting system and shaft structures and

facilitate ventilation and muck removal.

12.2. 3  The cross-sectional shape and size shall meet functional requirement, taking into
consideration the space required for construction equipment and operations. The cross-section

should be circular in shape.

12.2.4 The structural form of vertical shaft lining shall be determined based on surrounding rock
class and service requirements. Composite lining should be used. Support parameters may be

determined by engineering analogy or selected from Table P. 0. 7 in Appendix P hereto.
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Waterproofing layer may not be provided for vertical shaft lining.

12.2.5 The top of the shaft shall be provided with concrete or reinforced concrete capping beam.
The underside of the capping beam should be provided with enlarged foundation that is integrated

with the capping beam.

12.2.6  Composite or monolithic lining shall be employed for connections with the connecting

passage at the formation level of the shaft.

12.2.7 Shaft cribs should be provided below the capping beam, along the.shaft wall where the
geological condition is poor and at the cast-in-situ concrete lining above chamfered section between
shaft and tunnel.

12.2.8 Safety protection facilities and step ladder or cat’latter for inspection shall be provided.
Safety step ladder shall be provided in the shaft at construefion. stage.

12.3 Inclined shaft

12.3.1 The layout and length of melined shaft shall becdetermined based on its intended purpose,

terrain, geology, hoisting method, shaft'site, etc. ,and shall.meet the following specifications:

1 The rail haulage-section should be:straight; the straight section should not be longer than
1,200m.

2 The trackless haulage length should not be greater than 2,000m.

3 The shaft site shall accommodate the layout of hoisting system and shaft structures and

facilitate air venting and muck removal.

12.3.2 The cross-sectional shape and size of the inclined shaft shall meet its functional requirements.
Its cross-section should be of a horseshoe shape. During construction, it shall meet the space

requirements for construction equipment and operations as well as the following specifications

1 A sidewalk not less than 0. 75m wide shall be provided on one side in the cross-section; a
gap not less than 0.25m wide shall be provided on the other side.

2 In the case of rail haulage, the distance between centerlines of two tracks shall not be less

than 0. 7m. In a yard with attachment/detachment operations, the clearance between two
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trains at the closest point shall not be less than 0. 2m.

12.3.3 The hoisting method shall be selected according to hoisted amount, length of inclined
shaft and shaft top terrain. The dip angle of inclined shaft;

1 should not be greater than 35° in the case of hoisting by rail skip;

2 should not be greater than 25° in the case of hoisting by rail mining car;

3 should not be greater than 15° in the case of hoisting by belt conveyer;

4 should not be greater than 7° in the case of trackless haulage:
12.3.4 The distance between the bottom of inclined shaft and main tunnel shall be determined
based on functional requirement. Horizontal angle of intersections of the inclined shaft and tunnel
centerline should not be less than 40°.
12.3.5 Vertical curves shall be set off an inflection’ point at shaft.top and bottom. Its radius
should be 12-20m. In the case of rail haulage, lengitudinal gradient of the shaft in haulage sections
should be consistent.
12.3.6 If rail hoisting is ddopted ,irefuge shall be provided. If dip angle is greater than 15°,
landing shall be provided. Af trackless haulage<is‘adopted, passing bays shall be provided as
needed.
12.3. 7  The structural form of the ‘tunnel lining shall be determined based on functional
requirement. Support parameters may be determined by engineering analogy or selected from Table
P. 0.8, within Appendix P. When the shaft is used for operational ventilation, its intrados shall be

flat and smooth.

12.3.8 Composite or monolithic lining should be employed at shaft top, in zones of poor geology

and at the connection of shaft bottom and horizontal cross passage.

12.3. 9 If monolithic or composite lining is employed, deformation joints shall be placed

vertically depending on the length of continuous lining.

12.3.10 For an inclined shaft with a dip angle greater than 30°, its lining foundation should be

made into steps or provided with foundation support.
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12.3.11 If rail haulage is adopted in an inclined shaft with a dip angle greater than 15°, appropriate
safety measures must be taken by providing stop device at appropriate locations; rails shall be fitted

with sufficient anti-slip measures for the degree of inclination.

12.4 Parallel adit and cross passage

12.4. 1 Parallel adits and/or cross passages may be provided according to construction and

operation needs.

12.4.2 For a single-tube tunnel, any parallel adits should be located on‘the side of groundwater
recharge source. For a twin-tube tunnel, parallel adit shall be determined by the spacing between

the two tubes and topographical conditions.

12.4.3 The clear distance between any parallel adit and the~tunnel(s) shall be determined based
on geological conditions, construction methods, operation, ‘evacuation, rescue and other factors.
For a single-tube tunnel whose parallel adit may be expanded as an access tunnel under planning,

the clear distance shall be beneficial to suchexpansion.

12.4.4  Any parallel adit should be-eonsistent'with main tunnel in longitudinal gradient; its invert
elevation should be 0.2 ~0. 6m below that ef the main tunnel.“Parallel adit drainage design shall be

coordinated with main tunnel"drainage design.

12.4.5 The cross-séction of any parallel ;adit'shall be determined based on functional requirement;

passing bays shall be provided according, to means of haulage.

12.4.6 Tunnels alongside river and mountainous terrain, or where there may be a valley and/or
low-lying ground-available for use on one side of the tunnel, a cross passage may be constructed to
connect main tunnel to the ground surface. If the cross passage has an upward gradient to the

ground surface, reliable cut-off, extraction and drainage measures shall be put in place.

12.4.7 Portal and approach section of cross passage shall be designed in accordance with relevant

specifications under Chapters 7 and 8 herein.

12.4.8 The cross passage should be positioned to avoid passing through or running along faults,

highly fractured zones and other unfavorable ground conditions.

12.4.9 Lining parameters for parallel adit and cross passage may be determined by engineering

analogy or selected from Table P.0. 8 in Appendix P hereto.
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12.5 Duct and underground machine room

12.5.1 Duct shall be designed as specified below ;
1 Duct should be provided with monolithic or composite lining; its intrados shall be smooth.

2 Where the cross-section changes, such as at bends, tapers, enlargements and branches, the
change in cross section should be formed via a continuous variable eross-section curve. If
abrupt connection between different cross-sections is made, a transition wall shall be

provided.

3 The duct bulkhead should be constructed of concrete and integrated with the structural

tunnel lining.

12.5. 2  Duct lining parameters may be determined ‘by engineering analogy and functional

requirement, or selected from P.0. 8 in Appendix P hereto.
12.5.3 Design of tunnel ventilation-fan ( TVF) rooms shall meet the following requirements :

1 TVF rooms should bé located, near the<tunnel, provided that the surrounding rock and lining

structure remain-stable.

2 The TVF room shall provide_sufficient space necessary for equipment layout, erection,

handling and service channel.

3 If a crant is to be fitted for equipment erection, the longitudinal gradient of the cavern
should'be level.

4 Where the fan is to be installed in phases, space shall be reserved.

12.5.4 The TVF room lining may be of shotcrete-and-rockbolt or composite type. The lining
parameters may be determined by engineering analogy or calculation according to the size of the
TVF room. If lifting equipment is to be used, composite lining shall be employed and the
secondary lining shall designed to withstand the equipment lifting loads. Where there are special

requirements for equipment installation, bespoke designs may need to be developed.

12.5.5 Waterproofing and drainage for duct and TVF room shall meet functional requirements;
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the drainage gradient of side drains shall not be less than 0.3% .

12.6 Intersection

12.6.1 The intersection of main tunnel and cross passage used for construction and operation, the
intersection of cross passage and inclined shaft or parallel heading, the intersection of duct and main

tunnel, etc. should avoid poor geological conditions.

12.6.2 The lining at intersections should be of monolithic or composite type,and shall be provided

with settlement joints as necessary.
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1 3 Auxiliary Engineering Measures

13.1 General

13.1.1 Where the tunnel passes through shallow sections; severe eccentrically loaded sections,
soft stratigraphy with poor self-stability, faults, heayily fractured zones and large areas of water

spray or inflow, the following auxiliary engineering meéasures may'be employed :

1 Surrounding rock stabilization measures;including forepoling, advanced tremie, advance
rockbolt, advance drilling’ and. grouting, advance horizontal jet grouting pile, advance
glass fiber rockbolt, surface<mortar rockbelt, -surface“grouting, rockbolt at foot of wall,

radial grouting through-advance pipes ‘and témporary support.

2 Inflow treatment measures including, but not limited to, advance pre-grouting into
surrounding TockKy, radial grouting into”surrounding rock, drainage holes drilled ahead of

the face,” diversion of groundwater through drainage tunnels and well point dewatering.

13.1.2 Appropriate auxiliary engineering measures shall be taken depending on topographical and
geological conditions, tunnel cross-section size, depth and construction methods. Engineering

measures adopted shall be effective, reliable, durable, economical and suited to field realities.

13.2 Surrounding rock stabilisation measures

13.2.1 For tunnel portal sections in poor ground, low cover, high risk of rockfall, sections
requiring high settlement control, or sections within highly fractured rock or soil formations,
forepoling may be used. The forepoling shall be designed as specified below :

1 Forepoling shall be 100 ~200mm beyond the tunnel excavation profile, with a defined
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13.2.2

‘look-out’ angle with respect to the tunnel axis. The magnitude of the angle should ensure

the forepoling steel pipes do not encroach into the tunnel excavation profile.
The circumferential spacing of steel pipes should be between 350 ~500mm.

One round of forepoling should be 10 ~45m long. A horizontal overlap not less than 3. Om
long shall be provided between two consecutive rounds of pipes, and between forepoling

steel pipes and other advance supports.

Hot-rolled seamless steel pipes of 80 ~ 180mm in outer diameter should be used. Steel
pipes should be joined by " V" butt welding or threaded connection. Each pipe should be
1.6 ~4.0m long. Each joint of the pipes shall be staggered by not less than 500mm with

adjacent steel pipe joints.

Reinforcing steel cage or rebar bundle shall be inserted into the steel pipe before injecting

the steel pipe with cement mortar not less than M20yin strength grade.

Grouting holes may be drilled in the ‘steel pipe wall.” These“holes should be 6-10mm in

diameter and arranged at a spacing of 200 ~300mm in quincunx form.
At the tunnel portal, thé end of the forepoles shall'be'supported by an arch. The arch shall
be formed by monolithic reinforced concreteior steel rib frame. Steel guide tubes shall be

embedded in the-arch; The arch feundation:shall ensure its stability.

In sections where, the tunnel face isnot self-standing after tunnel excavation, or the arch is

susceptible to raveling ‘or<local collapse asiwell as sections with the potential to cave-in, shallow

section and-portal section with poor geological condition, advance anchors may be used. The

advanced tremie shall be designed as specified below ;

1

Seamless steel tube of 42 ~50mm diameter and 3.0 ~5.0m length should be used.
Grouting holes shall be drilled in the tube wall. These holes should be 6-8mm in diameter
and arranged at 150-250mm intervals in quincunx form. A length of at least 500mm at the

tail end shall be free of holes.

Circumferential spacing between elements should be 300-400mm, with an angle of 5° ~

12° to horizontal. Longitudinal horizontal lap length shall not be less than 1.0m.

One end shall be supported by the steel frame.



5 Surrounding rock shall be grouted through the conduit.

13.2.3

In soft stratigraphy with no groundwater, thin horizontal layered rock formations and

zones where rock arch may unravel within hours of excavation or local collapse is possible, advance

rockbolts may be used. Advance rockbolts shall be designed to meet the following requirements :

Ordinary mortar rockbolts of 22 ~28mm diameter should be used. Where the rock mass is
highly fractures in which the drill hole is not stable, self-drilling rockbolts of 28-76mm

diameter may be used.

The length should be 3.0 ~5.0m. The length of self-drilling rockbolts, “if used, should be
5.0 ~10m.

Circumferential spacing should be 300-400mm, with an angle’of 5°-15° to the tunnel axis.

Longitudinal horizontal lap length shall not be less than 1. Om.
One end shall be supported by steel frames.
Rapid hardening mortar should be used: Ats strength grade shall not be lower than M20.

Self-driving rockbolts shall be>grouted with grout*whese strength grade shall not be lower
than M20.

13.2. 4 In weéak rock _masses, fractured zomes within faults, cohesionless soil strata and

where the tunnel excavation may cause.anud burst and flowing at the face, the surrounding rock or

excavated facepmay ‘be reinforced by advanee drilling and grouting. Advance drilling and grouting

shall be designed to meet the following requirements :

1

Determination of extent of strengthening and selection of grout material shall be based on

geological and groundwater conditions.

Grouting holes shall be arranged according to extent of strengthening, grout material,
grouting radius and engineering requirements, such that the grouted areas overlap with

each other.

Grouting should be limited to 3.0m beyond the excavation line.

The grout hole diameter shall not be less than 7Smm; grouting pressure shall be determined
by field test.
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13.2.5

Longitudinal length of one grouting operation may be 30 ~50m.

In silty clay, clayey material, silt and sandy soil with high moisture content, advance

horizontal jet grouting piles may be used. Such piles shall be designed as specified below :

1

13.2.6

Circumferential or full-face reinforcement may be employed as needed.

The diameter of jet grouting piles should be 0.3 ~1.0m for single tube method, 0.6 ~ 1.
4m for double tube method and 0.7 ~2.0m for triple tube method.

In the case of circumferential reinforcement, external dip angle of jet grouting pile should
be 3° ~ 10°

overlap to form an arch structure.

and circumferential spacing shall be such.that=grout in adjacent holes can

b

The length for one operation should be 10 ~20mj<the-overlap length for each round shall

not be less than 2. Om.
If tensile and bending strength of jet grouting piles needto be increased, structural steel,
reinforcing steel cage, rebar bundle or steel pipe may. be “inserted into the jet grouting

piles.

In soft stratigraphy” where flarge- or<full-face excavation is adopted and shallow tunnel

sections where tight control of surface settlementiis required, advance glass fiber rockbolt may be

installed ahead of the tunnel'face”for forepoling, The advance glass fiber rockbolt shall be designed

as follows:

1

824

If forepoling” or advanced tremie has already been installed, the extent of strengthening
should be within the face.

Rockbolt spacing should be 1.0 ~ 3. Om within the face and 300 ~ 600mm in the tunnel

surrounding rock area, subject to adjustment depending on surrounding rock stability.

Longitudinal reinforced length should be 10 ~30m; the overlap length for each round shall

not be less than 6. Om.

The diameter should be 18 ~32mm for fully threaded solid rockbolt and 18 ~ 60mm for
fully threaded hollow rockbolt.

In poor geological conditions, hollow grouted rockbolts with grout or cement mortar should



be used.
6 The face shall be properly drained and monitored for longitudinal squeezing displacement.

13.2.7 In shallow sections and approach sections with poor stability, strata may be reinforced

with surface mortar rockbolts whose design shall be as specified below :

1 They should be placed vertically and may also be inclined depending on terrain and main

structure plane conditions.

2 They should be one deformed bar of 16 ~22mm diameter or formed by welding several

such bars side by side and arranged in quincunx form atd.0"=1.5m intervals.

3 The hole diameter shall be 30mm greater thanithesbolt diameter; the grade of mortar
injected shall not be lower than M20.

4 The rockbolt shall extend 5-10m beyond-unfavorable“geological zone in longitudinal
direction and should extend to a distance determined by caleulated fracture plane or 1-2

times the excavation width in transverse-direction,

(9]

The rockbolts should not-eneroach;on tunnel excavatien profile.

@)}

Excavation of the tufinel’below shall start after.the anchoring mortar has exceeded 70% of
design strength.

13.2. 8 In shallow ‘erportal sections ‘with loose strata, unstable surrounding rock, low self-
stability of the face and the possibility of cave-in during tunneling, pre-excavation grouting may be
performed froni the surface to stabilize the ground. Surface grouting design shall be as specified

below .

[a—

Grouting holes shall be vertical.
2 Grouting hole diameter should not be less than 110mm.
3 Grouting hole depth shall be at least 1. 0m below the tunnel excavation invert level.

4 The extent of stabilization shall be 5-10m beyond unfavorable geological zone in longitudinal

direction and may extend 1.5 ~2.0 times the tunnel width in transverse direction.



5 Hole spacing should be 1.4 ~ 1.7 times the grout radius of a single hole; grouting holes

may be arranged in quincunx or rectangular array.

6  Grouting pressure may be determined by field test.

13.2.9 In sections supported by steel ribs, rockbolts (anchoring pipes) should be installed at the

foot of the walls to improve stability of the bearing surface; its design shall be as specified below .

1 Groups of 2no. rockbolts (anchoring pipes) at the foot of wall shall be arranged at the

bottom or joint of steel rib support and welded to the steel ribs.

2 The direction of resultant force of 2no. rockbolts ( anchoring=pipes) at the foot of walls

shall form an angle of 15 ~30° with primary support axis,

3 The rockbolts should be ¢22 ~ @32mm deformed ‘bar:=The anchor pipes should be @42 ~
¢54mm seamless steel pipe with a wall thickness mot less than 3. Omm. The rockbolts

(anchoring pipes) should be 2.5 ~4.0m,long:

4 The rockbolt holes or anchoring pipes shall be fully grouted with grout of the same strength
grade as that for ordinary mertar roekbolt.

13.2.10 In highly fractured surrounding rock:or sections with poor bonding between rock strata,
radial grouting through -small”pipess may be performed”to stabilize surrounding rock. The pipes
should not be less than.3.5m long and should'be at’1.0 ~2.5m intervals.

13.2.11 In the case of large deformationduring construction, complex transition between construction
sequences Or emergency rescue, temporary closure and support measures may be taken. Such measures

shall be effective’, easy to construct and remove later.

13.3 Inflow treatment measures

13.3. 1 Inflow treatment in tunneling shall follow the principle of “ sealing as primary
consideration, in combination of sealing and draining with attention on environment protection” .
Inflow treatment measures shall be selected based on topographical and geological conditions,

tunnel structural type, size of cross-section and environmental requirements.

13.3.2 In fractured or weathered zones where high groundwater inflow is expected, draining such

flows could lead to loss of fines from the rock joints, leading to its instability of the ground, or
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where such drainage may have a significant impact on groundwater or surface water around the
tunnel, pre-excavation grouting into surrounding rock mass may be utilized to control ground water

inflow This measure shall be designed to meet the following requirements ;

1 Depending on engineering, hydrogeological conditions and other factors, advance full-face
curtain grouting, advanced peripheral pre-grouting or advance localized pre-grouting may

be selected.

2 The grouting ring thickness for curtain grouting and peripheral grouting should reach 3 ~
6m beyond the theoretical excavation line; the length of one grouting operation may be
10 ~30m.

3 The spacing of grouting hole bottoms from center to centetr shouldbe 1.5 ~3.0mor 1.5 ~

1.7 times the grout radius.

4 Grout penetration should be determined by field testjaccording to stratum porosity, fissure
and its connectivity, grouting pressure and grout type, or'selected by engineering analogy

method, subject to modification during construction.

13.3.3 In situations where stable roek masses experience high groundwater inflow that primarily
affects the aquifer surrounding the tunnel and surface water,radial grouting into the surrounding
rock can be carried out after €xcavation'to mitigate water inflow. The design specifications for this

grouting process are outlined helow
1 Full-face radial grouting, local.radial.grouting or supplementary grouting may be selected
depending on* surrounding rock ‘geological conditions, inflow type, inflow rate and
waterproofing and drainage requirements.
2 Grouting ring thickness should be between 2. 0m and 6. O0m from the excavation line.
13.3.4 In zones where high pressure groundwater or inrush with sufficient recharge source is
present ahead of the face and groundwater discharge, but has little influence on the surrounding

rock stability and aquifer, drainage boreholes may be drilled. Its design shall be as specified below :

1 Hole diameter shall not be less than 76mm ; the number of boreholes in each section shall

not be less than 3.

2 Depth should not be less than 10m;
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13.3.5

Where the end of the borehole is less than 1-2 round lengths ahead of the face and advance
borehole drainage remains necessary, advance borehole drainage for the next round shall be
implemented.

The borehole head shall be provided with protective device against inrush.

In a tunnel with high ground water head and recharge, seasonal variations in groundwater

inflow, insufficient discharge capacity, or where any of the above groundwater control measures are

insufficient to manage groundwater inflow, a drainage tunnel may be used for drainage. Its design

shall be as specified below ;

13.3. 6

It may be located on either side of the tunnel or below the=tunnel. If there are several
inflow zones along the tunnel length, the drainage tunnel’ should be parallel or nearly
parallel to main tunnel. For a tunnel with undergrotund river of concentrated inflow points,
it may be arranged transversely where conditions..allow. Its arrangement shall not
undermine the stability of the surrounding-reck and ‘tunnel structure.

The longitudinal gradient shall allow gravitysdrainage and should not be less than 0.5% .
The outfall shall be located: sueh that no damage is“done to the downstream area.

Its invert elevation shall be lower than.that of main tunnel.

During the construction of. shallow tunnels in cohesionless soil strata, where the

groundwater table “is” within 3. Om above-the invert of tunnel excavation and there is a known

recharge source, well, point dewatering-‘can be employed. The design specifications for this

dewatering process are outlined below ;

BZed

Well point location, depth and number shall be determined based on stratum permeability ,

dewatering zones, groundwater volume and other factors.

Well point dewatering boreholes shall be arranged on the ground surface along two sides of

the tunnel; more boreholes may be arranged on the side with recharge source.

After dewatering, the water table shall be lowered to 0.5 ~ 1. 0m below the invert of the

tunnel excavation line.



14 Design of Tunnels in Special Geology

14.1 General

14.1.1 When tunneling through special geological conditions®such as swelling surrounding rock,
karst, goaf, running sand, methane gas and other toxic gases, loess, high in-situ stress zone and
permafrost, appropriate auxiliary engineering measures shall be ‘taken to ensure structural and

construction safety.

14.1.2 For a tunnel passing through special” ground ,“apart from special design, observation of
groundwater table and monitoring of tock: deformation -and support lining deformation or stress are
also required during construction. In‘case of discrepancy between design assumptions and actual

observed condition, the -design shall be cortected promptly.

14.2 Swelling surrounding rock

14.2.1 The cross-section should be in circular or nearly circular shape.

14.2.2 The support structure design shall follow the philosophy of " installing flexible support

before rigid support, allowing deformation before jacking and applying support in layers" .

14.2.3 In zones of large swelling deformations, a two-pass system of primary support may be
employed ; retractable steel rib support may also be used within primary support; both long and short

rockbolts should be used; the length of rockbolts should be increased and their spacing decreased.

14.2.4 Deformation allowance in tunnel excavation shall be dependent on the amount of swelling
surrounding rock deformation and larger than that in normal surrounding rock. The size of steel rib

support shall increase with increasing excavation cross-section to fit excavation outline.
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14.2.5 Acomposite lining shall be employed. Secondary lining should have a reinforced concrete

structure. Both primary support and secondary lining shall be provided with arch invert.

14.2.6 Water interception and drainage measures shall be taken to minimize swelling deformation

of rock in contact with water.

14.3 Karst

14.3.1 Depending on the location of karst with respect to the tunnel, cavity-crossing, cavity
strengthening , cavity-backfilling, cavity water channeling, draining or intercepting,, cavity infill removal or

strengthening, backfill surface sinkhole or surface water drainage or a combination thereof may be adopted.

14.3.2 When the tunnel alignment crosses a large solutionycavity ‘or underground river, it may

pass over this cavity or river.

14.3.3 Where a large hollow solution cavity is present above thé.arc crown, the cavity wall may
be reinforced by shotcrete-and-rockbolt depending on the degree of‘its stability; lining extrados
shall be backfilled or provided with forepoling or elephant foot, ‘dépending where it is used. Where
hollow cavities are present on either side of the tunnel, such measures as increasing lined side wall

thickness and applying concrete or_stone ‘pitching against the.wall may be taken.

14.3. 4 Infilled solutien cavities at the«tunnel bottom shall be addressed by pile foundation,
grouting, replacement , crossing”and othersmeasures depending on infill characteristics and the

relative location of the‘cavities to the tunnel;

14.3.5 Karst water shall be intercepted, directed and discharged as appropriate. The original

karst water channel shall be protected, dredged and restored.

14.4 Goaf

14.4.1 Mutual impact between goaf and tunnel shall be analyzed according to the conditions of
surrounding rocks in which the goaf is located, the type, size, stability of the goaf and its
relationship with the tunnel. On this basis, appropriate support structure and engineering measures

shall be selected.

14.4.2 When tunneling through goaf, such measures as crossing, reinforcing surrounding rock,

reinforcing support structure for the goaf, sealing and backfilling the goaf and discharging ponding
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may be taken. When tunneling through a goaf containing toxic gases, treatment measures shall be

taken according to requirements for disposal of toxic gases.

14.4.3 The tunnel lining structure within the zone of influence from goaf should be reinforced.

The tunnel lining in a goaf with toxic gases shall be air-tight.

14.4.4 For an unmined zone overlaid or crossed by the tunnel, the boundary of no mining shall
be specified.

14.5 Running sand

14.5.1 When tunneling through running sand strata, appropriate tunmel support structure and
engineering measures shall be selected based on running sand characteristics , scale, penetration test
results, relative density, grain size distribution, plasticity” index, load-bearing capacity of the
ground, aquitard distribution, groundwater pressure, permeability and other factors.

14.5.2 Design of tunneling through running'sand-strata shall be as\specified below ;

1 Ground drainage shall be enhanced. Groundwater table should be lowered to 0. 5m below

the tunnel invert.
2 Plugging measures shall be provided in ‘case of overflow of running sand.
3 Surrounding.rocks near the running sand overflow shall be reinforced.
4 Surrounding recks containing running sand shall be advance-supported.

5 Steel rib support used for primary support should be closed into a ring. In the case of

partial’ excavation, temporary floor beam or temporary arch invert shall be provided.

6 To control arch settlement in running sand strata, timber support or steel truss supports may

be used as temporary vertical support.

7 Secondary lining shall be constructed of reinforced concrete.

14.6 Gas and other toxic gases

14.6.1 When tunneling through ground containing methane gas and other toxic gases, extraction,
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isolation, sealing and reinforcement measures shall be taken according to gas content, inflow and

pressure; advanced observation, construction ventilation, gas detection, etc. shall be designed.

14.6.2 The tunnel lining shall have a composite closure structure with arch invert, with increased
impermeability of secondary cast-in-situ concrete lining. The composite closure structure shall

extend not less than 20m into zones without gas or other toxic gases.

14.6.3 Construction joints in secondary cast-in-situ concrete lining shall be as at least gas-tight as
the concrete lining. Where a two-pass system of cast-in-situ concrete plinings is employed,

construction joints in the two layers of lining shall be staggered by at least 2:0m.

14.6.4 In gas stratum, the shotcrete thickness shall not be less; than®150mm; secondary cast-in-

situ concrete thickness shall not be less than 400mm.

14.6.5 Embedded parts and reserved caverns shall be arranged=such that the impervious performance

of the lining structure is not compromised.

14.6.6 To address other toxic gases, design, should be baseéd on specific situations and comply

with sealing and plugging principles and.ventilation requirements for'gassy tunnels.

14.7 Loess

14.7.1 The lining/structure_of a tunnel in loess shall be dependent on the type, physical and
mechanical properties;. natural water content -of loess, tunnel cross-section size, construction

methods, etc.

14.7.2 Loess tunnels should be provided with a composite lining structure with curved wall and
arch invert. Where systematic rock bolting is not installed, steel rib support shall be enhanced and
rockbolts at foot of the walls added. The secondary lining should be constructed of reinforced

concrete.
14.7.3 In the case of inadequate ground bearing capacity, such measures as installing rockbolt
(pipe anchors) at the foot of the walls, increasing arch footing or elephant foot section and

installation of steel pipe piles may be taken to prevent overall settlement of the lining structure.

14.7.4 Surface gully, sink holes and cracks affecting the tunnel shall be backfilled and paved.

Surface water drainage facilities shall also be provided.
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14.7.5 For a tunnel below groundwater table, a combination of lowering, drainage and plugging

measures shall be taken according to loess property and groundwater characteristics.

14.7.6 Collapsible loess ground may be stabilized by such measures as replacement with lime

earth, compaction piles, jet grouting piles, root piles and steel tube piles.
14.7.7 Loess tunnel portal design shall be as specified below

1 The toe of portal side and heading slopes and foundations susceptible to scouring shall be

paved. Side and heading slopes shall be connected by an arc.

2 Collapsible loess ground shall be stabilized by replacement-er-compaction piles depending
on its physical and mechanical properties and portal type.. Where non-collapsible loess
ground has insufficient bearing capacity, replacement, exténded foundation and other

stabilization measures may be taken.

14.8 High in-situ stress zone

14.8.1 Design of tunnels in high.in-situ“stress' zones ‘shall"be as'specified below ;

1 The horizontal projection” angle* of tunnel axis and maximum principal stress direction
should be less than 30°-

2 The cross<section.of lined tunnel-shall be in a nearly circular shape.

14.8.2 Tunngls in high in-situ stress zones shall be classified by possible rock burst in hard rock
and large’ deformations in soft rock taking into account in-situ stress intensity, hydrogeological and
surrounding rock conditions. Appropriate excavation method and control measures shall be selected
according to the classification. Rock burst and large deformation classification may be determined
per Tables 14.8.2-1 and 14.8.2-2.

Table 14.8.2-1 Rock burst classification

Rock burst class Description Criteria
I Slight rock burst 0.3<0,,,./R, <0.5
II Moderate rock burst 0.5<0y,../R, <0.7
I Strong rock burst 0.7<0y,.,./R, <0.9
v Violent rock burst 0.9=0,./R,

Note : 07, 1S maximum tangential stress in tunnel wall; R, is uniaxial compressive strength of rock.
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Table 14.8.2-2 Large deformation classification

Large deformation class Description Criteria (% )
Class I Slight large deformation 2=sU,/a<3
Class 11 Moderate large deformation 3sU,/a<$5

Class III Strong large deformation S5sU,/a

Note; U,is amount of deformation; a is tunnel width.

14.8.3 Rock burst treatment shall follow the principle of " prevention as primary consideration in
combination with control". Zones of possible rock burst shall be monitored and probed. The

following measures shall be taken according to rock burst classification ;

1 In zones with slight and moderate rock bursts, primary support may consist of
reinforcement mesh shotcrete or fiber reinforced shotcrete,” systematic rock bolting,

advance rockbolts, etc.

2 In zones with moderate rock burst, the tunnel face and surrounding rock may be sprayed
with water or injected with water after drilling water injection holes; steel lattice girder

may be added.

3 In zones with strong rock butst ;. the tinnel face ‘and surrounding rock may be sprayed with
water or injected with watet-after drilling water injection holes; stress relief holes may be
drilled in the face; comprehensive control measures such as reinforcement mesh shotcrete
or fiber reinforeed” shotcrete, systematic | reck bolting, advance rockbolt rows and

enhancing steel. rib support may be taken.

4 In zones with violent rock burst,“yielding support system shall be employed, and such
measutes as advanced stress relief and water injection under high pressure shall be taken to

reduce In-Situ Stress magnitude.

14.8. 4 Large deformation prevention and control shall follow the principle of " reinforcing
surrounding rock, allowing for deformation, flexible before rigid, release before resistance, phased
support, early closure and invert strengthening ". The following measures shall be taken depending

on large deformation classification ;

1 In zones with slight large deformation, such measures as combination of long and short
rockbolts, reinforcement mesh shotcrete or fiber reinforced shotcrete, installing steel rib
support and reinforcing secondary lining may be taken.

2 In zones with moderate large deformation, such measures as long rockbolts, reinforcement
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mesh shotcrete or fiber reinforced shotcrete, retractable steel rib support and secondary

lining may be taken.

3 In zones with strong large deformation, such measures as ground pre-stabilization, partial
excavation, long rockbolts, reinforcement mesh shotcrete or fiber reinforced shotcrete,
shotcrete layer with longitudinal joints, retractable steel rib support, adding cushion and

secondary lining may be taken.

4 In zones with moderate or strong large deformation, such measures as two or more pass
shotcrete-and-rockbolt support, adding anchor rope and increasing deformation allowance

may be taken as appropriate.

14.9 Permafrost

14.9.1 Tunnels in permafrost zones shall be arranged as specified below ;

1 Where possible, the tunnel should b¢ located,in*a location‘with low groundwater table, dry

surrounding rock and small impact of freeze and thaw en susrounding rocks.
2 The portal site should avoid iee cone, ice moundy permafrost swamp, etc.
3 The tunnel alignmentialong an underground ice-layer shall be avoided.

14.9.2 The portal foundation shall be placed at'l. Om below the frost heave or thaw collapse line.
Thick underground“icé.behind the portal wall, if present, shall be removed and replaced.

14.9.3 “The ratioof portal side and heading slopes shall be determined based on frost conditions;

side slopes excavated surface shall receive thermal protection treatment.

14.9.4 For a tunnel in permafrost, composite lining with curved wall and arch invert shall be
employed. Based on frost property and analysis of frost heave hazard, the clear section may be
enlarged appropriately; structural reinforcement space may be reserved or two pass cast-in-situ

concrete lining may be employed.

14.9.5 Cast-in-situ concrete lining should be constructed of low-temperature, early strength and
frost resistant concrete that meets impervious performance, frost resistance and durability
requirements. Admixtures shall not corrode reinforcement bars. The impermeability grade of

concrete should not be below P10.
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1 5 Tunnel Subgrade and Pavement

15.1 General

15.1.1 Tunnel subgrade shall be stable, dense and homogeneous to provide pavement structures

with uniform support.

15.1.2 Tunnel pavement shall have sufficient strength, be flat,“durable, skid-resistant and wear-

resistant.

15.1. 3  Tunnel pavement structure, shall be determined“through economical and technical
comparison based on such factors as traffic volume , design speed, horizontal and vertical alignment

parameters, local environmental conditionss, mategial supply and life cycle cost analysis.

15.1.4 Drainage shall-be provided below the tunnel pavement structure.

15.2 Tunnel subgrade

15.2.1 For a tunnel provided with arch invert, the arch invert filling layer may be the subgrade
layer. The filling materials and filling requirements shall comply with relevant provisions of

Chapters 5 and 8 herein.

15.2.2 For a tunnel without arch invert, the subgrade shall be a stable stone foundation.

15.3 Tunnel pavement

15.3.1 Expressway and Class-1 highway tunnels should have composite pavement composed of

706



upper asphalt mixture course and lower concrete course. For other classes of highways, the tunnels

may have composite pavement or cement concrete pavement.

15.3.2 The tunnel pavement structure shall be determined in the light of tunnel structure and

geological conditions. For a tunnel without arch invert, its pavement shall consist of both base

course and surface course, and a leveling course may be added as demanded. For a tunnel with arch

invert, its pavement may consist of only base and surface courses.

15.3.3 The base course of pavement shall be designed as follows:

1

In a tunnel without arch invert, the base course of pavement shall be placed on solid

foundation.

A base course should be constructed of plain coneretes, It should have a thickness of 150 ~
200mm, a compressive strength grade of not lower than €20 or flexural-tensile strength of
not lower than 1. 8MPa. It shall be provided with transverse contraction joints

corresponding to the concrete surface course:
If a paving width is greater than7. S$m »longitudinal contraction joints shall be provided.

When a leveling course is’added ;. the average thickness:of the leveling course should not be

less than 150mm.

15.3.4 Tunnel payément te_be‘provided:with,cement concrete surface course shall conform to the

following provisions’

Classes II, IH and IV highways should be provided with jointed cement concrete surface
courses, “The thicknesses of cement concrete surface courses should be within a range of
200 ~220mm on Classes III and IV highways and 220 ~240mm on Class-2 highways. The
concrete should have a strength grade of C35 ~ C40 and flexural strength of 4.0 ~4.5MPa
on Classes III and IV highways and a strength grade of not less than C40 and flexural
strength of 4.5 ~5.0MPa on Class-2 highways.

Expressways and Class-1 highways shall be provided with continuously reinforced concrete
surface courses or steel fiber reinforced concrete surface courses. The thickness of a cement
concrete surface course should be within a range of 240 ~260mm. The concrete should
have a strength grade of C40 ~ C50 and flexural strength of not less than 5. 0MPa.

3 The thickness of surface course, the joint construction and spacing, the amount of steel
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fibers added to concrete, and the reinforcement of special parts of surface course shall meet
relevant provisions of the current Specifications for Design of Highway Cement Concrete
Pavement (JTG D40 ). Expansion joints shall be provided in portal section. Where the
lining structures change, transverse joints shall be set uniformly in combination with the

lining deformation joints.

4 The design criteria for structural reliability, the material properties and structural parameters
and their variable levels, the design methods, the standard axial loads, the material
composition and the property parameters of cement concrete pavement of all grades shall
conform to relevant provisions of the current Specifications for Design of Highway Cement
Concrete Pavement (JTG D40 ). The coarse and fine aggregates for cement concrete

pavement of expressway and Class-1 highway tunnels should be Grade I.

5 The texture depth of pavement surface shall meet the, relevant provisions on special road
sections in the Specifications for Design of Highway~ Cement Concrete Pavement (JTG
D40) currently in force during handover and’acceptance. The texture depth of pavement
under unfavorable conditions shall be given”a big value.s Surface texture shall be wear-
resistant. If grooving method is used, \longitudinal grooves should be made. Longitudinal
and transverse grooves should be.made simultaneously for expressway, Class-1 highway,
tunnel entrance section and tunhel with a steep slopey If composite pavement is used, the

cement concrete pavement struetire,as the lower surface course is not subject to this clause.

6 For overlay of eeneféte pavementy, cement concrete overlay structure or asphalt concrete
overlay structure shall be selected andwused’ through technical and economical comparison
based on, use requirements and.'old eoncrete pavement conditions. The overlay structure
shall be designed in accordance ‘with relevant provisions in the current Specifications for
Design of Highway Cement Concrete Pavement (JTG D40) and Specifications for Design
of Highway Asphalt Pavement (JTG D50).

15.3.5 The reinforcement for the continuously reinforced concrete surface course should meet the

following provisions;

1Cold-rolled ribbed rebar welded mesh ( rebar diameter: 8 ~ 12mm ) should be used, and
longitudinal and transverse cold-rolled ribbed rebar with a diameter of 12 ~20mm also can be used.
Reinforcement may be determined as per Eq. (15.3.5) and the minimum reinforcement ratio
should not be less than 0. 15% .
A, = 16L hye (15.3.5)
s 7,

Where ,
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A,—Area of rebar required per linear meter of width or length of concrete surface course
(mm?”).

L,—Distance between transverse joints for longitudinal rebar (m); distance between free
edges or between longitudinal joints without tie bars for transverse rebar (m).

h—Thickness of surface course (mm).

u—Coefficient of friction resistance between surface course and base course, which can be
taken as 1. 8.

f,,—Yield strength or standard strength of rebar (MPa).

2 When longitudinal and transverse rebars are placed at the upper part of surface course, they
shall be arranged in a single layer. The net cover to longitudinal rebar shall not be less than

50mm in thickness and the transverse rebar shall be placed ufider the longitudinal rebar.

3 The diameter of longitudinal rebar should be the” same as or close to that of transverse
rebar, and the difference in their diameters shall not’be greater than 4mm. The spacing of
longitudinal rebars shall not be greater than 200mm and the spacing of transverse rebars
shall not be greater than 800mm. The spacing shall not be less than 100mm or 2.5 times
the maximum particle size of aggregate. The.distance from edge rebar to longitudinal joint
or free edge should be 100 ~ 150mm.

4 The weld length of longitudinal‘rebar should not“be‘less than 10 times ( welding by one
side) or 5 times ( welding by ‘both sides ) the rebar diameter. The welding positions of
adjacent rebars shall"’be staggered.«The angle.between the connecting line at welding end
and the longijtudinal*rebar shall-be¢ smaller than 60°.

15.3. 6 Therasphalt cencrete surface course of composite pavement shall meet the following

provisions;

1 Asphalt concrete surface course shall have good performance, including firm adhesion to
cement concrete face slab, water seepage prevention, skid- and wear-resistance, anti-
crack, anti-rutting and antistripping. Relevant performance requirements shall conform to
corresponding provisions of the current Specifications for Design of Highway Asphalt
Pavement (JTG D50).

2 Asphalt concrete surface course should be arranged in two layers, each with a thickness of
80 ~ 100mm.

3 The type of mixture for asphalt surface course should be the same as that for road sections

outside the tunnel. For extra-long tunnels, warm mix asphalt mixture can be used. The
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15.3.7

mixing of various additives shall not affect the pavement performance of mixtures.

A tack coat shall be placed between asphalt surface course and concrete face slab. The tack
coat should consist of modified emulsified asphalt or hot-sprayed SBS modified asphalt +

premixed asphalt macadam.

At the deformation joints of tunnel structure, the joints and expansion joints of cement
concrete surface course not continuously reinforced and without tie bars, and the tunnel
sections in soft ground susceptible to late differential settlement, measures retarding the
development of reflection cracks such as provision of reinforcéd geomaterials or stress

absorbing layer shall be taken at corresponding position of cement eoncrete face slab.

When the upper asphalt surface course is laid above the leveling course, the concrete

leveling course should not be less than 80mm in thickness, and ‘feinforcement mesh shall be

provided. The fiber reinforced concrete leveling course should-not be less than 60mm in thickness.

The concrete for leveling course shall have the samé stfengthjas and be closely bonded to the lower

reinforced concrete pavement slab.

15.3.8

If cement concrete pavement is-used. in.a tunnel and asphalt,pavement is used outside the

tunnel, in-tunnel transition sections-eensistent”with the<road, sections outside the tunnel shall be

provided and conform to the following provisions :

1

For medium, long and extra-long tunnels of expressways and Class-1 highways, the length
of in-tunnelentrance transition=section shall not be less than the total length of tunnel
lighting_entrance section and transition section, and not be less than 300m. The length of
in-tunnel -exit transition section shall not be less than the running length at design speed for
3s.

For the short tunnels of expressways and Class-1 highways and the tunnels of Classes II,
IIT and IV highways, the length of in-tunnel entrance/exit pavement transition section shall

not be less than the running length at design speed for 3s, and shall not be less than 50m.

15.3.9 The connection of different pavement structures of a tunnel shall meet the following

provisions ;

1
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When it is impossible to set a dowel bar at the expansion joint connecting tunnel and bridge
or fixed structure, double-layer reinforcement mesh can be provided in the cement concrete

pavement structure 10 ~15m away from the joint.



When concrete pavement surface course and asphalt pavement surface course join in a
tunnel, a transition section not less than 3m in length shall be provided on the side of
asphalt pavement surface course. In the transition section, the two types of pavement are
arranged in a ladder pattern, with one superimposed onto the other, and the lower
thickened cement concrete transition slab shall not be less than 200mm in thickness. Tie
bars, each with a diameter of 25mm and a length of 700mm, and spaced at 400mm should

be set in the joint of transition slab and concrete surface course.
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6 Seismic Design

16.1 Seismic fortification classification and standard

16.1.1
B, C and D based on highway class, tunnel importafice and the difficulty in repair ( emergency
repair) , as listed in Table 16.1.1.

The seismic fortification for mountain road tunnels-is: divided into three categories, i. e.

Table 16.1.1 Scope of application for each:seismic fortification category of highway tunnel

Seismic fortification category Scope of application

. Expressway ‘and, Class-1 highway tunnels;

. Three-lane -and four-lane tunnels ;

- Twin-arch tunnel; and

<Underground fan cavern groupssunder complicate geological conditions

wSingle-tube two-lane tunnels of Class II and Class III highways; and
.Inclined ventilation shafty vertical shaft and air channel, parallel adit.

. Class-4 highway, tunnel; and

N =N =W N =

. Auxiliary caverns.

16.1.2 The sgismic fortification objectives of tunnels with different seismic fortification categories

shall be in accordance with those listed in Table 16.1. 2.

Table 16.1.2 Seismic fortification objectives of tunnels with different seismic fortification categories

Seismic Fortification objectives
fortification

category El earthquake effect E2 earthquake effect
After an earthquake, the lining structure stress is
After an earthquake, the lining structure stress is beyond the elastic limit, but within the vyield
lower than the elastic limit and the structure is in an strength, and the structure is in a transitional state
B elastic state; the structure is free from damage and | from elasticity to elasto-plasticity; the structure is
the structural functions remain in the states before | subject to local minor damage but can be used
the earthquake ( performance requirement 1) continuously without repair or through simple

reinforcement ( performance requirement 2 )
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continued

Seismic Fortification objectives
fortification

category E1 earthquake effect E2 earthquake effect

After an earthquake, the lining structure stress

o . exceeds the yield strength, but does not reach the
After an earthquake, the lining structure stress is . . .
o o maximum bearing capacity of structure; the structure
lower than the elastic limit and the structure is in an | = | . .
. . is in an elastic-plastic state and does not lose
C elastic state; the structure is free from damage and . .
. L stability; the structure is damaged but shall not
the structural functions remain in the states before . .
. partially or wholly collapse and can recover its
the earthquake ( performance requirement 1) ] ) .
functions  through _repair~ and  reinforcement

(performance requirement 3v)

After an earthquake, the lining structure stress is
lower than the elastic limit and the structure is in an
D elastic state; the structure is free from damage and —
the structural functions remain in the states before

the earthquake ( performance requirement 1)

16.1.3 Categories B and C tunnels should be subject'to seismic analysis and checking calculation
under El and E2 earthquake effects. Category, Dytunnels may.be Subject to seismic analysis and
checking calculation only under El earthquakeeffect. The tunnels shall be provided with required
seismic measures. Categories B, C and'D tunnels in-tegions with the basic seismic peak ground

acceleration of 0.05g and 0. 10g may be.designed-with seismic measures only.

16.1.4 The fortification cfiteria of seismicumeasures for different tunnels shall meet the following

provisions

1 Seismic measures for Category B tunnels shall be reinforced to make its seismic peak

ground acceleration one level higher than that in this region.

2 Seismic measures for and earthquake effects on Category C tunnels shall be determined

according to the ground motion parameters in this region.

3 Seismic measures for Category D tunnels are allowed to be reduced appropriately compared
to the ground motion parameter requirements in this region, but they shall not be reduced if

the seismic peak ground acceleration equals to 0.05g.

16.2 Earthquake effect

16.2.1 For highway tunnels that have not gone through specific seismic safety evaluation for the
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project sites, the earthquake effect to be considered in seismic design shall be represented by the
design basic seismic parameters corresponding to fortification and ground motion in this region and

the seismic importance coefficient C,.

16.2.2
accordance with the ground motion parameters stated in the current Seismic Ground Motion

The design basic ground motion parameters in tunnel site area shall be determined in

Parameters Zonation Map of China ( GB 18306). The range of seismic peak ground acceleration of
each zone and the seismic intensity corresponding to the seismic peak ground acceleration zonation,
shall be in accord with those listed in Table 16.2.2.

Table 16.2.2 Correspondence between seismic peak ground acceleration zenation and range of

ground motion acceleration in each zone as well as seismic intensity

Seismic peak ground
. 0.05 0.10 0.15 0.20 0.30 0.40
acceleration A(g)
Seismic fortification ground
. ) [0.04, 0.09)([0.09, 0.14)|[0.14, 0.199,/[0°19, 0.28) [[0.28, 0.38)|[0.38, 0.75)
motion grading (g) ]
Seismic level of fortification VI VI VIII IX

16.2.3
Table 16.2.3.

The seismic importance coefficient’ €, ‘of tunnel shall be in accord with those listed in

Table 16.2.3 <Seismic importance coefficient C; of tunnel

Seismic fortification categony.

El earthquake effect

E2 earthquake effect

B 0:43 1.3
C 0.34 1.0
D 0.26 —

16.2.4 For an extra-long tunnel located in a zone with seismic peak ground acceleration of 0.
40g, specific seismic safety evaluation for the project sites shall be made in accordance with
relevant provisions to determine the earthquake effect. For tunnels that have gone through seismic
safety evaluation for the project sites, the seismic peak ground acceleration under different
earthquake effect shall not be lower than that determined based on the seismic importance coefficient
of Table 16.2.3 herein.

16.3 Seismic design check
16.3.1 The checking calculation of structural strength, deformation and tunnel portal stability
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shall be conducted in view of the seismic fortification objectives. Earthquake effect shall be

combined with permanent and variable loads.

16.3. 2 For strength checking calculation under El earthquake effect, the safety factors of

structural strength shall be in accordance with those listed in Table 16.3.2.

Table 16.3.2 Safety factor of structural strength

Type of material
Load-bearing characteristic
Reinforced concrete Concrete
Concrete reaches its ultimate compressive strength. A 1.8
Concrete reaches its ultimate tensile strength. - 2.5
Rebar reaches its design strength or concrete reaches its ultimate compressive strength. 1.5 —
Concrete reaches its ultimate tensile strength ( major tensile stress). 1.8 —

16.3.3  When checking the deformation performarce as an.integral structure as a whole, the
maximum convergence for secondary lining structure” shall be used as the checking calculation

criterion. When the required seismic resistante is ‘2h“( check the Original text!), the maximum

convergence threshold shall not be greaterthan, 5:0%o of tunnel span.-When the required seismic
resistance is 3h ( checking the original tex’t!)_,, the maximum convergence threshold shall not be

greater than 15.0%o of tunnel span.
16.3. 4  During seismic -design check, the tranSVerse'seismic resistance calculation should be
conducted using static method fora drill-and-blast mountain road tunnel. For longitudinal or 3D

calculation, if neces‘sa'ry, the' calculation” methods shall be used as those listed in Table 16.3.4.

[ Table 16.3.4 Seismic calculation methods for tunnel

Sefsmic calculation Calculation method Structural performance state

Static method Elasticity
Transverse response displacement method Elasticity

Transverse seismic calculation

Dynamic analysis method (time history) . .
Elasticity or elastoplasticity

(2D or 3D)
Longitudinal response displacement method Elasticity
Longitudinal seismic calculation
Dynamic analysis method ( time history) Elasticity or elastoplasticity
Seismic calculation with 3D space model | Dynamic analysis method ( time history) Elasticity or elastoplasticity
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16.4 Seismic resistance measures

16.4.1 The tunnel should be arranged at sites favorable for seismic resistance, and should not be
arranged at site with unfavorable geologies such as rock piles, landslide mass, debris flow gully,
collapsible rocks and surrounding falling rocks, and at low-lying place with difficulty in drainage or

under the unstable cliff.

16.4. 2  The portal location shall be determined in combination with%the topographic and
geological conditions. Measures shall be taken to control the excavation heights: of heading slope

and side slopes at a portal, so as to prevent seismic hazards such:as eollapse and landslide.

16.4.3 In areas with high seismic level of fortification ,vif the side and heading slopes at a portal
are steep, cut-and-cover tunnel portal should be used, and~measures shall be taken to prevent

impact of falling rocks.

16. 4.4 Cut-and-cover tunnel lining shall be constructed. of reinforced concrete structure and

provided with seismic joints longitudinally_along.the tunnel.

16.4.5 In areas with design basic.seismic peak ground“acceleration greater than or equal to 0.
20g, seismic connection measures like, short<rebars or tendons shall be added or arranged at
construction joint between end wall at tunnel portal and‘lining ring frame, as well as between end

wall and opening retdining wall.or wing-wall.

16.4.6 For structures in such sections “as.'the portal section, shallowly-embedded section under
eccentric load ,vdeeply-embedded weak surrounding rock section and fracture zone of a fault, the
seismic fortification length shall be determined based on topographic and geological conditions.
Both ends of the seismic fortification section shall extend to sections with good surrounding rock
quality. They should extend 5 ~10m in tunnels with no more than two lanes and extend 10 ~20m

in tunnels with no less than three lanes.

16.4.7 The lining structures in seismic fortification sections shall conform to the following

provisions

1 Tunnel lining in weak surrounding rock sections shall be curved wall lining with arch

invert.

2 At the boundary between cut-and-cover tunnel and bored tunnel, the boundary between soft
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rock and hard rock and the fault fracture zone, seismic joints should be arranged through

overall consideration of settlement joints and expansion joints.

3 When composite support structures are used at the tunnel intersections and in the fault
fracture zones not strengthened by grouting, the secondary lining structures shall be

constructed of reinforced concrete.

4  When a tunnel passes through active faults, the transverse section of the lining should be
designed with over-excavation according to the assessed maximum dislocation of the fault.

Fault fortification section should be provided with seismic joints,

16.5 In-tunnel facilities

16.5.1 Seismic design shall be carried out for in-tunnel-facilities, including in-tunnel auxiliary
structures and auxiliary electrical and mechanicalsequipment; and their connection with main

structures.

16.5.2 Auxiliary structures and electrical ‘afidsmechanical equipment shall be securely connected

to main structures, so as to prevent:them from falling during an earthquake.
16.5.3 The supports and connections for electrical .and mechanical facilities installed in the tunnel

shall meet the functional requirements during an earthquake and shall not lead to damage of related
parts.
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1 7 Design for Alteration and Expansion

17.1 General

17.1.1 If an existing tunnel or existing tunnel alignment.is-utilized, the existing tunnel may be
reconstructed or expanded or additional tunnel be constiucted to improve the tunnel traffic
conditions, increase the traffic capacity or raise the highway class'and standards. For local sections
restricted by topographic and geological conditions, the original tunnel may be retained for traffic

after evaluation and verification.

17.1.2 For tunnel reconstruction.and expansion, the necessary investigations specified in Chapter
3 herein shall be conducted! In addition, the, design, construction, repair & maintenance and

operation of the existing-tunnel shall be investigated.

17.2 Tunnel reconstruction and expansion scheme design

17.2.1 For tunnel reconstruction and expansion design, economical and technical comparisons
shall be made in combination with the overall route design, tunnel connection conditions,
engineering geology, current condition of the existing tunnel, traffic arrangement and construction
conditions. The existing tunnel shall be fully utilized to reasonably determine the forms and

technical standards of reconstruction and expansion.

17.2.2 The alignment and cross-section design of additional and expanded tunnels shall conform
to relevant provisions in the current Technical Standard of Highway Engineering (JTG B01) and in

Chapter 4 herein.

17. 2.3 For expansion of the existing twin tunnels with four-lanes into a six-lane tunnels,

expansion should be carried out in the original locations.
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17.2.4 For expansion of the existing twin tunnels with four-lanes into an eight-lane tunnel,
expansion may be carried out in the original location or by utilizing the original tunnel and building
an additional tunnel.

17.2.5 For expansion of the existing twin arch tunnels with four-lanes into a twin tunnels with
six-lanes, the existing twin-arch tunnels should be retained and traffic in the same direction will be

separated by building a new single three lane tunnel.

17.2.6 For expansion of the existing twin arch tunnels with four lanes into a twin tunnels with
eight lanes, the existing twin-arch tunnels can be retained, and a new four-lane tunnel or twin two-
lane tunnels may be constructed; alternatively, the twin-arch tunnels can be, changed into a single

four-lane tunnel, and a new single four-lane tunnel may be constructed:

17.2.7 For separation of traffic in the same direction with two tunnels, necessary traffic safety

facilities shall be provided.

17.2.8 For expansion of a single two-way two-lane funnel into a twin four-lane tunnel, the

existing tunnel should be utilized and an additional two-lane tunnel may be constructed.

17.2. 9 The existing tunnel that-will ne_longer bel open to!traffic after reconstruction and
expansion should serve as a repair_or maintenance ,service’ channel and emergency evacuation and
rescue channel. The evacuation and‘rescue channel shall be capable of ensuring the long-term

stability of tunnel structures.

17.2.10  Tunnel €xpansion should be' carried out after construction of new parallel tunnels is
completed. Construction-of new tunnels shall minimize the influence on existing tunnel structures.

If necessary’, the existing tunnel structures shall be temporarily protected or reinforced.

17.2. 11 The tunnel reconstruction and expansion design shall contain design for construction
schemes and traffic arrangement design, and a construction scheme without traffic interruption
should be adopted.

17.3 Tunnel expansion

17.3.1 Expansion of existing tunnels shall comply with the following requirements;

1 The tunnel alignment shall be consistent with that of the existing tunnel, and the existing

tunnel clearance shall be used wherever possible as the expanded tunnel clearance.
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2 The design elevation of tunnel pavement should be consistent with that of existing tunnel.

3 The locations, distances and sizes of emergency stop zone, vehicle cross passage and

pedestrian cross passage in the existing tunnel shall be utilized wherever possible.

17.3. 2  Tunnel structure expansion design shall include design of demolition scheme and
temporary support of existing tunnel structures. For tunnel expansion, the structural stress state and
surrounding rock stability shall be calculated under multiple concurrent construction works of the
expansion, and the lining structure and construction shall comply with relevant provisions in other

chapters herein.

17.3.3 The rock load in tunnel expansion shall be calculated as follows

1 If construction of existing tunnel causes little disturbance to' surrounding rock, no large
deformation or collapse occurs during constructiony_and there are no sections of the tunnels
with obvious variation of the condition of’the surrounding rock after a certain period of

operation, the rock load can be calculated in reference to“newly-built tunnels.

2 For sections which once collapsed “during construction “of the existing tunnel, the
surrounding rock class and-pressure”shall bedetermined based on the height and the

transverse extent of collapse.

17.3.4 Expansion of an existing tunnel should-be 'doné by expanding excavation on a single side

within a range covering the full.excavation range of/the existing tunnel.

17.3.5 If tunnel ‘expansion causes obvieus vibration of adjacent tunnels due to blast and has
adverse impacts on surrounding rock stability and structural internal force, reliable technical

measures shall be taken to reduce the impacts.

17.4 Tunnel reconstruction

17.4.1 Prior to reconstruction, the current condition of the existing tunnel shall be investigated

and tested comprehensively to analyze and evaluate the health status of the existing tunnel.

17.4.2 Tunnel reconstruction shall conform to the following provisions:

1 Tunnel reconstruction shall comply with the current Technical Standard of Highway

Engineering (JTG BO1). If it is restricted by technical and economical conditions, it
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shall comply with the original technical standards.

2 The civil structures of the existing tunnel shall be used as much as possible provided that
the traffic capacity and operation safety can be ensured. The drainage on the back of

existing structures and lining should not be changed.

3 After reconstruction, the difference between the design traffic speed in the reconstructed
tunnel and the design traffic speeds in the sections before and after the reconstructed tunnel
shall not be greater than 20km/h.

17.4.3 If a new emergency stop zone is to be added to the existing tunnel, the method of local

expanded excavation shall be adopted.

17.4.4 If an additional parallel tunnel is to be constructed during tunnel reconstruction, the tunnel

reconstruction should be conducted after completion of additional.tunnel.

17.5 Additional tunnel

17.5.1 The structural design ofythe~additional tunnel shall conform to relevant provisions on

construction of new tunnels.
17.5.2 The additional tunnel shall be aligned:so as.to-reduce the impacts on the existing tunnel.

17.5.3 If both the-additional tunnel and-the existing tunnel are tunnels with narrow clear space,

the rock load shall’be“considered based onitwin tunnels with narrow pillar.

17.5.4 “Ifla-eross passage is to be provided between an additional tunnel and the existing tunnel ,
the design elevation of the additional tunnel shall meet the design requirements for longitudinal
slope of cross passage. The cross passage opening location shall be kept at least 2m away from the

movement or construction joints of the existing tunnel lining structures.

17.5.5 According to such factors as the operation requirements of the existing tunnel, the structure
status, the clear distance to the existing tunnel and the surrounding rock class, consideration shall be
given to the impact of blasting construction for additional tunnel on the adjacent existing tunnel

structures.



1 8 In-tunnel Reserved Caverns, Embedment
and Other

18.1 General

18.1.1 The in-tunnel advance provision, embedment and otheristructures shall be designed in
accordance with the requirements of tunnel traffic engineering and faeilities and coordinated with

relevant disciplines.

18.1.2 Reserved caverns and embedded parts ;shall be eapable of ensuring the stability and
structural strength of tunnel struetures and shall‘not ufidermine the support capability of tunnel lining

structures.

18.2 Reserved-caverns and embedment

18.2.1 The proposed size of reserved caverns shall meet the requirements of equipment placement

space and maintenance & operation space.

18.2.2 The reserved caverns shall be arranged at least 1. 5Sm away from movement or construction

joints of lining structures.

18.2. 3 Reserved caverns shall be designed with proper waterproof measures and free from

seepage or leakage.

18.2.4 As to embedded parts for suspension and installation of facilities in tunnels, their strength
and corrosion-resistant design shall be conducted based on their load bearing and durability

requirements, and they shall meet the following requirements.
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1 The design service life of embedded parts in tunnel shall be the same as that of structures.
2 Embedded parts required to bear loads shall meet the bearing capacity requirements.

3 The strength of embedded parts for hanging fans shall be capable of bearing loads not less

than 15 times the fan mass.

18.2.5 Pipelines embedded in lining shall be placed in the middle of lining section, and the pipe

wall shall not be less than 100mm from the inner and outer edges of lining.

18.2.6 In tunnels where high tension cable installations are placed, the earthing flat steel shall be
embedded according to requirements of electrical design requirementss=and the specific embedment

earthing requirements can be designed by the designers of electrical discipline.

18.3 Cable trenches

18.3.1 Cable trenches shall be arranged according to the needs ‘of electrical and mechanical works

and firefighting works, and should be arranged below the maintenanece” walkway on both sides.

18.3.2 As to the size of a cable trench,vits section formrand.size shall be proposed based on the
cable and firefighting servicerpipevarrangement, requirements in the tunnel, and shall facilitate the

laying and maintenance of cables-and fire service pipes.
18.3.3 The cable_trench covers shall be-capable of bearing pedestrian loads. The covers shall be
provided with lifting, hooks, holes or slotsiat a certain distance to open them. The tops of covers

shall be flushwith the curb tops.

18.3.4 The exterior wall of a cable trench shall be of reinforced concrete structure and shall

ensure no damage to facilities in the trench after it is hit by a vehicle.

18.3.5 Cable trenches shall meet the gravity flow drainage requirements.
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Appendix A
Provisions on Rock Mass Classification

A.0.1 Quantitative index of rock hardness is expressed by saturated uniaxial compressive strength
of rock (R,); measured value should be used. If measured value is not available, the converted
value from measured point load strength index of rock (7,9 _amay be used, i.e. calculated from
Eq. (A.0.1):

R, #722. 82[3'(75f)> (A.0.1)

A.0.2 Quantitative index of rock mass infegrity+is expressed by\rock mass integrity index (K, ),

as specified below :

1 K, should be measured valué of elastie, wave; 'if mo measured value is available, it may be

determined from velumetric joint count of'rock (J,) per Table A.O0.2.

Table A.0.2 Correspondence between J,and K,

J, (joints/m’ ). <3 3~10 10 ~20 20 ~35 =35

K, ] >0.75 0.75~0.55 0.55~0.35 0.35~0.15 =0.15

2 To test and calculate rock mass integrity index K,, points and zones representative of
different engineering geological rock formations or lithology shall be selected to test the
velocity of elastic longitudinal wave in rock mass. Samples shall be taken from the same
rock mass to test longitudinal wave velocity in rock. This index shall be calculated from
Eq. (A.0.2-1):

K, = (v,,/v,)° (A.0.2-1)
where

v,,—elastic longitudinal wave velocity in rock mass (km/s) ;

v,,—elastic longitudinal wave velocity in rock (km/s).
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3 To test and calculate volumetric joint count of rock J, (joints/m’) , outcrops or excavated
wall surface representative of different engineering geological rock formations or lithology
shall be selected to count joints ( discontinuities). In addition to joint sets, scattered joints
longer than 1m shall also be counted. Re-cemented joints with siliceous, ferruginous or
calcareous infills may be excluded from the count. An area of not less than 2 x S5m’ shall
be counted for each measurement point. The value of J, shall be calculated from Eq. (A.
0.2-2) based on joint count result;

J, =S +S, ++8, +8, (A.0.2-2)
where

S —The number of joints per meter of survey line in the n" joint set;

S,—The number of joints not in sets per cubic meter of rock (joints/m’).
A.0.3 Values of correction coefficient for Rock Quality Designation influence factor K,, K,and
K,may be taken as specified in Tables A.0.3-1, A.0.3-2.dand\A. 0. 3<3. The correction coefficient

may be taken as zero if not specified in these tables.

Table A.0.3-1 Correction coefficient’ K, for groundwater influence

BQ
Groundwater ingress state
>550 550 ~451 350 ~251 <250
Damp or dripping, p<0.1 or 0<25 0 1 0 0.2~0.3 0.4~0.6
Rainy or surge flow, 0.1 <p=<0.50r25<Q< 125 0<0.1 0.1~0.2 0.4~0.6 0.7~0.9
Rainy or surge flow, p >0. 5 or Q>125 7_:"0‘1 ~0.2 0.2~0.3 0.7~0.9 1.0

Note: Under the same groundwater states the smaller the Rock Quality Designation BQ, the greater the value of correction

coefficient K, ;/in,the same rock mass;=the higher the/groundwater inflow and pressure, the greater the value of

correction coefficient:K, .

Table A.0.3-2 Correction coefficient for influence of main weak structure plane occurrence K,

Angle between structure plane

] . . : . Angle between structure plane
Structure plane orientation and its strike and tunnel axis <30°; : ) Other
o ) ) . strike and tunnel axis >60°; o

combination with tunnel axis structural plane dip angle at . combinations
structural plane dip angle >75°
30° ~75°
K, 0.4~0.6 0~0.2 0.2~0.4

Notes ;

1. In general, the larger the angle between structure plane strike and tunnel axis and the structural plane dip angle, the

smaller the correction coefficient K,; the smaller the angle between structure plane strike and tunnel axis and the

structural plane dip angle, the greater the correction coefficient K,.

2. This table is specifically for the situation where one set of prevailing structure plane exists. It is not applicable to the

situation where two or more sets of prevailing structure plane exist.



Table A.0.3-3

Correction coefficient K,for influence of initial stress

BQ
Initial stress
>550 550 ~451 450 ~351 350 ~251 <250
High stress zone 1.0 1.0 1.0~1.5 1.0~1.5 1.0
High stress zone 0.5 0.5 0.5 0.5~1.0 0.5~1.0

Notes;

1. The smaller the value of BQ, the greater the correction coefficient K.
2. The high stress and high stress states may be evaluated in accordance with Table A.0.4 in Appendix A.

A.0.4

Dependent on main phenomena encountered in drilling and .xcavation of rock mass

(surrounding rock) such as rock core disking or rock burst, the stress in surrounding rock may be

evaluated in detail according to Table A.0.4.

Table A.0.4 Main phenomena encountered during excavation in‘high initial stress zones

Stress state Main phenomena R,/ 0
1. Hard rock: during excavation there is rock’burst, poppin‘g, spalling from tunnel wall
and many new fractures; poor tunnel formation
High stress 2. Soft rock: rock core commonly caked; spalling from tunnel wall; ebvious displacement, <4
even large displacement, for a Jjong ‘period of time during exc‘aVation; no easy to
form tunnel :
1. Hard rock; possible rock burst, spa]l'iﬁg and falling off from tunnel wall and many new
. fractures during excavation ;»pooritunnel formation
High stress . . . . 4 ~7
2. Soft rock; rockscore occasionally caked; obvious displacement of rock at tunnel wall for
a long period of time during’ excavation; p’dor tunnel formation

Note; o

max

is Maximum initial'stress perpendicularito‘tunnel axis.

A.0.5 Qualitative c‘la,s‘s‘iﬁcation of rock-hardness shall be as specified below .

1 Rock hardness may be qualitatively classified as shown in Table A.0.5-1.

Table A.0.5-1 Qualitative classification of rock hardness

no absorption reaction when immersed in water

Description Qualitative evaluation Typical rock
Unweathered-slightly ~ weathered  granite,
. Producing clear sound when hammered, | syenite, diorite, diabase, basalt, andesite,
Hard Stiff rock o . . . .
N rebound, hand shake, difficult to break; mostly | gneiss, quartz schist, siliceous slate, quartzite,
roc mass

siliceous  cemented  conglomerate,  quartz

sandstone, cherty limestone, etc.

Medium hard
rock

Producing relatively clear sound when
hammered, slight rebound, slight hand shake,
relatively difficult to break; slight water

absorption reaction when immersed in water

Moderately (weakly) weathered stiff rock;
2 Unweathered-slightly weathered fused tuff,
marble, slate, dolomite, limestone, calcareous

cemented sand-shale, etc.
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continued

Description Qualitative evaluation Typical rock
1 Highly weathered stiff rock;
. 2 Moderately (weakly) weathered relatively
. Producing a toneless sound when hammered, .
Medium . stiff rock;
no rebound, relatively easy to break; after . .
soft rock . . . . 3 Unweathered-slightly weathered tuff, phyllite,
immersed in water, fingernail can leave a mark .
sandy mudstone, marlstone, argillaceous
sandstone, siltstone, shale, etc.
Highly weathered stiff rock;
Weak 2 Moderately (weakly)=highly weathered relatively
ea )
K Dumb when hammered, no rebound, with stiff rock;
roc
Soft rock indenture, easy to break; after immersed in 3 Moderately( weakly) weathered medium
water, it can be broken by hand. soft roek’
4 Unweathered, mudstone, argillaceous shale,
chlorite schist, Pinal schist, etc.
Dumb when hammered, no rebound, with .
. Various completely weathered rocks;
Extremely deep indenture, can be broken by hand;~ after .
. . . . Highly weathered soft rock;
soft rock immersed in water, it can be kneaded .into a .
ball i Various hypabyssal rocks
all.

2 Rock weathering degree may-be determined per{Table A.0.5-2. When the wave velocity

ratio k,, weathering coefficient\k; and field .characteristics do not correspond to those

specified in the table’, the roek ‘weatheting degree should be judged comprehensively.

Table A.0:5-2 Classification of rock weathering degree

Weathering degree indicators
Description Field chatacteristics Wave velocity| Weathering
ratio k, coefficient k,
Unweathered Reock structure unchanged, fresh 0.9~1.0 0.9~1.0
Slightly Rock structure, mineral composition and luster basically unchanged; some 0.8 ~0.9 0.8~0.9
weathered fissure planes with ferrimanganic rendering or slightly discolored ’ ’ ’ ’
Moderately . .. .
Rock structure largely broken; mineral composition and luster considerably
(weakly) ] ) 0.6~0.8 0.4~0.8
changed; feldspar, mica and sideromelane weathered and altered
weathered
Highly Rock structure largely broken; mineral composition and luster considerably 0.4 0.6 0.4
.4 ~0. <0.
weathered changed; feldspar, mica and sideromelane weathered and altered
Rock structure completely broken; decomposed and disintegrated into loose
Completely . . . . . .
soil or sand like material; all minerals discolored, luster lost; minerals other 0.2~0.4
weathered . .
than quartz granules largely weathered into secondary minerals.
Notes :

1. The wave velocity ratio k, is the ratio of elastic longitudinal wave velocity in weathered rock to that in fresh rock.

2. The weathering coefficient k, is the ratio of saturated uniaxial compressive strength of weathered rock.
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3 The degree of development of rock joints may be classified as presented in Table A.0.5-3.

Table A.0.5-3 Classification of degree of development of rock joints

Joint spacing d (mm) d >400 200 < d=<400 20 <d=<200 d<20
Degree of development .
£ foint Undeveloped Developed Highly developed Extremely developed
of joints

4  The relationship between R, and qualitative classification of rock hardness may be

determined as shown in Table A.0.5-4.

Table A.0.5-4 Relationship between R_ and qualitative classification of rock hardness

R,(MPa)

>60

60 ~30

30 ~15

15.~5

<5

Hardness

Stiff rock

Relatively stiff rock

Medium soft rock

Soft rock

Extremely soft rock

A.0.6 Qualitative classification of rock mass integrity shallybe as specified below:

1 Rock mass integrity may be qualitafively classified as_ shown'in Table A.0.6-1.

Table A.0. 6-lQualitatiVe classification of rock mass integrity

Development degree Qf:structure plane Bond degree of . .
e . Type of main Corresponding
Description Average ‘spacing | main/structure
Number of séts / S structure planes structural type
(m) planes
P . Joints, fissures Monolithic or extremely
Intact 12 >1.0 Good or fair . .
and bedding massive structure
. s - k Joints, fissures .
Relatively intact F~2 >1.0 Poor . Blocky or massive structure
‘ and bedding
2-~3 1.0~0.4 Good or fair Blocky structure
1.0~0.4 Joints . fissures Fractured blocks or
Relatively 2~3 Poor g ’ _ '
bedding and medium thick layers
fractured 0.2 ~0.4 inor faul
=3 Good minor fault Interlocked clastic structure
Fair Medium and thin layers
0.2~0.4 Poor Various types Fractured blocks
Fractured =3
<0.2 Fair or poor | Of structure plane Clastic structure
Extremely fractured Disorderly Very poor Loose structure

Note: Average spacing refers to the average spacing of main structure planes (1-2 sets).

2 The bond degree of structure planes may be classified as shown in Table A.0.6-2.
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Table A.0.6-2 Classification of bond degree of structure planes

Bond degree Structure plane features
Aperture < Imm), siliceous, ferruginous or calcareous cementation, or rough with no infill;
Good Aperture at 1 ~3mm), siliceous or ferruginous cementation ;
Aperture > 3mm, rough, siliceous cementation
Aperture < 1mm, structure plane straight and flat, calcareous/argillaceous cementation or with no infill;
Fair Aperture at 1 ~3mm, calcareous cementation;
Aperture > 3mm, rough, siliceous or ferruginous cementation
P Aperture at 1 ~3mm, structure plane straight and flat, argillaceous or calcareous/argillaceous cementation ;
oor
Aperture > 3mm, mostly argillaceous or debris cementation
Very poor Argillaceous infill or mud and debris infill with a thickness greater than undulation difference

3 Rock formation thickness may be classified as shown in Table A=0. 6-3.

Table A.0.6-3 Classification of rock formation thickness

Single layer thickness h (m) h>1.0 0.5<h<1.0 0.1<h=<0.5 h=<0.1

Classification of rock formation thickness Medium thick Thin

Extremely thick Thick

4 The correspondence between K, and qualitative rock mass integrity may be determined per
Table A.0.6-4. ' .

Table A.0.6-4 Correspondence between‘Kv and qualitative rock mass integrity

K, >0.75 0.75 ~0.58 ' 0.55~0.35 0.35~0.15 <0.15

Fractured

Integrity Intact Relatively ‘intact | Relatively fractured Extremely fractured

A.0.7 Physicai‘and mechanical parameters and shear strength of structural plane of various
classes of 's‘urro'unding‘ rock shall be obtained from lab or field tests. If measurement data are not
available, they may be obtained from the following tables

1 Physical and mechanical parameters of surrounding rock may be obtained from Table A.0.7-1.

Table A.0.7-1 Physical and mechanical parameters of surrounding rock

Coefficient of
. . Modulus of Calculated
Surrounding | Unit weight -y elastic . Poisson’s |Internal friction| Cohesion ¢ ..
. deformation E . friction angle
rock class (KN/m*) resistance k ratio angle ®(°) (MPa) R
(GPa) ?.(%)
(MPa/m)
I 1800 ~ 2800 >33 <0.2 >60 >2.1 >78
>26.5
1200 ~ 1800 20 ~33 0.2 ~0.25 50 ~60 1.5~2.1 70 ~78
I 26.5~24.5 500 ~ 1200 6 ~20 0.25~0.3 39 ~50 0.7~1.5 60 ~70




continued

Coefficient of
. . Modulus of Calculated
Surrounding | Unit weight -y elastic . Poisson’s |Internal friction| Cohesion ¢ ..
. deformation E . friction angle
rock class (KN/m*) resistance k ratio angle ®(°) (MPa) R
(GPa) ¢. (%)
(MPa/m)
v 24.5 ~22.5 200 ~ 500 1.3~6 0.3~0.35 27 ~39 0.2~0.7 50 ~60
\Y 17 ~22.5 100 ~200 <1.3 0.35~0.45 20 ~27 0.05~0.2 40 ~50
VI 15 ~17 <100 <1 0.4~0.5 <20 <0.2 30 ~40
Notes ;

1. Values in this table do not include loess strata.

2. If calculated friction angle is used, then internal friction angle and cohesion will not be considered.

2 The shear peak strength parameters of rock mass discontinuity may be selected from Table
A.0.7-2.

Table A.0.7-2 Shear peak strength parameters of-rock mass discontinuity

. < . L Internal friction Cohesion ¢
S.N. Hardness of rock mass on both sides and bond degree, of ‘discontinuity
angle ®(°) (MPa)
1 Hard rock, with good bond; >37 >0.22
Hard-medium hard rock, with fair bond}
2 . . 37 ~29 0.22 ~0.12
Medium soft rock, with good. bond
Hard-medium hard rock, awith=poor bond;
3 . . . 29 ~19 0.12 ~0.08
Medium soft-soft rock . with/fair bond
Medium hard*medium soft rock, with-poor-very poor bond;
4 f . 19 ~13 0.08 ~0.05
Soft roek withypoer bond; argillaceous surface of soft rock
Medium thardfock and all soft rocks, with poor bond;
5 i <13 <0.05
Argillaceous layer of soft rock

3 Physical and mechanical parameters of surrounding soils may be obtained from Table A.0.7-3.

Table A.0.7-3 Physical and mechanical parameters of surrounding soils

Coefficient of Internal
. . . . Modulus of . o .
Surrounding . Unit weight elastic . Poisson’ s friction Cohesion ¢
Soil type 5 . deformation E .
rock class (KN/m”) resistance k (GPa) ratio angle @ (MPa)
a
(MPa/m) (°)
Clayey material 20 ~30 0.030 ~0.045| 0.25~0.33 30 ~45 0.060 ~0.250
v 200 ~300

Sandy soil 18 ~19 0.024 ~0.030 | 0.29 ~0.31 33 ~40 0.012 ~0.024
Gravelly soil 22 ~24 0.050 ~0.075 | 0.15~0.30 43 ~50 0.019 ~0.030
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continued

Coefficient of Internal
. . . . Modulus of . o .
Surrounding . Unit weight elastic . Poisson’ s friction Cohesion ¢
Soil type . deformation E .
rock class (KN/m*) resistance k (GPa) ratio angle @ (MPa)
a
(MPa/m) )
Clayey material 16 ~18 0.005 ~0.030 | 0.33~0.43 15 ~30 0.015 ~0.060
\Y 100 ~200
Sandy soil 15 ~18 0.003 ~0.024 | 0.31~0.36 25 ~33 0.003 ~0.012
Gravelly soil 17 ~22 0.010 ~0.050 | 0.20~0.35 30 ~43 <0.019
Clayey material 14 ~16 <0.005 0.43 ~0.50 <15 <0.015
Vi <100 :
Sandy soil 14 ~15 0.003 ~0.005 | 0.36 ~0.42 10 ~25 <0.003
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Appendix B
Structure Gauge and Intrados Drawings

The construction gauge and intrados of a two-lane Class-4 highway tunnel are illustrated in

B.0.1
Fig. B.0.1-1 and B.0.1-2.
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Fig. B.0.1-2 [Intrados of two-lane Class-4 highway tunnel (20km/h) (dimensions given in cm)
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B.0.2 The construction gauge and intrados of a two-lane Class III highway tunnel are illustrated

in Fig. B.0.2-1 and B.0.2-2.
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Fig. B.0.2-1 Construction gauge of two-lane Class III| highway tunnel (30kmrh) (dimensions given in cm)
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Fig. B.0.2-2 Intrados of two-lane Class III highway tunnel (30km/h) (dimensions given in cm)
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B.0.3 The construction gauge and intrados of a two-lane Class III highway tunnel are illustrated
in Fig. B.0.3-1 and B.0.3-2.

25, 750 | 125
| |
2] - 2l
wv
9
(=]
| < M | o
| N
(=]
S ,
Q | |
‘_‘ 25 25 }Q
— 1 | S R
QT 25 25
75 | 350 | 350 .75
(I g : |
900

Fig. B.0.3-1 Construction gauge of two-lane Class III| highway tunnel-(40km/h) (dimensions given in cm)

wv
2
>
<
2 :
n o
8
g wl @
&} Q °
w
o0
o~
2 g
3 < ot
(=]
=
7
%,'\o
50 75 25 350 350 25 75 50
[~ | I [ | I
1 000

Fig. B.0.3-2 Construction gauge of two-lane Class III highway tunnel (40km/h) (dimensions given in cm)
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B.0.4 The clearance of a two-lane Class-2 highway tunnel (60km/h) is illustrated in Fig. B.0.4-1
and B.0.4-2.

isoJ| 750 iSOi
I : 7
&
T g
| ” { VMo
=) I [ =
Q | |
25 25,
g il
4 1 | [
100 |50/ 350 | 350 |50/ 100
I [ 1 000 | I

Fig. B.0.4-1 Clearance of two-lane Class-2 highway tunnel (60km,/h)<( dimensions given in cm)
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Fig. B.0.4-2 Intrados of two-lane Class-2 highway tunnel (60km/h) (dimensions given in cm)



B.0.5 The clearance of a two-lane Class-2 highway tunnel (80km/h) is illustrated in Fig. B.0.5-1
and B.0.5-2.
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Fig. B.0.5-1 Clearance of two-lane Class-2 highway tunnel (80km/h) (dimensions given in cm)
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Fig. B.0.5-2 Intrados of two-lane Class-2 highway tunnel (80km/h) (dimensions given in cm)

B.0.6 The clearance of a two-lane Class-1 highway tunnel (60km/h) is illustrated in Fig. B.0.6-1
and B.0.6-2.



isoi 750 i 75 J|
i : P
2__ s
| S
| ° I | g
- | | =
Q | |
1 2
1 1 |
af
75 !50! 350 ! 350 ! 75 ! 75
975

Fig. B.0.6-1 Clearance of two-lane Class-1 highway tunnel'( 60km/h) (dimensions given in cm)
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Fig. B.0.6-2 Intrados of two-lane Class-1 highway tunnel (60km/h) (dimensions given in cm)

B.0.7 The clearance of two-lane tunnels on expressway or Class-1 highway (80km/h) is
illustrated in Fig. B.0.7-1 and B.0.7-2.
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Fig. B.0.7-2 Intrados of two-lane tunnels on expressway or Class-1 highway (80km/h) (dimensions given in cm)
B.0.8 The clearance of two-lane tunnels on expressway or Class-1 highway (100km/h) is

illustrated in Fig. B.0.8-1 and B. 0. 8-2.
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Fig. B.0.8-1 Clearance of two-lane tunnels on expressway or Class-1_highway (100km/h) (dimensions given in cm)
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Fig. B.0.8-2 Intrados of two-lane tunnels on expressway or Class-1 highway (100km/h) (dimensions given in cm)

B.0.9 The clearance of two-lane tunnels on expressway or Class-1 highway (120km/h) is
illustrated in Fig. B.0.9-1 and B.0.9-2.
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Fig. B.0.9-2 Intrados of expressway two-lane tunnel (120km/h) (dimensions given in cm)

B.0.10 The clearance of a three-lane Class-1 highway tunnel (60km/h) is illustrated in Fig. B.O0.10-1
and B.0.10-2.
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Fig. B.0.10-2 Intrados of three-lane Class-1 highway tunnel (60km/h) ( dimensions given in cm)

B.0. 11 The clearance of three-lane tunnels on expressway or Class-1 highway (80km/h) is
illustrated in Fig. B.0.11-1 and B.0.11-2.
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Fig. B.0.11-2 Intrados of three-lane tunnels on expressway or Class-1 highway (80km/h) (dimensions given in cm)

B.0.12 The clearance of three-lane tunnels on expressway or Class-1 highway (100km/h) is
illustrated in Fig. B.0.12-1 and B.0.12-2.
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Fig. B.0.12-1 Intrados of three-lane tunnels on expressway or Class-1 highway (100km/h) (dimensions given in cm)

B.0.13 The clearance of three-lane tunnels on expressway or Class-1 highway (120km/h) is
illustrated in Fig. B.0.13-1 and B.0.13-2.
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Appendix C
Tables of Structural Steel Characteristic
Parameters

C.0.1 Sectional characteristic parameters of I-steel may be,obtained from Table C.0. 1.

Table C.0.1 Sectional characteristic parémeters of I-steel

Sectional dimensions ( mm) : Sectional characteristic parameters
Sectional Thegretical ' XX Y-Y
Model area—{, weight ‘
h b d t r LN A / : .
T ANy LN NG o R WY
' (em®) | (emt) | (em) (em*)|(em®) | (cm)

110 100 68 4.5 | 7.6 | 6.5 3..3V14.345 11.261| 245 49 | 4.14 | 8.59 | 33 |9.72 | 1.52

112.6 | 126 74 5.0 | 8.47 (7.0 ‘315/' 18. 118 (1147223 188 | 77.5 | 5.20 [10.80 | 46.9 | 12.7 | 1.61

114 140 80 5.5 [79.1 | 7054 3.8 |21.516 176.‘8'90 712 | 102 | 5.76 [12.00| 64.4 | 16.1 | 1.73

116 160 88 60 9.9 /17°8.0 4.,0 26.4131,120.513 | 1130 | 141 | 6.58 |13.80| 93.1 | 21.2 | 1.89
4

118 180 94 6‘.~5 10.7 8.5 -3 430.756 |24.143 | 1660 | 185 | 7.36 |15.40| 122 | 26.0 | 2.00

120a | 200-=7100~ | 7.0 | 11.4 | 9.0 | 4.5 |35.578|27.929 | 2370 | 237 | 8.15 |17.20| 158 | 31.5 | 2.12
20b | 200 | 102_j#9.0 | 11.4 | 9.0 | 4.5 [39.578(31.069 | 2500 | 250 | 7.96 |16.90| 169 | 33.1 | 2.06
22a | 220 | 110 | 7.5 | 12.3 | 9.5 | 4.8 [42.128(33.070| 3400 | 309 |8.99 [18.90| 225 | 40.9 | 2.31

22b | 220 | 112 | 9.5 | 12.3 | 9.5 | 4.8 |46.528|36.524 | 3570 | 325 | 8.78 |18.70| 239 | 42.7 | 2.27

125a | 250 | 116 | 8.0 | 13.0 | 10.0 | 5.0 |48.541|38.105| 5020 | 402 |10.20|21.60| 280 | 48.3 | 2.40

I25b | 250 | 118 | 10.0 | 13.0 | 10.0 | 5.0 [53.541(42.030 | 5280 | 423 | 9.94 (21.30| 309 | 52.4 | 2.40

128a | 280 | 122 | 8.5 | 13.7 | 10.5 | 5.3 |55.404 43.492| 7110 | 508 |11.30|24.60| 345 | 56.6 | 2.50

I32a | 320 | 130 | 9.5 | 15.0 | 11.5 | 5.8 |67.156|52.747|11100| 692 |12.80|27.50| 460 | 70.8 | 2.62

I32b | 320 | 132 | 11.5 | 15.0 | 11.5 | 5.8 |73.556|57.741 |11600 | 726 |12.60 |27.10| 502 | 76.0 | 2.61

I32¢ | 320 | 134 | 13.5 | 15.0 | 11.5 | 5.8 |79.956|62.765|12200| 760 |12.30{26.80| 544 | 81.2 | 2.61

I36a | 360 | 136 | 10.0 | 15.8 | 12.0 | 6.0 |76.480|60.037|15800| 875 |14.40|30.70| 552 | 81.2 | 2.69

36b | 360 | 138 | 12.0 | 15.8 | 12.0 | 6.0 |83.680 |65.689 [16500 | 919 [14.10(30.30| 582 | 84.3 | 2.64
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Sectional dimensions ( mm) Sectional characteristic parameters
Sectional | Theoretical X-X Y.Y
Model area | weight
h b d t r T (cm?) |(kg/m) I, W, i 1S, I, Wy iy
(em*)|(cm?) | (em) (em*)|(em®) | (cm)
B6¢c | 360 | 140 | 14.0 | 15.8 | 12.0 | 6.0 |90.880|71.341|17300| 962 |13.80(29.90| 612 | 87.4 | 2.60
140a | 400 | 142 | 10.5 | 16.5 | 12.5 | 6.3 |86.112|37.598|21700| 1090 |15.90|34.10| 660 | 93.2 | 2.77
40b | 400 | 144 | 12.5 | 16.5 | 12.5 | 6.3 |94.112|73.878 |22800 | 1140 |15.60 |33.60| 692 | 96.2 | 2.71
140c | 400 | 146 | 14.5 | 16.5 | 12.5 | 6.3 102.112|80.158 |23900 | 1190 |15.20/33.20| 727 | 99.6 | 2.65
145a | 450 | 150 | 11.5 | 18.0 | 13.5 | 6.8 [102.446|80.420 | 32200 | 1430 |17.70 38.66“ 855 |114.0 2.89
45b | 450 | 152 | 13.5 | 18.0 | 13.5 | 6.8 |111.446|87.485 33800 | 1500 “[+7+40 38,00 | 894 |118.0| 2.84
145¢c | 450 | 154 | 15.5 | 18.0 | 13.5 | 6.8 [120.446|94.550|35300 | 1570 ’17. 107137.60 | 938 |122.0)|2.79
I50a | 500 | 158 | 12.0 | 20.0 | 14.0 | 7.0 |119.30493.654 | 46500}, 1860 |19.70|42.80| 1120 |142.0| 3.07
I50b | 500 | 160 | 14.0 [ 20.0 | 14.0 | 7.0 [129.304/104.504| 486001940 |19.40 |42.40| 1170 |146.0| 3.01
I50c | 500 | 162 | 16.0 | 20.0 | 14.0 | 7.0 |139.304|109. 354 50600‘ 2080 |19.00|41.80| 1220 |151.0| 2.96
I56a | 560 | 166 | 12.5 | 21.0 | 14.5 | 7.3 |135.435[106:316| 65600 | 2340, |22.00 [47.70 | 1370 |165.0| 3.18
I56b | 560 | 168 | 14.5 | 21.0 | 14.5 | 7.3 |146,635/115.108 68500’1’245(’) (21,60 |47.20 | 1490 |174.0 3.16
I56c | 560 | 170 | 16.5 | 21.0 | 14.5 | 7.3 157835 1 23.900 71400 | 2550 |21.30|46.70 | 1560 |183.0| 3.16
163a | 630 | 176 | 13.0 | 22.0 | 15.07 7.5 A154.’658 121.407193900/| 2980 |24.50|54.20| 1700 |193.0 3.31
163b | 630 | 178 | 15.0 | 22.0 | 15.0 7‘.5 i67.258 131.298| 98100 | 3000 |24.20 [53.50 | 1810 [204.0| 3.29
163c | 630 | 180 | 17.0 | 22,0 |F15.0 4 75 [1794858141. 1891102000| 3300 |23.30|52.90| 1920 |214.0| 3.27

Note: Sectional characteristic.parameters in the table: I - moment of inertia; W - section factor; i - radius of inertia; S -

net moment of half section-

C.0.2 Sectional characteristic parameters of wide flange H-steel may be obtained from Table C.0.2.

Table C.0.2 Sectional characteristic parameters of wide flange H-steel

Sectional dimensions (mm) Sectional characteristic parameters
Model Sectional|Theoretical .
. . Moment of Radius of  |Section modulus
Category| (height x area |weight| 4 A 3
width) H B T, t R (em?) |(ke/m) inertia (cm®) | inertia (cm) (em”)
Ix IY ix iY Wx WY
100 x 100 | 100 100 6 8 8 21.59 | 16.9 | 386 134 | 4.23 | 2.49 | 77.1 | 26.7
125 x 125 | 125 125 6.5 9 8 30 23.6 | 843 293 5.3 |3.13 135 | 46.9
150 x 150 | 150 150 7 10 8 39.65 | 31.1 | 1620 | 563 | 6.39 | 3.77 | 216 | 75.1
HW
175 x175 | 175 175 7.5 11 13 |51.43 | 40.4 | 2918 | 983 | 7.53 | 4.37 | 334 112
200 200 8 12 13 |63.53 | 49.9 | 4717 | 1601 | 8.62 | 5.02 | 472 160
200 x 200
200 204 12 12 13 | 71.53 | 56.2 | 4984 | 1701 | 8.35 | 4.88 | 498 167
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continued

Sectional dimensions ( mm) Sectional characteristic parameters
Model Sectional|Theoretical .
. . Moment of Radius of |Section modulus
Category| (height x area |weight| (em*) | inertia (cm) (em®)
inertia (cm inertia (cm cm’
width) H B T h R (em?) |(kg/m)
Ix IY ix iY Wx WY

244 252 11 11 13 | 81.31 | 63.8 | 8573 | 2937 |10.27 | 6.01 | 703 233

250 x250 | 250 250 9 14 13 |91.43 | 71.8 | 10689 | 3648 | 10.81 | 6.32 | 855 292

250 255 14 14 13 |103.93| 81.6 | 11340 | 3875 |10.45 | 6.11 | 907 304

294 302 12 12 13 |106.33] 83.5 | 16384 | 5513 | 12.41y 7.2 | 1115 | 365

300 x300 | 300 300 10 15 13 |118.45] 93.0 | 20010 | 6753 13 7.55 | 1334 | 450

300 305 15 15 13 {133.45]104.8 | 2113547102, | 12.58 | 7.29 | 1409 | 466

338 351 13 13 13 |133.27]104.6 |27 352| 9.376-(,14.33 | 8.39 | 1618 | 534

344 348 10 16 13 [144. 01/ 113.0°132 545| 11242 | 15.03 | 8.84 | 1892 | 646

350 x350 | 344 354 16 16 13 [164. 651293734 58111 841 |14.49 | 8.48 |2 011 | 669

350 350 12 19 13 17189 4134.9 139463713 582|15. 19| 8.89 | 2265 | 776

350 357 19 19 13 |196.739) 15452 |42 13814 427 | 14.65 | 8.57 | 2408 | 808

HW 388 402 15 15 22 1\ |178. 45/140. 1|48 040116255|16.41 | 9.54 | 2476 | 809

394 398 11 18 | 227 i86. 81/ 146.6 |55 597 18,9201 17.25|10.06 | 2 822 | 951

394 | 405 18 18 22 /D14, 39| 168.37|59 16519 951 | 16.61 | 9.65 | 3 003 | 985

400 400 13 2} N 22 R18,69| 1717 166°455 (22 410|17.43 | 10.12 | 3 323 | 1 120

400 x400 | 400 408 21 21 22 “P250..69| 196.8 |70 72223 804 | 16.8 | 9.74 | 3536 | 1 167

414 | 405 18 28 22 295. 394.231.9 |93 51831022 | 17.79 | 10.25 | 4518 | 1532

4287 %407 20 35 22 360.,/65/283.1 |12 089 |39 357 | 18.31 | 10.45 | 5 649 | 1934

458 /| 417 30 50 22" |528.55|414.9 {19 093 |60 516 | 19.01 | 10.7 | 8 338 | 2 902

498, 1-432 45 70 | 22 770. 05 604.5 |30 473 |94 346|19.89 | 11.07 |12 238 | 4 368

492 465 15 20 22 1257.95|202.5 |115 55933 531 |21. 17| 11.4 | 4 698 | 1442

500 x 500 | 502 465 15 25 22 B04. 45/ 239.0 (145 012/ 41910 | 21.82 | 11.73 | 5777 | 1 803

502 470 20 25 22 B29. 55/ 258.7 150 28343 295|21.35 | 11.46 | 5987 | 1 842

150 x 100 | 148 100 6 9 8 26.35 ] 20.7 |995.3 150.3 6. 15| 2.39 |134.5|30. 1

200 x 150 | 194 150 6 9 8 |38. 11| 29.9 | 2586 |506.6 | 8.24 | 3.65 |266.6 | 67.6

250 x 175 | 244 175 7 11 13 [55.49| 43.6 | 5908 [983.5|10.32 | 4.21 |484.3 |112.4

300 x200 | 294 200 8 12 13 |71.05| 55.8 |10 858| 1602 |12.36 | 4.75 | 738.6 | 160.2

HM | 350 x250 | 340 250 9 14 13 199.53 | 78.1 |20 867 |3 648 | 14.48 | 6.05 | 1227 |291.9

400 x 300 | 390 300 10 16 13 |133.25]104.6 |37 363 | 7203 | 16.75| 7.35 | 1916 |480.2

450 x300 | 440 300 11 18 13 |153.89]120.8 |54 067 | 8 105 | 18.74 | 7.26 |2 458 | 540.3

482 300 11 15 13 [141. 17| 110.8 |57 212| 6 756 |20.13 | 6.92 | 2 374 | 450.4
500 x 300

488 300 11 18 13 [159. 17| 124.9 |67 916| 8 106 1 20.66 | 7. 14 | 2783 |540.4
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Sectional dimensions ( mm) Sectional characteristic parameters
Model Sectional|Theoretical .
. . Moment of Radius of |Section modulus
Category| (height x area |weight| 4 - 3
width) H B T, t R (cm?) |(kg/m) inertia (cm®) | inertia (cm) (em”)
Ix IY ix iY Wx WY
544 300 11 15 13 [147. 99/ 116.2 |74 874| 6 756 |22.49 | 6.76 | 2 753 | 450.4
550 x 300
550 300 11 18 13 {165.99|130.3 |88 470| 8 106 |23.09 | 6.99 |3 217 | 540.4
HM 582 300 12 17 13 {169. 21/ 132.8 |97 287| 7 659 |23.98 | 6.73 | 3 343 | 510.6

600 x300 | 588 300 12 20 13 |187.21|147.0 [112 827 9 009 |24 55

(o)}

.94 | 3838 |600.6

594 | 302 | 14 | 23 | 13 |217.09]170. 4[132 17910 572 | 2468 6.98 | 4 450 | 700. 1
100x50 | 100 | 50 | 5 7 8 |11.85) 9.3 | 191 4.14.7. [ 4.02 | 1. 11 |38.2 | 5.9
25%x60 | 125 | 60 | 6 8 8 |16.6913. 1 |407.7|29. 1{4.94 | 1.32 | 65.2 | 9.7
150x75 | 150 | 75 5 7 8 [17.85| 14,0°1645.7'| 494 | 6.01 | 1.66 | 86.1 | 13.2
175%x90 | 175 | 90 | 5 8 8 | 22.9 | 18011741 97.6 | 7. 16 | 2.06 |134.2 | 21.6

198 | 99 | 45 7 8 |22:6917.8 | 1484 | 113.4 | 8.09 | 2.24 |149.9 | 22.9
200 x 100 + -

200 | 100 | 5.5 | 8 8 |26.671.2009 | 17534 133.7 | 8.11 | 2.24 |175.3 | 26.7

248 | 124 | 5 8 8 \[31.99]25. 1| 33462545 | 10.23 | 2.82 |269.8 | 41. 1
250 x 125 : ‘

250 | 125 | 6 9 8" 136,97 | 29.0 |3 868293.5|10.23 | 2.82 |309.4 | 47

298 | 149 | 5.5 |8 13 '40.8 | 32.07],5 9111 441.7 | 12.04 | 3.29 |396.7 | 59.3
300 x 150 :

300 | 150 | 6.5/ <9 13| 46,78 | 36.7 | 67829 | 507.2 | 12.08 | 3.29 |455.3 | 67.6

346 | 174 |7 6 9 13 4 52.45.| 41.2 [10456(791. 1|14. 12| 3.88 | 604.4 | 90.9
350 x 175 , \ —————

350 175 7 11 13 162.9149.4 |12980|983.8 | 14.36| 3.95 |741.7 | 112.4

SIS

400 x 150 | 400 150 ) 8 13 13, % 70.37 | 55.2 |17 906|733.2{15.95| 3.23 |895.3| 97.8

—

HN 396, %199 7 1T 137 | 71.41 | 56.1 |19 023 | 1446 |16.32 .5 1960.8|145.3

400 x 200

400,[-200 8 13 | M3 [83.37 | 65.4 [22775| 1735 | 16.53 56 | 1139 |173.5

446 199 8 12 13 | 82.97 | 65.1 |27 146| 1 578 | 18.09 36 | 1217 |158.6

450 %200

450 200 9 14 13 |95.43 | 74.9 |31973 | 1870 | 18.3 .43 | 1421 187

496 199 9 14 13 199.29 | 77.9 |39 628 | 1842 | 19.98 31 | 1598 |185. 1

500 x200 | 500 200 10 16 13 {112.25]88. 1 |45 685|2 138 |20.17 36 | 1827 |213.8

506 201 11 19 13 [129.31|101.5 |54 478 | 2 577 | 20.53 46 | 2 153 | 256.4

A A

546 199 9 14 13 [103. 79| 81.5 |49 245| 1842 |21.78 21 | 1804 |185.2

550 x200

650 x 300

550 200 10 16 13 [149. 25/ 117.2 |79 515| 7205 | 23.08 | 6.95 | 2 891 |480.3
596 199 10 15 13 |117.75| 92.4 |64 739| 1975 |23.45| 4. 1 | 2172 |198.5
600 x200 | 600 200 11 17 13 |131.71|103.4 |73 7492273 |23.66 | 4.15 | 2458 |227.3
606 201 12 20 13 |149.77|117.6 |86 656| 2 716 |24.05 | 4.26 | 2 860 |270.2
646 299 10 15 13 [152. 75/ 119.9 [107 794| 6 688 | 26.56 | 6.62 | 3 337 |447.4
6

650 300 11 17 13 |171.21|134.4 122 739| 7 657 26.77 | 6.69 | 3 777 |510.5
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Sectional dimensions ( mm) Sectional characteristic parameters
Model Sectional|Theoretical .
. . Moment of Radius of |Section modulus
Category| (height x area |weight| 4 A 3
width) H B T, t R (cm?) |(kg/m) inertia (cm®) | inertia (cm) (em’)
I, I, i iy W, W,
650 x300 | 656 301 12 20 13 |195.77| 153.7 |144 433| 9 100 |27. 16| 6.82 | 4 403 | 604.6
692 300 13 20 18 [207.54|162.9 |164101| 9014 |28.12 | 6.59 | 4743 | 600.9
700 x 300
700 300 13 24 18 [231.54|181.8 |193622| 10814 | 28.92 | 6.83 | 5532 | 720.9
734 299 12 16 18 182.7 | 143.4 |155539| 7140 |29.18yr 6.25 | 4238 |477.6
742 300 13 20 18  [214.04|168.0 |191989| 9015 |29:95%,.6.49 | 5175 601
750 x 300
750 300 13 24 18  [238.04| 186.9 |2258634.10815 | 30.8 | 6.74 | 6023 | 721
758 303 16 28 18 |284.78|223.6 |271350| 13008-.30.87 | 6.76 | 7160 | 858.6
792 300 14 22 18 [239.5 | 188.071242399| 9919 |31.81 | 6.44 | 6121 |661.3
800 x 300 : dva
800 300 14 26 18 263.5 | 206872809251 11719 | 32.65 | 6.67 | 7023 | 781.3
834 298 14 19 18 227.46’ 178. 6 243858 | 8400 |32.74 | 6.08 | 5848 |563.8
HN 842 299 15 23 18 1259.721 20339 |291216] 10271 | 33.49 | 6.29 | 6917 | 687
850 x 300 i :
850 300 16 27 18 . [292. 14| 229.3 |339670| 12179 | 34.1 | 6.46 | 7992 | 812

858 301 17 31 1 18 '1324.72|254.9 |389234| 14125 | 34.62 | 6.6 | 9073 |938.5

330588 10273 |35.19 | 6.2 | 7429 |687.1

| o

890 299 15 23 18 (266. 92 209.

—_

900 x300 | 900 300 16 28\\) 18 |305-82| 2401 |397241| 12631 | 36.04 | 6.43 | 8828 | 842.1

912 302 18 34 18 360.06, 282. 6 |484615| 15652 | 36.69 | 6.59 | 10628 | 1037

970 297 16 21 18 276, 216.7 |382977| 9203 |37.25| 5.77 | 7896 |619.7

N 9|

980 %298 2 ¥7 26 18 [ 315/5 | 247.7 |462157| 11508 | 38.27 | 6.04 | 9432 |772.3

1000 x 300 [«990,| %298 17 3% 18" |345.3 |271.1 |535201| 13713 | 39.37 | 6.3 | 10812 | 920.3

1000%,}-300 19 36 | M8 |395.1310.2 [626396] 16256 | 39.82 | 6.41 | 12528 | 1084

1008 | 302 21 40 18 1439.26|344.8 |704572| 18437 | 40.05 | 6.48 | 13980 | 1221

95 48 3.2 4.5 8 7.62 | 6.0 |109.7| 8.4 | 3.79 | 1.05 | 23.1 | 3.5

100 x 50
97 49 4 5.5 8 9.38 | 7.4 |141.8| 10.9 | 3.89 | 1.08 | 29.2 | 4.4
100 x 100 | 96 99 4.5 6 8 16.21 | 12.7 |272.7 | 97.1 | 4.1 | 2.45 | 56.8 | 19.6
118 58 3.2 4.5 8 9.26 | 7.3 |202.4| 14.7 | 4.68 | 1.26 | 34.3 | 5.1
125 x 60
120 59 4 5.5 8 11.4 | 8.9 |259.7| 18.9 | 4.77 | 1.29 | 43.3 | 6.4
HT | 125 x125 | 119 123 4.5 6 8 20.12 | 15.8 |523.6|186.2 | 5.1 | 3.04 | 888 | 30.3
145 73 3.2 4.5 8 11.47 | 9.0 |383.2|29.3 | 5.78 | 1.6 | 52.9 8
150 x 75
147 74 4 5.5 8 14.13 | 11.1 | 488 | 37.3 | 5.88 | 1.62 | 66.4 | 10.1
139 97 3.2 4.5 8 13.44 | 10.5 |447.3 | 68.5 | 5.77 | 2.26 | 64.4 | 14.1
150 x 100
142 99 4.5 6 8 18.28 | 14.3 632.7| 97.2 | 5.88 | 2.31 | 89.1 | 19.6
150 x150 | 144 148 5 7 8 27.77 | 21.8 | 1070 |378.4 | 6.21 | 3.69 148.6| 51.1




continued

Sectional dimensions ( mm) Sectional characteristic parameters
Model Sectional|Theoretical .
. . Moment of Radius of |Section modulus
Category| (height x area |weight| 4 A 3
width) H B T, t R (cm?) |(kg/m) inertia (cm®) | inertia (cm) (em”)
Ix IY ix iY Wx WY

150 x 150 | 147 149 6 8.5 8 33.68 | 26.4 | 1338 [468.9 | 6.3 | 3.73 |182.1] 62.9
168 88 3.2 4.5 8 13.56 | 10.6 [619.6| 51.2 | 6.76 | 1.94 | 73.8 | 11.6

175 x 90
171 89 4 6 8 17.59 | 13.8 [852.1] 70.6 | 6.96 2 99.7 | 15.9
167 173 5 7 13 33.32 | 26.2 | 1731 |604.5 | 7:21 | 4.26 |207.2| 69.9

175 x 175
172 175 6.5 9.5 13 |44.65| 35.0 | 2466 | 849.2'1\7.43+| 4.36 |286.8 | 97.1
193 98 3.2 4.5 8 15.26 | 12.0 | 921 | 70.7 {'7.97 | 2.15 | 95.4 | 14.4

200 x 100
196 99 4 6 8 19.79 | 15.5 | 1260, | 97.2 | 7.98 | 2.22 |128.6| 19.6
200 x 150 | 188 149 4.5 6 8 26.35] 20.7 | 1669 || 331L7| 7.96 | 3.54 |177.6 | 44.4

HT y

200 x200 | 192 198 6 6 13 |43.69 | 34.3].2984 | 1036 | 8.26 | 4.87 |310.8 | 104.6
250 x 125 | 244 124 4.5 4.5 8 25.87 | 20.3%] /2529 190.9 | 9.89 | 2.72 |207.3 | 30.8
250 x 175 | 238 173 4.5 4.5 13 139,124 80.7 74045 [ 690.8 | 10.17 | 4.2 [339.9| 79.9
300 x 150 | 294 148 4.5 4.5 13 31.9 2570 | 4342 \324.6 | 11.67 | 3.19 |295.4 | 43.9
300 x200 | 286 198 6 6 13, '1.49.33%, 38.7 <7000 1036 |11.91 | 4.58 |489.5|104.6
350 x175 | 340 173 4.5 4.5 7= 135 [36.97 | 29.0 | 6823 |518.3 |13.58 | 3.74 [401.3 | 59.9
400 x 150 | 390 148 6 6 1371 47.57 | 37.3 10900 | 433.2 |15.14 | 3.02 | 559 | 58.5
400 x200 | 390 198 6 6 13 | 5557 43.6 13819 | 1036 |15.77 | 4.32 | 708.7 | 104.6

Note: Sectional characteristic parameters insthe table. I- moment of inertia; W - section factor; i - radius of inertia; S -

net moment of half _section.
C.0.3 Section and notations of I-steel ‘are presented in Fig. C.0.3.

C.0.4 Section and notations of H-steel are presented in Fig. C.0.4.

Y Y
1< stope 1:6 ——
¥
.
d I 4
=
X—t|—x = xl—x
b-d/4
i é;%gl i I:"F‘l’]
| B S
Fig. C.0.3 Section and notations of I-steel Fig. C.0.4 Section and notations of H-steel
h-height; b-leg height; d-web thickness; t-average leg H-height; B-width; ¢ -web thickness; t,-flange
thickness; r-inner arc radius; r,- leg end arc radius thickness; r-process arc radius

C.0.5 Sectional characteristic parameters of U-steel may be obtained from Table C.0. 5.

750



Wwg 9f PGH fwul/ - L¢ F X1ST RION

LE"88¢ 76 "6S1 09 "1v1 81°S LSV 86 '99¢1 L0 "¥901 S0 0¥ 0 IS noy
[44miA!
S0 "0¢e 6S "SYl s Isv SL¥¥Tl 69826 L8°S¢E 69 ‘St noe
¢¢ "8I
00 Co
I6°CIT 00 20T LSy L0"v 00°ILL 00219 00°6C 00°LE nec
007901~
1258 :
S L6 LL'T8 LI ¥ S6°¢ L6°1SS 18 °S6v S6 YT 6L°1¢ nse
LL 6L .
86 T8 o .
06 "0OTT 6 °SL . 8L 0L "80S OL 1SV 9L ¥T 128 ANST
89718 R \
VLS b N
0¥ "SL (49 %Y 0L'¢ 15" 47 ge 1L 9T '¥8¢ 96 81 SL'¥C AN8I
6C TS aZ '\
s ‘M M 9 =S s 4 v
7 3 JySrom
JUSWOW OTIR)S SnNpouw UO0T09S BIMAUT JO SNIpey BIISUL JO JUSTIOIA] BOIR [RUOTIORS uonedryoadg
- < | A [eon2I109Y ],
s1ojowered [euondag
€ or — 14 6 0T 0c | 00T | 00S 0 se|¢8 SEN| S8V | S709 | S70S |S78CT| LT | T0T | L7vE | 67171 nov
€ or — ¥ 6 0T 0C | 00T | 00S 0 ¥ 8°L =3 S8V | S°09 | S°0S| 8T | ILI LT | S'1¢ | 8¢l noe
e o | — | ¥ L | 91 | ST | S81 | 0S¥ | O € | TL 06| WUNES | wb | OIT |S°OSL| 91 | $°8T | el N6t
4 81 01 ¥ 9 4! 4! SLT | 0S¥ 0 €1 | €9 €70l 6T @m 5 Op |S7I0T} stl ! 6C | 0CI nee
— — — C L (0] cl 00v | 00¥ | §°C — | 99 | Iv6| SP w;.mn. Sy | 805 | To | vel LT 9C | OIT ANST
— — 4 ¥ 8 6 6 — — [4 — SL| — | T9%| — =N LS +8 44! 01 81 66 AN8I
Q 0 mk mk C v% m% NWN _WN E aw W hm @m mm vm, mm mm ﬁm m: N: _N.N
uoneoyroadg
(ww ) SuoIsusWIP [BUOIDIS

[991s-() Jo sigjoweied INSLIORILYD [BUONIS S *(*)D dqBL

757



Appendix D
Calculation Method for Rock Load for Shallow

Tunnels

D.0.1 The boundary between shallow and deep tunnels may be.determined by equivalent height
for loads taken into account the geological conditions; construction methods and other factors. In
this case Eq. (D.0.1-1) and (D.0.1-2) may beused;

H 2 A42% 2.5k (D.0.1-1)
¥ =L (D.0.1-2)
y

where

H,—boundary depth-for  shallow tunnels (n1) ;

h,—equivalent-height for-loads ()%
g—uniformly-disteibited vertical préssuréon deep tunnel obtained from Eq. (6.2.3) (kN/m’);
y—unit Wveight, of surrounding rock ¢kN/m’).

If the tunnel is constructed by Drill & Blast method or shallow mining method, for Class IV-VI

surrounding rock .
H, =2.5h, (D.0.1-3)

For Class I-1II surrounding rock:
H, =2h, (D.0.1-4)

p

D.0. 2 The pressure from rock surrounding a shallow tunnel may be calculated under the

following two conditions respectively .

I If the tunnel depth H is less than or equal to equivalent height for loads £, , vertical

pressure is regarded as uniformly distributed ;
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where

qg=v-H

g—vertical uniform pressure (kN/m’) ;

(D.0.2-1)

y—unit weight of overlying rock above the tunnel (kN/m’) ;

H—tunnel depth, i.e. the distance from arc crown to ground surface (m).

When considered as uniformly distributed, lateral pressure e:

where

e = V[H + %Ht)tam2 [45 - ‘gj (D.0.2-2)

e—lateral uniform pressure (kN/m’) ;
H,—tunnel height (m) ;
¢.—calculated friction angle of surrounding rock (°), to be obtained-from Tables A.0.7-1 and

A.0.7-2.

2 If tunnel depth is greater than &, and less-than or equal‘to H,, assume the fracture plane in

rock and soil mass is an oblique line at'an” angle,of B with horizontal line, as shown in

Fig. D.0.2-1. The settlement of EFHG mass tesults inssettlement of triangular rock mass
on both sides (such as FDB and"ECA.in the figure. The settiement of the entire ABDC

mass is resisted by undisturbed.rock mass. Obligque-line AC or BD is the assumed fracture

plane. Cohesion c is considered, in analysis and calculated friction angle ¢, is used. The

other sliding surface- FHvor/ EG is not fracture plane.

Therefore, the sliding surface

resistance shall be“less than resistance of fracture planes AC and BD. If the friction angle

of this sliding surface'is @, then thewalue of 6 shall be less than the value of ¢.. If no

measurement 'data_are available ;-6-may.be obtained from Table D. 0. 2.

B\ B"F E A A —
NGl Ay
W\ 0 W 0 /i
T\ R
“\ E . _G
= \ Wl 7\7} / 6
Po/ N\ ;N0
F X . // F
B
DLLJC
Fig. D.0.2-1

90°- (B+0-p,)

Schematic diagram of pressure from rock surrounding shallow tunnel

Table D.0.2 Values of 0 in various surrounding rocks

Surrounding rock class

[, I, I

v

N Vi

Value of 6

0.9¢,

(0.7~0.9)¢,

(0.5~0.7) ¢, (0.3~0.5)¢,




As shown in Fig. D.0.2-1, the gravity of overlying rock above the tunnel is W, the gravity of the
wedge FDB or ECA on either side is W, and the resistance of undisturbed rock mass to the entire
sliding body is F. When EFHG settles, resistance to its two sides is T or T’. Total vertical
pressure acting upon HG plane, Q is:

shallow

Quutiow = W =2T" =W - 2Tsinb (D.0.2-3)
Dead weight of the wedge is:
1 h
=5 D.0.2-4

where
h—the distance from tunnel bottom to ground surface (m) ;

B—angle between fracture plane and horizontal plane (°).

From the figure and The Law of Sines the following is obtained :

_ sin(B - ¢, )4/
T = SnT90° = (B <. + 0)]‘W‘ (D.0.2-5)

Substitute Eq. (D.0.2-4) into the above equation.to“obtain ;

1 2 Y
vl . D. 0. 2-

A ’ cosf (D.0.2-6)

tanB — tang
= : "8 D.0.2-7
A tan@, L tanB(tang »— tand) +"tang tanf ] ( )

tan’ 1)tang,

tanf = tang, + ( Moy + 1)tang, (D.0.2-8)

tanp, — tanf
where

A—lateral pressure coefficient.
Meanings of other symbols are the same as above.

At this point the maximum resistance T can be obtained. Substitute the obtained T into Eq. (D.0.2-3)
to obtain total vertical pressure acting on HG plane, Q

shallow *

= W -2Tsinf = W — yh*Atané (D.0.2-9)
shallow

Since GC and HD are often less than EG and EF and the friction angle between the lining and rock/

soil masses varies, 6 has been used in the previous calculation. When the middle mass slides

transferring load from FH and EG planes, a slightly higher pressure considered is safer to the

designed structure. Therefore, only the frictional resistance at arc crown is considered whereas that

at the tunnel proper is excluded, i.e. replace h with H in calculation, changing Eq. (D.0.29) to:
Qy = W- yH’ Atané



Because W =B HA
Quhatton = YH(B, = HAtanf) (D.0.2-10)
where
Bl

tunnel width (m).

It is converted into uniformly distributed load acting on the support structure, as shown in Fig. D.0.2-2.

Qsza,,ow H
9 shallow = # = ')/H[l - B—t)\tanﬂj (D 0. 2-11)

t

where

G aew—uniformly distributed load acting on support structure (kN/m” )

Meanings of other symbols are the same as above.

= h OOTITIW

¥ i
1 e,

Fig. D.0.2-2 Schematic“diagram of uniformly distributed load

Horizontal lateral pressure on,both.sides, of the support structure :

= yHA
Y (D.0.2-12)
e, "= YhA
When regarded. as tmiformly distributed, the lateral pressure is:
e :%(el te,) (D.0.2-13)



Appendix E
Calculation Method for Pressure from Rock
Surrounding Shallow Eccentric load Tunnels

E.0.1 Vertical pressure on eccentric load tunnel is caleulated frem ;

) :%[(h+h’)B—(Ah2 + A tand | (E.0.1-1)

Assume the eccentric load distribution diagram ‘is.consistent with-grotund slope (Fig. E.0.1).
%\e‘

Fig. E.0.1 Eccentric load distribution

where
h,h'—height from inner and outer crown level to ground surface (m) ;
B—tunnel span (m) ;
y—unit weight of surrounding rock (kN/m’) ;
f—friction angle on both sides of roof column (°) which may be obtained from Table D.0.2 if
no measurement data are available;
A ,A’—inner and outer lateral pressure coefficient, calculated from .

1 tanf — tang,
X
tanB — tanae 1 + tanB(tang, — tanf) + tang tanf

(E.0.1-2)

tanB’ —t .
N 1 anB’ — tang,

= E.0.1-3
tanB’ — tana 15 tanB’ (tang, — tanf) + tang, - tanf ( )




(tan’p, + 1) (tang, — tana)

tanB = tang, + tang. — tanf (E.0.1-4)
tan’p, + 1) (t +t
tan8’ = tang, + / (tan'g, + 1) (tang, + tana) (E.0.1-5)
tang, — tanf

where
a—ground slope angle (°) ;
¢,—Calculated friction angle of surrounding rock (°) ;

B,B’—inner and outer fracture angle at maximum thrust (°).

E.0.2 Horizontal lateral pressure on pressure on eccentric load tunnelis‘calculated as follows:

Inner side:
e, =7y hA k (E.0.2-1)

Outer side:
e, = WYX (E.0.2-2)

where

h;,h', —the distance from any point.i’onsinner and outer'side’to ground surface (m).



Appendix F
Calculation Method for Pressure from Rock
Surrounding Twin tunnels with narrow pillar

F.0.1 Shallow twin tunnels with narrow pillar in any geologieal.conditions shall undergo internal
force calculation, analysis and strength check by load - structure method. For deep twin tunnels
with narrow pillar, the lining structure in Class IV ~ VL surrounding rocks requires internal force

calculation, analysis and strength check.

F.0.2 To determine a twin tunnels with=small‘clearanceris,shallow or deep, assessment may be
made according to equivalent height for, loads, geological ¢onditions and construction methods,
using Eq. (F.0.2-1) and (F.0.2:2):
I = ONE2N\, (F.0.2-1)
By= hy + W, (F.0.2-2)
where,
H,—boundary‘depth for twin tunnels with narrow pillar (m) ;
h,—equivalent height for vertical loads on inner side of the arch of deep twin tunnels with
narrow pillar (m) ;
h,—equivalent height for basic vertical loads on deep twin tunnels with narrow pillar (m),
calculated from Eq. (F.0.34);
h,—equivalent height for additional vertical loads on inner side of deep twin tunnels with

narrow pillar (m) , calculated from Eq. (F.0.3-6).
F.0.3 Determination of pressure from rock surrounding deep twin tunnels with narrow pillar
1 Vertical pressure

Vertical pressure consists of basic loosening pressure g, and additional loosening pressure ¢,, ¢
(Fig. F.0.3-1).
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Fig. F.0.3-1 Distribution of load on twin tunnels with narrow pillar

Basic loosening pressure ¢, : surrounding pressure from lower stable arch above one tube, assumed
to be uniformly distributed (kPa).

Additional loosening pressure ¢, .q5: loosening pressure of lower surrounding rock of the ultimate
balanced arch formed by the left and right tunnels less the basic loosening pressure and the pressure

above the central rock pillar and borne by it, assumed to bestrapezoid distributed load (kPa).
Vertical pressure on twin tunnels with narrow pillar is calculatéd«from Eq. (F.0.3-1) and (F.0.3.2).

Outer side .

Qouer =0\ F G = V(hy + hy) (F.0.3-1)

Inner side:

qinner = ql + q; = 7(h(11 + h;z) (F. (). 3—2)

The balance arch-above, twin tunnels ‘with ‘narrow pillar is typically somewhere between the

following two ultimate’ states :

State 1 ; Improper_ excavation method or inappropriate reinforcement measures for the rock pillar
results in a lower bearing capacity of the rock pillar and expanding the extent of the balance arch
over left and right openings until a common balance arch is formed above them. In this case the
role of the rock pillar is neglected and excavation width of the whole twin tunnels with small
clearance is taken as collapse arch curve of unsupported tunnel span in the worst case scenario. The

height of collapse arch is;

R =0.45 x2" x [1 +i(2B, +B,, -5)] (F.0.3-3)

State 2: The reinforced rock pillar forms a column with a high bearing capacity that prevents
settlement of loosened rock/soil masses above and reduces the extent of the balance arch. A stable
balance arch is formed above each tunnel and the two balance arches do not affect each other. Take

the collapse arch curve for structural calculation of each opening of twin tunnels with small
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clearance as the most ideal scenario. The height of collapse arch is:

hy =0.45 x2°"'[1 +i(B, -5)] (F.0.3-4)

ql

Vertical rock load on twin tunnels with narrow pillar is given by

g, = vh, =0.45 x2"'y[1 +i(B, -5)] (F.0.3-5)
' / 4. P, 1B,, + B,
0= vhip = Y[ (h - hy) - YBHI]"B—"I (F.0.3-6)
o —_ 4 w Pz BW
9 = 'thz - 7[§(h, - hq]) - ’)/Bm]B—,: (F 03—7)

Note: If g, <0, then take ¢, =0; if ¢', <0, take ¢', =0.

where ,
i—rock load change rate for every 1m increase/decrease in excavation width, which may be
obtained from Table 6.2.2-1; take 0. 12"if the width is greater than 14m.
B,,—horizontal projection length of outer_ side' fracture plane,(m’),, which may be calculated
from Eq. (F.0.3-8):

B\, N tan (4524 ) (F.0.38)

B,,—horizontal projection length“of inner side'fracture plane (m) ;
; g 1 ) @,
B, | piin ?Bz,(Hl —H_ )tan|45° -3 (F.0.39)

H —tunnel excavation height (m).
H,—the height of the intersection point of outer side fracture plane and excavation line (m) ;
H_ —the theight of start of inner side fracture plane in side wall (m) ;
y—unit weight of surrounding rock (kN/m’) ;
¢.—calculated friction angle of rock mass (°);
B,—excavation width of one tube (m).

B_—width likely to collapse in one tube of a twin tunnels with small clearance, calculated from
Eq. (F.0.3-10):

B, = B +B,, +B, (F.0.3-10)

P

P,—support force of the rock pillar to upper rock mass.

The meaning of symbols is presented in Fig. F.0.3-2 and F.0.3-3.
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Fig. F.0.3-3 Schematic diagram of load calculatiomyfop-twin tupnels with small clearance (B,, >0)

For the rock pillar of twin tunnels with small.clearance, consideration ‘shall be given to increase in
rock mass compressive strength due to active support force from*tunnel support structures ( such as
prestressed cross-tie anchor). Accotding to Mohr—Coulomb strength theory, its converted strength
may be given by Eq. (F.0.3-11).

N - Pii—tsﬂ”ff?? (F.0.3-11)
< singe

where,

R{—converted.strength, of rock mass in-the rock pillar (kPa) ;

R—uniaxial ‘compressive design strength of rock mass in the rock pillar (kPa) ;
P,—active resisting force of support structure to the rock pillar (kPa) ;

¢—friction angle in rock mass of the rock pillar (°).

Therefore, the support force of the rock pillar to upper rock may be calculated from Eq. (F.0.3-12) .
_ RB,,
‘ K

z

(F.0.3-12)

where,
K,—safety factor of support capacity of the rock pillar, generally K, =2;
B,,—effective bearing width of the rock pillar (m), calculated from Eq. (F.0.3-13)

B, = B, - 2B, (F.0.3-13)

2 Horizontal lateral pressure
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When surrounding rock is Classes I-I1I;

Outer side:
€2~2=)\(q| +4q,) (F.0.3-14)

Inner side;
ey = A(q +q5) (F.0.3-15)

When surrounding rock is Classes [V-VI;

Outer side:

ey, =A(q +q, +vh) (F.0.3-16)
Inner side:

e .= A(q, + qydyh,) (F.0.3-17)
where ,

e', _,—horizontal pressure on the outside Of areh and“any point of side walls from
surrounding rock (kPa) ;
ey ,—horizontal pressure on .the inside of arch and any point of side walls from
surrounding rock (kPa);
h,—the distance fromcaleulation point to crown_(m) ;

A—lateral pressure coefficient.

F.0. 4 The pressure of ‘rock” surrounding“shallow twin tunnels with narrow pillar shall be
determined as follows:

1 When the twin tunnels with small clearance is in one of the following two states, uniformly
distributed vertical pressure and lateral rock load acting on the tunnel are calculated by the

same method as single- tunnel
1) Tunnel depth is less than h_;

2) Tunnel depth is greater than &, and less than or equal to H, but fracture plane intersection

q 9
point is at or above ground surface.

2 When the depth of twin tunnels with small clearance (H) is greater than £, and less than or

equal to H,, ground surface is nearly horizontal and fracture plane intersection point is

below ground surface;
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1) Vertical pressure

Outer side ;
g, = vH(l - —A'Hta“‘g] (F.0.4-1)
Bl
Inner side;
Q= YH[I - )‘ZHtanaj (F.0.4-2)
Bl
tanB — tang,
= ; : F.0.4-3
" tanB[1 + tanB(tang, — tanf) + tang tand ] ( )
B, (2H - 0.5Bt i - 0
LB 55 tanf) sin(B = e deos (F0.44)
2 Hcos(6 +B - ¢,)
(tan’g, % 1)tang,
tanB = tang, + e L oo (F.0.4-5)
2 ) Horizontal pressure
When surrounding rock is Classes 1-IH ;
Outer side ;
3 SENN] (F.0.4-6)
Inner side;
e, = \,q, (F.0.4-7)
When surrounding rock is Classes IV-VI;
Outer side ;
e, = A (q, +7vh,) (F.0.4-8)
Inner side;
e, = A, (g, +vh) (F.0.49)
where ,

B,—tunnel excavation width (m) ;
h,—vertical distance from calculation point to crown (m) ;
0—friction angle on both sides of roof slab soil column ( °), which may be obtained from
Table E. 0.2 if no data are available;
A,—outside and lateral pressure coefficient, obtained from Eq. (F.0.4-3) and (F.0.4-4);

b
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B—fracture angle at maximum thrust on sides (°) ;

¢, —calculated friction angle of surrounding rock (°).

The meaning of symbols is shown in Fig. F.0.4.

G F A
= v
!
) @
- D —M———F
| B LB B\ o

Fig. F.0.4 Schematic diagram of assumed, sliding sutface

F.0.5 The rock load of eccentric load twin tunmels with, narrow pillar shall be determined as

follows .

1 If ground transverse slope is skew , tinmel depth is lessitham/, or it is greater than A, and

less than or equal to H, and-fracture.plane intersection point is at or above ground surface,

the vertical pressure and horizontal pressure on both'sides are consistent with single-tube

tunnel.

2 If ground transyerse'slope is skews, ‘tunnel depth H is greater than h, and less than or equal

to H, and fracture,plane intersection point is below ground surface:

1) Vertical pressure
YA, h, * + Ah, >)tanf

, = . | = 1 2
ql ’yhl ZBL ( l hY )
Y\ hy ® + A h, P)tand .
q; = vh, - 2B, (i =34)
where
A 1 tanB, — tang,
= X
' " tanB, +tana = 1 + tanB, (tang, — tanf) + tang tand
\ 1 tan, — tang,
= X
> tanB, - tana 1 + tanB,(tang, — tanf) + tang tanf

1

tanB, — tang,
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X
tanfB;, + tana 1 + tanB; (tang, — tanf) + tang tanf

(F.0.5-1)

(F.0.52)

(F.0.53)

(F.0.5-4)

(F.0.5-5)



where ,

1 tanB, — tang,

= F.0.5-6
‘' tanB, - tana 14 tanB, (tang, — tanf) + tang tanf ( )
tan’g, + 1) (t +1
tanB, = tang, + J (tane, + 1) (tang, + tan) (F.0.5-7)
tang, — tanf
(tan’p, + 1) (tang, — tana)
tanB, = tang, +\/ tang. — tand (F.0.5-8)
hy+ h}
tanB, = tanB, = 223 2 (F.0.59)

z

4, .4, 95 ,q,~—Vvertical pressures on the left side of left tube, on the right side of left tube,

on the left side of right tube and on the right side of sight'tube;

A LA, AL A,—soil pressure coefficients on the left side oflefttube, on the right side of left

tube, on the left side of right tube and on the right“side of right tube;

B, .8, ,B; ,B,—angle between fracture plane and horizental plane on left side of left tube, on

the right side of left tube, on the left side ‘of right tube and on the right side
of right tube;

O0—friction angle on both sides of the rock and”soil column (°), which may be
obtained from Table B, 0. 2 'if'no ‘data are available;

a—angle of inclination’ of ground transverse slope:

The meaning of symbolstis shown in Fig. F.0.5.

AAAL W

Fig. F.0.5 Sketch for load calculation for eccentric load twin tunnels with small clearance

2 ) Horizontal pressure

where ,

e, = Ayh, (i
62 = )‘i’yh; (l

1,2,3,4) (F.0.5-10)
1,2,3,4) (F.0.5-11)

e,—horizontal pressure from top rock on the left side of left tube, on the right side of left

tube, on the left side of right tube and on the right side of right tube;
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e',—horizontal pressure from bottom rock on the left side of left tube, on the right side of
left tube, on the left side of right tube and on the right side of right tube;
h; .h';—as shown in Fig. F.0.5;
A, —see Eq. (F.0.5-3) ~(F.0.5-6).

F.0. 6 The pressure from rock surrounding twin tunnels with small clearance is related to
numerous factors including tunnel cross-section shape, dimensions, surrounding rock class, tunnel
depth, rock pillar thickness, excavation method, support type and parameter selection. In
particular, tunnel excavation method and reinforcing measures and effects for the rock pillar have a

big impact on the formation of balance arch and rock load.
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Appendix G
Calculation Method for Rock Load for Twin-

arch Tunnels

G.0.1 Shallow twin-arch tunnels should undergo internal force calculation, analysis and strength
check by load - structure method. For deep twin-arch tunnels only lining structure in Class III - VI
surrounding rocks requires internal force calculation ,“analysis and strength check; load - structure
method should be used. For twin-arch tunnels, simulation, analysissand calculation of construction

process may be considered using ground-structure.method.

G.0.2 To determine a twin-arch tunnel.is shallow or.deep ,/assessment may be made according to
equivalent height for loads, geological cenditions, and construction methods, using Eq. (G.0.2-1)
and (G.0.22) .

H 22 >2.5)h, (G.0.2-1)
h, =t (G.0.22)
y

where,,
H,—twin-arch tunnel boundary depth (m); take H, =2.5h, for Class IV ~ VI surrounding
rock/; take H =2h, for Class I-III surrounding rock.
h,—equivalent height for loads (m) ;
y—unit weight of surrounding rock (kN/m’).

g, =9 +q', calculated from Eq. (G.0.3-3) and (G.0.3-4).
G.0.3 The pressure of rock surrounding deep twin-arch tunnels shall be determined as follows:

1 Composition of pressure from rock surrounding deep twin-arch tunnels (Fig. G.0.3-1) .

1) Basic vertical pressure from surrounding rock (q) : pressure from surrounding rock in lower

part of stable balance arch above one tunnel; uniformly distributed load.
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Fig. G.0.3-1 Distribution of load on a deep twin-arch tunnel

2 ) Additional vertical pressure from surrounding rock (¢") : pressure from loosened rock in the
lower part of limit balance arch above left and right, tunnels Jess the basic pressure from
loosened rock mass, then multiplied by a certain-correction coefficient dependent on the

timing and degree of compactness of backfill 6n top of rock pillar.

3) Vertical pressure from rock on top of tock pillar( g, ) ; distributed load from loosened rock

between crowns of both tunnels andsthe, top of rock pillar.

2 Vertical pressure on deep twin-arch tunnels.

Theoretically, if the rock pillar is supported.before deformation of top rock occurs and in
tight contact,with the ground, then half width of the twin-arch tunnel shall be selected for
calculation of Joesening pressuré-on_the'tunnel. Practically, however, deformation of the
top rock has“occurred when the rock pillar is supported and perfect contact between the
rock pillar and surrounding rock is impossible. Therefore, a value between half width of
the structure and entire excavation width shall be taken for calculation of the loosening

pressure. Fig. G.0.3-2 gives collapse arch curves in various cases.

TRIRTRIR

Fig. G.0.3-2 Collapse arch curves for twin-arch tunnel
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Case 1; the support role of the rock pillar is neglected and take excavation width of the
whole twin-arch tunnel as collapse arch curve of unsupported tunnel span in the worst case

scenario. The height of collapse arch is:
Y =0.45 x2°7'[1 +i,(B -5)] (G.0.3-1)

Case 2; Take the collapse arch curve for structural calculation of half span of twin-arch
tunnel as the most ideal scenario. The height of collapse arch is:
k! =0.45 x2°"'[1 +4,(0.5B -5) ] (G.0.3-2)

Case 3: The assumed pressure arch curve for twin-arch tunnel is(related to the timing and
degree of compactness of backfill on top of the rock pillar. Vertical'pressure on deep twin-

arch tunnels:

g =vh =0.45 x2°"y [1 +i,(0,5B -5 ] (G.0.3-3)

q = Ey(hY —h)) = &y x0.45 x 2" X FBGi, - 0.5i,) -5(i, —i,)]
(G.0.3-4)
q, = y(H ~ H) (G.0.3-5)

where ,
g—basic vertical uniform pressure onsthe-tunnel, i. e pressureifrom rock in lower balance
arch formed above one tube (kN/ mj) ;
g'—additional vertical pressuré from Surrounding'rock (kN/m”) ;
q,—self-weight of triangular block between. rock pillar and arch shoulders on both sides
(KN/m’) ;
y—unit weight of surreunding rock ‘(kN/m’) ;
ki, h} —collapse arch.height calculatéd basedion 0. 5B and B widths respectively (m) ;

i, j,—rock pressure change rate calculated based on 0. 5B and B widths, taken from Table 6.
2.3-1-and as/0. 12 if width is greater than 14m;
B—overall*width of twin-arch tunnel (m) ;
&—additional load correction coefficient; & =0.2 ~0. 3 if backfilling of rock pillar top is

timely and top rock is in tight contact with top rock, otherwise & =0.6 ~0.7;

generally 0.3 ~0.6.
3 Calculation of lateral pressure on deep twin-arch tunnels;

Lateral pressures acting on the outside of lined arch and side walls, e, and e, ;
h
e, = yhiA

/ (G.0.3-6)
e, = y(h' + h)A

Horizontal rock pressure acting on linings on both sides of the rock pillar:

709



r_ /\ + ’
¢ =Alg+q) (G.0.3-7)
e;=A(g+q +q,)
where ,
q, q'—as shown in Fig. G.0.3-1;

A—nhorizontal lateral pressure coefficient.

G.0. 4 The pressure of rock surrounding shallow twin-arch tunnels shall be determined as
follows ;

1 Pressure from rock surrounding extremely shallow twin-arch tunmel ;

When its depth H is less than or equal to equivalent height-for loads %, the twin-arch
tunnel is called extremely shallow twin-arch tunnel. Its vertical pressure is calculated from .
g = \H (G.0.4-1)
q, = y(H, =) (G.0.4-2)
where ,
g—vertical uniform pressure on the tunnel (KN/m’) ;
q,—maximum load from triangular block 'bétween roek ‘pillariand arch shoulders on both
sides (kKN/m”) ;
y—unit weight of surrounding-tock*(kN/m”) ;
H,—the distance from rogk pillartop to ground surface~(m) ;

H—tunnel depth, i. ¢ the distance from ‘arcicrown to ground surface (m).

Lateral pressure is calculated from:
ey, = YHA

G.0.4-3
v(H + h)A ( )

€,
where
e, , e,~rlateral pressure on arc crown and bottom;
y/—unit weight of surrounding rock (kN/m”) ;
H—tunnel depth, i.e. the distance from arc crown to ground surface (m) ;

h—tunnel excavation height (m).

Horizontal rock pressure acting on linings on both sides of the rock pillar .
¢ = gk (G.0.4-4)
e;=(q+q,)A
where ,
e’ .e',.q.q, —as shown in Fig. G.0.4-1;
A—horizontal lateral pressure coefficient; refer to Appendix D Calculation
Method for Loads on Shallow Tunnels.
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The meaning of symbols is shown in Fig. G.0.4-1.
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Fig. G.0.4-1 Distribution of loads on extremely shallow twin-arch tunnel

2 Pressure from rock surrounding shallow twin-arch tunnel ( Fig. /G.0.4-2) .
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Fig."G. 07422 /Distribution of loadson general shallow twin-arch tunnel

When its*depthtis greater than h,and less than or equal to H_, it is called general shallow

twin-arch tunnel. Its vertical pressure is calculated from:

g = 'yH[l - gx\tanﬂj (G.0.4-5)

where/,

g—vertical pressure on the tunnel (kN/m”) ;

y—unit weight of overlying rock above the tunnel (kN/m”) ;

H—tunnel depth, i.e. the distance from arc crown to ground surface (m).
B’'—effective width of twin-arch tunnel (m) ;

6—friction angle of sliding surface (°), determined per Table D.0.2.

Where arch settlement and convergence are small during center heading excavation,
backfilling of rock pillar top is timely and top rock is in tight contact with the rock pillar,
B’ may be taken as (0.6 ~0.7) B if partial-drift excavation is carried out. Where arch

settlement and convergence are large, backfilling of rock pillar top is timely and top rock is
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G.0.5

follows .

in loose contact with the rock pillar, B’ may be taken as (0.7 ~1.0) B if top heading

and bench excavation or full face excavation is carried out.

Maximum load from triangular block between rock pillar and arch shoulders on both sides :
q, = y(H, - H) (G.0.4-6)

Horizontal pressure from rock on both sides of the tunnel .

e, =g\

(G.0.4-7)
e, = (g +yh)A
where ,
h—tunnel excavation height (m).
Horizontal pressure on the lining from rock on both sides| of! the rock pillar:
r_ A
“1= 24 (G.0.4-8)
e; = A(g +q,)

where ,
A—lateral pressure coefficient; refer toAppeéndix D Calculation Method for Loads on

Shallow Tunnels.

The pressure of rock surrounding eecentric load twin-arch tunnels shall be determined as

Vertical pressures

Assuming the seccentric load -distribution diagram is consistent with ground slope, total

vertical pressure“applied is;
) :%[(h+h’)B’—()\h2+A’h’2)tan0] (G.0.5-1)

q, = y(H, - H) (G.0.5-2)
where ,
h, h'—height from inner and outer crown level to ground surface (m) ;
g,—maximum load from triangular block between rock pillar and arch shoulders on
both sides (kN/m?) ;
B’'—effective width of twin-arch tunnel (m) ;
y—unit weight of overlying rock above the tunnel (kN/m”);
f#—friction angle on both sides of roof slab soil column (°), which may be obtained
from Table D.0.2;
A A'—Ilateral pressure coefficient on inner and outer sides, the same as single-tube

eccentric load tunnel.



2 Horizontal lateral pressure on eccentric load tunnel

Inner side

e; = vhA (G.0.5-3)
Outer side:

el = yh'A’ (G.0.5-4)
where ,

h, \h!—the distance from any point i on inner and outer side to ground surface (m) ;
e, .e/ —horizontal lateral pressure on eccentric load tunnel on inner.andseuter sides (kN/m’);

y—unit weight of surrounding rock (kN/m”) ;

Horizontal pressure on the lining from rock on both sides| of' the-rock pillar;

" AyH
G1= 4% } (G.0.5-5)
e, = AyH,

K77/ } (G.0.5-6)
e,'s AyH,

where ,
N N —lateral pressure coefficient ‘on ‘inner and. outer<sides, the same as single-tube
eccentric load tunnel;
H—the distance from -crown “horizontal line in-the center of rock pillar of twin-arch
tunnel to ground surface', as shewn in Fig. G.0.5;
H,—the distance/from the top of rock.pillar of twin-arch tunnel to ground surface, as
shownsin Figy,-G.0.5.

Fig. G.0.5 Loads on eccentric load twin-arch tunnel

G.0.6 When calculating the rock loads on the support structure of twin-arch tunnel using the
above equations, it must be assured that center heading is used, the rock pillar top is backfilled and

compacted and rock on top of the rock pillar is stable.
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Appendix H
Calculation Method for Backfill Load on Cut-and-
cover Tunnel

H.0.1 Vertical pressure from soil backfill on arch ring may.be calculated from Eq. (H.0.1):
q; 27\ h, (H.0.1-1)
where ;
q,—vertical pressure from soil backfillydt any point i on cut*and-covet tunnel structure (kN/m’) ;
v,—unit weight of backfill on extrados (kN/m’) s

h,—height of soil column at any peint i on cut-and-cover tunnel structure (m).

H.0.2 Lateral pressure from backfill on arch.ringqmay’be calculated from Eq. (H.0.2-1):
e, =y, hA (H.0.2-1)
where ;
e,—lateral pressure value at any point i (kN/m’) ;
v,, h,—thesame as previously described;

A—lateral pressure coefficient.
Lateral pressure coefficient may be calculated in the following two cases

1) When fill slope inclines upward ( Fig. H.0.2-1), it is calculated per unconfined soil mass:

cosa — +/cos’a — cos’ g,

A = cosa (H. 0.2-2)

2 2
CoS + ,/COS & — COS @,

where .
a—design fill slope angle (°) ;
¢, —calculated friction angle of backfill on extrados (°).

2) When fill slope inclines downward ( Fig. H.0.2-2), it is calculated per confined soil
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mass ;
A= 1 —un . _mn
“(m+n)cosp+ (1 —un)sinp m-n

(H.0.2-3)

where .

p—angle between lateral pressure action direction and horizontal line (°) ;
n—Ratio of side slopes excavated;

m—Ratio of backfilled slope surface;

pu—frictional coefficient between backfill material and side slopes excavated surface.

Fig. H.0.2-1 Fill slope inclining upward Fig. H.0.2-2 Fill slope inclining downward

H.0.3 Lateral pressure from backfill behind.side walls may“be calculated from Eq. (H.0.3-1):
er=y,hA (H.0.3-1)
where .

¥,—unit weight of backfill behind wall (kN/m’);

h;—converted height of caleulation point en-side wall,h; = h] + hh,

2
h'—height from wall top-to calculation“point (‘m) ;
h,—vertical-heightfrom fill slope-surface to wall top (m) ;
A—lateral pressure-coefficient.

Lateral pressure coefficient may be calculated in the following three cases:

1) When fill slope inclines upward (Fig. H.0.3-1) .

2
COS
A= L (H.0.3-2)

[1 +\/singozsin(<p2’ -a’) T
cosa

2) When fill slope inclines downward (Fig. H.0.3-2) .
)z tand,
“tan(6, +¢,) (1 + tana’tané, )

(H.0.3-3)

where .

¢,—calculated friction angle of backfill material behind wall (°).
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Fig. H.0.3-1 Fill slope inclining upward Fig. H.0.3-2 Fill slope inclining downward
, Vi
a' = arctan| —tana (H.0.3-4)
Y2
—tang, + /(1 +tan’ 1 + tana'/tan
tand), = ) ( . @) ( , ‘ ®,) (H.0.3-5)
1 + (1 +tan @, ) tana’/tang,
3) When fill slope is horizontal .
)\ = tanz(:‘z ya &j (H 03-6)
4 2



Appendix J
Calculation Method for Soil pressure on Portal
Wall

J.0.1 The pressure on end wall, wing wall and retaining wall of tunnel portals may be calculated

as follows:

1 The angle between the most dangerous-fracture planc¢tand vertical plane .

. tan’@, + tanatane — /(1 +tan’@,) (tang, ~tane) (tang, + tana) (1 — tanatang )
anw = ' *
tang (1 +tan’®_) — tang (1< tanatans )
(J.0.1-1)
where ;
¢,—Calculated friction,_angle/of surrounding rock (°) ;
&, a—ground slope angle and wall“face dip angle (°), as shown in Fig. J.0.1.
Oy ! oy |
Ifa#0 Ifa=0
Fig. J.0.1 Schematic diagram of ground slope angle and wall face dip angle
2 Soil pressure :
E:%y/\-[H2+hO(h’—h0)] b g (1.0.12)
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N e (T ) (0-13)
' = m (3.0.1-4)

where .

E—soil pressure (kN) ;

vy —unit weight of strata (kN/m’) ;

A—Tlateral pressure coefficient;

o —fracture angle of soil behind wall (°) ;

b—-calculated strip width of portal wall (m) ;

&—uncertainty coefficient for soil pressure calculation mode, which may be taken as £ =0.6.
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Appendix K
Calculation Method of Seismic Load

K.0.1 When using static method for calculation, seismic loads, applied on the structure consist
mainly of earthquake inertia from lining self-weight, earthquake inertia from overlying soil column
and increment in earthquake-induced lateral soil pressur€. Tunnel seismic response in cross-section
direction may be calculated based on the sketch given<inFig. K:0.1.

—

Fig. K.0.1 Sketch for calculation by static method

K.0.2 The earthquake inertia from lining self-weight is the inertia of the structure itself caused by
earthquake acceleration. Its earthquake effects in horizontal and vertical directions are calculated
respectively from Eq. (K.0.2-1) and (K.0.2-2) .
E,=Am, =C,CAm, (K. 0.2-1)
E,=KAm, =K, C,CAm, (K.0.2-2)
where :
C,—seismic importance coefficient, obtained from Table 16.2.3;
C,—site adjustment coefficient, which may be obtained from Table 5. 2.2 of Specification of
Seismic Design for Highway Engineering (JTG B02—2013 ) ; take 1. 0 if the seismic
ground motion parameter adopted is applicable to the tunnel site;

A—nhorizontal basic seismic peak ground acceleration, obtained from Table 16. 2. 2 in the
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Specifications;

m,—weight at calculation point of tunnel lining (kg) ;

K,—ratio of vertical seismic peak ground acceleration to horizontal seismic peak ground
acceleration, which may be obtained by conversion from Table 3. 3.2 of Specification of

Seismic Design for Highway Engineering (JTG B02—2013).

K.0.3 In calculation, assume the earthquake inertia of overlying soil column which acts on the
soil unit centroid (Fig. K. 0. 1), its value is calculated from Eq. (K.0.3-1) and (K.0.3-2). In
calculating structural internal force, simplify this earthquake force using force shift theorem into

nodal forces and bending moments on the upper lining.

Horizontal earthquake effect of overlying soil column.
Fy=A,0/8 ; (K.0.3-1)

Vertical earthquake effect of overlying soil column:
F., =K A;Q78 (K. 0.32)

Vertical soil pressure of overlying soil eolumn .

0, :%[ZhiB'i E(MHK + A ytand, | (K. 0.3-3)

where :
A,—horizontal design seismi¢ peak ground acceleration, calculated from Eq. (K.0.2-1);
g—gravitational acceleration;
y—unit weightyof surrounding rock (kN/m) ;
h,—height of overlying soil columnsy.taken as the value of H, (m) when the height of
overlying*“soil celumn is greater-than maximum calculated height of overlying soil column
H(see Table K.0.5 in the appendix) ;
B, —width-ef“overlying soil column (m) ;
6,—friction angle on both sides of soil column (°) ;
A, ,A,—Inner and outer lateral pressure coefficient in the event of earthquake, calculated from the
following equation ;
(tanB, —tang, ) (1 —tanf,tanh)

A= (tanB, —tana) [ 1 + tangB, (tang, — tand, ) + tang, tané, | (K.0.3-4)
A = (tanB, —tang, ) (1 —tané,tanf) (K.0.3-5)
2 2 2 2 2 2
(tanB, +tana) [ 1 + tanB, (tang, — tanf,) + tanep,tané, |
(tan’p, +1) (tang, — tana)
tan3, =tang, + (tang, - tand,) (K.0.3-6)
(tan’@, + 1) (tang, + tana)
tanB, = tang, + J (tang, — tanf,) (K.0.3-7)
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¢ =¢, 0 (K.0.3-8)

0, =¢, +6 (K.0.39)
6,=0, -0 (K. 0.3-10)
0, =6,+6 (K.0.3-11)

where .
¢,—Calculated friction angle of surrounding rock (°) ;

O0—-earthquake angle, obtained from Table K. 0.3; take 6 = O if there is no earthquake;
a—ground slope angle (°); take a = 0O if the ground surface is level grade;

B, ,B,—inner and outer fracture angle at maximum thrust (°).

Meanings of other symbols are the same as above.

Table K.0.3 Correspondence between horizontal basic seismic peak

ground acceleration and earthquake angle

Level of fortification ( degree) 7 8 9
Horizontal basic seismic peak ground
. 0.10 0.15 02 0.3 0.4
acceleration A (g)
Earthquakeangle 6 1230* 3° 4°30’ 6°

K.0.4 Increment in lateral soil pressure, in the event of earthquake shall be calculated as follows .

1 Inner side soil pressure increment ;
Aey =CCyh (A, - 1) (K. 0.4-1)

2 Outer side’ soil, préssure increment

Ae,, =C,Cyhy,, (A, —=A") (K. 0.4-2)
where
A ,A’—nofmal lateral pressure coefficient on inner and outer sides;

h,;, h,—distance from any point i on inner and outer sides of the lining to ground surface (m) ;

Meanings of other symbols are the same as above.

K.0.5 Research shows in seismic calculation by static method, the internal force in lining
structure is dependent on surrounding rock conditions, tunnel span, seismic peak ground
acceleration and other factors while maximum calculated height of overlying soil column is only
dependent on surrounding rock conditions and tunnel span, where surrounding rock class is
determined based on the criteria presented in the Specifications and tunnel span is divided into two-

lane and three-lane tunnels according to commonly used number of lanes. Obtain maximum
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calculated height of overlying soil column H, from Table K. 0.5 according to the class of rock
surrounding the tunnel and tunnel span. If the height of overlying soil column is less than the
corresponding value in Table K. 0.5, actual height shall be used in calculation; if the height of
overlying soil column is greater than the corresponding value in the table, then the corresponding

value in Table K. Q.5 shall be used in calculation.

Table K.0.5 Maximum calculated height value (H,) of

overlying soil column at crown by static method

Condition Depth for seismic calculation
Span Two-lane tunnel '\Three-lane tunnel
Class I-IT surrounding rock 0.5B 0.5B
Class III surrounding rock 1.5B 1.0B
Class IV surrounding rock 2.5B r 2.0B
Class V surrounding rock 3.0B 2.5B

K.0.6 Seismic effects on cut-and-cover tunnel ‘and shed.tunnel may be calculated as follows; the

calculation sketch is shown in Fig. K.O0.6.

Ae,

Fig. K.0.6" Sketch for calculation of\seismic effects on cut-and-cover tunnel and shed tunnel

1 Seismic force from structural self-weight may be calculated according to K. 0.2 herein;

2 Horizontal seismic earth load from backfill at arc crown:
g =Ahy/g (K. 0.6-1)
where .
h,—backfill thickness at calculation point (m) ;
y—unit weight of backfill (kN/m’) ;

Meanings of other symbols are the same as above.

3 Vertical seismic earth load from backfill at arc crown:
gy =k,Ahy/g (K.0.6-2)
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4 Increment in lateral pressure from backfill at the sides is calculated from Eq. (K.0.4-1)
and (K.0.4-2).

K.0.7 Horizontal seismic additional load from the self weight of portal wall and retaining wall
may be calculated from Eq. (K.0.7-1) and (K.0.7-2) .
E,,=CAW¥ m,, (K. 0.7-1)
E., =CKAY, m, (K.0.7-2)
where .
E, ,—horizontal seismic load at wall gravity center above the i" section. (kN) ;
E,,—vertical seismic load at wall gravity center above the i" section” (kIN) ;
m,,—wall weight above the i" section (kg) ;
,,—distribution factor of horizontal seismic load along wallheight,  which may be taken
according to Eq. (7.2.3-2) in the Specification of Seismic Design for Highway
Engineering (JTG B02—2013).

Meanings of other symbols are the same as above:

K.0.8 Seismic active soil pressure from clayed fill'soil may be'calcnlated from Eq. (K.0.8-1):

1 ) coSsw
= | —yH N
Ee [27 +chos(a—,8)

where : y—gravity and density. of clayed fill soil (kN/m?) ;

)Kpsp +2cHK,, (K.0.8-1)

H—portal wall or_retaining«wall height-¢m) ;
g—uniformly distributed 10ad on sliding wedge (kN/m) ;
a—the angle between.portal wall,or retaining wall back and vertical line (°) ;
B—the angle,between fill-surface ‘and horizontal plane (°) ;
c—cohesion+factor of clayed fill soil ;

K ~ecoefficient of seismic active soil pressure;

K_,—coefficient, calculated from Eq. (K.0.8-3).

The angles are shown in Fig. K.0.8.

K, in Eq. (K.0.8-1) is calculated from Eq. (K.0.8-2):
2
K, = cos’ (¢ —a—0) (K.0.8-2)

cosfcos’acos(a +6 +6) [1 + J;IEEZ tg))iigs((éfx:%;%)) }

where :

¢—internal friction angle of fill (°) ;

o—friction angle between fill and portal wall or retaining wall back (°).
1 —sing

Ky=—""" (K.0.8-3)
COS¢p
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Fig. K.0.8 Schematic diagram for calculation of seismic soilspressure

Earthquake angle 6 is obtained from Table K. 0. 8.

Table K.0.8 Values of earthquake angle

Design earthquake intensity 7 8 9

Above-water 1.5 3.0 6.0

Earthquake angle 6 (°) ,
Underwater 25 [ 5.0 10.0

K.0.9 Seismic passive soil pressure-of clayed fill may, be ealculated from Eq. (K.0.9-1) and
(K.0.9-2) .

7 r( 1 /M cosa
E. -~ (2 yH® + qH Sos( AN ]Kpsp +2cHK, (K. 0.9-1)
sin( @ — @) + cosf
B K.0.9-2
L cosfcose (K.0.9:2)

where ;
K ,,—eoefficient/of seismic passive soil pressure;
K ,=¢oefficient of passive soil pressure arising from the cohesiveness of soil.

Meanings of other symbols in the equation are the same as above.

K.0.10 When seismic soil pressure acts at g =0, the location H/3 from wall base may be taken;
when ¢ #0, fill height converted from q shall be added to H.

K.0.11 If the fill behind portal wall or retaining wall is cohesionless, seismic active soil pressure
acting on the wall back may also be calculated from the following simplified equation:

1 3CA
E., :EyH K, 1+ tang (K.0.11-1)
8

2
cos

e (K.0.11-2)
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where ;
E,,—active soil pressure acting on each liner meter length of wall back when earthquake occurs
(kKN/m) , at a distance of 0.4H from wall base;
y—gravity and density of earth (kN/m’) ;
H—wall height (m) ;
K ,——coefficient of active soil pressure acting on wall back under non-earthquake conditions;
¢—internal friction angle of earth behind wall (°) ;

C,—seismic importance coefficient.
If presence of liquefiable soil layer or soft soil layer below groumd surface at the wall is

established, the active soil pressure acting on wall back shall be calculated from Eq. (K.0.11-3) .

E,, :%sz(KA +2C.A/g) (K.0.11-3)

Meanings of symbols in the equation are the same as{above.
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Appendix L
Load Structure Method

L.0.1 Design principle:

The load structure method is based on the design_principle that ground action following tunnel
excavation is mainly to apply load on lining structure rwhich shall be able to safely and reliably
withstand the loading from rock load. First determinée rock load by ‘stratum classification method or
practical formula; then calculate internal force in.the lining by. the'calculation method for structures

on elastic ground and carry out structural section design.
L.0.2 Calculation principle:
1 Basic unknown quantity-and basic equatien

Take the displacement of lining structural nodes as basic unknowns. Based on the principle of
minimum potential enérgy or variational principle, the equilibrium equation for system overall
solution is derived as:

[K]{6] ={P] (L.0.2-1)

where .

{8} —vector composed of joint displacement of lining structure, i.e. {§} = [§,6,--9, ] ;

{ P} —vector composed of load at lining structure nodes, i.e. {P} =[P,,P,,--P,1";

[ K ]—overall stiffness matrix of the lining structure, as m x m square matrix where m is total
number of system degree of freedoms of nodes.

e

Matrixes { P}, [ K] and {8| may be assembled of element load matrix {P}°, element

stiffness matrix [ k]¢ and element displacement vector matrix {8} °. Therefore, in analysis by finite
element method elements need to be divided to establish element stiffness matrix | k]° and element

e

load matrix { P} °.
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If the axis of load-carrying structure of the tunnel is in an arc shape, the arc needs to be
simulated by broken line elements. When dividing elements, only the length of the element needs
to be determined. The member thickness d is the thickness of the bearing structure; member width

is taken as 1 (m). The corresponding cross — sectional area of the member is A =d x 1 (m’);

bending moment of inertia is [ = 11—2 x1 xd (m"); its elastic modulus £ (kN/m’) is taken as the

elastic modulus of concrete.

2 Element stiffness matrix calculation

Set node displacement of beam element under local coordinate system'as {8} = [u_l.,v_,,B_l.,u_j,
(fl =1kl {6} | (L.0.2-2)

where

[%] “ is stiffness matrix of beam element under local eoordinate system, and .

 EA EA i

/ 0 0 . 0 0
12EI OFI 12EL. 6FEI
0 ~OND D XKD T
6Ll 4F1 6EI  2FEI
12 vaNXT XNTFE T
[k]®= £ % (L.0.2-3)
=— 0 0 £ 0 0
) l
12ET 6E] 12EI 6El
e AN\
o  OEL \“N2EL . 6El 4EI
L r l P l

where .

[—beam ¢lement length;
A—sectional area of beam;
I—moment of inertia of beam

E—elastic modulus of beam.

For the overall structure, the local coordinate system used for each element varies. Therefore,
when establishing overall matrix, the element stiffness matrix [%]“ established under local
coordinate system needs to be converted by Eq. (L.0.2-4) into element stiffness matrix [ k|°
under global coordinate system.

[k} =[T]"[k]°[T] (L.0.2-4)
where ;

[ T ]—transposed matrix, expressed as:
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[ cosB sinB O
-sinB cosB O
0 0 1

T =
7] 0 0 0
0 0 0
L 0 0 0

where .

B—the angle between local and global coordinate systems (°).

3 Ground reaction mode

Elastic resisting force of ground is given by

where

where .

0 0

0 0

0 0
cosB  sin8
—sinB cosB

0 0

Fn = Kn : Ul]
F, =K, + U,
K, 2Ur=0
K=
K., s Us<0
(K5, U;=0
&Y
K™~ U,<0

F,, F,—normal and tangential‘elastic resisting-force.

- O O O O

(L.0.2-5)

(L.0.2-6)
(L.0.2-7)

(L.0.2-8)

(L.0.29)

K, and K| are the corresponding elastic resisting force coefficient of surrounding rock, and K*

and K~ are resisting force, coefficients ih Compressive and tensile zones respectively ; commonly, set

K, =K. =0.

After member-€lement is determined, ground spring element can be determined; it is only

arranged at the/nodes of member elements. Ground spring elements may be arranged along the

entire section or at some nodes. Where ground spring elements are arranged along the entire

section, deformation control analysis by iteration method is required during calculation to identify

the exact location of the zone of resistance.
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Appendix M
Ground-Structure Method

M.0.1 Design principle:

The ground-structure method is based on the design principle that treats the lining and ground
as an integral system carrying loads and calculates sinternal forces in the lining and ground
respectively while meeting deformation compatibility” cenditions “to check ground stability and
develop structural section design.

The current predominant calculation’method:is finite element method that applies to design of

linings in soft rock or stable ground:
M. 0.2 Calculation of initial In-SitusStress :

1 Initial self-weight stress
Initial self-weight, stress is frequently~calculated by finite element method or by given

horizontal lateral pressure’coefficient.

1) Finite element method
Initial self-weight stress is calculated by finite element method and converted to equivalent

nodal load.

2) Given horizontal lateral pressure coefficient method
With given horizontal lateral pressure coefficient K, initial self-weight In-Situ Stress is
calculated from the following
o, = XvH, (M.0.2-1)
ot=K,- (o,-P,) +P, (M.0.2-2)
where :
o, o%—initial self-weight In-Situ Stress in vertical and horizontal directions;

v,—unit weight of rock in the ith layer above calculation point;
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H,—thickness of rock in the ith layer above calculation point;
P —pore water pressure at calculation point. When groundwater head variations are not
considered, P, is determined by hydrostatic pressure at calculation point, i.e. P, =

v, * H, (v, is groundwater unit weight and H, is groundwater table difference).

2 Tectonic stress

Tectonic stress may be assumed to be uniformly distributed or linearly distributed stress.

Assuming the direction of principal stress action remains constant, the universal expression of two-
dimensional plane strain is:

o, =a, +a,z2

(M.0.23)

where ;
a, ~ as;—constant coefficient;

z—vertical coordinate.

3 Initial In-Situ Stress

Add initial self-weight stress to tectonic $tress to derive initial’In-Situ Stress.
M. 0.3 Constitutive model:
1 Rock mass element

1) Elastic modet

For a plain strain problem, stress increment of isotropic elastomers may be expressed as:

E\E, _/~1'121th1 EE p, (1 +upy,) 0 ]
A, E, E, Ag,
%AO-} :t‘AO-Z :[D] {Agi = Ehau'vh(l +/~th) E?/(l _/“L}Zm) 0 A‘c"z
A Tzx EO EO A’yzx
L 0 0 Ghv_
(M.0.3-1)

where ; E,—elastic modulus in vertical direction (z) ;
E,—elastic modulus in horizontal direction (X, y);

m,,—Poisson’ s ratio of vertical strain to horizontal strain ( Poisson’ s ratio within
vertical plane) ;

Mm,,—Poisson’ s ratio within horizontal plane;

G,,—shear modulus within vertical plane.
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Stress increment of isotropic elastomers may be expressed as:

1 1L 0
Ao, K Ae,
_ _ __ E(d-p) M
{Ac} = A0, _[D]<A8;_(1+/.L)(1—2/JJ) - 1 0 Ae,
ATZX 0 0 I—ZM A'yzx
L 2(1 -p)

(M.0.3-2)

2 ) Non-linear elastic model
Using Duncan-Chang model assumptionsand assuming the stress-Strain telationship may be
approximated by hyperbola relationship, when principal stress g3 remains constant :

£

o, -0, (M.0.3-3)

" a+be,

Assume hyperbola relationship also exists between axial strain ¢, and lateral strain &, then:
£,
g =5

' fadeg

(M. 0.3-4)

where .

a, b, f, d—parameters determined by test.

In different stress states, elastic' modulus is expressed as:

R (l —Sin(b)(o", —a )i|2 o n
E S~ D Bk kP, | D2 M. 0. 3-
' '[1 2ccosd+ 20 ysind °\p, (M.0.3-5)

where ; R,—failirerratio jyless than T.( typically/0.75 ~1.0) ;
¢, ¢—soil.cohesion and internal friction angle;
P,—atmospheric pressure, generally 100kPa;

K., n—~parameters determined by test.

In different stress states, Poisson’s ratio is expressed as:

G - Flg [‘;*]
I S

(1-A)*
(o,-0,)d

Kpo[ﬁ]"[l R(1 -sing) (o, _03)}

2ccose +20,sing

u, = (M.0.3-6)

(M. 0.3-7)

where .
G ,F ,d—parameters determined by test. Elastic matrix [ D] can be determined from E, and pu,

in this stress state.
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3) Elastic-plastic model

(DYield criterion
To determine whether the material is in plastic state, Drucker-Prager or Mohr—Coulomb yield
criterion is applied. The Drucker-Prager yield criterion is expressed as:
f=a- 1 +./J, k=0 (M. 0.3-8)
where ;
I,—the first invariant of stress tensor;

J,—the second invariant of stress deviator;

sing k= 3 Ccos

o= , (M.0.39)
J3/3 +sin’p 3 +sin’¢p
Mohr—Coulombyield criterion is expressed as:
. .
f= %I. sing — [0080 + Esmﬁsmquﬂ +Ccosd =0 (M. 0.3-10)
- J
where O:Lsin'] 33 s |, - T<0T,
3 2 (J,)" 6 6

J,—the third invariant of stress deviator.

(2Elasto-plastic matrix
After the material becomes \plasticy, its elasto-plastic stress-strain relationship increment is

expressed as;

gt AN
do} = | D12 {jf}r{a"} —r|fe| = (101 -[D,]) 1de} =[D,,] |de]
w4 (i) T
(M. 0.3-11)
where ;

(D], [D,], [ D, ]—elastic matrix, plastic matrix and elasto-plastic matrix of the material
respectively ;
A—parameter related to material hardening; A =0 in ideal elasto-plastic
condition ;
J—function of yielding surface;
g—vplastic potential surface function; g = f when associated flow rule is

applied.

(3Calculation process for elasto-plastic analysis
During incremental time step loading, after some rock and soil become plastic, excessive

plastic strain induced by material yield is transferred in the form of initial strain and shared by all
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elements of the entire system. In each time step, each element and the initial strain corresponding
to excessive plastic strain both act in the form of equivalent nodal force and are treated as additional
nodal load at subsequent calculation for iterative operation until the final calculation time of time

step, while meeting the given accuracy requirements.

4) Visco-elastic model
Three-element generalized Kelvin model consists of elastic elements and Kelvin model in

series, as shown in Fig. M. 0. 3.

Fig. M.0.3 Generalized Kelvin model

Its stress-strain relation is expressed as:

n . _ ‘i’]E‘1 g’ E]‘Ez )
E,+E2U+J_E1+E28+E,+E28 (M.0.3-12)

Creep equation after application of linings, is%
&(1) —[*+~<1—e Wagzo,d(1) (M.0.3-13)

where .
J(t)—creep compliance ;

o ,—constant stress.

2 Beam element

See “Element stiffn€ss matrix calculation” in Appendix I.

3 Bar element

Set node displacement of bar element under local coordinate system as (6t =l[u,v,u,v]"

and the corresponding joint force as | fl = [X, Y,X, Y, Y.]", then:
B i f }—ﬁkHS} (M. 0.3-14)
where [ k| is stiffness matrix of bar element under local coordinate system, and:
[ EA EA ]
R
- 0 0 0 0
(k] = (M. 0. 3-15) where
EA EA
B =
[ [
L O 0 0 0]

l—pole length;
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A—sectional area of pole;

E—-elastic modulus of pole.
4 Contact surface element

The contact surface is simulated by no-thickness joint elements. When normal and tangential

couplings are not considered, the increment is expressed as:
A T K, 0 |(Au, Au,
{ }: (K] (M. 0.3-16)
Ao, 0 K, |{Au, Au,

K,—tangential stiffness of contact surface;

where .
K, —normal stiffness of contact surface.

The stress-strain relation of contact surface material is generally non'linear and it is often in
plastic stress state. Where Mohr-Coulomb yield conditionis used, joint material is assumed to be
ideal elasto-plastic material and associated flow rule is applied;~for a plain strain problem, the shear

sliding plastic matrix of contact surface element may be.derived as:
1 [ KRS,
D, ] =X
[D,] 5\

! (M. 0.3-17)
where S, = K, + K tan’¢, S, = K, tang

KSN S
¢—internal friction angle of contact.surface (°).

For non-linear contact surface elements, thewrelation between stress and relative displacement is

expressed as;
Au

=K+ Au, LA ——— (Au, <v,) (M.0.3-18)
v, —Au,
where .

v, —normal maximum permissible amount of embedment of contact surface element.
M.0.4 Element model:.

1 One-dimensional element

For two-node one-dimensional linear element, set nodal displacement as {8} = {u,, v,, u,

v;| and the displacement of any point on the element is:

u=2Nu, (M. 0.4-1)
where N is interpolation function and .
N,:lz“f,szlf (M.0.42)

2 Triangular element

For a three-node triangular element, assuming node coordinate as {x,, y,, Xy Vs X, Yol
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nodal displacement as {8} = {u
(X, Y,X,7,X

in the element is:

i» Vi, u;, v;, u,, v, | and the corresponding nodal force as { F| =

Y, |, when linear displacement mode is taken, the displacement of any point

m?

u
[ ]:[N]ﬁﬁ} (M.0.43)
v
where [ N] is shape function matrix, i.e. ;
N, O N O N, 0
[N] = (M. 0. 4-4)
0 N N, 0 N,

1
where N, _ZA(ai +bx+cy)

A—element area.
a;, =xX;ym —XnY;
b=y, =V

c, =X, —X,

3 Quadrilateral element
For a four-node isoparametric element, assuming nodal displacement as {6} = [u,,v,,u,,v,,
uy,v,,u,,v, ], the displacement mode can be'given'by bilinear ifiterpolation function ;

u =N, +Nyus+ Nyu, + N,u,

(M.0.4-5)
V=N, +NV, + Nyvi+Nw,
where N is interpolation funetiom ,»i:e} :
| 1
W, = (M) €1 )
1
Ny &L+ 8) (1= m)
(M.0.4-6)

NAL (6 (1)

Ny = (1-8)(1+7)

M. 0.5 Construction process simulation .

1 General expression

Simulation of excavation process is generally achieved by applying relief load on excavation
boundary. A relatively complete construction stage is called a construction step and assume each
construction step includes several increment steps. Then the excavation relief load corresponding to
this construction step may be released gradually in the increment steps included to accurately
simulate the construction process. In specific calculation, the amount of load relief in each
increment step may be controlled by release coefficient.

For the state of each construction stage, the expression for finite element analysis is:
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[K],{A8}, = [AF,|, + [AF,|, + [AF,},  (i=1,L) (M.0.5-1)
[K],=[K],+ $[AK],  (i=1) (M.0.52)

where .
L—total number of construction steps;
[ K],—total stiffness matrix of rock/soil masses and structure in the i" construction step;
[ K],—total initial stiffness matrix of rock/soil masses and structure ( present prior to the start
of construction) ;

[ AK | ,—increase or decrease in rock/soil masses and structure stiffness in the A™ construction
step during construction to reflect excavation, fill of rock/seil masses element and
construction or removal of structural element;

{ (AF.)} ,—equivalent joint force of relief load at excavation boundary in the i" construction step;

1

{AF, | ,—equivalent joint force of added self-weight in the i" gonstruction step;
AF |

{ —equivalent joint force of increased load in the i™.construction step;

pli
{ A8} ,—joint displacement increment in the i"" construction step.
For each construction step, the expression ifor finit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>