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

No.48

Public Notice on Issuing the English Version of Design
Guidelines for Highway Safety Facilities

The English version of JTG/T D81—2017 ( EN) Design Guidélines for Highway Safety
Facilities is issued hereby for international cooperation”_and standardization of highway

transportation industry.

The general administration and final interpretation “of the Eunglish version of the Guidelines
belong to Ministry of Transport, while particular interpretation fors application and routine
administration of the English version of the“Guidelines, shall be provided by the China
Committee of Highway Engineering Standardization, the editing organization in charge of the
English version.

In the event of any ambiguity o discrepancies<on the”technical contents between the English
version and the Chinese vexsionof the.Guidelines, /the Chinese version shall be referred to and
accepted.

Comments+ suggestions and inquiries are welcome and should be addressed to Highway Branch
of ChinaAssociation for Engineering Construction Standardization ( Address: No. 8, Xitucheng

Road, Beijing, Postal Code: 100088, E-mail: h. chai @ rioh. ¢n). The feedbacks will be

considered in’future revisions.
It is hereby announced.

Ministry of Transport of the People’ s Republic of China
September 20, 2023

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




Introduction to English Version

Standards reflect the achievement of civilization, provide ‘eommon language
for technical communications, and improve global “eonnectivity. In recent years,
the Chinese government has been proactively| implementing a strategy on
standardization to stimulate innovation, _¢oerdination, greening, opening up
and sharing for reciprocal development i China“and worldwide. In the light of
mutual development along the Silk, Road EeonomicBelt and the 21st-Century
Maritime Silk Road (so called ‘the/Bélt'and Road Initiative’ ), the Ministry of
Transport of the People’ s Republichof ‘China ofganized translation and published
an international version ofithe Chinese transpertation industry standards and
specifications  to _cater . for», ‘the dncreasing| demands for international
cooperation in world “transportation, ‘achieve interconnected development and

promote  knowledge “dispersion ‘and sharing experience.

JTG is the designation referring to the standards and specifications of the highway
transpottation industry = issued, by ‘the Ministry of Transport of the People’s
Republic “of #China. It "covers the standards and specification in terms of
technology, administration and service for the process from highway planning
through to highway maintenance. The criteria for safety, environment and

economic assessment are also included.
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Highway safety facilities are important parts ,of the highway system, which play
critical role in traffip’adcident prevention -and decrease, reduction of traffic
accident severity, life protection, sand the improvement of highway safety. As the
technical guidanee forthighway safety faeilities design, the Design and Construction
Specificationsfor Motorway Safety Devices (JT] 074—94) was issued in 1994 by
the MOT Ghina, the updated version the Guidelines for Design of Highway Safety
Facilities (JFG/T D81—2006) was issued in 2006, and the updated version the
Specifications for Design of Highway Safety Facilities (JTG D81—2017) and the
Guidelines for Design of Highway Safety Facilities (JTG/T D81—2017) in 2017.

The Specifications for Design of Highway Safety Facilities (JTG D81—2017) is a
mandatory standard, which specifies the funcational requirements and placement
of highway safety facilities, the Guidelines for Design of Highway Safety Facilities
(JTG/T D81—2017) is a recommended standard, which specifies ways and
methods for deployment of highway safety facilities. The Guidelines for Design of
Highway Safety Facilities (JTG/T D81—2017) is fully absorbing relevant Chinese
scientific research results and engineering experience, and drawing on
international advanced theory and technology, the overall indicators are
economical and practical, some of indicators are higher than the indicators of the

overseas standards.



The English version of the Design Guidelines for Highway Safety Facilities (JTG/T
D81-2017) may be applied in conjunction with the previously published English
version of the Design Specifications for Highway Safety Facilities (JTG D81-2017).

The revision and updating of the English version was conducted by the Highway
Branch of China Association for Engineering Construction Standardization under
authorization of the Ministry of Transport (MOT) and approved by the Highway
Department of MOT.

The great gratitude is given here to Liu Huixue for thesvaluable assistance and

suggestions during the editing and approving of the English version.

Comments, suggestions and inquiries rarewelcome and should be addressed to
editing organization in charge of the English versioh, (Address: No. 8, Xitucheng
Road, Beijing, Postal Code;<100088", E-mails” hichai@ rioh. cn). The feedback

shall be considered for futare editions.

Editing organization{or English version:

Highway Brangh of China Assoeiation, for Engineering Construction Standardization
Chief editor for English.yexsion: Chai Hua

Associate ‘editors for English version.
Mao (Yufei, Hou Xiangchen, Sheng Jie, Wang Jian, Tang Chengcheng,

Yu Nannan, Hu Han, Hu Xiaowei
Chief reviewers for English version: Wang Zhongren, Timothy B. Luttrell

Associate reviewers for English version:

Zhang Huiyu, Julian TH Kwong, Nip Chi Kwong, Yao Haidong, Ding Yao

wr



Foreword to Chinese Version

Following the requirements of Notice of Planning for Compilation and Amendment
Program of Highway Engineering Standards in 2011 ('TGEZ 2011 ) No. 115)
issued by the Gerneral Office of Ministry of Transport;~the-updating of the Guidelines

Jor Design of Highway Safety Facilities (JTG/T D81-—2006) was carried out by
the Editing Organization, Research Institute of Highway Ministry of Transport.

This edition the Design Guidelines for sHighway Safety Facilities (JTG/T D81—
2017) ( hereinafter refer to as ‘‘the-Guidelines’’), is an overhaul of its former
edition of the Guidelines (JTG/T D81+-2006 ). The Design Guidelines for Highway
Safety Facilities (JTG/T D81-72017) is issued and implemented after approval.

Taking the characteristies™of highway -Operation environment and the trend of
highway develepmenet/in ‘China ‘into decaunt, and according to the functions and
technical parameters 4 traffic}, and terrains of classified of highways, the updating
of the” Guidelines”is condueted “based on the research achievement and design
praetice duripg the implémentation of last edition, and by referring to the
experienees and technologies developed in other countries. Special research of key
technieal issures were conducted, and nationwide consultation were made during
the updating. This edition of the Guidelines was then finalized after several rounds

of discussion, revision and trial application. .

This edition of the Guidelines comprises 12 chapters and 4 appendices, namely
including: general provisions, design designations, overall design, traffic signs,
road markings, barriers and railings, visual guiding devices, fencing, netting,

anti-glare devices, escape ramps, other highway safety devices.
The major revisionsin this edition of the Guidelines are as follows

1 According to the Technical Standards for Highway Engineering ( JTG BO1—
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2014 ), the layout of chapters and sections has been adjusted, highlighting the

application functions of various safety devices.

2 A new chapter on ‘overall design’ is added to emphasize the coordination and
interrelations among the highway civil engineering works, administration facilities
and road service facilities, with detailed criteria for their application and structural

design.

3 More details haven been given in chapter 4 and chapter$ , regarding the basic
concepts and functional roles of traffic signs and road markingssin terms of traffic

safety facilities.

4 Tunnel portals have been taken as one_ of the partigular design units for which
the configulation of traffic signs, road markings, barriers and railings can be

arranged in a systematic way.

5 To keep consistent with the Standards for” Safety~Performance Evaluation of
Highway Barriers (JTG BO5-01-2013) , the ‘ ¢entainment level’ of the barriers
has been renamed as{*protection level’ with an extension in classification. More
details have been given forithe configuration of‘éurb barriers and the determination
of protection lévels of‘the barriers for effectiveness in practice. More detailed
requirements hayve been specified“kfor' the barrier structures on various bridges,
based on"whichya-$ystemati¢, method has been proposed for designing test pieces of
bridge barriers. The performance requirements for highway movable barriers at
medianopénings have been put forward. Details on the ‘impact attenuators’ have
been added. The provisions on sample structures of various forms of barriers have
been added and updated. Recommendations have been also given on the methods

of altering barrier structures to fit site conditions.

6 In chapter 7 of the Guidelines, the chapter heading ‘ Delineator’ has been
changed to ‘ Visual Guiding Devices’ with an extension in its coverage of
application, to emphasize the importance of delineators on tunnels and in other

special highway sections.

7  Adjustment has been made to the height and the grid size of isolation fencing
according to the subjects to be isolated in a specific region, and the provisions

have been added for the requirements of ‘access gates’ .



8 The type of netting has been expanded to two types, including the netting for
falling objects and the rockfall netting.

9 A new chapter of ‘Escape Ramps’ has been added with provisions on location,
structural composition, horizontal and vertical alignments, length, materials, and

auxiliary facilities.

10 A new chapter entitled ‘ Other Highway Safety devices’ has been added with
the provisions on the application and placement of the safety, faeilities not stiputed
in previous chapters, such as wind screens, snow fences; snow poles, height

restriction gantries, speed humps, and convex mirrers,

Chapter 1 of the Guidelines was drafted by LiuwwHuixue and Chapter 2 was drafted
by Tang Chengcheng. Chapter 3 was drafted by Liu Huixue, Jia Ning, Ma Liang
and Wang Wei. Chapter 4 was drafted-by Zhae” Nina. Chapter 5 was drafted by
Song Yucai and Hou Dezao. Chapter'6” was drafted by Tang Chengcheng, Liu
Huixue, Huang Chen, Li Yeng, Ge, Shufang, Zhang Shaoli and Gao Shuide.
Chapter 7 was drafted by Song Yueai and Sun Bin." Chapter 8 was drafted by Sun
Zhiyong. Chapter 9 was-drafted’by SongYucai and Zhang Hua. Chapter 10 was
drafted by Ge Shufang< ‘Chapter 11 was/drafted by Wu Jingmei, and Chapter 12
was drafted byZhang Weihan. Appendix A was drafted by Song Yucai. Appendix
B and Appendix D were drafied by, Liw/Huixue. Appendix C was drafted by Liu
Huixue, Tang ‘Ghéngcheng," Tai*Yonggang, Deng Bao and Zheng Hao.

Comments;, suggestions and inquiries are welcome and should be addressed to the

current management team of the Guidelines.

Contact person; Liu Huixue ( Address: No. 15, Huayuandong Road, Haidian
District, Beijing, Research Institute of Highway, Ministry of Transport, Postal
code: 100191, Tel. 62062052, Fax: 62370155, E-mail: hx. liu@ rioh. cn). The

feedbacks will be considered in future revisions.

Editing organization in charge:

Research Institute of Highway, Ministry of Transport

Associate editing organizations:

Jiaoke Transport Consultants Ltd.
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1 General Provisions

1.0.1 This edition of the Guidelines is developed according to the Design Specifications For
Highway Safety Facilities (JTG D81—2017) , for standardizing and unifying the design of highway
safety devices so that the implemented devices are systematic, rational, advanced and practical to

fully embody the functional and operational characteristics of the highways.

Background .

In July 2006, the Ministry of Transportiissued, the Guidelines, for Design of Highway Safety
Facilities ( JTG/T D81—2006, hereinafter< referred to” as the Guidelines). As one of the
recommended standards for highway ‘engineering.industry , it took effect on September 1, 2006.

Compared with the Specification for Design of\Highway Safety Facilities ( JTG D81—2006 ,
hereinafter referred-to/as therSpecification,) “that addresses * What to do’ in the design of road
safety devices, the Guidelines focuses ‘on, ‘ how to do’ and ‘ how to do better’ in terms of road
safety devices, The Guidelines outline the design principles and design procedures, describe the
factors to be considered for the configuration of safety devices, explain how to select the types,
forms and scales of safety devices, and illustrate the typical layout and profile sketches, which
provides designers with useful methods for traffic safety analysis and helpful rules to tailor the
design in line with local conditions. The Guideline will help avoid blind copying of the Specification
by designers.

Since the issueance and implementation of the Guideline , China’ s highway construction has greatly
improved. Highway safety devices are widely applied in all classes of highways. In these practices,
it is found, however that there are still room for the current Guideline to be further improved to
better meet the needs of large-scale highway construction in China. The main issues are identified

as follows



(1) Provisions

In terms of overall design, how to strengthen the provisions of proactive guiding devices and the

principles for reasonably providing passive protection facilities are needed to be further refined

How to determine the roadside clear zone distances based upon factors such as design speed or

operating speed , traffic volume, and geometric alignments ( horizontal , vertical , cross-sectional) ;

How to reflect the requirements of highway class, traffic volume , and landseape if provide median

barriers ;

How to refine the protection levels of barrier;

Considering the increasing trend of large vehicles in Chinay »which measures can be taken in the

Guideline to improve traffic safety for relevant highways.

(2) Barrier deformation after impacts

The requirements on the allowed deformation of various barriexs after impacts are needed to be

proposed.

(3) Form selection

How to select a barriér form to_better reflectthe safety’ and landscape , and how to adopt economically

effective protection measures for lower _class-highways are needed to be further clarified.

(4) Structural calculations

The calculation models and methods for the structural design of bridge railings are needed to be
further refined ; treatments for various types of barriers are needed to be further refined, especially
in the sections of retaining wall and bridges.

(5) General structure design models

The Guidelines emphasize the principles of customized design according to site conditions.
However , many design agencies still hope the Guidelines can provide more general structure design

models of barriers to be used in design.

In addition, the specifications of new problems of safetyfacilities brought by the development of



multi-lane motorways, lower class highways, reconstruction and upgrading projects, and the
development of highway network are not completed or not detail enough. The operability is still

needed to be largely improved.

The main purposes of the revision of the Guidelines are to comprehensively summarize the pratices
of highway safety facilities since 2006. By applying advanced experiences and failures of the
highway construction and highway safety researches in China and abroad, it adjusts unsuitable
terms in the Guidelines to make improvements of new problems of road safety facilities brought by
the development of multi-lane motorways, lower class highways, reconstruction and upgrading
projects as well as the changes of highway operations, further improvementssof the pertinence and

maneuverability so that the Guidelines can be more scientific, practical and easy-to-use.

1.0.2 The Guidelines is applicable to the design of highway safety facilities of all the classes of

new constructed highways as well as upgrading and reconstruction projects.

Background .

After the implementation of the Guidelines on September'l ;2006 ,/the scope of application extended
to all the classes of new constructed as well as reconstruction.and-upgrading projects. This revision
adjusts the scope, and the new scope includes the safety facility design of all the classes of new
constructed highways as well as reconstruction and upgrading projects. As for the reconstruction
and upgrading projects of existing highways,, the design of road safety facilities should comply with
the principles. For details, ‘may “refer to the<Guidelines for Design of Traffic Engineering and
Facilities of Expressway-Reconstruction and Extension (JTG/T LS80 ) and other industry standards.

1.0.3 The design of highway safety. facilities covers traffic signs, road markings ( including
raised pavement markers)’, barriers and Tailings, visual guiding devices, fencing, netting, anti-
glare devices, escape ramps and other highway safety devices such as wind fences, snow fences,

snow poles, height restriction gantries, speed humps, and convex mirror.

1.0.4 The overall design of highway safety facilities shall be carried out on the basis of
integration of road network with technical conditions, terrains, traffic conditions, and environment.
There shall be coordination between different highway safety facilities, and between highway safety
facilities and civil engineering works or other facilities. Their deployment shall also be

complementary to each other.

1.0.5 The design of highway safetyfacilities shall comply with four principles: user-orientation,
proactive intent, systematic design and key subjects in priority. On the basis of comprehensive
analyses of road safety or the findings and suggestions by road safety audits, and in the perspective

of highway users, the active guiding devices shall be provided as the priority, and passive

12
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protection facilities shall be provided according to the needs. Active guidance and passive
protection will be integrated, which will make the full-funcational of the design plans, and the

operations will be well suited.

1.0.6 The affects of roadway widening, road resurfacing, overlay, snowfall and other related
factors during highway operations should be taken into accountin the design of safety facilities on a
new constructed highway, and the relevant technical measures should be applied, as shown in
Figure 1.0.6. The design of road safety facilities on a reconstruction and upgrading highway shall
carried out on the basis of investigation and evaluation of existing roads and in accordance with the
road, traffic and environment after reconstruction and upgrading for reutilization of the existing

devices and remediation of defects if there is any.
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Note: in the circle highlighted is the flange for existing gantry bearﬁ« 4
b)an example of the structure design of the overhead traffic signboard gantry widened for future‘needsiof roadway extension.

Figure 1.0.6 Example of operation-oriented configuration-of safety facilities

Background . 7/

The overlay or resurfacing of a road pavement may somehéw_ affect the existing safety devices such
as the height of a barrier or the height of a posted sign. \ The designers may take appropriate
countermeasures to mitigate such effectiveness, for é}camplé, to appropriately increase the height of
the traffic signs, to raise the level and select \singleslope type of‘:,the concrete barriers; to pre-
reserve additional bolt holes for further elxt:endinrg the columnvs":o"f 'ihe.corrugated beam barriers or
cable barriers, or to adopt the forc"ed,:tigﬁ‘tenei"nand re—thangeablé concrete foundation for barrier
post installation) , as shown in,Figt.v 106 a) (vin VWhilhthe tighteners are made of cast steel

material ) .

For the safety facil‘iti’es,«jnst‘dlledoh the secétions, which roadways may be extended in future, some
appropriate struﬁtitml féfms “may be selected-to utilize the existing devices. Taking the situation
shown in Figure I. 0,."67b‘)’v as an example’; in the case when the roadway is to be widened to three
or more ld}fzj,és;‘]the signboard gantry will need to be added wtih one additional cross beam, one
pair of aa’ditidndl ' ﬂdnges, and one additional foundation only, and the major parts of the existing

device will sustain for utilization.

For the reconstruction orupgrading projects, the designers need to fully consider the traffic safety
and the operation characteristics of the existing highways, and carry out the design of highway
safety devices on the basis of surveys and evaluations, and in accordance with the post-project
conditions ( such as highway classes, design speeds and so on), traffic conditions, and
environmental conditions. For the purpose of resource conservation and environmental protection,
the existing safety devices should be reasonably utilized and the existing defects should be fully

remedied.

1.0.7 The designtraffic volume for highway safety facilities shall be the design traffic volume of



the highway projects. The outline dimensions of the design vehicles, the representative vehicle
types, etc. shall comply to the prevailing Technical Standards for Highway Engineering ( JTG
BO1) and the Standard for Safety Performance Evaluation of Highway Barriers (JTG B05-01).

1.0.8 The application of reliable new technologies, new materials, new techniques and new

products shall encouraged, subject to the safety and functional requirements.

1.0.9 In addition to meetingthe provisions of the Guidelines, the design of highway safety

facilities shall comply with the requirements of relevant prevailing national and industry standards.



2 Design Notation

2.1 Notations for barrier design

2.1.1 Anotation used for the barriers to be installed on-road shoulders is composed of three
generic symbols, namely the symbol of structure form, the symbol of protection level and the

symbol of embedment condition. Each of them isidefined as follows :

1 Structural forms

Gr—Corrugated beam barrier
Grd—Composite corrugated beam batrier
Gc—Cablebarrier
RrF—Cast-in-place F=shaped concrete barrier
RrS—~Cast-in-placessingle slope concréte\barrier
RrI—Cast-in-placereinforced concrete barrier
RpF—Precast F-shaped concrete barrier
RpS—~Precast single slope concrete barrier

Rpl—Precastreinforced concrete barrier

2 Protection levels
C—Roadside Level 1
B—Roadside Level 2
A—Roadside Level 3
SB—Roadside Level 4
SA—Roadside Level 5
SS—Roadside Level 6
HB—Roadside Level 7
HA—Roadside Level 8
Bm—Median Level 2



Am—Median Level 3
SBm—Median Level 4
SAm—DMedian Level 5
SSm—Median Level 6
HBm—Median Level 7
HAm—Median Level 8

3 Embedment conditions
nE—Barrier footing embedded in soil with post spacing in n meters
E,—Concrete barrier footing embedded in soil
E,—Concrete barrier footing connected to the structures beneath
nB,—Buried in structures such as foot bridges, passageways.and-epen culverts with embedded
sleeve as foundation and barrier post spacing is n meters
nB,—Buried in structures such as foot bridges, passageways and'open culverts with embedded
anchor bolt as foundation and barrier post spacing is.nmeters

nC—Buried in a concrete foundation set independently and barrier post spacing is n meters
4  Format

1) General form

Buried condition code
Degree of protection

Structural form code

2 ) Sample
Gr—Am—4E

\— Buried in the soil and the barrier post spacing is 4 meters
C class of median divider

W-beam Barrier

2.1.2 The notations used for the barriers on a bridge consists of three generic notations namely of

structure notation, protection notation and intallation notation, which are defined are as follows

1 Structural forms
Bp—Beam guardrail
Rcw—Reinforced concrete barrier

Cm—Composite barrier
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2 Protection levels
B—Roadside Level 2
A—Roadside Level 3
SB—Roadside Level 4
SA—Roadside Level 5
SS—Roadside Level 6
HB—Roadside Level 7
HA—Roadside Level 8
Bm—Median Level 2
Am—Median Level 3
SBm—Median Level 4
SAm—DMedian Level 5
SSm—Median Level 6
HBm—Median Level 7
HAm—Median Level 8

3 Installation conditions
B—~Footing buried in concrete
Fp—Bridge railings fixed on bridge deck’by. flange connection

4  Format

1) General form

X
|

X
|

X

Baried condition code

Degree of protection

r

Structural form code

2 ) Example
Rcw—SA—B
Buried in the concrete

E class of protection grade

I

Reinforced concrete barrier

2.1.3 The notations of barrier ends and transition treatment consist of notations of structural form

and protection levels of barrier ends and transition treatment. The provisions are as follows:

1 barrier end and transition treatment structural forms
AT1—Roadside upstreamterminal; AT1-1 flared buried type; AT1-2 flared round type; ATI-
3 energy-absorbing type



AT2—Roadside downstream terminal
BT—Corrugated beam barrier and concrete barrier transition structures: BT-1 wing-wall
type; BT-2 lap-joint type
CU—Cerash cushions
CT—Highway barriers of median opening end structure ( Median opening end treatment? )
DT—Barrier triangle end structure ( not clear to me)

FT—Tunnel portal end structure

2 Protection levels of anti-collision end treatment or crash cushions

TB—Level-1
TA—Level-2
TS—Level-3
3 Notation
\— ‘structural form™'in Chinese
“protection level’ in Chinese
1) Sample

CU-TA

|_ ‘level-2 (TA)’ in Chinese

‘level-2 (TA)’ in Chinese

2.2 Notation forvisual guiding devices design

2.2.1 Visual guiding device design are composed of type noation of visual guiding devices,

structural forms selection and installment conditions evaluation which are defined as follows:

1 visual guiding devices

V;—Visual guiding devices

2 structural forms
De—Delineator
De (Rbw)—Delineator ( white reflector plate)
De (Rby)—Delineator ( yellow reflector plate)
De (Rsw)—Delineator ( white retroreflective sheeting)

De (Rsy)—Delineator ( yellow retroreflective sheeting)

70



Cv—DMerge warning signs
Gca—Alignment guide signs
Dt—Tunnel outline belts
Wp—Warningposts
Wb—Warningblocks

Ip—Intersection posts

3 Installation
E—Embedded in the soil
At—Attached
Atl—Attached to thecorrugated beam barriers
At2—Attached to the concrete barriers
At3—Attached to the walls of tunnels
At4—Attached to cable barriers
AtS—Attached to thesafety walk near the edge of traveledway

4 Notation

1) General form

X—X—X

\—— ¢footing’ in Chinese
sstructural form’ in Chinese

‘visual,guiding devices’ in Chinese

2) Sample

Vi—De (Rbw) —Atl

\— ‘attached to the corrugated beam barriers’ in Chinese

‘delineator (white reflector plate)’ in Chinese

‘visual guiding devices’ in Chinese

2.3 Notations for fencing Design

2.3.1 Fencing design are composed of type notation of fencing, structural form selection and

installation condition evaluation, which are defined as follows:

1 Fencing

F—Fencing
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2 Structural forms
Em—Expanded metal
Ww—Welded web
Wn—Wovennet
Bw—Barbed wire
Wb—Wall building

3 Footing
E—Embedded in soil

C—Buried in concrete
4 Notation

1) General form

X—X—X

\; ‘footing’ Chinese

‘structural form’ in Chinese

‘fencing”in Chinese

2 ) Sample
F—=Wn—C

L— ‘buried in concrete’ in Chinese

‘woven'net’ in Chinese

“fencing? in Chinese

2.4 Notations for netting design

2.4.1 Netting for falling objects are composed of netting, structural forms and footing, which are
defined as follows

1 Netting for falling objects
Bf—netting for falling objects

2 Structural forms
Em—Expanded metal
Ww—Welded web
Wn—Woven net
Mp—DMetal plate
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3 Footing

B—Buried in or attach to the multiple span structures
4  Notation

1) General form

X——X—X

\— ‘footing’ in Chinese

‘structural forms’ in Chinese

‘netting for falling objects’ in Chinese

2 ) Sample
Bf—Wn—B

‘buried in or attach to the multiple’span structurés’ in Chinese

F

‘woven net’ in Chinese

‘netting for falling objects’in Chinese

2.4.2 Symbols of rockfall netting are composéd of notations” of\rockfall netting and structural

forms, which are defined as follows

1 Rockfall netting
Sf—Netting for stone falling

2 structural forms
Rs—Wire rope nets
Cs—Circular meshes

3 Netation

1) General form

X—X

[

Structural form code

Rockfall netting code

2 ) Example

Sf—Rs

Wire mesh
Rockfall netting
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2.5 Symbols for anti-glare devices design

2.5.1 Anti-glare devices design covers anti-glare devices, structural forms selections and footing

evaluation. The dsign elements are codified as follows

1 Anti-glare devices

Gs—Anti-glaredevices

2 Structural forms
P—Anti-glare plates
N—Anti-glare nets

3 Footing

E—Embedded in soil

C—Embedded in concrete
Gw—Installed on concrete barriers

Gr—Installed on corrugated beam barriers
4 Notation

1) General form

X—=X—X

|—— “footing’ in Chinese
‘structural forms’ in Chinese

“anti-glare devices’ in Chinese

2 ) Example

Gs—P—Gw
\— Set on the concrete barrier
Anti-glare board

Anti-glare focilities
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3

3.1

3.1.1

Overall Design

General

For any classified highway, the traffic safety devices-shall be designed, implemented and

put in operation in paces with the progress of the cCivil"engineering works.

3.1.2 Asone of the integrated parts of the ‘overall, design.forsa preposed highway engineering

project, the design of highway safety devices shall comply with'the following provisions

1

3

3.1.3

Coordinating design intexfaces » including clarifying the-relationships and interfaces between
the highway safety devices andthe highway-civil engineering works, service facilities, or

administration facilitiés ;“and determining thé.design priorities among various specialties.

Unifying design principles: if the highway engineering is proceeded in stages, highway
safety-devieess are needed to be‘synchronized designed and implemented in stages of
highway civil engineering; if the highway engineering is designed by two or more
departmerts, the one shall be specified to take charge of unifying design principles,
technigal standards, construction scope and major technical indicators of different design

departments.
Requirements for documentation; the composition and specific contents of design
documents at each stage are needed to be proposed according to the characteristics of

highway engineering and the requirements of different design stages,

The overall design of highway safety facilities shall be carried out on the basis of sufficient

collection of information such as the plans of the project and the road network where the project

locates, the technical requirements, relevant maps and drawings, as well as the conclusions of road

safety audits, and site investigations.



3.1.4 The overall design of highway safety facilities shall include the analyses on the project and
its road network, the design objectives, as well as the scope of configuration and the criteria for
structural design, the design coordination. and the demarcation of interfaces.

3.1.5 In addition to the provisions stated in Clause 3. 1.4 in the Guidelines, the overall design of
highway safety facilities for a highway upgrading or reconstruction project shall include a plan of
reutilization of existing facilities, and a plan of temporary highway safety facilitiesto be used during
construction, based on the conclusions of investigation and comprehensive analyses on the existing

highway.

3.1.6 The data that shall be collected for the overall design of road safety facilities shall mainly

include .

1 The drawings and files on civil engineering works, services facilities and administration

facilities

1) Overall design

(D Civil engineering design description, including the_technical indicators of the main
routes, interchange ramps~ and. intersected. roads at| intersections, the natural and
geographic features of theareay and the design-traffic volumes and traffic compositions.

(2 The position_anddireetion of the route insthe’road network

2 ) The road geometry, subgrade;-payement and drainage

(D*Vettical and horizontal alignment drawings

(2 Tables of tangents, curves and deflection angles

@ Design drawings of typical cross-sections

(@ Stations of starts and ends of cut and fill sections

(5 Stations of median openings

3) Bridge and culvert

(D The list of the super-large, large, medium and small bridges and their layout drawings.
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() The list of of passageways, culverts and pedestrian overpasses and their overall layout

drawings.
4) Tunnel

(D Vertical and horizontal alignment design drawings of tunnels ( including the design

drawings of traffic island on both side of tunnel portals) ;

(2 The clearance profiles of tunnels construction and the detailedsstructure drawings of

communication cable trenches;

(3 The layout and related tables of tunnel ventilation, fife prevention and lighting

facilities.
5 ) Intersections

(D The lists of intersections (including the overpass bridges and the pedestrian overpasses

aross over the main route) and the layouts of grade séparations.

(2 The layout plans of interchanhges’, the cross-sétional drawings of the main roadways and
ramps at interchanges: Detailed drawings of all.cennections of all connections of at-
grade intersectionts ;and jinterchanges ' are, additionally collected later at the stage of
detailed design.

3 The traffictyolumes and traffic compositions at the entrances and exits of interchanges.

(@) The at-grade intersections and interchanges at main service areas.

6) Service andadministration facilities

(D The layouts and location stations of service facilities and administration facilities such as
service areas, parking areas, administration agents, maintenance agents and toll
stations.

(2 The lists and the layouts of field devices for traffic surveillance.

7) Cost estimating and budgeting

The tables about the material price and rate in the estimates and budgets documents of civil
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engineering design.
2 Data to be collected by site investigation inquiry

1) Current situations, problems and suggestions in relation to the safety devices on
surrounding roads of the highway networks shall besurveyed by inquiring the highway
operators, maintenance departments, traffic administration departments and various

highway users.

2) The historic design drawings of safety devices in the surrounding read networks shall be
collected, focusing the functional allocation and traffic management methods among the
highways in the region, the information coordination and continuity of traffic signs, and

the layout of highway service facilities, in accordance with the new project.

3.1.7 In addition to the provisions of Clause 3. 1.6, andfer-the overall design of safety facilities

of a reconstruction and upgrading project, the following data shall be collected:

1 Statistics of traffic crash history on existing roads, RoadSafety Audit reports, and project

as-built documents for safety facilities,, “etc.
2 Information about current sitwations, problems and-suggestions in relation to the safety
facility installed on the,existing*highway shall be collected by inquiring highway operators,

highway maintenance undertakers ,«traffi¢_ administration agents and various highway users.

3 The reports on, condition survey, of existing highway safetyfacilities.

3.2 Conceptual analysis on the project and road network

3.2.1 The analyses on project-related information shall include the following .
1 Functions and location of the highway project within the road network.
2 Scope of direct service and indirect service of the highway project.

3 Locations of important roadside facilities, such as transportation hubs, scenic areas, and

protected zones of drinking water source.

4  Technical standards, terrains, traffic features and environment.
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3.2.2 The analyses on relationship of the project and the road network where the project belongs

to shall include the following
1 Information on chainage in relation tothe starting point and ending point of the project;

2 Information of the start points and end points of the highway sections overlapping with

other highways;

3 Information of the start points and end points of the highway sections‘passing through urban

areas;
4 Information in relation to multi travel route options;
5 Information on the naming and numbering of related routes ;

6 Information on highway intersections, railway crossingsiand acrossings over navigation

channels.

3.2.3 The comprehensive analysis-of‘traffic safety on'the proposed highway in the point of road

users’ view shall include the follewing.
1 Potential safety -risks”and hazardous sections during highway operation

2 Critical aspects.inythe safety designsfor highway safety facilities.

3.3 Design Objectives

3.3.1 The design objectives of highway safety facilities shall be proposed from the perspectives of
service, safety, administration, environment, and costs in conjunction with the analysis outcomes

of the project and road network.

Background .

Combined with functional requirements and construction costs of highway safetyfacilities, this
Clause proposes the design objectives of highway safety facilities from the perspectives of service
safety , management, environment protection and costs. It does not mean that all the five objectives
shall be fully accomplished in every project. The design objectives shall be determined rationally

based on project features and site characteristics. For example, the design objectives for touring
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highways are proposed mainly from the perspectives of service, safety, and environment
protection, whereas costs may not be taken as a critical objective.

3.3.2 From the perspective of *user priority’, the design of highway safety facilities shall

b

provide technical supports to satisfy highway user’s needs of driving information guidance, driving

comfortability, and safe travel.

Background .

Highway safety device designers shall pay sufficient attention on the coordination with the project
developers and the civil work designers, and accurately appreciate the ideas and concepts embodied
in civil engineering design, so as to idenrity to whom and in what extent the traffic safety devices

shall be provided.

3.3.3 The objectives of designing safety facilities shall'be guided by the safety assurance
concept, and focus on the major safety issues, safety risks_and hazardous sections (or places) as

stated in Clause 3.2.3 above.

Background .
Detailed design objectives include specific_requixvements for the ‘reflection of traffic signs and road
markings , the impact energy of barriers., the protectiondevel of barriers at median openings, and

SO on.

3.3.4 The objectives -of desighing highway <safetydevices shall be conducive to highway

maintenance, highway .operation“and traffic ‘safety management.

Background .
The designers of highway safety devices shall keep tight coordination with the highway operators
maintenance undertaker and traffic management agents to accurately learn the needs of highway

operation and management, such as speed control, permitted vehicles, and clearance profile.

3.3.5 The design of highway safety facilities shall put forward the objectives of nature

harmonization, and insist on conservative policy in environment vulnerable areas.

Background .

For highways that pass through environment sensitive areas, such as touring highways, the design
of highway safety facilities are need tominimize the impact on the natural environment. Relevant
countermeasures such as the use of graphical traffic signs, and the provisions of hollow structured

barriers are encouraged.
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3.3.6 Based on ‘life-cycle cost’ concept, the design of safety facilities shall pursue the objective

of maximizing the benefit to cost ratio and minimizing the operation and maintenance costs.

Background .

The design of highway safety facilities shall pay attention not only to the construction costs, but
also the subsequent costs of maintenance andrestoration, such as the costs of routine maintenance ,
incident remedy , material stocking and relevant overhead costs. The design of safety facilities must
also be forward-looking , that is, after being put into use, it should not lose or greatly reduce its
functional abilities due to the small amount of pavement overlay, covering and other maintenance

work that occurred later in the process.

3.3.7 The objectives of the recycling of existing facilities and the installation of temporary safety

facilities shall be put forward in highway upgrading and reconstruction projects.

Background .

The reutilization of the highway safety facilities generally, includes direct utilization, reuse by
transformation , use as temporary facilities and use as materials. From the perspectives of resource
conservation , highway upgrading or reconstruction projects:shall take the reutilization ratio of
existing devices as one of the design objectives. In additiony  invorder to meet the needs of
construction during traffic operation;-séme design objectives for configuration of temporary safety

devices , such as the layout of traffic.sighs and protection levels of barriers, shall be proposed.

3.4 Scope of-application

3.4.1 The seope of implementation for highway safety facilities shall be determined based on the
adopted designyobjectives with considerations on the road network planning, highway function,

technical classification, traffic volume and traffic composition, and highway environment.

1 A highway system consists of road users, vehicles and environment. The provisions of
highway safety facilities shall improve road safety, driving behavior and road adaptability

of vehicles.

2 Customized solutions for highway safety facilities shall be provided according to the

various features of highway sections.

3.4.2 Primary arterials, which consist of all motorways, shall be provided with systematized and
complete traffic signs, road markings, visual guiding devices, fences, necessary nettings and glare

screens as specified in the Guidelines. Roadside barriers must be installed on bridges and in high
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embankment sections. For the sections where the clear zone distances are inadequate, designers
shall make decisions whether barriers shall be provided in accordance with the concepts for barrier
configuration. Median barriers must be continuously installed where the median width of an integral
formation is less than or equal to 12 m. Transition designs shall be carried out for the connections
of barriers with different rigidity. Movable medians must be equipped at median openings. Crash

cushions shall be installed at the exit ramp/connector gores.

3.4.3 Secondary arterials, which consist of moterways, Class-1 and -2 highways, shall be
provided with complete traffic signs, road markings, visual guiding devices, fencing and netting
devices as specified in the Guidelines. Roadside barriers must be providedson bridges and high
embankment sections. For the sections where the clear zone distances areyinadequate, designers
shall make decisions whether barriers shall be provided in accordance~with the concepts for barrier
configuration. For sections of class-1 highway where the median width of its integral roadways is
less than or equal to 12 m, median barriers must be continuously installed. Transition design shall
be carried out for the connetion of barriers with different“rigidity. Movable barriers must be
equipped at median openings on a motorway section.” Anti-glare devices shall be provided for Class-

1 highway as needed.

3.4.4 Main collector-distributors, which are~Class-1 and Clags-2vhighways, shall be provided
with fairly complete traffic signsj-read markings, amy necessary visual guiding devices and
fencingas specified in the Guideline; »for bridges, or .sections: with high embankment, roadside
barriers must be applied, for the seéctions belowithe suggested clear zone distances, barriers shall be
provided complying with. the ‘provisions of barriers;.traffic separating devices to enhance traffic

safety shall be placed at the ‘'medians of-Class-1, highways with integral formation.

Main collectors=distributors’, which are Class-1 and Class-2 highways, shall be provided with fairly
complete traffig signs; road markings, any necessary visual guiding devices and fencingas specified
in the Guideline; for bridges or sections with high embankment, roadside barriers must be applied,
for the sections below the suggested clear zone distances, barriers shall be provided complying with
the provisions of barriers; traffic separating devices to enhance traffic safety shall be placed at the

medians of Class-1 highways with integral formation.

3.4.5 Minor collector-distributor highways, which are Class-2 and Class-3 highways, shall be
provided with fairly complete traffic signs, road markings, and any necessary visual guiding
devices as specified in the Guidelines. Roadside barriers shall be installed on bridges and in the high
embankment sections. For the sections with inadequate suggested clear zone distances, designers

shall make decisions at discretion whether barriers shall be provided.

3.4.6 Local highways, which are usually class-3 and class-4 highways, shall be installed with

29



the traffic signs as specified in the Guideline, and provided with road markings and any necessary
visual guiding devices in the sections of inadequate sight distances, sharp curves or steep grades.
Roadside barriers shall be installed in the sections of inadequate clear zone distances, at steep cliffs,

deep valeys or water banks.

3.4.7 For any continuous long downhill grade, designers shall make decision on whether an
escape ramp shall be provided according to the relevant provisions of the Guidelines and the
comprehensive road safety evaluation. Traffic signs, road markings, and traffic separation devices,

protection and impact attenuation devices shall be installed where an escape ramp is provided.

3.4.8 For road sections vulnerable to wind or snow damages, wind screens, show fences, snow
poles, and other related safety devices shall be provided according“to the Guidelines. Height
restriction gantries, speed humps and convex mirrors and other devices may be provided based on

the needs of operation and traffic management, according to'the Guidelines.

3.5 Structural design standard

3.5.1 The classification of actions, representative values and cembination of actions shall comply

with the provisions as follows

1 The actions for structural desigh of highwaysafety facilities shall comply with provisions
listed in Table 3+5..1-1. The standard value'of-the vehicle transverse impact load for bridge
railings shall' eomply. with the provisions in thess Guidelines, but the standard values,
representative walues and combination” of action design values shall be all calculated
according”to, provisions of the prévailing General Specifications for Design of Highway
Bridges and Culverts (JTG D60). When there are other non-negligible actions on the
structure, the calculation of standard values, representative values and combination of

actions design values shall be in accordance with relevant specifications.

Table 3.5.1-1 Loading conditions for structural design of highway safety devices

Type of devices Name of actions Classification of actions

Structural gravity (including additional gravity of structure)

Gravity of soil (at-grade barrier)

Permanent actions
Lateral earth pressure (at-grade barrier)

Barriers Prestressing force (cable barrier)

Wind load

Variable actions
Loadon sidewalk or bikeway railing

Vehicle impact load Accidental actions




continued

Type of devices Name of actions Classification of actions

Traffic signs, netting for | Structural gravity (including additional gravity of structure )

falling objects, fencing, Gravity of soil (place at the subgrade) Permanent actions
anti-glare devices,

. Lateral earth pressure (place at the subgrade)
wind fences, snow fences,

height restriction Wind load

warning gantries Temperature effect

Variable actions

Structural gravity (including additional gravity of structure)

Gravity of soil (place at the subgrade) Permanent actions
Anti-collision height Lateral earth pressure (place at the subgrade)
restriction gantries Wind load
Variable actions
Temperatureeffect
Vehicle impact load k Accidental actions
Raised pavement markers Wheel load Variable actions

2 According to the actions that may occur simultaneously inthe structure during operations,
the actions for structural design _“of'\ highway safety facilities should be respectively
combined based on the limit states wnder ultimate loadings and normal loadings, and the

worst unfavorable combination“shall\bé used for design.

3 Where the structural’design of khighway safety facilities is designed according to the limit
state under ultimate10adings, the followihg' two types of combination of actions shall be

adopted: -

1 ) Fundamental “combination. Combination of design values of permanent action and

~variable action, the formula of the effects of fundamental combination actions are as

follows
Sua =Yo (zrl'ycikscik Yo Son T ‘pcj:zz'ijSij ) (3.5.1-1)
or Sm,:yo([_;sGid+sQ,d+j§2sW) (3.5.1-2)
Where: §,,——Design value of the effects of fundamental combination of actions at ultimate limit
state ;
v,—Important factor of a structure, shall be selected according to the structural design

safety level as specified in the current Unified Standard for Reliability Design of
Highway Engineering Structures (GB/T 50283) , as shown in Table 3.5.1-2; the
safety levels of structural design may be adjusted in accordance with the specific
situation of the location of the safety facilities, but shall not be lower than the level
as specified in Table 3.5.1-2.
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v.—Partial safety factor for the ith permanent action, shall be adopted as specified in the
provisions of Table 3.5.1-3;
S Seis——The i" standard and design value of actions with permanent actions;
¥, —Partial safety factor for the jth variable actions, in which the vy, is the partial safety
factor of dominant variable actions and y,, =1.4;
S Spu—The j" standard and design value of actions with variable actions, in which the § ok

and S, are the controlling values of the variable actions;

¥, Factor for combination value of other variable actions in addition to dominant
variable actions; where permanent action and dominant variable action combine
another variable action, the coefficient for combination walue of another variable
. =0.8; where there are two or more other variable actions besides the dominant
variable action,i, =0.7;
m——the amount of permanent actions in the combination;
n the amount of variable actions in the combination.
Table 3.5.1-2 Safety class of structural design of-highway safety facilities
Safety class of - Importance factor of
structural design Type of facility a structure 7y,

Bridge railings, netting for falling objects, wind“fences and
snow fences installed on super-large bridges
Level 2 . ) 4 1.0
cantilevered traffic signs and“gantry traffic sighs /©n motorways

or Class-1 highways

Level 3 Structures of othef highway safety, facilities 0.9

Table3.5.1-3 _Coefficients for permanent actions

Partial safety factor ofpermanent actions
Type of actions Dettimental to the Favorable to the
structural loading capacity structural loading capacity
Gravity of structure 1.2 1.0
Gravity of soil 1.2 1.0
Lateral earth pressure 1.4 1.0
Prestressing force 1.2 1.0

2) Accidental combination. Combination of characteristic value of permanent action, one
representative value of variable action and the standard value of accidental action. The

formula of combination of accidental actions are as follows:

S =Y ([_;SGik +aSon + jg“zl)bqstjk +S,,) (3.5.13)
Where :§,,——the combination action design value of accidental actions in the limit states under

ultimate loading capacity ;
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r,—coefficient for frequent value of dominant variable actions: where the action is wind
load, ¢, = 0. 75; where the action is the load on railings for pedestrians or
bicyclists, i, =1.0; where the action is temperature, ¢, =0.8; where the action is
others, ¢,=1.0.

b, Fatctor for quasi-permanent value of the jth variable actions: For wind load, i, =
0.75. For the load on railings for pedestrians or bicyclists,i, =0.4. For temperature
gradient action,#, =0.8. For other actions,i, =1.0.

S,,—the standard value of accidental actions (impact load).

4 Where the strucutres of highway safety facilities are designed according to the limit state
under normal operations, the frequency combination of the actionsshall, be adopted, that
is, the permanent action standard value is combined with~thesfrequent variable value of
dominant variable actions and quasi-permanent value of other varjable actions. The formula

of combination action are as follows:

S = .-;SG”‘ a8 o +,§5¢’qjsg“/k (3.5.1-4)
Where : §,,——design value of the effects of frequent’ combination actions at the limit state under

normal operations;

b, factor for frequent value of .deminant variabletaction; For the load on railings for
pedestrians or bicyclists, “i.=<1.%0. For wind l6ad, %, = 0. 75. For temperature
gradient action, ¢, =08+ Forother actions’, #,=1.0.

b, Fatctor for quasi-permanent value ofthejth variable actions: For the load on railings
for pedestrians or bicyelists, i, <0,4% For wind load, #, =0.75. For temperature
gradient aetion i, =0.8. For other actions,y, =1.0.

Background .

1 Loading sdfety of. Strtctures are the basis for the functions of safety facilities. The structural
design of sdfety facilities is based on the process of carrying out the calculation of the loadings ,

and is also one of the contents of the design of safety facilities.

The structural types of highway safetyfacilities are various and there are numerous types of
functions involved. The main considerations for carrying out the calculation of structures of
safety facilities are listed in the Table 3. 5. 1-1. For other effects, such as the shrinkage and
creep actions of concrete barriers , there are currently no conditions for calculation , therefore
they are not listed in Table 3. 5. 1-1. However, in the design, it is still necessary to consider
the possible effects of this type of action on the use of the structure and to adopt appropriate

treatments.

The actions are classified as permanent action, variable action, and accidental action according

to the variation of time change. Permanent action refers to the action that the value of the



magnitude does not change with time or its change is negligible compared with the average value
during the design reference period. Variable action means that the value of the magnitude
changes with time in the design reference period and its change is not negligible compared with
the average value. Accidental actions are those that do not necessarily occur during the design

reference period, but once occur, they have a large value and a very short duration.

2 Limit state of ultimate loading capacity is generally based on the fact that structure internal
force exceeds its bearing capacity or is not suitable for continued bearing, such as the
longitudinal bent or break of barriers after the vehicle impacts, the slip and overturning of
roadway barrier foundation or the damage of deck slab of bridge railingsy the column bending
or overturning of structural supports for signs under wind load, and the: raised pavement

markers crashed by wheels.

The limit state of normal use is generally based on structural deformation, cracks and vibration
parameters which exceed the allowable limit of normal‘serviceyor durability. The design of limit
state of normal use of structural supports for highway signs mainly considers the deformation of
the structure not exceeding the allowable limit / especially the deformation of traffic signs,
fences , anti-glaredevices, wind fences, snow fernices and height restriction gantries under wind

load and temperature change.

For the limit state under consideration, where determining theactions, all possible actions
should be combined. The'total valuewof actions of.the combinations in the structure is obtained ,
and the worst unfavorable \group in allspossible ‘combinations shall be the design basis for the

ultimate state.

3&4 The design-of.thesltimate state of the loading capacity of the safety facility structure can be
divided into two combination actions according to the possible functions, namely the basic
combination and the accidental combination. The basic combination refers to the
combination of the design value of permanent action and the design value of variable action
which is applied in the conventional design of the structure and should be considered in all
safety facility structures. Accidental combination refers to the standard value of permanent
actions and the action of a certain representative value of variable actions and the standard
values of accidental actions, which is to be used in some special cases of design rather than
the structures of all safety facilities , mainly for the stress check calculation of impact load on

barriers and height restriction gantries.

The design of normal use limit state of safetyfacility structures mainly considers the
deformation of traffic signs, fences, anti-glare devices, wind fences, snow fences and other

structures under the combination actions. In the process of using, the deformation limit is
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allowed to be exceeded in a short or not long time overall. Therefore, short-term action can
be only considered and designed according to frequent composition. ( Long-term action is
applicable to the normal use limit state associated with the number of overload, such as the
design of human comfort where the structure vibrates, according to the quasi-permanent

combination design) .

The Equation (3.5.1-1) and Equation (3.5.1-2) are the load effect expression of ultimate
limit state commonly used in various structural design specifications. The basic parameters
of the former adopt standard values, and then multiplied by the partial safety factor; the
latter expresses the basic design parameters by the design value “after multiplying the

standard value by the partial factor. The two equations are essentially the same.

Structural design safety class is divided based on the severity “of the consequences of
structural damage, which reflects the difference of reliability of different structures. The
Unified Standard for Reliability Design of HighwayEngineering Structures ( GB/T 50283 —
1999) stipulates that the design safety level of highway éngineering structure includes Level-
1, Level-2 and Level-3. According to the severity of the possible consequences of damages
to the structures of safety facilities, the design safety level is stipulated as Level-2 and Level-
3. The types of safety facilities corresponding to differentssafety levels are listed in Table 3.

5.1-2. Designers may also agree with_the ownerto adjust the structural design safety levels
in accordance with specifie_conditions of the safety facility structure, but shall not be lower
than the level specified in Table 3.°5. 1-2.

The load has variability.~1t is not:pessible to directly quote various statistical parameters
that reflect the variability structural design. Through complex probabilistic operations , it is
necessary to “give~sa specified value.'to the action, which is called representative value.
Actions have four representative values, which are standard value, frequent value, quasi-
permanent value and combination value. The standard value is the basic representative
value of action, the magnitude of which must take the possible maximum value which may
appear in the structure design in prescribed time limit, which is generally determined by the
value of a certain quantile of the maximum probability distribution that is applied to the
design reference period. Frequent, quasi-permanent and combination values are the
representative values of variable actions. Since various variable actions are unlikely to act
simultaneously on the structure at the same time , if all the standard values are accumulated ,
the calculation results tend to be conservative. Therefore, the frequent, quasi-permanent
and combination values are reduced by multiplying the standard value by the corresponding
factor. Frequent value refers to the value of variable action that occurs relatively frequent in
structure and is large in value, which is obtained by multiplying the standard value by

frequency coefficients less than 1. The quasi-permanent value refers to the value of variable



actions frequently occurred in structures, but it is smaller than the frequency value of the
variable actions, which is obtained by multiplying the standard value by a quasi-permanent
value coefficient smaller than frequency coefficient. The combination value is the variable
action value that makes the combination action of the variable action more consistent with
the corresponding probability where the load appears alone during the design reference
period, or the variable action value that makes the structure have a uniform and reliable
index after combination.

The values of combination action expressions | Equation (3. 5. 1-1)-Equation (3.5.1-4)], as

well as the function sub-item coefficient, frequent coefficient, quasi=permanent coefficient
and combination coefficient are determined according to the relevant “provisions of the

prevailing General Specifications for Design of Highway Bridges and Culverts (JTG D60).
3.5.2 Permanent action shall conform to provisions as follows:

1 The standard value of structuralweight may be/calculated according to the design dimensions

of the structural elements and the unit weight_of materials:

2 Prestressing force, gravity of soil’and lateral earth pressure shall be calculated in accordance
with the provisions of the preyailing\General Specifications for Design of Highway Bridges
and Culverts (JTG D60

3 The design of cencrete barrier and steel=conerete barrier shouldtake into consideration the

shrinkage and creep of.concrete:

Background .

1 Unit Weight of common materials as shown in Table 3-1.

Table 3-1 Unit weight of common materials

Material Unit Weight (kN/m*) Material types Unit Weight (kN/m*)
Steel 78.5 Cement mortar 20.0
. Glass fiber reinforced plastic
Cast iron 72.5 14.0-22.0
(GFRP)
Reinforced concrete 25.0 Aluminum alloy 28.0
Plain concrete 24.0 Aluminum 27.0
Earth fill 17.0-18.0 Mortar rubble 23.0

3 Due to the shrinkage and creep actions of concrete, cracks, especially vertical penetrating

cracks are found in concrete walls of the concrete barriers and composite barriers. Concrete
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material is discontinuous in the cracks, however, the safety protection role of barriers as a
longitudinal continuous structure would not be adversely affected thanks to the rebars embeded
in the barriers, although the development of cracks will lead to the rusting of the rebars and
thus affect the durability of the barriers. Therefore, the design of concrete barriers and
composite barriers should take concrete shrinkage and creep into account to avoid abrupt
change of cross-sections to reduce the uneven shrinkage of concrete and the constraints on the
displacement of deformation. Loadings due to concrete shrinkage and creep also shall be

considered and the resulting cracks shall be controlled.

3.5.3 Variable loadings shall conform to provisions as follows

1 The standard value of wind load shall be calculated in accordance with provisions of the
prevailing Wind-resistant Design Specification for Highway' Bridges (JTG/T D60-01).
The return period of basic wind pressure shall bet50 years.

2 The standardvalue of wheel load for raiséd pavement markers shall be 70 kN. The tire
contact length and width shall be 0.6 m'x 0.2 m.

3 The standard value of temperature  shall' be calculated”aceording to provisions of the
prevailing General Specifications for” Design “of Highway Bridges and Culverts (JTG
D60) .

4 The standard value of the horizontal thrust ‘'On.the top of railing columns on sidewalks or
bikeways shall,be 0%75-kKN/my~the,standard value of vertical force on handrails shall be
1.0 kN/m.

Background .

2 The standard Vvalue of vehicle wheel load for raised pavement markers and the landing size of
wheels are determined according to the current General Specifications for Design of Highway
Bridges and Culverts (JTG D60) , and the ground pressure of tires calculated from this is about
0.6 MPa.

4  The standard values of the load on railings for pedestrians or bicyclists are determined
according to the prevailing General Specifications for Design of Highway Bridges and Culverts
(JTG D60).

3.5.4 Accidental impact loading shall conform to provisions as follows:

1 Impactvehicle type, impact speed, and impact angle adopted in the structural design and
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safety performance evaluation of barriers shall meet the requirements of the prevailing
Standard for Safety Performance Evaluation of Highway Barriers (JTG B05-01). When a
particular vehicle type in the traffic composition of the actual highway section is not
included in the specified impact vehicle types, the vehicle type does not need to be

considered in the structural design and safety performance evaluation.

2 When designing a test piece for bridgerailings, the standard value of the vehicle transverse
impact load on the test piece shall comply with provisions as shown in Table 3.5.4. On
the basis of comprehensive analysis of factors such as roadway ralignment, degree of
roadside hazards, operating speed, traffic volume and traffic composition etc., the vehicle
transverse impact load shall be calculated according to Level/15C when the adopted
protection level is lower than Level 1-C. The vehicley transverse fimpact load shall be
determined according to the actual impact conditions when the adopted protection level is
higher than Level 8-HA.

Table 3.5.4 Standard values of vehicle transverse.impact load for bridge railings
Protection level Code ; IPPIRNT () Distribution length

Z= 0'm Z=.0.3%0.6 m (m)
1 c 70 \ 5545 1.2
2 B 95 75-60 1.2
3 A \ 170 1 140120 1.2
4 SB “ | 350 285-240 2.4
5 SA \ 410, 345295 2.4
6 ssl/, 520 ) 435375 2.4
7 { HB 650 550-500 2.4
8 k HA 720 620-550 2.4

Note; Z is‘the. maximum lateral dynamic deflection value of the bridge railings.

3 The vehicle impact load on a height restriction gantry may be calculated with Equation (3.5.4).
The direction of impact is in accordance with the direction of travel. The point of action is
located at the geometric center of the beam.
Comly, = vyl
F' = fo (3.5.4)
Where .
F'——the vehicle impact load on the height restriction gantries (kN) ;
m——the total mass of the design vehicle (tonne) , which shall be determined in conjunction
with the on-site survey data of traffic flow for the sections;
Vo the operating speed of the vehicle before impact (m/s), which shall be determined

based upon the actual observation result of traffic flow;
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v, the operating speed of vehicle after impact ( m/s), which shall allow the impact

vehicle to stop with emergency braking power in front of the bridge or tunnel with

vertical clearance limitation

T——the duration (s) of a vehicle impact on the height restriction gantries. It varies from 0.
1 stols, 1 s for flexible height restriction gantries and 0. 1 s for rigid height restriction

gantries.

Background .

1

3

S0

The design and safety performance evaluation of every barrier structure are carried out
according to theimpact vehicle types, impact speeds and impact. angles under the
corresponding protection levels in the current The Standard for Safety Performance Evaluation
of Highway Barriers (JTG B05-01). Therefore, the safety protection of barriers is premised
on the impact test conditions that the corresponding protection level is not exceeded under real
impact conditions. The impact vehicle types stipulatedyin the“current Standard for Safety
Performance Evaluation of Highway Barriers ( JTG B05=01y) reflects the traffic composition
under normal conditions. For the special highway such as touring highways and freight
specialized highways , the traffic compositions do not’include’the specified impact vehicle type
(for example the touring highways may-not have, trucks andfreight specialized highways may
not have large and medium-sized coaches ) -barrier structiuwal design and safety performance

evaluation may not consider the-vehicle\types.

Height restriction gantries are classified as overheight warning gantries and crash-worthy height
restriction gantries inwaccordance with«the ‘diffevent’ functional requirements. The functions of
height warning gantries™are<to alert rand warn' the drivers that there are height restriction
bridges or tunnéls sosthat overheight vehicles cannot pass; the anti-collision gantries have
certain crash-worthy .capability and can'absorb part of the kinetic energy of impact vehicles.
After impact into ‘crash-worthy gantries and brake with emergency braking power, overheight

vehicles shall"be able to stop in advance of the bridges or tunnels.

The vehicle impact load Equation (3. 5.4 ) of the crash-worthy gantries is based on the
momentum theorem. The method involves fewer parameters, which is simple in calculation and
easy to use. In the equation, the vehicle operating speed v, after impact can be determined by
the horizontal distance between the crash-worthy height restriction gantries and the height
restriction bridges or tunnels. Where the distance is far, the driver will have more reaction and
braking time after the impact with height restriction gantry, so the vehicle operating speed v,
after a impact can be set to a higher value, thereby reducing the force requirements on the

height restriction gantries and vice versa.

It is not possible to accurately calculate the time where the anti-collision gantry structure is



designed, and the Equation (3. 5.4 ) stipulates the approximate value of the rigid height
restriction gantry that does not substantially deform after the impact as 0. 1 s, and that of the
flexible height restriction gantry which deform greatly after the impact is approximately I s,
which lead to a certain amount of errors in application of the equation. Therefore, the equation
applies to the design of crash-worthy height restriction gantries, and the tests of specific design

Sfunctions is supposed to rely on computer simulation and other techniques.

3.5.5 The structural design of highway safety facilities shall be based on the most probable and
worst loading combinations that may occur concurrently during operations. The loading
combinations shall be selected from the bearing capacity limit states{ and/ service limit states
respectively. . The structural design of highway safety devices shall concurrently meet structural and

technological requirements.

3.6 Design coordination and interface demarcation

3.6.1 The coordination of highway safety facilities™ with ‘highway civil engineering and
construction, service facilities and administration facilities shall bedmproved ; the provisions of civil
engineering and constructions, service faeilities and administration facilities shall be optimized from
the perspective of operational safety-to”avoid the missing Or, omission of items and the potential
safety risks. The overall design®of highway safety, facilities.shall conform with provisions of the

overall design of the highway"

3.6.2 For highway safety. devices that ‘affect the design of highway civil engineering and
construction, service facilities and administration facilities, the relevant design standards, schemes
or requirements shallbe proposed by the responsible party for the design of highway safety facilities

according te requirements of the design procedures.

1 For the sections of the Class-3 or Class-4 highways that require barriers, the widened value
of shoulder width for sections installing barriers is needed to be provided by the design

agency for highway safety facilities.

2 For the motorways and Class-1 highways, the designing agencies of road safety facilities
shall take protection form and capability of the median barriers into consideration and put
forward the width value. The design agencies for highway safety facilities shall consider
the protection form and protection capability of median barriers, and to put forward the

width of medians.

3 For the safety facilities on bridges, tunnels and other structures, the design agency of
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safety facilities shall put forward the placement locations, stress conditions and

requirements.

3.6.3 In the layout plans of highway safety facilities, the locations of field devices for traffic
surveillance, light supports and other administration facilities or service facilities along the highway
shall be labeled, the rationality of placement of highway safety facilities shall be checked to avoid
visual blockage, omission or duplication. The successive traffic signs and VMS or lighting poles
should be placed in suitable spacing with the number of poles consolidated; when different devices
block each other, they shall be adjusted in position or installed on the same pole. Traffic signs and

road markings shall be provided for service facilities and administration facilities.

3.6.4 The design interface of highway safety facilities with highway civil engineering and
constructions, as well as service facilities and administration facilities shall be clearly specified in
accordance with the prevailing General Specification of Freeway Traffic Engineering and Roadside
Facilities (JTG D80).
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4 Traffic Signs

4.1 General

4.1.1 The types, colors, shapes, lines, characters, graphics, dimensions and settings of traffic
signs shall comply with the requirements of the prevailing Road Traffic Signs and Markings ( GB
5768).

4.1.2 The information provided by traffic'signs shall be entirely related to the needs for safety,
services, and management of traffi¢.~The layeut and supportystructure of traffic signs shall not be

accompanied by commercial advertisements,and other irrelevant information.

4.1.3 The design of-traffic signs shallvallow: thewdevices to be clearly recognized, correctly
understood and properly located to allows fer sufficient perception-reaction time by drivers.
Highway functions ;<technical classes, road network, as well as traffic conditions and environment,
demand of road users_and traffic management shall be comprehensively analysed in design stage,
and the following rules shall be follow .

1 Serving function. In order to serve the functions of highways, some factors such as

construction purpose, conditions, service objects shall be fully concerned.
2 Systematic design. From the perspectives of system, the design of traffic signs and road
markings, signals, yellow flashing signals or other safety devices shall be planned as a

whole without contradiction or ambiguity.

3 Consistency. On the same highway section, the design principles, scope of implementation,

shapes and styles of the same typed traffic signs shall be consistent.

4 Coordinated design. The installed place of traffic signs shall be coordinated with other



devices such as lighting, monitoring facilities, cables and pipelines, and plantings.

Traffic signs shall not be blocked by other devices.

Background .

1 Serving function. Serving function is the most basic foundation for the design of traffic signs.
The purpose of traffic signs is to serve the functions of highways. For example, Class-2 and
above highways adopt high or relatively high technical standards, and serve for high traffic
volume , they often operate as the arterials, therefore, highway users need more guide signs;
national and provincial highways of other classes serve for a large demand of mid-distance and
long-distance trips, the demand for guide signs is also high. In above cases, the guide signs
have the priority for placement. For example, after the guide  signs“are installed at
intersections, intersection warning signs with similar meanings~are not necessary to be
provided. But in terms of some lower classes local highway , after engineering feasiblity study,
relevant warning signs shall be installed in sections of roads where there is something different
from the expectations of drivers due to geometric alignment, pavement, weather and other

factors , in order to warn drivers to decelerate or fake other actions.

2 Systematic design. Based on the safety<of highway traffic, from-\the system perspective, the
design of traffic signs and other safety . devices such as road markings, traffic signals, and
vellow flashing signals shall bevecaordinated. There shall,be no information contradiction and
ambiguity between devices and_advantages of the system.shall be fully played. The placement
and change of a certain traffi¢ sign.call for thexsynchronized change of related traffic signs,

road markings, signals , etc.

3 Consistency. Inorder to. maintain the good visibility of the layout and structure of traffic signs,
to meet the driver psychological expectations and make road users quickly obtain the
informationy, reduce information processing time, and enhance understanding and impressions ,
the design principles, scope of implementation, shapes and styles of traffic signs on the same
road are supposed to stay the same. Besides, the same types of signs are best to adopt the same
templates and supporting modes , in particular, the templates of the highway numbering signs

shall be consistent nationwide.

4 Coordinated design. Traffic signs, lighting, cables and pipelines, and plantings shall be
designed in a comprehensive and coordinated manners, and their locations shall be reasonably

determined so as to avoid visual obstructions, affecting the functions of traffic signs.

4.1.4 The design of traffic signs shall be based on the approach of overall planning, step-wise
progression and focused provisions taking into consideration information demands at different levels

for the road networks, route itineraries and road sections. The following steps shall be complied
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with during the design .

1 The analysis of road network layout, traffic flow and traffic operation;

2 The selection of guide instructions and control information of regional road networks

W

The design standards, scope of implementations and shape styles of road sections;

N

The analysis of safety features and information demands of key road sections;
5 The tests for overall coordination and adjustments for partial optimization.

Background . ‘

The design of traffic signs is a complicated process. Inyorder to make the design process more
scientific andrational , in addition to requiring the designer-to “have professional knowledge and
experience , it also needs rational design methods ,~so that the entire process of the design complies
with scientific and rational design procedures. In_generaly the provisions of highway traffic signs
and road markings should take into consideration of the information requirements at different levels
of road networks , routes and road sections , and_adopt methods«of overall layout, advancing layer
by layer, and key provisions. The focus of advancing layer by layer through ‘ plane-line-point’ is

as follows .
(1)The “area’ level

Based on the highway network, features—af.the highway traffic flow in each level of the road
networkare needed’to ‘be analyzed accordingto traffic engineering theories. Demand characteristics
for sign information under different conditions of highway network level, different traffic flow, and
different land-layout are needed to be analyzed. Considering the entire road network structures,
traffic volume , /the directions of traffic flow and information guidance requirements, overall plans
and general layout for traffic signs are needed to be made to determine the guidance direction,

control information , provision levels, and divisions of right-of-way.
(2)The ‘line’ level

In the road network environment, thescope and standard of traffic signs along the whole highway
are determined according to the function, technical class, technical conditions, traffic conditions,
and environment of the single highway in the design project. Traffic sign system of a road network
contains many kinds and a huge amount of traffic signs. For a route or a road network, it is not

easy to fully achieve the functions of traffic signs without a unified provision principle. Therefore,
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in the design of traffic signs, the overall layout of the entire system is needed to be determined
systematically , logically and humanely. According to road network planning , highway functions,
technical classes, technical conditions, traffic conditions, and environment, the provision scales
standards and the design key points are needed to be determined to achieve unified construction

standards.
(3)The ‘ point’ level

Traffic signsare needed to be designed specifically for important nodes such-as interchanges, rest
areas, intersections, high-risk sections and other special sections in the“road network. After
providing initial plans, inspections and comprehensive considerations are needed considering the
prevailing circumstances from aspects of the vision, security, overall layout, etc. Integrating,
adding or reducing types, adjusting the information and locations | or. optimizing the forms and
structures of traffic signs are needed to be considered till the traffic signs of entire road network are

continuous and uniform.

4.2 Provision principles

4.2.1 Traffic signs shall provide icleat, definite and e¢oneise information for highway users who

are unfamiliar with the road conditions»buthave planned for their itineraries.

4.2.2 The traffic signs-shall| target at specific' road conditions and carry out the systematic layout
and comprehensive installation -on the=basis “of comprehensive analysis of safety so as to be
compatible with actual‘traffic operations.of the.road sections. For road sections with potential safety
risks, active gmnidance ‘and warning instructions shall be strengthened; for multi-lane highways, the
visual recognition of ‘traffic signs to road users in different lanes shall be considered equally; for
road sections with adverse weather conditions, the coordinated installation of static signs and

variable message signs shall be enhanced.

4.2.3 Where there are dangerous locations that affect safety and are not easily found on the
highway itself and the environment along the highway, the warning signs shall be installed based on

sufficient demonstration. Warning signs shall not be overused.

4.2.4 Regulatory signs shall be provided at conspicuous locations near the start of a road section
where certain traffic or pedestrian behaviors are prohibited or restricted. The provision of speed
limit and associated signing shall be based on the comprehensively consideration of factors such as
highway function, technical class, urbanization of roadside areas, geometric features, operating

speeds, traffic operation, traffic crashes, and environment and so forth. Their needs, the speed
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limits and the forms of provisions shall be determined on the basis of a holistic analysis of road
safety. Installation of speed limit signs is then subject to agreement by the responsible authority.

The installation of speed limit signs shall meet the following requirements ;

1 The speed limit should be implementedin the unit of road section, and the speed limit of

the road section should not be changed frequently.

2 The speed limits maybe different from the design speeds.

3 According to the operation characteristics of different vehicle types and the requirements of

safety management, the speed limit for vehicle typesmaybe adopted.

4 The speed limit signs shall be used in conjunction with other safety facilities.

Background .
The design of highway speed limit signs is a multi-factor. decision and balance process, which must

be analyzed and demonstrated in traffic engineering .

1 The highways with the same design speed-also-differ in the linear index. The main reason is that
the design speed stipulates the -limiit index of therestricted road section, but there is no
regulation on the upper bound. >The design, standards=and specifications also encourage
designers to adopt higher technical ‘indicators if"the_objective conditions permit. Therefore, a
road adopting the unified design speed 1s <likely.to appear. The technical conditions and
operating conditions of reads’ in different_read sections are significantly different. In addition ,
operating conditions” of some individuallocal road sections such as sharp bends, restricted
viewing distances,, “tuninels, and sectious affected by special weather andfrequent-crash road
sections’ are relatively special. Therefore, it is advisable to implement the speed limits of the
road sections according to the specific road conditions so that the driver can have sufficient time
to maintain/ a stable speed and make the vehicles run smoothly. Frequent changes in the speed

limit must be avoided.

2 The design speed is a theoretical technical indicator, which is usually the representative value
of the corresponding minimum technical indicator to be followed in terrain constrained road
sections ( such as small radius curves, steep grade, limited sight distance , etc. ) on the premise
of ensuring safety. The design speed has a direct relationship with the terrains along the
highways , the cohesion of the design speed of adjacent road networks, and the construction
cost. However, the design speed cannot represent the actual operating status of the highway,
so the design speed is one of the important factors where considering the decision of the speed

limit value , but not the only one.
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3 The performance differences between trolleys and carts represented by minibuses in China are
more prominent. The speed limit for different types of vehicles can be adopted based on traffic
composition, the operating speeds and crashes with consideration of highway functions,

operation efficiency, traffic safety and traffic management.

4 It is infeasible to improve road safety by simply lowering speed limit. Drivers should be be the
priority during the selection of speed limits, and try to make the driver’ s driving expectation
consistent with the highway and related environments. In order to aehieve the goal, it is
necessary to comprehensively use various types of safety facilities such/as guide signs and

warning signs and deceleration markings.

4.2.5 According to the needs of traffic flow organization and traffic *management, indicative
signs shall be provided at sites where drivers and pedestrians are prone to be uncertainties or must

comply with driving regulations.

4.2.6 Guide signs shall be laid out in a comprehensive manner according to the principle of
integrated road network. It will be necessary<to ensure, that the information is well coordinated, and
the phenomenon of insufficient, improper.or-exeessive information must be avoided. On the basis
of highway function, direction of traffic flow and the ‘spatial distribution of urban areas along a
route, information with larger traffic demands shall be given priority with respect to travel distance,

population and the level of social-economic development.

4.2.7 The extent of guide'signs towardstourist areas shall be rationally determined on the basis of
the hierarchy of the«ourist,attractions and road network conditions. Other traffic signs have higher
priority if there are. cenflicts with tourist. area signs. Messages of tourist attractions may be

incorporated into the sign face of guide signs provided that there is no overloading of information.

4.2.8 The provision of informatory signs shall not affect the provision and visual recognition of

warning, regulatory, indicative and guide signs.

4.2.9 The comprehensive provision scheme of traffic signs at highway at-grade intersections shall
be rationally determined based on factors such as traffic management method, physical form,
technical class of intersecting highways, direction of traffic flow as well as following the principles
of well-defined right-of-way, rational channelization, clear guidance, safety and orderliness.

Traffic signs shall be coordinated with road markings to guide vehicles through the intersection.

4.2.10 The specific location of traffic signs shall comply with the requirements in the prevailing

Road Traffic Signs and Markings ( GB 5768) and meet the following requirements :
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Traffic signs shall not affect the sight distance of highway and traffic safety.

Traffic signs shall not be too close apart, or obscuring each other; otherwise structural

supports not blocking each other shall be adopted.

Traffic signs shall not be blocked by other devices such as overpasses, lighting devices,

surveillance facilities and plantings.

Traffic signs on motorways and Class-1 arterialss shall not be installed within the roadside
clear zone. Where they are necessary, the sign posts shall be of, breakaway or energy
dissipating systems, or else roadside barriers shall be placedaccording to their installation

principles.

4.3 Sign face design

4.3.1

The layout ofguide signs shall be cencise and clear enough to, reflect the name, location,

direction and distance of routes, and the layout of information shall meet the following provisions:

1 In destination-distance signs/, the destination shall be laid at the far left side and be arranged
from near to far, and top tobottom.

2 Where therejis.a sign with information, of two destinations in the same direction, it should
be in one rowor two rows with the sequence of near to far, left to right or top to bottom.

3 In thefirst line of motorway exit notice signs, this shall be the number ( name) information
of theexit links; and in the second line, this should be the information of one or two
destinations that can be reached by the connecting highways.

Background .

The arrangement of the name ,destination and distance in guide signs must be unified and arranged

in a certain order, which conforms to the actual conditions of the road and the expectations of

drivers, so as to help drivers to interpret and understand the information.

4.3.2

Indicating arrows in theguide signs should reflect the correct driving direction of the vehicle

at a certain angle and meet the following requirements;

1

Where the arrow of a gantry sign or an attached sign on an overpass is used to indicate the
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function of thetraveledway or the destination, the arrow shall be pointing downwards and

point to the center line of the traveledway.

2 Where indicating the advancing direction of vehicles rather than a specific road, the arrow

shall be pointing upwards.

3 Where indicating the direction of the exit, the arrow shall be inclined upwards, and the

angle of inclination shall reflect the alignment of the exit lane.

4 As for the arrow in the guide signs for at-grade intersections, it.shall.be pointing upwards
where indicating straight travel direction, and shall be consistent with the alignment of the
turning lane where indicating turns. Where the three directing=arrows pointing up, left and
right are arranged up and down, they shall be arranged from top to bottom in the order of
up, left, and right, and the arrows pointing upwards and leftwards shall be put on the left,
and the arrows pointing rightwards shall be put on<the-right. Where three directing arrows
pointing to the up, right and left directions are arranged from left to right, they shall be
arranged from left to right in the order of.left, upvand right.

5 Indication signs for interchanges-and multileg at-grade intersections may use curved arrows
that indicate the real shapes-ef-interchanges and:at-grade intersections. The graph patterns

of arrows shall be clear‘and Jegible without ambiguity=and complication.

6 In guide signs,-whefé the indicating arrows ar€ in the same layout with the geographical
information and numbering infermation and arranged from top to bottom, the direction
arrows shall be below the geographieal-‘and numbering information. Where arranged from
left torright;, the“arrows directing Wleftwards and straight and shall be on the left and the
arrow directing right shall be on the right.

Background .

The arrow sign on the traffic sign is one of the important means to convey traffic management
information. Human eyes tend to be more sensitive to arrows and other graphics than to texts.
Therefore, a reasonable use of arrow graphics can play a fast and clear role in the information
transmission, which can improve the efficiency of communication. The direction and angle of
arrows establish the links among the destination indication , direction and traveledway, and it shall

be selected according to functions and management requirements.

1 Where the arrow of a gantry sign or an attached sign on a overpass is used to indicate the
function of traveledway or the destination of travel, the arrow shall be downward and point to

the centerline of the traveledway, as shown in Figure 4-1a).
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2 Where indicating the advancing direction of the vehicle rather than a specific traveledway , the

arrow shall be upward, as shown in Figure 4-1b).

3 Where used to indicate the direction of the exit, the arrow shall be inclined upwards, and the

angle of inclination shall reflect the alignment of the driveway exit, as shown in Figure 4-1c).
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gmphlc")sha# be (fo‘;tczse and clear and the guidance shall be clear and direct, as shown in
Figure 7 =2w;Ear’ complex at-grade intersections or interchanges, it is not appropriate to use

complete geometric layouts as graphic information, so as to avoid more difficulty for drivers to
/

read and bringing potential safety hazards.
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Figure 4-2 A design sample of graphical traffic signs

4.3.3 Ports, railway stations and airports in guide signs shall adopt the graphic symbols at the
same time, as shown in Figure 4.3.3-1, and shall comply with the provisions of the current Road
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Traffic Signs and Markings (GB 5768 ). The direction of aircraft head in the symbol of *airport’
heading left, up or right shall be consistent with the driving direction, as shown in Figure 4. 3.3-2.

Figure 4.3.3-1 The symbol of large transportation

KR

4

Figure 4.3.3-2 The orie on o N aft head
4.3.4 Traffic signs nested in use shall m <1n\ r ts:
7{ :

1 The regulatory signs and i 1 apph e white plate without border are the
signs that must be co and t e1r layout and graphics shall not be
arbitrarily changed. /

2 The stop an 'e i of pr \X?I shall not be used on the white plate without
border.

-‘

3 fe.p ngns and indicative signs are provided with auxiliary signs, they can be
ust er on white plate without border.

4 In the road sections with prohibition signs for vehicles, if the corresponding notice and
warning signs are not installed at the appropriate positions before entering the road section,
the regulatory signs patterns shall be nested in the guide signs.

5 Motorways and national highways should be nested on the traffic signs in the form of
numbers. The urban street names should be nested on the motorway guide signs in blue
background.

Background .

2 Because of the legibility of the layout of the stop and yield signs of prohibition signs, they shall
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not be applied to the white plate without border in accordance with the provisions.

4.3.5 The dimensions of traffic signs and the height of characters shall comply with the
provisions of the prevailing Road Traffic Signs and Markings ( GB 5768 ), which shall be
determined according to the design speed except for special provisions. Where the differences
between operating speeds and design speeds of a road section is higher than 20 km/h, the layout
specification and legibility of the traffic signs should be evaluated according to operating speeds. In
special circumstances, the dimensions of traffic signs and the sizes of characters shall be
appropriately increased or reduced based on sufficient demonstrations. The following provisions

shall be met.

1 The determination of guide signs dimensions shall rely on~th€ height of characters, the
number of words in the layout, the demands for using other letters simultaneously, pattern

layout and layout optimization and so on.

2 The warning, prohibition and indicative signsinstalled in areas with high traffic volumes,
with multiple traffic lanes, or complextraffic cenditions, the dimensions or height of

characters may be larger than those“determined by the designspeed after demonstration.

3 Where the installation space-is“limited for signs of warning, regulatory and indication in
median barriers to usep0st-type, structural supports’, the dimensions of signs may adopt the
minimum value. The side length of triangle.warning signs shall not be less than 0.6 m.
The diameter of-ciretlai”prohibition signs shall‘not be less than 0.5 m. The side length of
triangle prohibition 'signs shall-not “be: less than 0. 6 m. The diagonal length of octagon
prohibition«signs shall not be less than"0. 5 m. The diameter (or short side length) of

indicative’signs_shall not be less than 0.5 m.

4 Where gtide signs in tunnels or on bridges are restricted by construction gauge and
structural bearing capacity, the height of the characters may be properly reduced, but it
shall not be less than 0. 8 times of the normal value, or a narrow font with an aspect ratio
of 1 ; 0.75 shall be adopted. However, the interrelationships between the various elements

of the layout shall not be changed.

4.4 Materials

4.4.1 Materials for traffic signs shall be of sufficient strength, durability and corrosion
resistance. The material and structure shall be appropriate, economical, light-weight and

environment-friendly in accordance with local conditions, with considerations of aesthetics.



4.4.2 For highwayupgrading and reconstruction projects or traffic sign replacements, the material
for traffic signs shall be re-utilized according to the real conditions under the commitment of

expected applied functions and the quality of the projects.

Background .

The re-utilize of materials for traffic signs may be in many ways, such as replacing the retro-
reflective sheeting, changing the layouts, displacing the signs, adding and deleting the contents of
layouts. Under the commitment of expected appliedfunctions and the quality of the projects,
integrating the engineering needs and the performance status of the signs, the re-utilize of traffic

signs usually adopts the following schemes .

(1) The original signs can be re-utilized as materials. In terms of materials for sign layouts, back
supporting materials, etc., the materials shall be in the samesor similar specifications as those on
the original roads, so that although the original signs cannot-betotally re-utilized, it can be fully

utilized as accessories such as a steel pipe and an aluminumyalloy chute for back support.

(2) The original signs can be re-utilized in<other places after the layeut transformation. For the
upgrading of highways, most of signs on original’mainline need\to be replaced with the increased
height of characters. In this case, the-layout of these signs can be used in other places where the

size is appropriate to take full advantageof them.

(3) The original signs can be'directly re-utilized<on new roads depending on the situation. If the

performance of retrosreflective _sheeting-isidecreased, it can be replaced.

(4) The original signs can be re-utilized as\temporary signs. The traffic signs that have been rusted

and no longer be used on new roads, can be used as temporary traffic signs.

4.4.3 The various materials used for the surface, panels and structural supports for the same
traffic signs shall be compatible, which will help to avoid corrosion or damage to the sign board
caused by electrochemical effects, and different thermal expansion coefficients or other chemical

reactions.

4.4.4 The retroreflective performance of retroreflective sheetings used on traffic signs shall
comply with provisions in the prevailing Retroreflective Sheeting for Traffic Control ( GB/T

18833 ). The selection of retroreflective sheeting classes shall comply with the following principles ;

1 For highways with strong influence from the environment, high speeds and high traffic

volume, high class retroreflective sheetings should be used.
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4.4.5

warning

4.4.6

For highways withlow traffic volume, retroreflective sheetings may be of a lower class than

other highways depending on prevailing circumstances.

For special highway sections with complex traffic movements multilanes, varying cross-
sections, sight distance restriction or large viewing angles, retroreflective sheetings for
warning signs and regulatory signs should be of a higher class than those of other traffic

signs of the highway.

For overhead traffic signs such as gantry signs, and cantilevered signs; etc., retroreflective

sheetings should be of a higher class than those of roadside traffie” signs:

For traffic signson road sections susceptible to adverse weatheér conditions, such as rain and

fog, higher class retroreflective sheetings shouldbe-adopted.

Class V retroreflective sheetings should be used. for regulatory signs, indicative signs, and

signs in the following circumstances :

Sections with small radius curves‘on-the.mainline of motorways and Class-1 highways, and

small radius ramps of interchanges.

At-grade intersection§ or road, sections-with eomplex traffic movements, poor visibility, or

excessively large,viewing“angles.

Sections_with thrée or more lanes in-en€ direction.

Sections with' varying cross-sections.

Very high proportion of large vehicles.

Active luminous or illuminated signs should be adopted for the signs that indicate the

emergency telephone, fire equipment, cross passageway fro pedestrians or vehicles, evacuation in

tunnel, etc.. The materials and requirements of active luminous or illuminated signs shall comply
with the provisions of current Road Traffic Signs and Markings (GB 5768 ) .

Background .

The driving environment of tunnels is different from that of general roads, which mainly reflect in

the changes of illumination , field of view and ventilation, besides, many tunnels also have cross-

sectional changes. All of these may have a greater impact on safety than the general road sections
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especially the signs indicating the emergency telephone, fire equipment, cross passageway fro
pedestrians or vehicles, evacuation in tunnel must be more easily identified and marked in any

case.

4.4.7 Traffic signs plate may be made of aluminum alloy plate, extruded aluminum alloy profile,
thin steel plate, synthetic resin plate, etc. The relevant indicators and production of the plate shall
comply with the provisions as specified in the current Road Traffic Sign Board and Supporting Part
(GB/T 23827). The thickness of the plate shall meet the strength requirements.

4.4.8 Large traffic signs may be made in blocks and assembled on<site, but the number of
assembling blocks shall be reduced as much as possible. The joint part shall not overlap with the
figures, characters and important symbols in the signs. The overallstrength of the sign plate after

assembling shall be not less than that of the whole plate.

Background .

Where selecting the traffic sign plate, it shall be~determined~according to the highway grades,
meteorological conditions, economic conditions and .comprehensive consideration of mechanics of
materials , durability, construction convenience and other factorssdarge-size sign plate ( more than
5 m’) are recommended to use aluminum’ dalloyplate , which have’ the advantages of light weight
high strength, corrosion resistance and-wéar. resistance., Interms of the plate with an area of more
than 15 m’, for the conveniencer of ‘transportation, installation and maintenance, it is usually
formed by extruding aluminum alloy'plates. The section is shown in Figure 4-3. It is necessary that
the number of assembling blocks-shall be reduced assmuch as possible. The stitching seam must not
overlap with the figures, wordssand important symbols in the signs, ensuring that the overall

strength of the sigh_plate after splicing is-not.less than that of the whole plate.

4.4.9 The materials used for the supporting structure of traffic signs shall meet the following

requirements;

1 Traffic signposts and beams may be made of steel tube, H-beam tube, channel steel,
wood, synthetic materials, and reinforced concrete materials, etc. posts and beams shall
not be assembled in the length direction, and their terminal parts shall be provided with
caps.

2 The steel components of traffic signs must be rust-proofed and anti-corrosion.

3 The base of traffic signs should adopt an enlarged base. Where the foundation is too large

or the quality of soil at the base is poor, the pile foundation may be adopted.
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Figure 4-3 A sample of the cross section.of traffic signs plate with extrusion forming ( Unit: mm)

Background .

This clause stipulates the.materials commonly used in.the structural supports for highway signs

1 Steel pipes, H-beams,  channel steels,;~etc., asposts and beams of traffic signs, have the
advantages- of ‘high.strength and good processing performance , but it is corrosive and antiseptic
treatment is required. Concrete-filled steel tube has the advantages of both steel pipe and
concrete. With high strength and small deformation, it has greater advantages where the
height of the signpost is more than 10 m. Wood can be used on the highways with lower classes

and lower traffic volume or temporary traffic signs.

2 The steel components can be used only after anti-corrosion treatment, and hot dip galvanizing

can be adopted.

3 Traffic signs generally apply reinforced concrete to expand the foundation. Floor-standing
traffic signs located on the soft-base road sections can use station foundations. The buried
depth of thepost depends on the external force of the board and the bearing capacity of the
foundation. The single-post traffic sign located at the bridge section can be based on a steel

structural supports and attached to the bridge.



4.5 Support forms and structures

4.5.1 The single-post supporting structure should be applicable to warning, regulatory, indicative
signs and small guide signs. The double-post or multi-post supporting structures may be applied to
the middle-sized or large guide signs. Where the terrain conditions are constrained, the post may be
installed asymmetrically under this circumstance that driving safety and the function of signs are

ensured.

4.5.2 In the following circumstances, traffic signs shall be mounted overhead using structures

such as cantilevers or gantries;
1 Recognition of roadside traffic signs is blocked or-interfered.
2 Sight distance or traffic safety is affected by roadside traffic signs.
3 Roadside space isconstrained and post ‘mounted traffie signs are not feasible.
4  There are three or more lanes-ih one direction.

5 Traffic volume is at or,close‘tordesignicapacity, or the proportion of large vehicles isvery
high.

6 Exit guidesigns. of,interchanges.between motorways, complex interchanges or interchanges

with close’ spaeing of exits.
7 Multilane exit ramps of interchanges or left exit ramps.
8 Advance guide signs and guide signs for at-grade intersections.
9 Sections with frequent lane changes.
10  Sections with high density of traffic signs.
11  Motorway sections in urban areas.

4.5.3 Where the exit ramp of interchange is located behind the overpass bridge and the distance is

relatively close, an advance exit sign shall be attached to the overpass bridge.
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Background .

The exit sign is installed in the triangle termination of the intercommunication exit and plays the
role of identifying the exit location, so that the driver can confirm the exit. Where the exit ramp of
interchange is located behind the overpass bridge and the distance is relatively close, it tend to
block the signs at exit ramps and exit triangles. Therefore, the signs in the triangle terminal exit
are usually attached to the overpass bridge, or an attached exit sign is added on the overpass
bridge (Figure 4-4).

Figure 4-4 Example of exit guide sign monnted hto oygrﬁgss in advance of an exit

4.5.4 The connection between the ex1t nlrmber s1gns and the main signboard to which it is
attached shall be subject to stress calculaﬂon S0 as to select the appropnate connection method.

4.5.5 Removable anti-loﬂsr@agd :anﬂ-fheft nutsmay “be used on the structure of traffic signs.
Their average anti-unlﬁoadi‘{;gfafgr‘}d‘énti-looséhing‘ tOrqi_f;l.é"’should not be less than 200 N - m.

4.5.6 Where the: -trafﬁcpbsts adopt thex breakaway and energy-dissipating structure, the design

shall comply w1th the felIowmg provisions ;
1 Thé p03s1ble dangers to other vehicles and pedestrians after the dissipation of thepost shall
be taken full consideration so it should not be used in bus stops and pedestrian concentrated
area.

2 It should not be installed in the side ditch of gutters, steep slopes and other places where

vehicles are prone to jump after crash.

3 It should be ensured that safety and durability of disassembled facilities are not affected

under wind load.

4  After the vehicle crashes into energy-dissipating structures, the height of the indissoluble

parts remained in road or above the ground should not exceed 10 cm.
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5 Where power equipment is installed up in the energy-dissipating structure, effective

measures shall be taken to prevent fire and electric shock after crash.

6 The safety performance of energy-dissipating structures shall be verified by vehicle crash
tests, and the test method and safety performance evaluation criteria may refer to the
prevailing Evaluation Specification for Highway Safety Barriers (JTG B05-01).

Background .

The traffic signs (especially theposts) installed on the roadside are obstacles for vehicles driving
out of the road. From the perspective of roadside safety, the farther the roadside traffic sign is
from the highway, the better. Therefore, the visibility of the sign.arid-the safety requirements of the
roadside are a contradiction. In designing, both requirements must, be taken into consideration.
Due to land shortages and other reasons, most of the road traffic signs in China will be located
within the roadside effective clear zone width. The trafficisigns within the roadside effective clear
zone width of the motorways and first-class highways shall~be protected by energy-dissipating
structures or barriers according to the specifications .of the, sign structures; as for the traffic signs
within the roadside effective clear zone width of other roads,.corresponding warning tips are

necessary to ensure driving safety.

The energy-dissipating structure-refers'to.the signposts , lamppasts and traffic light poles which can
absorb the crash energy through its ‘own disintegration where hit by a vehicle, in order to reduce
the severity of traffic crashés. First established in.the<United States in the 1960s, energy-dissipating
structures have now becomesthe basis of.a tolerant design. So far, it has been widely used in the
United States and Eurapey, and the United-States' has established a crash test standard. Manual for
Assessing Safety /Hardwdre ( AASHTO 2009 ) and structural design standards Standard
Specifications  for Structural Supports for Highway Signs, Luminaires, and Traffic Signals
(AASHTO 2013 )« There is no specific test standard for energy-dissipating structures in China, so
in practice, it/can refer to provisions as specified in the current Evaluation Specification for
Highway Safety Barriers (JTG B05-01).



5 Road Markings

5.1 General

5.1.1 Road markings include all kinds of road markings;* direction arrows, literal symbols,
object markers and raised pavement markers, etc. The’classifications, definitions, and colors of the
road markings shall be in accordance with thosespecified in the ‘current Road Traffic Signs and
Markings (GB 5768).

5.1.2 The design of road marking shall meet the followingygeneral provisions:
1 Road marking design shall take“full aceount*of human, vehicles, roads, environment and
other factors, and eonductsa comprehensive “investigation and analysis to ensure that the

design is targeted and systematic.

2 Road rmarking: design shall guidethe traffic properly and ensure the orderly driving of
vehicles.

3 Road markings and traffic signs shall be used cooperatively and the meanings of them shall

not be contradictory.

4 The material of road markings shall perform well in durability, skid resistance,
convenience and economy of construction. In the normal service life period, it also shall
have good visibility.

5.1.3 Design of road markings may be implemented in the following order

1 Collect the following basic information : cross-sections, interchanges, at-grade intersections,

service facilities, bridges, tunnels and climate conditions, etc.

<
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2 Well design and deploy road markings by taking road and traffic conditions, environment,

traffic management, materials and other factors in to account.

Background .

Road markings placed on highways play an important role in providing road users with travel
guidance and information services. In some cases, road markings can be used as a supplement to
traffic signs and signals. Road markings can also be used alone to provide regulatory , warning and

guiding information that other devices cannot perform.

Of course , road markings also have limitations. The visibility will be constrained by snow , debris ,
and pavement hydrops. The durability of road markings is affected by material characteristics,
traffic volume , weather, and location. Therefore, in the design of road markings, it is necessary
to comprehensively take road conditions, traffic flow, traffic management and materials into

account to conduct well design and deployment.

It is necessary to collect relevant data and to be more spegidalized in road marking design. For
example , in terms of areas with more rain in southern regions, drainage gaps are needed to reduce

the water blockage of road markings.

5.2 Provision principles

5.2.1 The design ofroad markings for general highway sections shall comply with the following

provisions ;

1 General highway sections of motorways andClass-1 highways shall be equipped with
traveled way edge lines and lane lines. For Class-2 highway or below, , except for the
single lane highways, centerlines for opposing traffic shall be provided. Traveled way
edge line shall be laid on the following sections of Class-2 highway or below :

1) Narrow bridges on highways and their upstream and downstream sections;

2 ) Curved sections to minimum highway design standard and their upstream and downstream

sections ;
3) Merging or diverging sections;

4)Highway sections with varying pavement width;



5) Highway sections where roadside obstacles are close to the traveled way;

6 ) Highway sections with frequent adverse weather conditions affecting traffic safety such

as heavy fog;

7) Mixed traffic road section with high volume of non-motorized traffic or pedestrians.
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Figure 5.2.1 Example of markings, design of motorway basic sections with design speed of
100 km/h (unit: mm )

2 If there is ajslow vehicle lane .on-a, €lass-2' highway, centerlines, lane lines and traveled

way edge lines shall be provided acecordingly.

3 Traveled way edge lines shall be provided within the paved shoulders adjacent to the
traveled-way on both sides of the road. Traveled way edge lines for highways without
paved/shoulders shall be provided on both outer edges of the highway adjacent to the

traveled way. Lane lines shall be provided between lanes with the same direction of travel.

4 The width of the road markings should comply with the provisions of Table 5.2. 1.
Table 5.2.1 The width of road markings

Design speed Edge line Lane line Center line
(km/h) (cm) (cm) (cm)
120, 100 20 15 —
Motorway, Class-1 highway 20 15 —
80, 60
Class-2 highway 15 10 15
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continued

Design speed Edge line Lane line Center line
(km/h) (cm) (cm) (cm)
40, 30 15 10 15
Two-lane Two-wayhighway 10 — 10
2 Singlelane highway 10 — —
Background .

The prevailing Road Traffic Signs and Markings ( GB 5768 ) has a certain range of regulations on

the centerlines, lane lines and edge lines. The Guidelines provides with some stipulation in Table

5. 2.1 according to the design speeds.

5.2.2

The design of road markings for special sections, shall \comply with the following

provisions ;

For bridge sections with strong crosswinds,” ot with sharpicurves and steep grades, tunnel
portals, traveledway width transition sections, intersections and pedestrian crossings
approaches, lane lines prohibiting ‘passing across lanes_shall 'be provided, and the line

width shall be accorded with_the center*lines.

Where the road sections andybridge sections;of Class-2 highways and below are as wide as
the approach sections; the double_solid-yellow-lines or single solid yellow lines shall be
provided at the center lines on-bridge.sections, and the solid-dotted yellow lines shall be
provided for a‘distance longer than"160-m at both ends of the bridge approaches, as shown
in figure 5:2:2-1" a). Where the'section of highway and bridge is narrower than the
roadway and'the width is less than 6 m, the center lines shall not be provided within the

bridge-and the transitions at both ends, as shown in Figure 5.2.2-1 b).

The approaches of tunnels portals shall be taken as the independent design units. The
design of the road markings shall be integrated with the devices such as the traffic signs,
barriers, visual guiding devices and other devices in the design of the road markings, refer

to Appendix A.

The road markings at climbing lanes shall be provided continuously. The broken line with
the length of 100 cm and the clear spacing of 100 cm is set along the transitions on the left
side of the travel direction. The solid line is provided in the normal section. The edge line
is set along the right side of travel direction. Then it is transited to connect to the edge line

of standard road section. The width of the broken line and the solid line is the same as that



of the edge line of the standard road section, as shown in Figure 5.2.2-2.

No striding opposite No striding opposite
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b)The provisions of traffic markings in the bridge seci\:jons“’\;whic“&,aré'ﬁarrowéi: than the roadway and where width is
less than 6m N ¢ NS

Figure 5.2.2-2 Example of markings at the climbing lane

5 Object markers shall be provided on the facades of overpass near the clearance profile of
road, pier of aqueducts, end faces of the wing walls of tunnel portals, and facades of other
obstacles. The facade is marked with alternating diagonal yellow and black strips with a
width of 15 cm. Where installed, the downward inclined side shall face the traveledway

and should be painted to a height of more than 2.5 m above the road pavement.

6 Bridge piers, central piers, toll islands, physical refuge islands or channelization islands,
lamp bases, sign bases, and other solid facades that could pose a threat to safety within the
clearance profile of a highway overpass shall be provided with object markers. The object
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markers are with oblique lines of yellow and black with a line width of 15 cm. They are
painted from the middle of the entity to the sides at an angle of 45°, and it should be

painted to a height of 2.5 m above the road pavement.

If there are no pedestrian crossing facilities on the roads in front of schools, kindergartens,
hospitals, and nursing homes, pedestrian crossings and indicative signs shall be provided
refer to the current Specifications for Layout of Road Traffic Facilities Around Primary and
Secondary School (GA/T 1215). The installation distance of the pedestrian crossing shall
be determined according to the actual needs, but it should be more than 150 m. Where
installed pedestrian crossings in the section without traffic signals, step lines and advance
signs of pedestrian crossing shall be installed on the pavement before reaching the
pedestrian crossing, coordinated with pedestrian crossing indicative signs. If necessary,

pedestrian crossing warning signs may also be installed.
The pedestrian crossings shall not be set under the-following conditions;

1) Sections with poor sight distance, sharp ‘curve steep grade or other dangerous sections

and transition sections whereroad<width 1s,changing;

2) Facilities for pedestrianyto..cross. the road,such as pedestrian bridges and pedestrian

underpasses and roadisections, within a range 0f200. m.

In the place where thére-is necessary to make, vehicles slow down or remind drivers of safe
driving, longitudinal or transverse speedreduction markings are necessary to be installed as
required. “Where installed speed reduction markings, attentions shall be paid to drainage
and skid resistance. Transverse -Speed reduction markings may be used in the form of
rumble stripes. Speed reduction markings should be installed in conjunction with speed

limit-signs or speed limit clearance signs.

Where speed hump facilities are installed on Class-2 highways and below, advance
markings of speed hump shall be installed within 30 m before and after. Advance markings

of speed humps warning shall be installed in coordination with the speed hump markings.

The word markings on highway pavement shall be arranged from far to near, and the number
of words should not exceed three. The installation specification shall be in accordance with
requirements specified in Table 5.2.2. The maximum speed limit value shall be treated as

one word.



Table 5.2.2 Specification forword markings

Design speed (km/h) Character height (cm ) Character width (cm) Longitudinal clear spacing (cm)
120, 100 900 300 600
80, 60 600 200 400
40, 30, 20 300 100 200
Background .

1 The solid lane line is used to prohibit vehicle from lane change or passing. In general, the solid

lane line should be placed simutaneously with the no passing signs.

2 This article is derived from the Road Marking Manual published by the Department of
Transportation of British Columbia, Canada, in June 1994, -and is applicable to the
installation of road markings for Class-2 and below highway bridges.

3 Where the tunnel width of motorway, Class-1-highway with the design speed of 120 km/h or
100 km/h is narrower than the roadway, the'zebra marking can be inclined toward the driving
direction. It is installed in the right paved shoulder within 50 m in advance of the tunnel

entrance portal; and as for other highways, it can be set within\30 m.

8 Speeding causes traffic crashes: | The drivers maybe the/contributor of speeding, it is necessary
for the highway management dépdrtment to.install some speed limit signs or warning signs on
some road sections that call-for the driver attentions, such as steep grades or long tangents.
The use of speedireduction’ markings, is\the method often adopted in the design. The specific
installation principle can 'be found in the-Background of the Clause 5.2.5 in this Guideline.

10 Word markings of highway pavement is the symbol that mainly use the literal of pavement to
indicate or timit the vehicle driving, such as the speed limits, lane indications ( such as quick
lane , slow lane). Where the number of lanes in the same direction is greater than 2 or the
traffic signs cannot be installed due to terrain constraints, the method of installation of literal
symbols on pavement may be adopted. In order to increase the visual recognition , if condition
permits , the uphill section may be selected. Considering the mutual influences among vehicles
after the traffic volume increase, the article stipulates that the literal symbols on pavement

shall be arranged from near to far.

5.2.3 The design of road markings at the exits and entrances of interchanges, serving areas, and

parking areas shall comply with the provisions as follows

1 The road markings at the exits and entrances of interchanges, serving areas, and parking



areas shall accurately reflect the organizational principles of traffic flows according to the

type of interchanges, serving areas and parking areas.

Entrances and exits of interchanges shall be installed with direction arrows. The
specification and iteration of the exit direction arrows may refer to the Table 5.2.3. The
exit direction arrow shall be based on the gradient points of deceleration lanes, with space
of 50 m. The entrance direction arrow shall be based on the starting point of the
acceleration lanes. Depending on the length of acceleration lanes, three or two groups can
be installed.

Table 5.2.3 Size and Installation Times ofdirection Arrowhead

Design speed (km/h) 120, 100 80, 60 40, 30, 20

Length of direction arrows (m) 9 6 3

Iterations =3 3 ] =2

5.2.4
follows .

o0

In the field of serving areas and parking areas,«thé road-markings like the parking space
markings, division lines and direction arrows shall<be/installed according to the traffic

organization design and function planning Of the.area.

The design of road markings at-grade-intersections ‘shalli.comply with the provisions as

At-grade intersections between class-3 or higher grade highway shall adopt channelization
design, and channelizdtion markings.shall bevinstalled. If allowed, channelization islands
should be installéd and the.curb height should'riot exceed 10 cm. The at-grade intersections
of other highways shall’be equipped ‘with stop and yield lines in coordination with the signs
for stopping” or -8lowing down' to “give way to pedestrians. The specifications and

duplications ‘of-direction arrows may refer to the Table 5.2. 3.

The channelized markings of at-grade intersections shall be designed and installed
according to the actual situation of the at-grade intersections and the characteristics of

traffic flow. If allowed, it is advisable to open up an exclusive left or right turning lane.

The scientific and reasonable channelization of at-grade intersections shall be based on the
principle of reducing conflict points and making the vehicle pass quickly and safely.

The right-of-way shall be clarified before installation of traffic markings at at-grade
intersections. The installation of stop and yield lines and other markings related to the
right-of-way shall be improved, and the comprehensive installation of traffic signs and

markings shall be strengthened.



5 Complete safety facilities shall be installed up around the physical island of at-grade

intersections.

Background .
3 The design of the channelization shall take into account both the safety and efficiency. They
shall pay attention to the following aspects .

1) Fully reflect the forms of grade crossings and the characteristics of traffic arterial. Rationally
allocate the main and minor roads, and clearly prioritize the right of way, so as to make the
major roads or major traffic flow smooth, with less conflict points{and/small and scattered

conflict zones.

2) Reduce the complexity of the drivers operation at-grade interseéctions and minimize the

passing distance of at-grade intersections.

3) Make the vehicles reach the at-grade intersection more smoothly and reduce the speed

differences between the vehicles.

4) Fully consider the needs of vulnerable.groups, so that they.can\cross theat-grade intersection
safely. The installation of pedestrian craossings shall consider the factors such as pedestrian

flow, highway classification ‘and trafficymanagement mode:

4 The right-of-way management is the important content of the installation of road markings on

at-grade intersections.

S Large areas ofehannelization markings make it easier for drivers to violate traffic rules.
Strengthening the application of physical islands can effectively change the situation. Because
the physicalisland has certain impacts on safety, it is necessary to strengthen the safety devices

around them.
5.2.5 The design of traffic markings at the toll plaza shall meet the following requirements;
1 Speed reduction markings and toll island markings shall be placed at the entrance of the toll
plaza, and the spacing between speed reduction markings shall be calculated and

determined according to the entry speed and the length of the plaza.

2 The lane lines may be installed on the toll plaza exit termination. Where the toll plaza

space allows, the lane lines may be extended appropriately.
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3 For the toll stations with ETC toll lanes shall be equipped with ETC related markings,
including ETC lane edge lines, ETC lane speed limit markings, and ETC lane pavement
literal markings.

4 For the toll plaza with more than 5 one-way toll lanes, the road markings shall be solely

designed.

Background .

The distance between the horizontal speedreduction markings and the toll plaza shall be calculated
according to the entry speed and the length of the plaza by using Newton’ s‘second law (the final
velocity may be taken as the expected value). The control index is the same time for vehicles to
pass through each speed hump marking , and as the space becomes closer and closer, the drivers

would think they were faster and faster, so they take the initiative to slow' down.

ETC toll lanes shall be marked with appropriate markings so thatythe vehicle can slow down to the
appropriate speed before reaching the ETC lane , énsuring the vehicle safety. ETC toll lanes can
make drivers to slow down by installed installationn rumble stripes, pavement lettering

markings , etc.

5.2.6 The design of road markings-at_ the“tuninel portals shall meet the following requirements

1 Tunnel entrances shall be installed with object markings; channelization lines shall be
installed on the-sightthard shoulders within'the‘range of 30 m - 50 m ahead of the tunnel
entrance portal where width is narrower than that of the roadway or bridge ; lane lines shall
be placed 150.miahead of the.tunnel entrance portal, and the width of the line shall be
same jas that ‘of<the lane lines; raised pavement markers or colored anti-slip markings
maybe used.” See Appendix A.1.1.

2 Lane lines shall be 100 m after the exit of the tunnel, and the width of the lines shall be
same as that of the lane line; a certain length of hard shoulder after the exit of the tunnel
may be provided with a channelization line; color anti-skid markings may be installed as
required. See Appendix A.1.2.

Background .

The tunnel portal is often theblackspots. The key point of installation the road markings of the
tunnel portals is to ensure the safety. It mainly includes . make the tunnel portal more eye-catching
by the object markings on the tunnel portal; prompting the drivers to follow the markings through
channelization lines at the tunnel portals. For the road surface materials that is not uniform within

3 seconds of travel outside the tunnel portals, color anti-skid markings can be installed to minimize
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the effect of uneven road surface materials on the drivers.
5.2.7 The design of road markings of the long downgrade shall meet the following requirements;

1 According to actual conditions, new types of road markings may be installed in road
markings road sections with long downgrade, such as color anti-skid markings, horizontal

or longitudinal speed reduction markings etc.

2 The road markings installed in road sections with long downgrade shall be in coordination

with traffic signs.

3 The installation of road markings on long downgrade shali*avoid adverse impact on the

driving of drivers.

Background .

The road markings on long downgrade generally have'two purposes. One is to urge the drivers to
slow down. This type of markings mainly includes.visual speed hump markings , lateral speed hump
markings, etc. Another is to remind the drivers to pay attention. Such markings mainly include
rumble speed hump markings and rumble_ driveway edge lines. “"Rumble speed hump markings are
generally installed in front of the damger points to réemind jthe drivers to watch out and avoid

installed installation at danger points so as\not to adversely affect the safe driving of the drivers.

5.2.8 The design of read markings within the service and rest areas shall meet the following
requirements ;

1 The installation of road markings in 'the service and rest areas shall be determined according

to_the plan and design of the relevant field in the house-building engineering.
2 The design of road markings in the service and rest areas shall match the traffic flow.
3 It shall be strengthened with the use of separation belts or separation facilities.

Background .
The installed installation of road markings in the service facility area is crucial for improving the
road services. Before installed installation up the road markings in the service facility area, traffic

flow and parking space planning shall be done. Based on this, road markings should be

installed up.

The layout of traffic flow and parking space shall follow the following basic principles .
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(1) Traffic flow planning shall be carried out on the basis ofanalyzing the needs of drivers.

(2) Different types of vehicles shall be provided with different parking spaces. The type of
parking spaces shall be suitable for parking of vehicles.

(3) The traffic signs and markings in the service facilities area shall be designed according to
the pedestrian guidance system and the vehicle guidance system respectively to meet the traffic
guidelines of vehicles and pedestrians.

The main factors to consider in traffic flow planning include .

(1) Traffic flow planning shall fully consider the needs of drivers for fueling, resting, and

catering.

(2) The traffic flow shall adopt the driving route” consistent with the direction of the entrance

and exit of the traffic, so as to avoid detour and retrace.

(3) Traffic flow such as peopleflow_and teaffic flow_shall\be ‘elear, and the disturbance of
people flow to the traffic stream shall-be avoided.

(4) The traffic flow planning shall consider. the_technical requirements of different vehicles,

such as the width of the-driveway'; the radius of the twm, etc.
(5) Avoid the<dmpact, of traffic flow on-theexclusive lanes of logistics services.
The factors that need to be considered in parking planning include .

(1) The planning of parking spaces shall fully consider the driver’ s needs and the traffic

volume , traffic composition and others.

(2) The installed installation of parking spaces shall be centralized and not be divided into
multiple small parking spaces. The parking spaces for large and medium-sized vehicles shall be
separated with that of small vehicles Parking spaces for small vehicles and buses shall be located

close to facilities such as restaurants and leisure facilities.

(3) The type of parking spaces shall be reasonably selected according to the width of the

passageway , vehicle models, and traffic volume.
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5.2.9

The installation of raised pavement markers shall meet the following requirements;

In the following cases, raised pavement markers should be installed on one side of the road

marking and shall not intrude on the driveway .
1) On the edge lines of the motorway driveway ;

2 ) On the edge lines of the driveway of the class-1 highway interchanges, serving areas and

parking areas;
3) Entrances and exits of interchanges ramps.
Raised pavement markers shall be installed on the division lines 0f the tunnel.
Raised pavement markers may be installed in the follewing cases:
1) On the lane lines of the motorway driveway;
2)On the edge lines and the division lines of the class-l highway ;
3) On the longitudinal speed-limiit ‘markings;

4)On the dangerous sections such _as'diversion lines and small-radius flat curves, road

narrowing), rodad ebstacles, etcr, “of\Class-2 and class-3 highways.

Raised- pavement markers maybe” individually installed on the edge lines and the division

lines of the driveway.

Tunnel sections and fogy road section may be installed with active luminous raised
pavement markers as required. Snowy road in winter may not be installed with raised

pavement markers.

The color, position and spacing of the raised pavement markers shall comply with the
provisions of the current Road Traffic Signs and Markings( GB 5768 ) .

Background .

The raised pavement markers are reflective and non-reflective objects installed on the road surface

to mark the boundaries of the driveway, the edge, the diverging andmerging traffic, the curve, the

dangerous road section, the change of the road width, and the position of the road obstacles.
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Where the vehicle deviates from the driveway, the raised pavement markers can give the drivers a
rumble alert to avoid traffic crashes. Reflective raised pavement markers can play a role of visual
guiding at night. In the main text, according to different road conditions , the principle of installed
installation up raised pavement markers is proposed. For example, the crashes of driving outside
the road tend to happen on the motorways and first-class highways because of high operating
speeds and the fatigue driving. Therefore, it is recommended that the raised pavement markers
must be installed on edge lines of the motorways and the edge of the driveway of the first-class
highway interchanges, etc. The active luminescence raised pavement markers on the fogy road

sections and tunnel sections can be installed according to the need.

5.3 Material selection

5.3.1 Traffic marking paint can be divided into the type-of‘liquid selvent, solid hot-melt, liquid
two-component, and liquid water-based and skid resistance; and ‘its technical specifications shall be
consistent with the current requirements of Pavementr Marking Paint (JT/T 280 ) and Quality
Requirement and Test Method For Road Road markings (GB/T 16311).

5.3.2 The road markings shall be reflective./In the normal seryice life, the retro-reflection
luminance coefficient of the white reflectivemarkings shall-not be lower than 80 mcd - m” - Ix".
The retro-reflection luminance coefficient of the yellow reflective markings shall not be lower than

50 med - m* - Ix™".

5.3.3 Where selecting thesmarking material’y, consideration shall be given to factors such as retro-
reflection luminance coefficient, the value of-skid.resistance, stain-resistant performance, environmental

protection performanee .adhesion to the road surface, and cost performance of the marking material.

5.3.4 The thickness of the markings shall be selected from the Table 5. 3.4 according to its type,
location and construction process.

Table 5.3.4 Thickness Range of Markings ( mm)

No. Marking type Thickness range of Markings Note
Ordinary and reflective 0.7-2.5 Dry film
1 Solid hot-melt ) Dry film. If there is a baseline, the
Raised 3-7 . L
thickness of baseline is 1-2
2 Two-component 0.4-2.5 Dry film
3 Water-based 0.3-0.8 Wet film
4 Resin anti-slide 4-5 Aggregate particle size is 2.0-3.3

5 Performing pavement marking tape 0.3-2.5 -
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Background .
5.3.1-5.3.4 Where selecting the material of markings, the following factors shall be considered ;

(1) The type of hot-melt spray ( coating thickness: 0. 7mm-1. Omm ) can be used on the
roadway edge lines of motorways, zebra markings, etc., which can meet the requirements of

reflection and has the highest cost performance.

(2) The durable marking paint can be used on division lines of the motorway, such as the

type of hot-melt blade coating ( the coating thickness is 1.5-2. 5mm).

(3) In order to improve the safety of driving at night, all ¥oads, including ordinary roads,
need to adopt reflective markings, and the brightness of road markings must meet the requirements

of the minimum retro-reflection luminance coefficient within the, normal service life.
(4) The resin anti-slide paint and hot-melt_raisedspaint can be used on the blackspots.

(5) The hot-melt spray coating can be_used on the cement pavement to increase the cost

performance.

(6) The simulationexperiment of the'marking performance of the German BAST shows that the
satisfaction rate of the markingrperformance with the, two-component coating is the highest. This
marking has excellent reflective performance_and the longest service life. The disadvantages of this

marking are high pricesand Striet constriction requirements.

(7) For roads with high requirements for environmental protection,the use of water-based
paints will be the best choice. At the same time, the performance and price ratio of this kind of

marking is good and the reflective performance is excellent.

5.3.5 The technical indicators of raised pavement markers shall comply with the requirements of
the current inRaised Pavement Markers (GB/T 24725).

5.3.6 Where used in conjunction with paint markings, the raised pavement markers shall be
directionally reflective, and the color shall be the same as the marking color. The double-sided
reflective markings shall be used for the raised pavement markers installed on the division lines of

the opposite-direction roadway or in the tunnel.
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Background .
In the events of crashes, fire or other emergencies, contraflow may be allowed, and double-sided

reflective markings can be used.
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6 Barriers and Railings

6.1 General

6.1.1 Barrier is a kind of obstacles. Where the width of actual clear zone is less than the effective
clear zone width, and for vehicles driving out of the foad, the consequences of collision with the
barriers are lighter than those without the barriersjconsideration shall be given to the installation of
barriers. The installation of barriers shall alse consider the economies of the project. The method

for calculating the width of the clear zoné-is“shown in Appendix'B.

Background .

By rationalizing the design of highway projects, \théeffects of accidentsdue to driving out of the
road will be minimizedy and those thatmay“have-fatal consequences could be eliminated.

Installation of barriers jis only.onwe of the*ways._ or means reducing the consequences of driving out of
the road. It does.not-mean that the moxe_barriérs or the higher the intensity would be the better,
because the barrier itselfis also an obstacle. Only where the consequence of the collision between
the vehicle.and the obstacle would be greater than the one between the vehicle and the barrier,
installation jof the barrier should be considered. The value of human life is priceless, but even in
developed countries, whether a barrier is installed or not is based on the results of an engineering

economic analysis.

It shall be pointed out that for road sections that meet the requirements for effective clear zone
width , if thereexists dangers such as cliffs, the safety still needs to be analyzed comprehensively
according to the factors such as road alignment, traffic volume, vehicle types composition, and
location of risk sources outside the effective clear zone width, to determine if a barrier needs to be
installed. In addition, where there are high-speed railways and/or high-voltage transmission
towers on the roadside, the installation of barriers also needs to comply with the relevant national

laws and regulations.

124



6.1.2

The main purpose of installing the barriers is to keep the vehicle from collision whose

impact energy is less than or equal to the design protection energy and to guide its direction of

travel. The following factors shall be considered in the design;

1 Whether the width of the actual clear zone on the roadside orthe median meets the
requirements of effective clear zone width;

2 Where it cannot meet the requirements of effective clear zone width, the situation of
obstacles on the roadside or medians shall be considered ;

3 Where the requirements of effective clear zone width cannot be met, the following factors
shall be considered such as the design traffic volume, design speed, the proportion of
vehicles with the total mass greater than or equal to| 25 tonnhes, and the alignment
conditions of the road sections, etc.;

4  Where the requirements of effective clear zone”widthjare met, the following factors shall be
considered such as whether or not there are .dangerous terrain such as cliffs, deep valleys,
deep ditch, etc. in the vicinity of the roadside, and whether-or not the median barriers are
designed with measures to prevent vehicles from entering the opposite-direction roadway ;

5 Cost-effectiveness of barriers;

6 The coordination.with the' surrounding ‘envitonment.

Background .

The factors considered-in’ the design of the barriers are mainly required to estimate the risk of

vehicles run-off-road ‘accident. The risk of driving out of the road is related to the probability and

the severity of the accident. Specifically, risk assessments of driving outside the road can be

analyzed based on the existing conditions of roads and accidents; local risk assessment models and

parameters can be gradually established and used.

6.1.3

70

The design process of barriers should meet the following requirements ;

Collect data such as road horizontal and vertical alignment, cut-fill data, traffic volume

and composition, operating speed and design speed;

Collect evaluation reports on safety of the project safety, and investigate the evaluation

results of the alignment and its adjustment data;



3 Collect or investigate the distribution of various obstacles within the scope of highway
effective clear zone width andmaterials about its intersection with other roads and railways,

etc,

4 For the highway extension and reconstruction projects,collect relevant operation data for at

least 3 years, such as traffic volume and composition, weather, and traffic accidents data;

5 Analyze the risk for vehicles of driving out of the road in accordance with the investigation

results’ analys is of roads with similar characteristics;

6 Determine whether to install the barriers, forms and levels of protection should be in

accordance with the cost-benefit analysis;

7 The selected barrier structure shall pass the safety. performance evaluation prescribed in the
current Safety Evaluation Standards for Highway Barriers (JTG B05-01). See Appendix
C for the general structure of some cable barriers, cerrugated beam barrier guardrails, and

concrete barriers.

6.2 Subgrade Barriers

6.2.1 The various types of trafficiobstaclesiin therange of effective clear zone width shall be

handled in the following-order::
1 Remove_obstacles,within the effective. clear zone width;
2 Redesign obstacles so that they do not pose hazards;

3 Move/the obstacles to a position where the vehicles cannot be easily collidedinto while

driving out of the road;

4 Take measures to reduce accidental injuries, such as using dismantling energy dissipation

structures ;

5 In the event that the above measures cannot be implemented and the severity of accidents
caused by vehiclesdriving out of the road is higher than the severity of collision to the
barriers, consideration shall be given to install the barriers;

6 If the above measures cannot be implemented, the obstacles shall be warned and the traffic
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shall be guided.

Background .

Since the barriers are also obstacles, based on the concept of inclusive design, it is best to ensure
provision of the required width of the effective clear zone. Therefore, the first three measures are to
ensure provision of the required width of the effective clear zone and the obstacles within the
effective clear zone width do not cause damage to the pull-out vehicles; the fourth measure is to
reduce the consequences of accidental injury. If these four measures cannot be implemented and the
severity of accidents caused by vehicles leaving the road is higher than the severity of collision to
the barriers, consideration shall be given to installation of barriers. If it issnot feasible to install
barriers, or barriers are not justified through economic analysis, drivers shallsbe warned of the

obstacles, or visual guiding facilities shall be installed.

6.2.2 The installation of roadside barriers and the selection-of the level of protection shall comply

with the following provisions

1 According to the current Specifications for .Design of Highway Safety Facilities (JTG D
81), the severity grades of accidents'can be divided-into”three levels: high, middle and
low. Roadside barriers and the level’of protection shallvbe installed and selected according
to the Table 6.2.2-1.

2 Infollowing cases where road sections.increase the likelihood of accidents or cause more
serious consequences; the level of protection, of the roadside barriers shall be increased by
one grade inyaccordance with the Table 6.2.2-1 .

Table 6.2:2-1 The principle.of-installing roadside barriers and the

conditions for selecting the level of protection

The severity of the

) ) o o Highway technical level Level of
accidents-and-the There are the following conditions withinthe range of . .
o N . . and design speed protection

principle of installing the effective clear zone width
. (km/h) (code)
the barriers
Motorway 120 Level 6-SS
Highway,Class-1
. Level 5-SA
highway 100, 80
High, must be High-speed railways, motorway, high-voltage transmission Class-1 highway 60 Level 4-SB
installed towers, dangerous goods storage ware houses and other

installed up—— | ilities. Class-2 highway 80, 60 | Level 4-SB

Class-3 highway 40 Level 3-A
Class-3, Class-4
Level 2-B

highway 30, 20




continued

The severity of the ) )

. . . o Highway technical level Level of
accidents and the There are the following conditions withinthe range of . .
- . . . . and design speed protection

principle of installing the effective clear zone width
] (km/h) (code)
the barriers
1 Sections of Class-2and above highway whose degree | Highway, First-class
of side slope and embankment heights are within the| highway 120, 100, 80 Level 4-5B
shaded areas of Sections I and II of the Figure 6. 2. 2;
sections of Class-3 and Class-4 highway whose road side is First-class highway 60 Level 3-A
near cliffs, deep valleys, deep ditches with depths of more
. than 30m.
Middle, shall be ) ) Second-elass
. 2 Sections that have water areas with depth more than . Level 3-A
installed up o highway. 80,60
1.5 meters like rivers, streams, lakes, sea, and swamps; g
3 Class-1 railways, Class-1 highways, etc.; . = ]
4 There are facilities like lighting, cameras, traffic Thigd-class highway 40 Level 2-B
signs, sound barriers, piers or abutments on bridges ’ i
outside the motorway and Class-1 highway and tﬁesg . Third-class, Level 1-C
facilities cannot be safely crossed by vehicles. IV highway 30, 20
1 Sections of Class-2 and above highway whose degree ) )
of side slope and embankment heights, aret within the I;-Ilghway, First-class Level 3-A
shaded areas of Sections III of Figure 6. 2.2y sections{of highway 120, 100, 80
Class-3 and Class- 4 whose  degfees, of’ side slope and:
embankment heights _are within” the “shadedy ateas of | \First-class highway 60 Level 2-B
Sections I of Figure 6.2.72. ‘
Low, should 2 Excavation sections With fate 6n the-road
xcavation sections with no cover plate on the-roa
be installed up ide ditch and Vehicl&s th ) L < in the Cl Second-class Level 2-B
side ditch and vehicles that cannot safely q‘oss in the Class- highway 80, 60
2 and above highway,; ‘
3_ Therg are obstacles such.asiconcrete foundations or
large stones th;t are more.than 30cm high on the pavement Third-class, forth-class T
p G o evel 1-
or the excavation slope surface ; highway 40, 30, 20
4 “Obstacles in the triangle zone on the exit ramp.
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Figure 6.2.2 Relationship among slope, embankment height and barrier installation

1) The slopes of Class-2 and above highways equal to or close to the downslope section of

the current maximum grade value specified in the Technical Standards for Highway
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Engineering (JTG BO1 ) ; the road round curve radius of Class-2 and above highways is
equal to or close to the outside section with the minimum radius in the current Technical
Standards for Highway Engineering (JTG BO1).

2)In the design traffic volume, where the proportion of natural number of the vehicles with

a total mass of 25 tonnes or more is greater than 20% .

For roads with Annual Average Daily Traffic ( AADT) less than 2,000 minibuses and a
design speed less than or equal to 60 km/h, safety and comprehensive economic analysis
should be carried out to determine whether to install barriers and theslevel of protection of
barriers. Where barriers need to be installed, the level of protectioniymaybe reduced by one
grade on the basis of Table 6.2.2-1, but the minimum shall 16t be lower than the Level

1-C. For Class-4 single-lane highways with Annual Average Daily Traffic ( AADT) less

than 400 minibuses, measures of guidance and warning should be taken.

4 The end of the barrier facing the traffic flow shall be outreached or installed with facilities

impact attenuator as follows

1 ) The barrier shall be flared to the, outside of the soft shoulder width and the flare rate shall
not exceed the values specified invFable 6. 2.2-2. sWhere the barrier is close to the edge
line of the driveway , \smaller walues of flare” angle“should be adopted. Where feasble,

the barrier shall be flared. to the outside ofthe effective clear zone width.

Table 6. 2:2-2 / Flared angle of the upstream end of the barrier

Design speed ( km/h): Rigidibarriers Semi-rigid barriers
120 il :22 1:17
100 : 1:18 1:14
80 1:14 1:11
60 1:10 1:8
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2 ) Where semi-rigid barriers are flared, their ends shall be subject to strengthening

treatments.

3) Where the ends of the barrier are located at the boundary of filling and excavation, they
shall be flared and buried in the soil that does not constitute an obstacle in the
excavation section. Where a semi-rigid barrier is buried in the soil, it shall be extended

and anchored into the soil.

4) Where it is unable to adopt flaring, crashworthy terminations shall be installed on



motorways, class-1 highways and class-2 highways serving as arterial highway in
accordance with the provisions of the clause 6. 5.1 and 6. 5.2, or be provided with
crash cushions in front of the barrier terminations; class-2 highways serving as the
collector highway and the class-3 and class- 4 highways shall adopt earth anchored

terminations and warnings should be provided or facade markers should be installed.

5) For class-2 highways serving as the arterial highways, if there are no barriers installed at
the division of the driveway, the possibility of the collision of the vehicles against the

downstream termination of the driveway barriers should be considered.

Barriers shall be designed for transition at the tunnel entrances and exits of motorways,
class-1 highways and class-2 highways serving as the arterial*highway ; the barriers should
be designed for transition at the tunnel entrances and exits of class-2 highways serving as
the distributed lines and class-3 and class-4 highways. Transitional design at the entrance

shall meet the following requirements :

1) Tapered concrete barriers or concrete,wing walls should be used to enter the tunnel

portals.

2) The flare rate of the barriers éntering the ‘tunnelportal should not exceed the value
specified in Table 6.2:2-2.

3) The traffic side of a Congrete barrier' ot wing wallshould be level with the inside surface

of the maintainance walkway-at the,entrance of the tunnel ;

4) Before” the“concrete barrier or.wing wall enters the tunnelportal, its height maybe
gradually Increased as needed. Their height at the tunnel portal shall not be lower than

the height of the maintenance walkway.

For non-motorized and pedestrian-intensive sections of class-1and class-2 highways serving
as distributor roads, if a side separator belt has been installed and a barrier needs to be
provided , the barrier should be installed on the side separator belt. Where no side separator

belt is provided, the barrier should be installed on the soft shoulder.
Where the roadside barrier is installed on a slope, the following conditionsshould be noted :

1) The roadside barrier maybe installed on slopes with gradients equal to or smoother than
1:6.



2 ) Under special circumstances, itmay also be installed on slopes with gradients of 1:4 to
1:6. The height of the barrier from the road surface is constant, and the distance from
the slope change point to the barrier collision surface shall not exceed 0. 75 m. The earth

pressure outside the barrier column shall be ensured.

3) The slope in front of the barrier collision is flat and there are no bulges.

Background .
1 -2 The severity of a run-off accident is related to roadside hazard levels and driving speeds.
The more dangerous the roadside is and the higher the speed, “the more severe the

consequences of the accident would be.

The factors related to the possibility of vehicle run-off-road accident mainly include .

1) Traffic volume and composition: Higher proportian-of ‘heavy vehicles in the traffic will

result in higher possibility of accidents ;

2) The unfavorable alignment combinatign. mainly involves theé outside horizontal curve. If the
possibility of a vehicle running off is higher , especially under the combination of a long downward

gradient and a sharp outside curvey-it-is more’likely to lead to accidents.

The above factors quite often” conte together. For example, at ramps in multi-level interchange,
highly environmentally sensitive @reas, or<key 'sections’of motorways ( important bridges or long
tunnels on the nationdl motorway network ) ,\the_consequences of heavy vehicles passing through the
barrier are serious-_ The likelihood of.a vehicle driving out of the road and the severity of the

accident will increase significantly under-such situations.

The Guidelines is of a recommendation nature. According to provisions specified in the current
Guidelines for Design of Highway Safety Facilities (JTG D81 ), designers can demonstrate and
analyze the possibility of a vehicle driving out of the specific road section and the possible
consequences of accidents according to the comprehensive analysis of safety or safety evaluation
results combined with their experience, so as to consider installation of barrier reasonably and to

select the appropriate level of protection.

3 It is not economical to install barriers on a road with a very small annual average daily traffic.
Australia’ s Roadside Design Handbook stipulates the following . in sections where the traffic
volume is low and the speed is affected by road alignment ( such as mountainous areas) ,
although there are potential risks in the road clear zone, it is not considered justified, taking

account of the actual situation, to continuously install expensive barriers.



Norway’ s Roadside Design Manual stipulates that where the speed limit is less than or equal to 60
km/h and AADT is less than or equal to 12000, or the speed limit is over or equal to 70 km/h and
AADT is under or equal to 1500, then barrier level shall use NI (impact energy is 43.3 kJ).

The American Roadside Design Guide (2011 edition) suggests that where the hourly average
traffic is less than or equal to 400, for a 1: 1.5 side slope, barrier installation should be

considered only where the filling height is higher than 15 m.

The Guidelines recommends . for highways with annual average daily design traffic less than
2000 and a design speed of 60km/h or less, it is advisable to specificallyanalyze the economy
to determine whether or not to install a barrier. For first-class single<lane roads with Annual
Average Daily Traffic (AADT) less than 400, measures of guidance and warning shall be taken

instead.

4 This revision requires theleading terminal of barriers to have the crashworthy performance in
the first instance. In view of the fact that thére are few crashworthy terminals developed in
China and the application experience is limited, this revision draws lessons from foreign norms
and provides some principles for the handling of barrier terminals-for development and design

reference.

Barrier ends are flared through the. transitional section _according to the site situation on the
road side. The flare can/prevent the vehicle from hitting the terminal, but if the flare rate is
large, the angle of«vehicle hitting the bavrier-is also large, which is not conducive to

protection. The flare rate given in theiclause is the maximum rate.

The use and installation of barrier tewminals complying with thelevel of protection shall be
carried outvaccording to the requirements developed by the supplier and in accordance with the
treatment method developed and verified by the real vehicle collision test. Reinforcing treatment

at the end of the flare can be achieved through the end posts, concrete bases or other methods.

5 Entrances to tunnels are always considered to be blackspots, and improper handling of the
opening is one of the reasons. Attention is required on installation of barriers at tunnel portals
and design of transition from the at-grade barrier to the tunnel. Before motorways, first-class
highways, or second-class highways as arterial highway enter a tunnel, the width of the
subgrade is generally wider than that of the tunnel portal , and the entrance is a rigid structure.
Proper transition from the at-grade barrier to the entrance is of critical importance. It shall be

based on the principles of stiffness transition. Some principles are given in the Guidelines.

6 If a sidedivider is installed , whether to install the barrier is determined according to the traffic
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volume and composition, alignment, and speed. If the barrier needs to be installed, it shall be
installed on the side divider. If there are no side dividers, the barriers shall be installed on the
soft shoulders. There are two reasons for that. One is the requirement for building boundaries
according to the Technical Standards of Highway Engineering, and the other is that if it is
installed between the separation of MV and NMV , it occupies the lane and affects traffic when a

vehicle breaks down. It is also not conducive to safety.

7 For highways in China, especially in mountainous areas, there are more steep slopes on the fill
slopes. If the width of the roadbed is insufficient, it is difficult toinstall barriers on the slopes.
The Guidelines gives the conditions and treatment to be taken care .of Where the guardrail is

installed on a relatively smooth slope.

6.2.3 The installation of median barriers and the selection of the level of protection shall comply

with the following provisions:

1 If the width of integral section median is I€ss than or equal to 12 m, or there are obstacles
within the width range of 12 m on the motofways and“the class-1 highway serving as
arterial highway, a median barrier must be ‘provided:” According to the conditions of the
medians, the severity of the accidents maybe divided into three levels: high, middle and
low. The level of protection-of the'median barrier shall comply with the requirements of

Table 6.2. 3.

Table 6.2.3 ,Selection oflevel of protection for median barriers

. Technical level and )
Severity level of & ) . Level of protection
. Conditions of-medians design speed (km/h)
accidents ) (code)
for highways

Motorway 120 Level 6-SSm

The width of the median barrier of motorways and
. . . . ; Motorway , Class-1
High class-1; highways is less than 2. 5m with an integral ) Level 5-SAm
bara highway 100, 80
arriers

Class-1 highway 60 Level 4-SBm

For two-way six-lane motorways or two-way eight-lane

and above highways without paved shoulders on the left
Motorway 120,

side, the width of the median barrier is less than 2.5 m Level 4-SBm
with separate barriers, and the median barrier has 100, 80
obstacles that the vehicles cannot safely pass through.
Middle
For two-way six-lane highways and above class-1 Class-1 Level 4-SBm

. . . L highway 100, 80
highways, the width of the median barrier is less than

2.5 m in separate barriers, and the median barrier has
obstacles that the vehicles cannot safely pass through. Class-1 highway 60 Level 3-Am
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continued

Severity level of Level of protection

accidents (code)

Technical level and
Conditions of medians design speed (km/h)
for highways

Low Other road sections that do not meet the above conditions

Motorway , Class-1
highway 120, 100, 80

Level 3-Am

Class-1 highway 60 Level 2-Bm

Class-2 highway 80, 60 Level 2-Bm

Note: 1) Obstacles refer to supporting structuresof lights, cameras, and traffic signs, and piers on the bridge.

2)Class-1 highways with a design speed of 60 km/h are generally sections of distributor roads that is subject to
terrain, geology, and other conditions. This table is applicable where it is necessary to,install a median barrier.

3) Applicable to class-2 highways where overtaking lanes are installed and separate facilities are not provided, and
there is a possibility of traffic encroaching onto the opposite lanes.

4)The codes in the brackets show the protection levels of the barriers.

In the following cases, the level of protection of the“median barriers shall be increased by

onegrade on the basis of requirements shown in Table 6.2.3

1) Class-2 and above highways with\]Jongitudinal grade equal to or close to the downgrade
section with the maximum grade value in the currentZTechnical Standards for Highway
Engineering (JTG BO1 )i;-road right curve radius of class-2 highways and above is equal
to or close to the section with the minimum radius-n the current Technical Standards for
Highway Engineering (TG BO1).

2)In the design of traffic volumej where the proportion of natural number of the vehicles

with a tefal'mass of 25 tons.or mere’is greater than 20% .

For Class-1 collector-distributor highways, the median of integral roadbed sections shall be
provided with a divider for safe driving. According to the comprehensive analysis results of
safety ;/ consideration maybe given to whether or not to install up a median barrier. The
severity level of an accident may be selected with reference to the provisions of paragraph 1

of this clause.

For sections of class-2 highways with an overtaking lane , the need to install median barriers
or dividers may be based on the risk of encroachment onto opposing lanes and economic
analysis. The severity level of an accident may be selected with reference to the provisions
of paragraph 1 of this clause. Where median barriers are installed, the subgrade shall be
widened as required; where dividers are installed, they shall not constitute a hazard to

traffic safety.
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5 Positioning of median barriers shall be based on factors such as the width, opening,
topography of the median barrier, the utility ducts installed in the median, bridge piers,

and structural columns of various facilities.

6 The terminations of medians on integral roadbed section should be combined with treatment
of barrier at median openings; the left-hand side of the direction of travel on independent

roadbeds shall be installed as roadside barriers.

7 The method of handling the median barrier at the entrance and exit of the tunnel is the same

as theroadside barrier.

8 Where median barriers and greening facilities are installed” at both ends ofat-grade
intersections of the class-1 highway, the sight distance of the intervisibility triangle area
shall not be affected.

Background .

1

On the independent at-grade section of the highway , the regitirement on selection of barriers
level is same as the roadside barriers. Far\the integral roadbed section, it is also necessary to
consider the possibility of accidents and \the“severity of accidentsswhen the vehicle runs off the
road and collides with the median-barrier Or crosses the qnedian into the opposite lane. After
installation of the integral median barrier, the vehicle 'is likely to lead to secondary accidents if

crossing the median. The highest level of hazard is therefore used.

According to the‘experience.of safetysimprovementof some Level 2 highways in China, collision
can be effectively reduced by adding median barriers or separate facilities. Some second-class
highways are “designdted subject to~cenditions, but even if some aspects of the collision
avoidance performance of the median barriers do not reach the Level 2, it is still beneficial to
reduce collision accidents. Therefore, this revision adds that the section of second-class
highways with an overtaking lane can be justified for installation of a median barrier or

separate facilities as needed.

6.2.4 Where selecting the types of barriers, in addition to considering the protective

performance, the following factors shall also be considered:

1 The degree of deformation of the barrier after collision shall be considered. The distance
between the barrier surface of the roadside or median barrier and its obstacles shall be
greater than the maximum transverse dynamic displacement value ( W) of the barrier or the
maximum dynamic incline equivalent value (VI ) of the vehicle. Where the obstacle of

protection is lower than the barrier, the maximum transverse dynamic displacement value
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(W) of the barrier should be selected; where the obstacle is higher than the barrier, and
the main driving model are large vehicles, maximum dynamic incline equivalent value
(VI,) of vehicles shall be selected.

Except for areas with heavy snow and strong wind in winter, concrete barriers should be

used in the median barriers for roads with a large occupying proportion of large vehicles.

In areas with heavy snow and strong wind in winter, a form of barriers with less resistance

to snow should be selected.

The transitional treatment of barriers, theirterminations, and otherforms.of barriers should
adopt standardized materials and products. The barriers Speeially needed for individual

locations shouldbe customized and processed.

The following factors shall be considered, namely initial cost of the barrier, the cost of
maintenance after being put into use, including routiné maintenance, crash maintenance,
material reserves and maintenance converience.» An ecenomically appropriate form in
conjunction with the pavement maintenance method should be adopted and in advance the

future demand for pavement mainténanee-should be considered.

Where selecting the form of barrier, factors such'as the degree of environmental corrosion
along the road line - climatic ‘conditions, and theimpact of the barrier itself on the sight
distance shall be_taken into_ consideration, ‘and esthetic factors shall also be given proper
consideration: For roadsswith specialsrequirements for landscapes, a form of barriers that
looks natural vand, integrates with-ithe -Ssurroundings may be selected, but the level of

protection of ‘the barrier shall not'be reduced.

Background ;

When selecting)/ the form of barriers, in addition to considering the protective performance and

deformation factors of the barrier in the first instance, it is necessary to comprehensively consider

the aspects listed in Table 6-1.

Table 6-1 Factors to consider when selecting the form of barriers

No.

Factors Notes

The form of barriers, the handling of theirtermination and the transitional treatment to different
forms of barriers shall be standardized as far as possible. The coordination with other types of
facilities ( such as lampposts, signposts, and bridge piers) shall also be considered in the
Versatility provision of median barriers. Barriers that are specially needed for individual locations need to be
customized and manufactured. For example, in the area where the turning radius is very small,
such as the outside of the plane intersection turning lane and the outside of the reverse loop, if a
corrugated beam barrier guardrail is needed, it needs to be customized and specially made.
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continued

No.

Factors

Notes

Cost

In finalizing the design plan, the most likely consideration is the initial cost of various
programs and future costsof maintenance. Under normal circumstances, the initial cost of the
barrier will increase with the increase in the level of protection, but the maintenance costs will
decrease. On the contrary, if the initial cost is low, the subsequent maintenance costs will
increase significantly. After an accident, flexible or semi-rigid barriers require more care than
rigid or high-strength barriers. In the sections with large traffic volume and frequent accident, the
cost of crash maintenance will become the factors that must be taken into consideration. Rigid
barriers are a better choice.

Crash repairs: in general, flexible or semi-rigid barriers require“more-repairs than rigid ones
after an accident. In areas of large traffic volume and high frequency of accidents, the cost of
crash repairs (and the impact of accidents on traffic capacity) may becomte the most important
factor to consider. This usually happens on roads near._cities==In such situations, rigid barriers,
such as concrete barriers, are often the option.

Material reserves; the fewer the types, the less inventory, catégories and storage requirements
are needed.

Convenience; The simpler the design, the<lower the cost, and the easier it is for on-site
personnel to repair it. §

Pavement Maintenance: Some' pavéments,do not have room for milling, which results in
insufficient height of the barriers after road-maintenance. “This effect can be taken into account
where new barriers are installed.. Using barriers: that “have “a variable height can reduce the
influence brought by road maintenance.

Aesthetic and ~
environmental

factors

Aesthetics.ds usuallyunet a factor that can-be controlled in the selection of a barrier. However,
a tourist highway/or'a-tead with aihigh landscape requirement can be furnished with barriers that
are natural in appearance, can be lintegrated with the surroundings, and have a corresponding
level, of protection. Q@

The selection of barrieralsoconsiders the degree of environmental corrosion along the line, the

[<weather conditions ‘and’its\effection thesight distance, etc. For example, the convenience of

. removing snow needs to'be considered in snow-covered areas.

Because barrier installation has little effect on improving highway landscapes, tourist highways

“or highways with high landscape requirements shall try to seek measures that can replace the

barriers, such as installing dish drain ditch or installing cover plate on road side channel. After
verification, where barriers need to be installed, their appearance shall be simple and their colors

shall be commensurate with the structures and the surroundings.

According to the operating experience of already opened motorways and first-class highways in

China, for road sections where large vehicles, especially large trucks, account for a large

proportion, there have been frequent accidents of high severity caused by collisions of vehicles

passing through the central separation zone with opposing vehicles.

Therefore, this clause

stipulates that  sections with large proportion of large vehicles, except for those located in areas

with heavy snow and strong wind in winter’ are recommended to use concrete barriers. For road

sections with heavy snow or strong wind, concrete barriers are not suitable because they could lead

to road blockage due to snow.
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As to whether integral or separate concrete barriers should be used, it is mainly determined by the
types of facilities or structures needed protection in the median. For example, where there are
obstacles such as piers, traffic signs, lighting poles, etc. in the median, or where it is necessary to
make regular transitions to bridges or tunnels, or where it is difficult to coordinate with the
communication pipelines, separate concrete barriers may be used ( as shown in Figure 6-l1a) ;

otherwise integral concrete barriers may be used (as shown in Figure 6-1b).

The use of integral concrete barriers does not mean reducing the width of median barriers. From
the perspective of safe driving and guaranteed sight distance , the concrete barriers shall preferably
have a clear width of no less than 50 cm on both sides, or be able to meet the requirements of
parking sight distance on the inner side of a flat curve section. The minimum sight distance needs to
meet the requirements in the current Technical Standards for Highway Engineering (JTG BOI) for

the ‘ C’ value of highway construction limits.

‘planting soil’

in Chinese ’
“backup block’ i
| in Chinese. | !
Y it ’
! X7 24
‘corbel’»in Chinese ! | !
a)Separate'median congrete barrier : b)Integral median concrete barrier

Figure6-1 Exampie of median concrete barriers

6.2.5 The minimum-structural length of the barrier shall satisfy both the protection and structural

requirements ;

1 The minimum structural length playing the integral role of the barriers shall be in
accordance with the provisions of Table 6.2.21 of the current Specificaitons for Design of
Highway Safety Facilities(JTG D81 ), or shall be determined according to the instruction
manual of the barriers.

2  The minimum protection length of the barrier shall be determined according to the
trajectory of the vehicle out of the driveway and the position and width of the obstacles in
the effective clear zone width, as shown in Figure 6.2.5. The barrier protection length is
divided into five parts:a,, b,, b,, ¢, and ¢,. Among them, al is the length of the
obstacle; b, and b, are the extended length to avoid the pull-out vehicle colliding
obstacles; ¢, and c, are the terminations of the barrier, including the anchoring part. The
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value of each part is recommended as follows;

I e i — = = L

b, ‘ al‘ b, c, ‘

Figure 6.2.5 Diagram of the barrier protection length

1)b, and b, are related to speed and pull-out angle «. The pull-out angle maybe obtained
based on investigations of accident on roads with similar_situations, and may also be
prudently selected as 5°; the speed maybe design speed, @perating speed or speed limit;
F is the distance from the barrier to the outer €dge of the ‘obstacle, and is width of

obstacle in the effective clear zone width.

2) b, may also be selected with reference to”Table 6.2.5.

Table 6.2.5 'Values of b,

bi(m)
Speed (km/h) - — = - Y
Common cases Cases of higher severity of accident
<40 ' 8 | 25
50 ‘ ‘ Y= 40
60 . WY/ 55
0 \ ¥, AN Y 70
80 | 60 85
90 75 100
w0 | 90 120
| -=110 110 150

I

3) Where the obstacles outside the road are traffic signs, lighting pillars, piers, etc., if the
side ditch does not actas an obstacle and the degree of side slope is less than 1 : 4 the
value can be simplified, b, = 10F. Other calculation methods may also be used under
special circumstances.

4) For two-lane highway, b, = b, ; for four-lane highway and above, b, =0.5 b,.

The minimumstructural length of the barrier shall be the maximum of the above two values.

Where the distance between two adjacent barriers is less than the minimum structural length



of the barrier, they shall be installed continuously.

5 The sum of the lengths of the two types of barriers connected by the transitional sections
shall not be less than the maximum value of the minimum structural length of the two types

of barriers.

Background .

This revision refers to the requirements for the minimum length of the barrier in the United States
Canada, Australia, and Norway, supplements the requirements for the ‘ length of barriers,’ and
gives the diagrams and calculation formulas. These are obtained based on thesituation of roadside

obstacles.

The minimum length of the barrier given in the previous edition' is the length of the barrier
structure , mainly considering the length of the barrieristructure of the overall function. This
revision reserves it, and it is stipulated that the minimumlength,of the barrier installation is the
larger value between the two. If the barrier structwrerprovided by the suppliers is verified by the
actual vehicle crash testing, and its structure length is’less than the minimum structure length as
specified in the text, the length can be installed according to the length. of barrier protection and its

structure length.

6.2.6 The cable barrier is the ‘main representative form ‘of the flexible barrier. It consists of the
end structure, the intermediate end structure, -the intermediate column, bracket, cable and cable
end ground tackles and other‘components. . The' general structure ofroadside Level 1-C, Level 2-B
and Level 3-A cableybarriers is.shown-in-Appendix C. 1. Where designing a cable barrier, the

following requirements:shall be met.

1 The end structure consists of a triangular frame, a base plate and a concrete base. The
structure-and dimensions of the various parts of the end structureshall comply with the
requirements of Table 6.2.6-1. The road side Level 1-C to Level 3-A end structures are
shown in Figure 6.2.6-1 to 6.2.6-3.

Table 6.2.6-1 Structures and Dimensions of the End Structures of Cable Barriers

End column Concrete bases .
. Maximum
The height )
i column
Level of Height Buried of the lowest |
. | Specifications| above Depth | Length | Width | Volume distance (cm)
protection depth Form cable i .
(mm) ground (em) | (em) | (em) | (em®) (em) (in soil/
(em) (em) concrete )
Level 1-C | ®114 x4.5 74 40 Triangle | 100 300 60 1.8 43 700/400
Level 2-B | ®114 x4.5 87 45 Triangle | 120 330 70 2.8 43 700/400
Level 3-A | @114 x5 100 50 Triangle | 150 420 70 4.4 43 700/400
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Figure 6.2.6-2 Roadside First-class (B) End Structure (Unit: mm)

2 The intermediate end structure consists of a triangular frame, a base plate and a concrete

base. Each structure and dimension is same to the end column. The intermediate end

structure shall be installed where the following conditions are met:
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Figure 6.2.6-3 Roadside Third-class ('A) .-End Structure (Unit; mm)

1) With the mechanical construction method and the length of ‘theroadside cable barrier is

more than 500 m.

2) With the manual construction methodand the length of theroadside cable barrier is more
than 300 m.

The structure and dimensions-of the middle column shall comply with the requirements of
Table 6.2.6<2."Fig. 6.2.6-4 ~6.3.4-6 are the structural diagrams of the roadside First-
class (.€) to Third-class ( A) middle columns of the cable barriers. The distance between
the! middle.columnsin the soil should not be larger than 6 m/7 m, and the distance between
the middle columns installed in the concrete should not be larger than 4 m. The space
between columns of cable barriers installed in the curve sections shall be adjusted according
to Table 6. 2. 6-3. In sections that cannot be entered like small bridges, passages, and
open culverts, and sections of underground pipelines or other sections that cannot reach the
prescribed depth of embedment, the middle columns maybe installed in the concrete bases.

Table 6.2.6-2 Structures and Dimensions of the Middle Columns of Cable Barriers

Middle column .
Maximum column

. . buried depth Height above | Outside diameter | Wall thickness Distance
protection | Buried method
(cm) ground (cm) (mm) (mm) (em)
In soil 140 700
Level 1-C 74 P114 4.5
In concrete 40 400
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Middle column .
Maximum column
Level of .
. ) buried depth Height above | Outside diameter | Wall thickness Distance
protection | Byried method
(cm) ground (cm) (mm) (mm) (em)
In soil 165 700
Level 2-B 87 d114 4.5
In concrete 40 400
In soil 165 700
Level 3-A 100 $140 4.5
In concrete 40 400
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180
150
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Table 6.2.6-3 Column spacing in curve part

Level of protection | Column distance (m) 4 5 6

Level 1-C, Level 2-B,

Curve radius R(m) 120<R<200 200 < R<300 R >300
Level 3-A

4 The structure and dimensions of the bracket are shown in Appendix C Figures C. 1.1 to
C.1.3.

5 The cable and cable end ground tackle shall meet the requirements<of Table 6.2.6-4.
Table 6.2.6-4 Cable and cable end ground tackles for cable barriers

. Cable Cable end ground tackle
Level of protection

(code) and wire rope breaking
code ;

Initial tension (kN) | Cable diameter (mm) | Cable distance (mm) force (kN)
Level 1-C, 2-B, 3-A 20 18 130 170

6 The roadside cable barriers shall be located.in the highway soft shoulders. The barrier
surface may overlap with the left,edge.linevof the-<soft“shoulder or the left side of the
kerbstone. The thickness of the“euter soft shoulder protective layer shall not be less than
25cm; the horizontal positiofni ef the.median cable barrier should be determined based on
the distribution of structures<and:underground-pipelines; any part of the barrier shall not

intrude into the road coenstruction limit:

7 Where the soilxcompactness within thewburied depth range of roadside and medians is less
than 90% ;<orswhere the thickness Of the protective layer outside the roadside barrier soft
shoulders is\less‘than 25cm, it may beprocessed in accordance with Appendix C. 4 of the

Guidelines.

Background .

In the past decade, there have been some experiences and demands for the application of cable
barriers on motorways ,first-class to third-class highways and medians. The state, the Ministry of
Transport, and some provinces have also conducted some research and actual vehicle crash
testings. Based on these achievements, this revision has made corresponding changes to the

provisions of the structure of the cable barrier.

1 The end columns of the cable barrier are the main structures that bear the tension of the cable
and the impact force of the colliding vehicle. They consist of a triangular support, a base plate
and a concrete base. Cable barrier assembling is shown in Figure 6-2; the column ends are shown

in Figure 6-3; the structure and size of the various parts of the text are shown in table 6. 2. 6-1.
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Table 6. 2. 6-3. Structure diagram, of the End Structures of Cable Barriers

The height of the cables 'and brackets-above' the ground mainly considers the location of the
collision with vehieless” The cable shall.in the height that could not cause the large vehicles to
go out of the road, but also prevent the small vehicles from entering the underside of the
cables. \During the interaction between the collision vehicle and the cable barrier, it is expected
that the collision vehicle will gradually return to the normal driving direction through the energy
absorption and guidance of the barrier. The distance from the column surface to the outer
surface of the cable is guaranteed by the width of the bracket. The role of the bracket is firstly
to fix the position of the cable, and secondly to suspend the cable from the vertical surface by a
certain distance to prevent the collision vehicle from blocking at the column. The distance from
the column to the outer edge of the cable isdetermined to be 110mm after considering above

factors.

The distance between two cables is mainly decided from the perspective of even distribution of
the impact force. According to the vehicle model, impact angle and other factors, it is

necessary to fix the cables at certain heights to prevent the vehicle from going out and in
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between the cables, and allow as many cables as possible to interact simultanteously with the
impact force to avoid over-concentration of impact forces on a few cables. Therefore, a cable

height separation of 130 mm is appropriate.

Two types of buried and assembled structures can be adopted for the ends. The buried end
structure is integrated with the concrete bases. The buried depth of the end columns varies from
400 to 500 mm depending on the type. The inclined column of the triangular support is at an
angle of 45° with the ground. A steel plate is welded on the bottom. On one hand, it could
form a stable frame with the triangular support. On the other hand,ypthe steel plate at the
bottom can greatly increase the cohesive force with the base concrete and easily control the
position of the elevation. The assembled end structure is integrated with the concrete bases
through the embedded parts. The embedded parts of the end striicture are different due to
different structures and categories. Considering the convenience of construction and the actual
application effect, the embedded end structure is recommended. In order to reduce the collision

of the vehicle to end columns, it is necessary to flare the“end;columns as far as possible.

The end structure is installed at the end of cable” barriers. In order to maintain the initial
tension of the cable and to simplify the tensioning.equipment during installation, to maintain a
certain degree of cable levelness and, prevent the occurrence of deflection, the installation
length of the cable is generally from300"mt6 500 my which means that the length of each cable

shall not exceed 500 m. The factors.of facilitating maintenance are also considered here.

The installation length™ of “cable barriers. is“limited by cable handling, construction,
maintenance , efc.. The cable length-canreach 500 m during mechanical construction and 300 m
during manualconstruction. Where \theinstallation length of the barrier exceeds the range of

300 to 500 mv, the.intermediate end structure shall be adopted in the design.

1) The intermediate end structure is triangular and requires a paired installation. That is,
starting from installing the cable barrier from the beginning end structure, the cable is
extended out span by span via intermediate columns until the intermediate end structure is
reached at the other end of the cable length (300-500 m). Since the length of the cable
barrier continues to extend, as another cable’ s starting point, the other pair of intermediate
end structures needs to be installed back by 12 to 21 m ( three spans). In this way, the two
sections of the cable barriers are alternated by the intermediate end structures, and two
intermediate columns are provided between the two intermediate end structures. The arched
intermediate end structure is suitable for cable barriers protecting non-motorized
transportation devices and pedestrians, sothere is no need for paired installations. That is,
the two-section cable barriers can be connected by an arched intermediate end structure.

Therefore, the intermediate end structure can be used as an intermediate transition structure
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extending along the length of the barrier. Once installed, the function of the intermediate end
structure is the same as that of the end column , and it bears the initial tension of the cable and
the impact force of the colliding vehicle. Therefore, it is also very important to ensure its
strength and stability. The intermediate columns can be welded steel pipes. The columns are
buried in the soil or concrete in different depths due to their different conditions. Because the
columns buried in the soil are close to the edge of the road, the earth pressure near the slope
is relatively small. To ensure the strength of the cable barrier, a certain buried depth is
needed. In the column buried in the concrete, the buried depth is 40 cm in consideration of
the locking effect of the concrete structure on the columns. The bracket installed on the column
is positioned with bolts through the through hole , and the uppermost hole shall be no less than
50 mm from the top of the column.

2) The column distance is closely related to the number \of  cables, the diameter of the
columns , and the buried depth. Although larger distariceswould be more economical , from the
perspective of the performance effects, column distance of kevell and 2 (code C, B) cable
barrier is installed to a maximum of 6 m, and'Lével 3-A cable barrier to a maximum of 7m.

However, if the column is buried in concrete, the’ maximum/’value of 4m can be used like the
corrugated beam barrier guardrails. If the cable barrier is_installed in the curve part, in
order to ensure a smooth transitionof the ‘eable in the curve paxt, and that the curve section
barrier functions normally , the-distance between the columns is determined by the radius of

the road curve and the catégory: of the cable barriér.

The intermediate column of the:cable barrier.is a.support structure between the end columns or
the middle end €columns. _In" addition: to_the installation buried in the soil and the concrete,
there is also_a-telescoping structure that-could be easily removed and installed , and is suitable

for cold and snewy.area to remove sngw.

5 Cable and cable end ground tackles are important parts of barriers. The cable is made of
galvanized /steel wire with certain rigidity and excellent corrosion resistance. The construction
is 3 X 7 right-handed and the outer diameter of the cable is 18 mm due to the strength
requirement. The outer diameter of the cable refers to the diameter of the circumscribed circle

of the cross section.

The cable end ground tackle is a component of the cable that is connected to the end column
(or intermediate end column) and includes anchor heads, stay bolts and fasteners. First, the
cable shall be fixed in the anchor head. The methods used include the alloy-injection and the
wedge-fixing , which can be selected according to the construction conditions. Then, it can be
fixed on the column with stay bolts. The exposed part of the end column stay bolts in the

direction of travel shall not be too long, and appropriate safety precautions must be taken.
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In order to maintain the initial tension of the cable after installation of the cable barrier, it is
possible to use a method of releasing and then tensioning before pulling. After the cable barrier
is put into use, the tension of the cable needs to be tested at regular intervals. Where the cable
barrier does not meet the requirements, it needs to be adjusted in time to avoid the failure of

the cable barrier due to the lack of tension.

6 Specific clauses on the location of the roadside cable barriers are the same as that of clause
6.2.7, paragraph 3. Where the median needs to install cable barriery it is better to adopt
separate barriers when considering the strength, convenience of transport and maintenance
and the installation of greening and underground pipelines. Considering\the need of aesthetics,
it is generally appropriate to arrange in symmetrical way. The distance from the outer edge
surface of the cable to the edge of the median barrier must meet the requirements of the highway

construction limit.

7  For details, see theclause 6.2.7, paragraph 10.

6.2.7 The corrugated beam barrier guardrail is the main representative form of the semi-rigid
barriers. For the general structure of the.roadside-barriers and median barriers with partial level of
protection, see Appendix C.2. Where-designing a corrugatéd,beam barrier guardrail, the following
requirements shall be met;

1  Where designing. a-corrugated beam batrier guaardrail, the following provisions shall be
complied with

Table 6. 2.7-1., Structure and dimensions of somecorrugated beam barrier guardrail structures

Bracket/ Beam |Column| Column
Level of Beam slab . . Crossbeam . .
. |Code Column Anti-obstruction height | depth distance
protection (mm) (mm)
block (mm) (mm) | (mm) (mm)
1 C | 310 x85x2.5 $114 x4.5 300 x70 x4.5 600 1400 | 4000/2000
2 B 310 x85 x3 $114 x4.5 300 x70 x4.5 600 1400 | 2000/1000
506 x85 x3 $140 x4.5 196 x 178 x400 x 4.5 697 1400 | 4000/2000
3 A
506 x 85 x4 $114 x4.5 300 x270 x35 x6 697 1650 | 4000/2000
4 SB 506 x 85 x4 0130 x 130 x6  [300 x200 x290 x4.5 697 1650 | 2000/1000
[J130 x 130 x6 and
5 SA 506 x 85 x4 5102 x4.5 300 x200 x290 x4.5 | @89 x5.5 | 697 1650 | 3000/1500
x4.




continued

Bracket/ Beam |Column Column
Level of Beam slab . . Crossbeam . .
. |Code Column Anti-obstruction height | depth distance
protection (mm) (mm)
block (mm) (mm) | (mm) (mm)
[J130 x 130 x6 and
6 SS 506 x 85 x4 350 x200 x290 x4.5 | @89 x5.5 | 697 1650 | 2000/1000
$102 x4.5
[J130 x 130 x6 and
7 HB 506 x 85 x4 5102 x4.5 400 x200 x290 x4.5 | @89 x5.5| 697 1650 | 2000/1000
x4.

Note: 1) The beam height refers to the height of the barrier center from the design base line, and the intersection line
between the barrier face and the road surface is the design base line._If there’is a kerbstone near the road center
line in the side of the roadside barrier, and the left elevation of the Kerbstone-does not overlap with the barrier

surface, the beam height shall also increase the height of the kerbstone.
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Figure 6.2.7-1 Cross-section layout of roadsidecorrugated,beam barrier guardrail (unit; mm)

2  The types of combination and separation,'which -are-adopted in some of the median
corrugated beam barrier guardrails,” may. be determined“based on the width of the median

barrier, the distribution of structures and pipelines ;

1) The specifications and dimensions, of separated corrugated beam barrier guardrails shall
comply with the requirements of Table 6.2.7-1. The cross-section layout is shown in

Figure 6.2°7-2.

2) The specifieations and dimensions of the combined corrugated beam barrier guardrail
shall comply with the requirements of Table 6. 2. 7-2. The cross-section layout is
shown in Figure 6.2.7-3.

Table 6.2.7-2 Construction and dimensions of the mediancorrugated beam barrier barriers

Level of Beam slab Diaphragms Beam height |Column depth| Column distance
.| Code Column )
protection (mm) (mm) (mm) (mm) ('soil/concrete)
3 Am | 2(310 x85 x4) | ®140 x4.5 | 480 x200 x50 x4.5 600 1400 200/100

Note:1) The beam height refers to the height of the barrier center from the design base line, and the intersection line
between the barrier face and the road surface is the design base line. If the barrier surface is close to the
kerbstone in the direction of the road on the right side, and the right elevation of the kerbstone does notoverlap

with the barrier surface, the beam height shall also increase the height of the kerbstone.
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Figure 6.2.7-2 Cross-section layout of separatedmedian corrugated beam

barrier guardrails (unit; mm)
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Figure 6.2.7-3 Cross-section layout of third-class ‘(‘Am ) mediancorrugated beam

barrier barriers (unit: mm)

The position of the corrugated beamsbarrier guardrail along the cross-section of the road

shall meet the following requirements:;

1) The roadside corrugated beam barrier guardrails-shall be located in the highway soft
shoulder. The barrier surface shall overlap with the left edge line of the soft shoulder or
the left side of the Kerbstone. The. thickness of the outer soft shoulder protective layer

shall not be less than25 cm.

2) Where there, are’ structures“and junderground pipelines in the medians, thehorizontal

position of-the barrier can be properly adjusted or the type maybe changed.
3) Any part of the barrier shall not intrude into the road construction limit.

Based on the line of intersection between the barrier surface and the road surface, the

height of the corrugated beam barrier guardrail center shall meet the following requirements ;
1) The height of the bi-beam center is 600 mm;
2)The height of the tri-beam center is 697 mm;

3) The kerbstone surface near the traffic flow direction should be located behind the barrier

surface; otherwise the beam height shall also increase the height of the kerbstone.
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5 Calculated from the pavement, the burial depth of the column of corrugated beam barrier

guardrail shall meet the following requirements :

1) For the corrugated beam barrier guardrail installed in the soil foundation, the buried
depth of the column shall not be less than that specified in Table 6. 2. 7-1 and Table
6.2.7-2. Where there is a kerbstone, the overall height shall also contain the height of

the kerbstone which is above the pavement:.

2) Corrugated beam barrier guardrails installed in the reinforced concrete bases such as
bridges, passageways, and open culverts, the buried depth of théicolumns shall not be

less than 30 cm:

3) Corrugated beam barrier guardrails installed in the reinforced concrete bases of road
sections such as stones and underground pipelines, ‘the buried depth of the columns shall

not be less than 40 cm.

Termination processing shall be carried out at _the starting”point of the road side corrugated

beam barrier guardrails and meet the, following requirements

1) The upstream termination-of the.driving direction shall be installed as the types like
outreach round-head | outreach ‘buried or energy-absorbing. See Appendix C, Figure
C.2.13. A transition section shall be provided between the termination section and the

barrier standard section.

2) The _downstream termination ofwthe driving direction may use round head type,
Appendix, C Figure C.2.1 ~C.2.7, and maybe installed in line with the standard
section barrier. Considering the possibility of cars driving outside the road and getting

collisions, class-2 highways may also be installed up as outreach round head.

3) The position of the starting point of the barrier at the junction of the cut-fill subgrade
shall extend from the zero point of cut-fill section to a certain length into a soil that does

not constitute an obstacle and then be anchored.

4) Where the width of the protective soft shoulder on the outside of the barrier column is
insufficient, the columns may be reinforced according to the provisions of Appendix
C.4 of the Guidelines.

The termination processing of the barriers installed at the median’ s start and end part and

median opening shall meet the following requirements :



1) In the case of separated corrugated beam barrier guardrails on standard road sections, the
round terminations and the transition section alignment shall be consistent with the
median barrier. The column spacing shall be half of the standard section spacing. See
Appendix C, Figure C.2. 14.

2) Where a combined corrugated beam barrier guardrail is used on the standard road
section, the round head termination maybe used in the start or end parts, see Appendix
C, Figure C.2.8 b), but the termination shall be provided with eushioning facilities or

object markings in accordance with the provisions of the Guidélines.

8 The termination treatment of the corrugated beam barrier guardrail in/the triangular zone of

the traffic diversion shall meet the following requirements;

1) The barriers at the triangular zone of the traffie diversion shall be constructed in
accordance with the roadside corrugated”beam, barrier guardrail, and be laid out
according to the alignment and topography ef the triangular zone, of which the distance
between columns shall be halved<within 8\m near the main‘toad of the highway and 8 m
near the ramp, and the barriers \on ‘both sides of the‘triangle zone shall be connected

with round terminationsy-as“shown-in Appendix C, Figure C.2.15.

2)In the dangerous friangle zone facing the, direction of traffic flow, if there is a large
traffic sign, a.impact attenuator-shall be provided in the triangle zone. If there is a small
traffic sign. columny” it shall “bey installed as dismantling energy and dissipation
structures , “otherwise the impact-attenuator facilities shall be installed in the triangle
zone. For the'selection of the level of protection of the impact attenuator, see section
6. 5¢ of this clause.

9 The termination treatment of the corrugated beam barrier guardrail at the entrance and exit

of the tunnel shall meet the following requirements :

1) The roadside corrugated beam barrier guardrail at the entrance of the tunnel shall be
gradually extended toward the tunnel, and a transitional wing wall matching the
overhauling road section shall be installed at the tunnel portal, as shown in Appendix C
Figure C.2.16.

2) The roadside corrugated beam barrier guardrail at the exit of the tunnel can adopt the
method of overlapping with the tunnel wall. The end barrier shall be handled with scarf

welding.
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10 Where the soil compactness within the buried depth range of roadside and medians is less
than 90% , or where the thickness of the protective layer outside the roadside barrier soft
shoulders is less than 25 cm, the columns may be reinforced in accordance with Appendix
C. 4 ofthe Guidelines.

Background .

The commonly used roadsidecorrugated beam barrier guardrails mainly have eight levels ( codes :

C,B,A, SB, SA, SS, HB, HA). There are no corresponding corrugated beam barrier guardrails

for the Level 8-HA. According to the current Technical Standards for Highway Engineering ( JTG

BO1) , intermediate are required for integral sections of motorways and, first-class highways.

According to the degree of danger of the median, commonly used levels of protection of median

barriers can be divided into seven levels: two ~ eight ( codes. Bm, Am,SBm, SAm, SSm, HBm,

HAm). The barrier located on the inside of the separated section is treated as a roadside barrier.

1

How to select thecorrugated beam barrier guardrail structure that suits the characteristics of
China’ s highways according to the new barrier impact-conditions is the focus of the revision of
the Guidelines. The working group considered“the following factors when determining the

barrier structure :

1) With a view to adopting foreign miature forms of barrier-structure as reference standards as
far as possible, the research ‘team “has collected, the latest barrier standard design drawings
from developed countries’such as Japan, the<United States, and Germany.

2) Taking full consideration of highway conditions and vehicle conditions in China, the research
team determined- the.~geometric parameters of the highway based on the current Technical

Standards for Highway Engineering (JTG BOI).

3) Learning from the latest scientific research results, such as the characteristics of the loose

soil in the median and the treatment of the barrier columns.
4) The results of full-scale crash testing of Chinese barriers.

5) Based on the existing survey results on the use of barriers, improving some of the original

improper designs.

6) Economic conditions.

Most foreign developed countries determine the structure of barriers based on the results of full-
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scale crash testing. The Guidelines, on the one hand, is revised according to the ‘ Eleventh Five-
Year Plan’ National Science and Technology Support Project: ‘ Study and Demonstration Project
of Mountain Road Network Safety Assurance Technical System’ , the Ministry of Transport’ s 2013
Construction Science and Technology Project: ‘ Research on Improvement Technology of Highway
corrugated beam barrier guardrail Collision Avoidance Capability’ and Guangdong Provincial
Department of Transport 2014 Research Project: ‘ Level A corrugated beam barrier guardrail
Protection Performance Analysis and New Product R & D’ to carry out real vehicle crash test
validation and to improve results; on the other hand, refers to the Japanese Vehicle Barrier
Standard Diagrams & Background ( January 2008 ) whose road conditionsyare similar to China,
and determines China’ s structure of the corrugated beam barrier guardrails after considering

China’ s road conditions , material specifications and other factors.

1) The impact energy at the Level 1-C of the roadside corrugated beam barrier guardrail is 40
kJ, which is equivalent to that of the Japanese Level C. The Japanese Level C barrier consists of
double beams (350 mm x50 mm x 2.3 mm) , columns (M4 “mryx4.5 mm) , and brackets (300
mm X 70 mm x4.5 mm). The column distance is 4E/2B. Cempared with Japan, the Level I ( C)
barrier structure used in the Guidelines is changed as follows: thé\bi-beam is used (310 mm x 85
mm x 2.5 mm) ; according to Chinese national_standard of steel’plate, the standard items with 2.

5 mm thickness are adopted.

2) The impact energy that can be ‘absorbed at,the Level-2=B of the roadside corrugated beam
barrier barrier is 70 kJ. Its Structure. is. based.on the roadside barriers (1994 version) with the
weakest Level A anti-obsteuction block and the 114 mm/4. 5 mm columns. The Guidelines stipulates
that Level 2-B barriefs are mainly applicable,to _second-class ~ first-class highways and some first-
class highways. Howevery, in ascertaining the barrier cross-section layout, the current Technical
Standards for HighwayEngineering (JTG BO1) stipulates that ‘ the lateral width of Level 2, 3 and
4 highways-is the width of the shoulder minus 0. 25m’ . Therefore, if the barrier is installed, the

width of the shoulder shall be minus 25 cm, so as not to invade the existing road construction limit.

3) The impact energy that can be absorbed at the Level 3-A of the roadside corrugated beam
barrier guardrail is 160 kJ, which is equivalent to the Japanese Level SC (160 kJ) barrier energy.
The Japanese Level SC barrier consists of three-corrugated beam barriers (500 mm x 85 mm x
4 mm) , columns (140 mm x 4.5 mm) , and brackets (300 mm x 270 mm X 35 mm X6 mm).

The column distance is 4E/2B. The Guidelines provides two types of barrier structures at Level 3-A .

One is the three-corrugated beam barrier adopting the form in compliance with the national
standard Corrugated sheet beams for road guardrail—Part 2 . Tri-beam barrier (GB/T 31439.2) ,
and the specification is 506 mm x 85 mm x 3 mm; the column adopts @140 mm x 4.5 mm; anti-

obstruction block adopts 196 mm x 178 mm x 400 mm x 4.5 mm.
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The other is the tri-beam adopting the form in compliance with the national standard Corrugated
sheet beams for road guardrail—Part 2 ; Tri-beam barrier ( GB/T 31439.2) , and the specification
is 506 mm x85 mm x4 mm; the column adopts 140 mm x4.5 mm; bracket adopts 300 mm x 270

mm X35 mm X6 mm.

4)The impact energy that can be absorbed at the Level 4-SB of the roadside corrugated beam
barrier guardrail is 280 kJ, which is equivalent to the Japanese Level SB (280kJ) barrier energy.
Japan’ s Level SB barrier consists of a tri-beam of 500 mm x 85 mm X 4 mm, an anti-obstruction
block of 300 mm x 200 mm x 290 mm x 4.5 mm and a square pipe column of I25 mm x 125 mm X
6 mm. Compared with Japan, the Level 4-SB barrier structure used in/ the Guidelines has the

changes as follows

(D The tri-beam adopts the form in compliance with thexnationdl standard Corrugated sheet
beams for road guardrail—Part 2 . Tri-beam barrier ( GBAT31439.2) , and the specification is

506 mm x 85 mm x 4 mm.

@) The column adopts 130 mm x 130 mm,_x' 6 'wmm, which eonforms to the current provisions
of Cold Formed Steel Hollow Sections for. General Structure’ s\Dimensions, Shapes, Weight and
Permissible Deviations ( GB/T 6728 ) China_has no specifications of 125 mm x 125 mm x 6 mm in
GB/T 6728 standard) .

) The anti-obstruetion bloek, is 300«mm <x 200" mm x 290 mm x 4.5 mm, which is

appropriately adjusted according’to the-tri-beam barrier and column used.

5) The impact enexgy that can be absorbed at the Level 5-SA of the roadside corrugated beam
barrier is 400 kJ, which is equivalent to that of the Japanese Level SA (420 kJ). Japan’ s Level
SA barrier consists of a tri-beam of 500 mm x 85 mm x 4 mm, a beam of 89. 1 mm x 5.5 mm,
an anti-obstruction block of 300 mm x 200 mm x 290 mm x 4.5 mm, a square pipe column of
125 mm x 125 mm x 6 mm and a round pipe column of 101. 6 mm x 4. 2 mm. Compared with

Japan , the Level 5-SA barrier structure used in the Guidelines has the following changes

D The tri-beam adopts the form in compliance with the national standard Corrugated sheet
beams for road guardrail—Part 2 . Tri-beam barrier ( GB/T 31439. 2) , and the specification is

506 mm x85 mm x4 mm.

) Beams and casings are made of hot-rolled seamless pipes of 89 mm x 5.5 mm and 73 mm x
6. 0 mm as specified in the standards of China, and the upper columns are made of ordinary carbon

structural welded steel pipes of 102 mm x4.5 mm.
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3 The lower column adopts 130 mm x 130 mm x 6 mm, which conforms to the current
provisions of Cold Formed Steel Hollow Sections for General Structure’ s Dimensions, Shapes,
Weight and Permissible Deviations ( GB/T 6728 ) ( China has no specifications of 125 mm x
125 mm x6 mm in GB/T 6728 standard).

@ The anti-obstruction block is 300 mm x 200 mm x 290 mm x 4. 5 mm, which is

appropriately adjusted according to the tri-beam barrier and column used.

6) The impact energythat can be absorbed at the Level 6-SS of the roadside corrugated beam
barrier guardrail is 520 kJ, which is about 1/4 lower than the impact energy, (650 kJ) of Japanese
Level SS barriers. Japan’s Level SS barrier consists of a tri-beam of-500 mm x 85 mm x4 mm, a
beam of 89. 1 mm x5.5 mm, an anti-obstruction block of 400 mm x200-mm x 290 mm x4.5 mm,
a square pipe column of 125 mm x 125 mm x 6 mm and @ round pipe column of 101.6 mm x4. 2
mm. Compared with Japan, the Level 6-SS barrier structureyused in the Guidelines has the

following changes -

D The tri-beam adopts the form in complianceswith the national,_standard Corrugated sheet
beams for road guardrail—Part 2 . Tri-béam/ barrier ( GB/T 31439.°2) , and the specification is

506 mm x 85 mm x4 mm.

) Beams and casings dre. made. of hot-relled seamless pipes of £ 89 mm x 5.5 mm and
73 mm x 6. 0 mm as specified in the standards<of China, and the upper columns are made of

ordinary carbon structural welded steel-pipes_of 102 mm x4.5 mm.

@ The column*adopts 130 mm x 130" mm x 6 mm, which conforms to the current provisions of
Cold Formed Steel Hollow Sections for General Structure’ s Dimensions, Shapes, Weight and
Permissible) Deviations ( GB/T 6728 ) ( China has no specifications of 125 mm x 125 mm X6 mm in
GB/T 6728 standard) .

@) The anti-obstruction block is 350 mm x 200 mm x 290 mm x4.5 mm, and the length is 50
mm shorter than that of the Japanese standard. Factors such as the impact energy, the width of
road shoulders in China’ s highways, and the forms of tri-beam barriers and columns have been

adjusted accordingly.

7) The impact energythat can be absorbed at the Level 7-HB of the roadside corrugated beam
barrier guardrail is 640 kJ, which is equivalent to that of the Japanese Level SS (650 kJ).

8) The deformation values of some testedcorrugated beam barrier guardrails are shown in
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Table 6-2 for reference.

2 The mediancorrugated beam barrier guardrail can be divided into two types: separate and
combined. If the width of the median is greater than or equal to 2 meters, and there are many
structures in it or pipelines buried under it, then the type of separate barriers can be used. If
the width of the median is less than 2 meters, and there are few structures in it or pipelines

buried under it, combined barriers should be used.

Types of separate median barriers with level of protectionfrom 2 to 7 ( codes: Bm, Am, SBm,
SAm, SSm, HBm) and roadside barriers with level of protection fram 2.40 7 (codes: B, A,
SB, SA, SS, HB) are basically the same. The combined corrugated beam barrier guardrail is
applicable to a road section with a median width less than 2m, and the guardrails on the two
sides of the barriers are connected by a diaphragm. The main type of ¢combined barrier is Level

3 (code Am) and so on.

3 Theinstalled position of the corrugated beam barrier. guaxdrail in the cross-section of the road

shall meet the following requirements

(1) The determination of the location of the roadside barrier in thescross-section of the highway
mainly considers two factors. (U-The. roadside bartiers” shall\ not invade the existing road
construction limits as specified in the. Feehnical Standards' for-Highway Engineering (JTG BOI ) ;
@) It is necessary to take into account. the range aof deformation of the guardrail post after impact,
so that outer wheel of the vehicle can stop within the soft shoulder. Based on the above two
considerations , this article provides thatthe\barrier/ surface can coincide with the left edge line of
the soft shoulder orthe left side of the kerb:~For reasons such as the road alignment, the lateral
position of therbarrierscan be properly shifted outwards, but the outside soft shoulder protective
layer of the column shall be wider than 25 cm. If the transition to the bridge barrier or the use of
termination| flared terminal is needed, the overall strength of the barrier may be enhanced by

installing concrete bases, deepening the uprights, or adopting other measures.

(2) The cross-section layout of the median corrugated beam barrier guardrails is generally determined
first according to the width of the median and the laying position of underground pipelines. In the
Technical Standards for Highway Engineering ( JTG BOI—2014 ), the median width shall be
determined according to the functions. Taking into account the strength, maintenance convenience
and the installation of greening and underground pipelines, the median width should be wider than
normal for the separate median barriers. For the combined barrier or other forms of barriers, such

as integral concrete barriers, the median width should be lower than normal.

The median barriers are generally arranged symmetrically. The distance from the outer edge of
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thecorrugated beam barrier guardrail face to the edge of the median must meet the requirements of

the highway construction limit.

The combinedcorrugated beam barrier guardrails shall be laid along the center line of the road in
principle. Where there are structures and underground pipelines in the center line of the road, the
center line of the barrier column may be installed to one side, or change the combined type into a

separate one so as to avoid obstructing the structure at the center line position.

Table 6.2.7-2 Deformation value of some corrugated beam barrier guardrail structures

Barrier form Test items Vehicle model Test results Deformation level
Minibus 0.23 W,
Maximum lateral dynamic )
disol lue of bari Medium bus 0.25 W,
Level 1-C corrugated isplacement value of barrier W, m .
) Medium truck 0.56 W,
beam barrier beam L —
Maximum dynamic incline Medium bus /0.19 VI,
equivalent value of vehicle VI, ,m Mediur _tfuck 0.91 VI,
Minibus 0.79 W,
Maximum lateral ~dynamic 7
disol lue of barri Y 7 Medivm bus 0.64 W,
Level 2-B corrugated isplacement value of barrierW, m -
. | Medium truck /
beam barrier beam s <
Maximum  dynamic _‘incliney| ) Medium bus 115 VI,
equivalent value of vehicle VI, ;/m’ Mediun truck /
Minibus 1.10 w,
Maximum < ‘lagéral. - “dynamic [7.7 '
disol i i MaN ‘- _Medium bus 1.15 W,
Level 3-A corrugated isplacement yalue of barrier W,m ANy
. Medium truck 1.35 W,
beam barrier beam ‘ A .
Maximqm ‘dynamic= ineline Medium bus 1.55 VI
“| equivalent value of vehicle Vi, m Medium truck 2.73 VI,
; Minibus 0.85 W,
' . Maximum lateral ~dynamic i
Level 4-SB'. . . Medium bus 1.34 W
Ve displacement value of barrier W, m
corrugated beam Medium truck /
barrier b .
arrier beam Maximum dynamic incline Medium bus 2.27 VI,
equivalent value of vehicle VI, ,m Medium truck /
Minibus 0.88 W,
Maximum lateral dynamic )
Level 4-SB . . Medium bus 1.32 W
eVe displacement value of barrierW, m
combination corrugated Medium truck /
beam barrier beam Maximum dynamic incline Medium bus 1.88 Vi,
equivalent value of vehicle VI, ,m Medium truck /

Note: 1)The Level A structure is similar to Appendix C, Fig. C.2.3a), and the height of the column is slightly shorter.
2)The Level Am combined corrugated beam barrier structure is inconsistent with Figure 6. 2. 7-3, for reference.
The specifications of the test barriers here are: the wall thickness of the barrier is 4 mm; the diameter of the

column is ®140 mm; the embedded depth is 1400 mm, and the width of the diaphragm is 500 mm.



4 Once the vehicle collides with the barrier, it is desirable that the barrier can act on the effective
part of the vehicle, neither making the vehicle out of the barrier nor allowing the vehicle to
drive under the barrier. The ideal situation is to force the vehicle to steer steadily through the
entire action of the barrier and then return to the normal driving direction. However, the
quality of vehicles in the world today varies from large-tonnage heavy trucks to very small mini-
vehicles, and the mass of vehicles varies greatly. Modern cars have a tendency toward
miniaturization, and their mass has become lighter and lighter. In order to reduce air
resistance, the front cover is more streamlined and low. Where such vehicle collides with the
barrier, it is easy to drive under the barrier leading to serious consequences. Another situation
is that the tonnage of vehicles is getting larger and larger, that is, vehicles are becoming larger
and heavier. This large vehicle may cause jumping problems when-eolliding with the barrier. In
particular, when colliding with the corrugated beam barrier barrier ,/ the bumper of the vehicle
may be twisted and beveled because it bumps against-thextop of‘the corrugated beam barrier
guardrail. This situation is particularly serious at wide impact angles and is more dangerous

when the vehicle is at high speeds.

Once this happens , it is possible to tilt the bumper. back and forth.\Under the effect of the car’
s impact force, it is easy to slip onto'the slope of the barriery and an accident that the vehicle
Jjumps out of the barrier occursi—Fhe two situationsimentioned above, that the vehicle drives
under the barrier or the vehicle runs. out.of the barrier , areof course undesirable. This requires

a proper study to determine,the reasonablesheight of the barrier.

The determination of the height of bartier in the/1994 edition mainly refers to the experience of
the United States y"l')“According to. \the-full-scale collision test of vehicles and barriers with
different center-of-gravity heights; 2\ Investigation data of the collision accidents of the
barriers inwuse; 3) Geometrical characteristics analysis of modern vehicles. The installation

height of barriers is determined through these three aspects.

The determination of the installation height of the barrier is actually related to the effective
protection of most vehicle collision points. Therefore, the installation height of the barrier
cannot be arbitrarily changed without being fully tested and verified. According to the specific
conditions on the road side for design of the installation height of the barrier, the collision
center point, which is the height of the connecting bolt hole center from the road surface, is
controlled to be 600 mm. If the roadside or median is separated by a kerbstone, and the faces
of the kerbstone and the barrier are not in alignment, the height of the collision center point
shall be calculated from the top of the kerbstone. For the tri-beam steel barrier, the beam
center height of the lowest bi-beam is also controlled to be 600 mm , which can more effectively

protect large vehicles. For Level 5 (SA, SAm) and Level 6-SS barriers, due to the high impact
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energy required to be resisted, a beam is added to the top of the tri-beam barrier, which can
effectively prevent large vehicles from crossing the barrier, and can increase the guide effect.
The clear distance between this beam and the corrugated beam barrier or tri-beam is 305. 5
mm, which increases the transparency of the barrier and improves the appearance of the

barrier.

5 The strength of thecorrugated beam barrier guardrail is mainly determined by the rigidity of the
column , the bearing capacity of the soil and the tensile strength of the beam. In particular, the
relationship between the horizontal bearing capacity of the column and ithe displacement is an
important factor in determining the strength of the column. To this end yJapan Public Works
Research Institute and other organizations conducted a special test on the,strength of the barrier
column. The barrier column for the test is a round steel tubewith-a diameter of @114.3 x 4.
Smm, ®139.8 x 4.5 mm, and column lengths of 1200 mm|, 1500"mm , and 1800 mm. The
burial conditions are divided into. in soil, concrete’ sealing, ‘ground anchors adding, tar
asphalt filling , asphalt paving. Two loading methods were-used, namely . static load - loading
with a 25 t bulldozer, lever-type chain tensioners; dand dynamic load - loading with a 20t truck,

traveling at 27 km/ h.

1) Results of static load test in Baizi District, Changyi Highway

Relationship between load and displacement . Columns that buried in soil , its bending position
after loading is not related to the'diameter and depth of the column. It is located approximately

40cm below the ground surface , which is just above.the surface of the upper road surface.

According to the_load-displacement curve, about 5cm before the displacement is, it is the stage
where the subgrade veaction works. The displacement is in the range of 5 to 50cm, which is exactly

the bending stage of the column. The curve is gentle and the displacement increases rapidly.

——The relationship between the size and strength of the column. the strength of the column is
significantly affected by the diameter of the column. Where the displacement is between 5 and 50
cm, the column continues to bend, and the reaction deformation increases. The difference in
column section coefficient is reflected in the strength. On the contrary, if the depth of the buried
column is different, there is no difference in strength. In three cases, the maximum bending
moment of the column occurred at 40 cm below the ground, regardless of the buried depth. This
shows that the experimental columns are all buried in the lower subgrade with sufficient strength

and have sufficient embedded depth for the column.

——The strength of the column after adding the concrete seal depends on the section coefficient.

707



——The columns with concrete seals have their maximum moments at the ground surface. The

columns buried in the soil have their maximum moments 40 cm below the ground.

2) Test results of Japan Public Works Research Institute

——Static load test. According to the load-displacement curve , where the column depth is 1.8 m,
before the displacement of 10 cm, the bearing capacity of the foundation will work; where the
displacement is 10 to 80 cm, the column is bent, and its horizontal bearing capacity depends on the
section coefficient of the steel pipe.. Where the column depth is 1.5 m, the column is not bent,
which is caused by the yield of the foundation. This shows that the horigontal bearing capacity of
the column is closely related to the compactness of the foundation, that is; the bearing capacity of

the foundation.

——Dynamic load test: In the initial stage of loading, the load displacement curve is steep, and
the maximum horizontal bearing capacity is also larger than the static load. In addition, the
dynamic load increases the strain rate of the steel and’the yield point of the steel, and reduces the

bearing capacity of the column.

The Texas Transit College and the State Department of Highways and,Public Transportation jointly
conducted a series of column static tests to determine the performance of barrier wood columns and
steel I-beams buried in 18, 24,30 and 38 inches and“two=~different types of soil. The results
showed that . Steel columns dbsorb less energy<than wood columns. At burial depths of 18 and 24
inches, clayed soils consume more, energy«than<sandy/soils. Sandy soils absorb more energy in
buried depths of 30 and 38 inches.

The Guidelines, by-referring to the barrier standards of Japan, the United States and other
countries , stipulates that the buried depth of the second-class (B) columns of the bi-beam barrier
shall not be lessthan 125¢cm, and the buried depth of the third-class (A, Am) columns shall not be
less than 140 om. The buried depth of Level 4-(SB, SBm) , Level 5-(SA, SAm) , and Level 6-SS
columns of corrugated beam barrier barrier shall not be less than 165 cm. In the presence of kerbs
the depth of the columns shall also allow for the height of the kerbs. The determination of the above
data fully takes into account factors such as the narrower soft shoulders in China, the decrease of

the lateral earth pressure of the columns, and the degree of compaction of the soft shoulder filling.

Where an underground pipeline is installed below a barrier column, or a stone road section is
encountered ,or under other special conditions, the column shall be installed in the concrete bases.
Where the column is placed in a concrete base, its buried depth shall not be less than 40 cm.
According to the results of the Japanese test of adding concrete seals to the columns and anchor, it

was found that the columns buried in the concrete seal layer all bend at the ground surface, that is,
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the maximum bending moment occurs at the surface. The so-called adding concrete seal is to bury
the columns in the earth and spread a concrete layer on the ground surface. The so-called
anchoring method is to use concrete seals plusfl3 mm 400 mm round steel anchoring. Where the
method of burying with concrete seals and anchoring is used, the tested column is subjected to a
pull-out force, and cracks occurred in the concrete seal. But the load displacement curves of the
two types of tests are almost the same. It can be seen that the maximum bending moment of the
column in the concrete seal is generated on the ground surface, and the strength of the column
depends on the section coefficient. Therefore, it is entirely reasonable that the Guidelines stipulates
that the buried depth in the concrete shall not be less than 40 cm. In the section where the concrete
base is installed, greening and beautification can be carried out throughdhe soil layer between the
top of the foundation and the top surface of the soft shoulder to improve the\road.capacity. It shall
be pointed out that due to the structure of the retaining wall and the=types of materials used, the

barrier bases on the retaining wall section needs to be specially designed.

Where barrier columns are installed on road sections that<cannot be excavated, such as bridges,
passages , and culverts, two methods can be used; oné is to\pre-bury a sleeve in concrete and seal
it with mortar or concrete; the other is to pre-bury-foot anchor’/bolts in concrete through flange

connection.

6 The terminal of the roadsidecorrugated beam barrierguardrail at the downstream end, that is,
the trailing end of the barriew installation , is generally handled as the round head termination
beam. The upstream end of the roadside barrier jthat is, the leading end of the barrier, can be
handled in three wayss oné is'the use of.a flared anchoring type, which is gradually extended to
the ground through.a diagonal beamand_anchored at the end with a concrete foundation. . If
the anchor end Hits. the, front of the vehicle., the vehicle will climb along the inclined beam and
dissipate the energy ,which avoids the ‘barrier breaking the compartment. The second type is
flared round end." According to the results of the real car crash test of the Mountain Highway
Network Security Assurance Technical System Research and Demonstration Project, the round-
headed end has a greater risk of injury to the passengers of the collided vehicle. The
improvement requires flare to the width of the soft shoulder or outside the effective clear zone
width, to end either at the boundary of the filling or excavation, and be buried in the soil and

anchored. The third is the use of energy absorption terminal to protect the passengers.

7 For barriers installed at the median, both the leading and trailing ends shall be furnished with
crashworthy treatment. Otherwise , if the vehicle is hit, it may cause the end-beam to pierce the

car compartment and cause serious casualties.

In the event of a frontal collision of the vehicle, the crash barriers cannot be barbed, arched or

roll over the car. The acceleration of the vehicle during the collision cannot exceed the required
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limit. Where the vehicle collides with the barrier at between its end and standard section, the
terminal structure should have the same performance of redirecting the vehicle as the median

barrier standard section does.

The terminal form specified in the Guidelines is tailored for both separate and combined types
barriers. Basically, the two sides of the barrier are connected by a round head. The dismantling
energy device and dissipation column or sliding base are not adopted , and no design like energy
absorption or displacement is used. Therefore, the energy absorption effect of the termination

will not be very good, but this structure is easy to manufacture and install with lower cost.

The triangular areas of the motorway, exits and entrances of first-class\highway , interchange
cross roads, rest areas and parking areas shall be specially:desighed in accordance with the
conditions for installation of barriers. The barrier structure ‘on  individual sites shall be
consistent with the roadside corrugated beam barrier guardrail. Where it is laid, within 8m of
one side of the main line of the highway and first-class ‘highway , and within 8m from the side of
the ramp, the column spacing shall be doubled.>Af the apex of triangle areas, the simplest way

to tackle is connecting the side barriers with curved guardrails:

The rules of the previous edition stipulate_ that “ cushioningsfacilities shall be provided in the
dangerous triangle area facing the-direction of traffic flow.” There are always guide signs in
the area of the dangerous triangle facing the direction of traffic. If the highway is designed with
a high speed, the British/regulation vecommends-that where the diameter of the column exceeds
90 mm and the wall -thickness exceeds 3. 2 mm and/the vehicle collides, it will cause injury to
the passengers. The provisions of therGuidelines provide that in the dangerous triangle area
facing the direction of,traffic flow.. cushioning facilities shall be provided if there are large
group signs. This_effectively absorbs impact energy and reduces the speed of frontal collisions
with the vehicle. In the event of a side collision, the impact angle of the vehicle can be changed
to guide the vehicle into the correct direction. The cushioning facilities can be widely used in
the dangerous triangle area of traffic diversion, the front face of the overpass piers, and the
leading end of the median concrete barriers. The cushioning facilities provided must have
corresponding protection capabilities. If it is a small sign, it can be installed as a dismantling
energy dissipation structure. If it is not installed as dismantling energy dissipation structure , it

is recommended to install cushioning facilities.

Tunnel entrances and exits, due to the great difference in road width and brightness between the
inside and outside of the tunnel, often become black-spot sections. Therefore, it is necessary to
properly handle the barriers at the entrance and exit of the tunnel. If conditions allow,

cushioning facilities can be installed at the entrance side of the tunnel as required.
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10 At present, the presence of planting soil and backfill soil in the median of Chinese motorways
and first-class highways has affected the full use of the bearing capacity of the barrier
columns. The roadside sometimes has this kind of situation, especially where the roadside
guardrail flares, the required thickness of the soil shoulder protective layer cannot be
reached, affecting the functioning of the guardrail. Appendix C. 4 provides some ways to
change. This revision has deleted the method of welded steel pipe on the side of the column
because this method has encountered difficulties in construction whereas successful experience

on application in engineering is limited.

6. 2.8 The concrete strength level, reinforcement amount and foundatien installation of the
concrete barrier shall be determined by design calculation. The concrete strengthslevel of highways
and class-1 highways shall not be lower than C30. Where designing a iconcrete barrier, the

following requirements shall be met;

1 The roadway concrete barriers may be divided into F<type and single slope type according
to the structure, and it shall be selected im~accordanee with the road side situation, the
proportion of the vehicle composition and ‘the long-term pavement maintenance plan and
other factors

1) The requirements for the censtraction of the F<shaped concrete barrier are shown in
Figure 6.2. 8-1 and Table6:2. 8-1. According to .the need, a climbing resistant ridge
may be nstalled at the\top of ‘the barrier, as shown in Figure 6.2.8-2. The structural

requirements are the-same as that specified in the Table 6. 2. 8-1 except that H, minus

20 cm.
B
181,020 B, ‘
M=l ]
R2.5
| -
e h &
12.5
AO
Y s .
Left g:dge line Left edge line of
550)0f soil shoulder — 55°\ soil shoulder —
| 1 | 1
4 2 4 2
Figure 6.2.8-1 F-type concrete Note: H and B in the picture should meet the
barriers (unit; cm) requirements of table 6.2.8-1.

Figure 6.2.8-2 Reinforced concrete
barriers (unit: cm)
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Table 6.2.8-1 Construction requirements of F-type concrete

barriers (unit; cm)

Level of protection Code H H, B B, B,
3 A 81 55.5(35.5) 46.4(44.3) 8.1 5.8(3.7)
4 SB 90 64.5(44.5) 48.3(46.2) 9 6.8(4.7)
5 SA 100 74.5(54.5) 50.3(48.2) 10 7.8(5.7)
6 SS 110 84.5(64.5) 52.5(50.3) 11 8.9(6.8)
7 HB 120 94.5(74.5) 54.5(52.3) 12 9.9(7.8)
8 HA 130 104.5(84.5) | 56.5(54.4) 13 10.9(8.9)

Note: the data in the brakets are for the F-type concrete barriers with the climbing resistant yridge.

2) The requirements for the construction of the single slope roadside concrete barrier are
shown in Figure 6.2.8-3 and Table 6.2. 8-2. | \

B
20 , B,

| Left edge Tine of
_soil shoulder

Nvisis sty

~.~'Figul'e 6.2.8-3 Single slope concrete barriers (unit; cm)

Table 6. 2. 8-2. Structural requirements for single slope concrete barriers (unit: cm)

Level of protection | Code H H, B B, B,
4 A 81 4.1 8.1 14.0 A
4 : SB 90 44.5 9 15.5 SB
5 SA 100 47.2 10 17.2 SA
6 SsS 110 49.9 11 18.9 SsS
7 HB 120 52.6 12 20.6 HB
8 HA 130 55.5 13 22.5 HA

3) The roadside concrete barriermay adopt seat and underpinning methods ;

The seat mode is to lock the base of the barrier in the road surface structure, and touse

the resistance of the pavement structure to the displacement of the basic leg to improve
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the stability against overturning of the barrier, as shown in Figure 6. 2. 8-4 and Figure
6.2.8-5. The bearing capacity of the foundation shall not be less than 150 kN/m’. The
foundation shall be configured with appropriate amount of structural reinforcement and
firmly welded with the barrier steel bar. The strength of basic concrete is the same as
that of the barrier.

Left edge line of
soil shoulder

Left edge line of
soil shoulder®

L \ P
Y A
Retaini 11 = Foundation of
claming wa 1 'i the barrier
(==}
o

© Surface .

E:l: course Foundation of the
barrier

Base course

S
3| _Bed course

—

3 Y
2012 N
104 | 20 40
| AR
Note: this figure is suitable for the protection level Note: this figure'is suitable for the protection level of
of third grade( A) of concrete barrier foundation, third grade( A )“of concrete barrier foundation.
Figure 6.2.8-4 Seat foundation on retaining Figure 6.2.8-5 Seat foundation on soil
walls (unit; cm) foundation (unit: cm)

The underpinning” miethod is to drive, stéel, pipe piles before the cast-in-place roadside
concrete barrier,“as shown in Figure 6:2.8-6. The specifications of steel pipe pile are
®140 mm X4. 5 mm’, withlength'ef'90 ¢m-120 cm, and longitudinal spacing is100 cm.
Steel pipe_ piles smust be firmly buried in the base and integrated with the concrete
barrier. The bea_ri_ng capacity of the foundation shall not be less than 150 kN/m”.
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Surface course |
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Figure 6.2.8-6 The foundation mode of underpinning (unit; cm)
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4) For the general structure ofLevel 1-C and Level 2-B concrete barriers, see Appendix

C. 3. For cross-section requirements, see Figure 6.2.8-7 and Figure 6.2. 8-8.
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Figure 6.2.8-7 Level 1-C concrete barriers (unit: 'mm)

Some of the mediancorrugated.beam barrier barfiers may adopt separated or integral types
and maybe determined based ‘on the width of the median barrier, the distribution of
structures and pipelings:-Integral or separated, concrete barriers maybe divided into F-type

and single slope type acecording-to the.structure ;

1) The-requirements for the construction of the integral F-shaped median concrete barrier
are’shewn in' Figure 6. 2. 89 and Table 6. 2. 8-3. Road sections with higher level of

protection may be provided with climbing resistant ridge at the top of the barrier as

required.
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Figure 6.2. 89 F-shaped median concrete barriers (unit: cm)



Table 6.2.8-3 Construction requirements for F-type median concrete barriers (unit; cm)

Level of protection Code H H, B B,
3 Am 81 55.5 56.6 5.8
4 SBm 90 64.5 58.6 6.8
5 SAm 100 74.5 60. 6 7.8
6 SSm 110 84.5 62.8 8.9
7 HBm 120 94.5 64.8 9.9
8 HAm 130 104.5 66. 8 10.9

2) The requirements for the construction of the integral single-slope median concrete barrier
are shown in Figure 6.2.8-10 and Table 6.2. 8§-4.
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Figure 6. 2. 8-10 “ 'Single slope median concrete barriers (unit; mm)

Table 6.2.8-4 Structurak'requirements for single slope median concrete barriers (unit: cm)

Level of protection |~ _ Code k H B B,
3 Am 81 48 14.0
4 SBm 90 51 15.5
g SAm 100 54.5 17.2
6 SSm 110 57.8 18.9
7 HBm 120 61.2 20.6
8 HAm 130 65 22.5

3) The cross-sections of F-shaped and single slope separate concrete barriers shall be the

same as the corresponding roadside concrete barriers. A reinforced concrete support
block with width of 40 cm and thickness of 10 cm shall be installed every 2 meters in
the back of the concrete barriers, and middle space can be filled with planting soil for
greening, as shown in Figure 6. 2. 8-11. The distance between the tops of separate
concrete barriers shall not be less than 40 cm, and the remaining width C value shall

meet the provisions in the current Technical Standards for Highway Engineering (JTG

775



The width of
median divider

BO1). The water in the middle of the separate concrete barriers may be discharged
through the vertical blind ditch and then the horizontal drain. Where the degree of
foundation compactness is less than 90% , a 40 cm-wide and 10 cm-thick reinforced

concrete sleeper beam shall be installed every 4 meters.

Planting soil
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Figure 6.2.8-11 Structure diagram of median separation concrete barriers

4) Where the median concrete barriers needs proteetive piers, signposts, lighting poles and
other facilities, cast-in-place concrete barptersmaybe tised to surround the structures at
the construction site, but the widened ~sections shall not intrude into the road
construction limits. Between the widened Section and the, standard section, a transition
section shall be installed. The’side shape of thewwidenedhsection and the transition
section shall be consistent with thatwofsthe standard section. The length of the widened
section shall not be less than.20 times the width of the widened section, and the angle of

the transition section shall ‘not,be greater.than 2°, as shown in Figure 6.2.8-12.

Left side /marginél strip

|
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Stan@ard - - Standard
. section . Transition section /|600 | L |/60(|) Transition section . section .
f T T T T T T |

Figure 6.2.8-12 Widened section of median concrete barriers (unit; mm)

5) The foundation of the median concrete barriermay be used in the following two ways:
the base of the integral concrete barrier may be directly supported on the soil foundation
and the bearing capacity of the soil foundation shall not be less than 150 kN/m’. The
concrete barrier is locked in the foundation and the buried depth is generally 10 cm ~
20 cm. Both sides of the concrete barrier shall be paved with road surface materials with
the same or higher strength than that of the driveway; sleeper beams shall be installed

below the separate concrete barrier, and support blocks shall be provided between the



barriers, as shown in Figure 6.2.8-11.

6 ) Termination treatment shall be carried out at the start, end and opening of the median

barrier with concrete barriers. The structure of concrete terminations is shown in Figure
6.2.8-13 and Figure 6.2.8-14. The basic treatment method of the termination shall be

consistent with that of its connected concrete barriers. The section shape of the junction

part of termination and concrete barriers in the standard section shall be uniform.

15
¢3H01€ for hoist ¢08 Steel bar

v
o

—

58

81

TS

\

14-20

20

|
|
|
!
A

25|

150

1
300

Tongue and groove joint

Figure 6.2.8-13 Termination structure of concrete.barriers (unit; cm)
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Figure 6.2.8-14 Diagram of termination structure of concrete barriers (unit: cm)

Where the concrete barrier is installed on the super-elevation sections, special design shall

be made according to the size of the super-elevation rate and curve radius. The section

shape and the center height of the barrier shall be kept constant, and the barrier maybe
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installed in the manner of its vertical central axis perpendicular to the horizontal plane or
the super-elevation plane. The pavement drainage on the super elevation road sections shall
be discharged to the collecting well through a longitudinal drainage hole provided on the
side of the central divider guardrail, and then discharged horizontally, or may be discharged

through a drainage hole with certain spacing at the bottom of the concrete barrier.

Where the concrete barrier and the anti-glare facilities are installed at the same time, the
road sections that may have an impact onstopping distance shall be checked. Where the
delineators are attached to the concrete barrier, the delineators may be installed on the side

wall or the top of the concrete barrier.
The constructiontypes of concrete barriers on the same highway' shall be consistent.

The longitudinal length of each section of the conerete barrter shall be longer where the
conditions of cast-in-placeand lifting allow. The length ‘of pre-cast concrete barriers shall
be 4 m-6 m; the longitudinal length of cast-in;place concrete barriers shall be determined
according to the requirements of lateral \expansion joints}, generally, as 15 m-30 m. A

dummy joint shall be installed for cast-in-place concrete barriers every 3 m-4 m.

The reinforcing steel bar tofpre-cast” concrete: barriers shall meet the requirements of
protection degree. The influence.of the length .of the-pre-cast blocks and the way of lifting
shall also be considéred. Cast=in-place concrete barriers maybe equipped with stress or

structural reinforeing $tegl bar accerding<to the-tequirements of the level of protection.

The longitudinal ', connection _between the cast-in-place concrete barrier blocksmaybe

handled by ‘butt_junctions and transmission reinforcing steel bar.

The Iongitudinal connection between pre-cast concrete barrier blocks shall be handled as

follows :

1) Longitudinal tongue and groove joint connection; suitable for roadside barriers of Level

3-A and median barriers of Level 3-Am, as shown in Figure 6.2. 8-15.

2) Longitudinal connecting bolts: vertically pre-cast the connection bolt blocks in the upper
half of thetermination of the concrete barrier. After the two concrete barriers are aligned
and in position, insert the I-shaped connecting bolts to connect the concrete barrier as a
whole, as shown in Figure 6. 2. 8-16. This connection method is suitable for other

concrete barriers of high level protection except for the Level 3-A and Level 3-Am.
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Figure 6.2.8-15 Longitudinal tongue and groove joint.connection (unit: mm)
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Figure 6.2:8-16 Longitudinal eonnection bolts method

3) Longitudinal conneetion reinforeement method. reserve steel casing in the concrete
barrier ,<and connect the cencrete*barrier by inserting the reinforcing steel bar into the
casing. The.spacing of the steel casing shall not be longer than 35 cm. As shown in

Figure 6.2.8-17 is Level 3-A pre-cast concrete barrier.

10  The/concrete barriers at the entrance of the tunnel shall be extended to the tunnel
according to the outreach rate specified in Table 6. 2. 2-2. Transitional wing walls
matching the maintaining driveway section shall be installed at the entrance of the tunnel,
as shown in Appendix C. 2. 16. The concrete barriers at the exit of the tunnel may be

treated as a normal alignment extension to the tunnel portal.

Backgrounds .

1 The United States has conducted a large number of real vehicle crash tests on types of concrete
barrier structure in the mid-1970 s and the end of the 1990 s. The advantages and
disadvantages of NJ-shaped and F-shaped concrete barriers have been compared and the single

slope concrete barriers have been developed. The research results have been widely adopted in
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Figure 6.2.8-17 Longitudinal connection réinforeement method

European and American countries as well as Japan. Thevesearch results are summarized as

follows .

1) The United States conducted a real vehicle crash test on the Fsshaped concrete barrier. The
evaluated results showed that the F-shaped-barrier has\better vehicle stability than the NJ-shaped

for the collision vehicle.
2) The height of the.concretesbarrier is an“imiportant factor in determining its protection level.

3) According to’ the comparative test onthe cross-section shape of concrete barriers, among
the tests between NJ-shapéd, F-shaped, siugle slope type and straight-wall type, the latter section
shapes of barriers are better for vehicle stability, but the immediate responding acceleration to the

passengers teridsto be unfavorable.

4) The comprehensive evaluation of the single slope concrete barrier from the aspects of vehicle
stability and passenger damage indicates that it is superior to concrete barriers of other section

shapes.

5) The single slope concrete barriers have been evaluated by the real vehicle crash test of Level
4 (8 t, 82 km/h and 10°) in Report No. 350 of the United States NCHRP, and have been

incorporated into the standards in the United States and Japan.

6) The Japanese specification has canceled the NJ barriers.
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Based on foreignresearch achievements and domestic implement experience, the 2006 version
specification has eliminated the NJ-shaped barriers. Many useful experimental researches have also
been conducted on concrete barriers. For example, Beijing Shenhuada Traffic Engineering Test
Co., Ltd. has carried out researches on roadside reinforced barriers. Several types of concrete
barrier structures are identified, such as F-shaped, single slope type, and reinforced type , mainly
by referring to the research results of the United States, Japan, and China, along with the
Japanese Vehicle Barrier Standard Diagrams & Background ( March 2004 ).

1) ~2)The structures of the F-shaped and single slope concrete barrier are determined based
on the results of the United States computer simulation and the full-scale/crash test, and by
referring to the Japanese Vehicle Barrier Standard Diagrams & Background ( March 2004 )

combining the width of Chinese earth shoulders.

The reinforced concrete barrier in the previous edition is based.on theF-shaped barrier. Aclimbing
resistant ridge is deployed at the top of the barrier, which has & certain effect on restraining the
large vehicle from climbing up the concrete barrier.  Considering that the F-shaped barrier can
meet the impact test conditions of the same protection level, in order to facilitate the construction,
the climbing resistant feature is listed as an.option ‘in this revision, that is, a climbing resistant

ridge may be equiped at the top of the barrier, for the needs of achigher level of protection.

3) When designing the foundation of.the road side.coricrete barrier, the size of the foundation
concrete shall be determined by.checking the anti-overturning stability of the barrier. According to
the position of the roadside concrete barrier, embankment forms and construction procedures, the

following two construction forms‘can be-used for the foundation of the roadside concrete barrier,

@ Seat form< Aceording to the results of the ¢ Research on Development of Highway CIiff
Barriers’ (Western "Transportation Construction Science and Technology Project) led by the
Ministry of Transport in 2001, the safety of the barriers built on high retaining walls and high
embankments depends mainly on the stability of the barrier bases. Through the theoretical analysis
and the model test results, the basic part of the seat form is selected after the optimization of the
plans. The seat foundation legs extend into the base course of pavement and make use of the
resistance caused by the displacement between the base course of pavement and the base legs to
improve the anti-overturning stability of the barrier. The force-bearing form is appropriate, as
shown in Figure 6.2.8-4 and 6. 2. 8-5. The bearing capacity of the foundation shall be no less than
150 kN/m’. The foundation shall be furnished with appropriate amount of structural reinforcements
and the main reinforcement shall be firmly welded with the barrier bar. The strength classification

of base concrete shall be the same as that of the barriers.

Q) Underpinning form: The underpinning form can be used for high-filling embankment
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sections. Steel pipe piles should be inserted before constructing the cast-in-place roadside concrete
barrier, or holes should be drilled to insert steel pipe piles. The steel pipe piles may also be
inserted by excavate and fill method. The bearing capacity of the foundation shall not be less than
150 kN/m’. The specifications of steel pipe piles are @140 x4.5 and the length shall range from
90 tol20 cm. The spacing of steel pipe piles is 100cm. Steel pipe piles shall be firmly fixed in the

base and integrated with the concrete barrier.
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