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1. Introduction

The Mumbai—Ahmedabad High-Speed Rail (MAHSR), spanning approximately 508 km along the
western coast of the Indian subcontinent, is being constructed by the National High-Speed Rail Corporation
Limited (NHSRCL) utilizing Japan’s Shinkansen system. To minimize the area required for land acquisition,
most of the route is elevated. The structural composition comprises 91.6% viaducts, 1.9% bridges, 5.2%
tunnels, and 1.3% other earthworks.

The design of civil structures was formulated under a scheme whereby the JICC consortium (Japan
International Consultants for Transportation, Nippon Koei, and Oriental Consultants Global) prepared the
designs based on Japanese standards with Technical Assistance under JICA’'s Loan Account. These
designs, “Recommended” by the Committee for the General Consultancy (Excluding Supervision) of
MAHSR established by JICA, were subsequently “Adopted” by NHSRCL.

In this project, reinforced earth embankments using Japanese-developed RRR methods—RRR-A
(cement based reinforced soil abutments in Fig1(a)) and RRR-B (reinforced earth retaining walls in
Fig1(b))—are constructed mainly at transition zones between tunnels and viaducts, and at approach lines
linking the main elevated track to ground-level depots. As shown in Table 1, these methods are applied at

28 locations, with a total length of approximately 3 km.

Table 1: Implementation Length of the RRR-B Method in MAHSR

Package C3 C4 D1
Contractor L&T L&T MG Contractor
Nos. of locations 25 2 1
Total length 2,479m 38m 425m
FHR facing
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(Reinforced-soil Retaining Wall)



2.Preparation of Standard Design Drawings and Creation of Construction Drawings Using the

Finalized Drawing Manual

Although India has extensive experience with conventional reinforced earth embankments, the RRR
method is being introduced for the first time ever. Therefore, two aspects are crucial: (i) stable supply of
geotextiles with quality equivalent to Japan, and (ii) thorough promotion of understanding in design and
construction. A survey focusing on |GS-registered Indian manufacturers was conducted; through
consultations, site visits, and prototyping, two highly capable manufacturers possessing equivalent knitting
equipment and resin-coating capability were shortlisted. Prototype geotextiles using Japanese yarn
achieved the required performance, leading to the policy of procuring yarn from Japan and manufacturing
geotextiles domestically in India. Questions concerning design and construction have been progressively
addressed through workshops and related initiatives.

In this project, the civil packages were based on the FIDIC Yellow Book as the contract conditions;
however, given reliance on Japanese standards, owner-provided Standard Design (including
reinforcement drawings) were supplied for superstructure, substructure, and foundations to mitigate design
errors due to insufficient contractor understanding. For reinforced-soil abutments and reinforced earth
retaining walls (total length ~3 km), Standard Design Drawings (approx. 180 sheets) were prepared with
parameters such as structure height, double/quadruple track, and with/without OHE (see Table 2).
Contractors select appropriate Standard Design Drawings (Fig2(a)) after site review and, following the
Drawing Finalization Manual (DFM) included in the contract documents, adjust dimensions to produce
Construction Design Drawings (Fig2(b)) suited to site conditions. Bearing capacity of support ground is
verified through geotechnical investigation, soil tests, and plate load tests; if the required ultimate bearing

capacity is not achieved, ground improvement shall be performed as per the DFM flowchart.

Table 2: Types of Standard Designs for RRR-A (Cement-Treated Reinforced Soil Abutments) and
RRR-B (Reinforced Earth Retaining Walls)

Type Condition Standard Height H Applicable Range
RRR-A (Cement- | poyple track H=3.0/6.0/9.0/12.0 m 2.0 m < H < 12.0 m (stepwise)
Treated Reinforced Soll
Abutments) Quadruple track H=4.0/8.0m 20m=sH< 8.0 m (stepwise)
Double track, _ .
without OHE poles H=4.0/8.0/12.0m 1.6 m<H<12.0 m (stepwise)
Double track, _ .
RRR-B (Reinforced with OHE poles H=4.0/8.0/12.0m 3.0 m < H<12.0 m (stepwise)
Earth Retaining Walls) | Quadruple track, _ ;
without OHE poles H=4.0/8.0/12.0m 1.6 m<H<12.0 m (stepwise)
Quadruple track, H=4.0/8.0/12.0m 3.0 m < H < 12.0 m (stepwise)

with OHE poles
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3. Workshop Implementation
3.1 Overall View

It had been agreed between Japan and India that construction supervision would be directly
commissioned to JICC, the design consortium, and that certain complex civil packages would be led by
Japanese firms to ensure quality. However, due to strong requests from the Indian side and difficulties for
Japanese firms to bid during the COVID-19 period, civil packages and construction supervision were
opened to Indian contractors and consultants. Consequently, Japanese involvement in assuring
construction quality of structures designed under Japanese standards became challenging. JICA long-
term expert Yoshihiro Kumamoto and the author (Koji Takano) strongly encouraged NHSRCL to hold

regular workshops aimed at ensuring the intended quality envisaged at the design stage.

3.2 Workshop on the RRR Construction Method

In May 2023, during the first workshop, Dr. Takashi Tarumi, Fellow of the Railway Technical Research
Institute and then Chairperson of the Committee for the General Consultancy (Excluding Supervision) of
Mumbai-Ahmedabad High Speed Railway Project, participated and delivered a closing remark
presentation expressing strong concerns and a sense of urgency regarding quality assurance for
reinforced earth structures in the MAHSR project. Subsequently, in February 2024, Dr. Tarumi issued a
letter to NHSRCL conveying his apprehensions about ensuring quality in reinforced earth construction and
indicating the willingness of the RRR-I Association to provide technical support. This initiative fostered
momentum for technical exchange on reinforced earth structures. In March 2024, a webinar organized and
hosted by the aforementioned JICA-long-term experts, featuring the RRR-I Association, was conducted
for NHSRCL, contractors, and construction supervision engineers, focusing on critical considerations
during construction (shown in 4.1). This webinar served as a catalyst for selecting reinforced earth
structures as the theme for the third (shown in 4.2) and fourth (shown in 4.3) workshops, held thereafter
(see Table 3).

Table 3: Summary of Workshops (Co-hosted by JICA, NHSRCL, ADBI, and JARTS)

No. Dates Theme Venue Participants Site Visit
May 9- . C4 Surat Station; FSLM & SBS
1 11, 2023 Concrete Structures NHSRCL (Surat) 60 in-person yards: Tapi River Bridge; etc.
Feb 19— | Welding Technology for Steel . 60 in-person | Sarasa Tech Engineering steel
2 20,2024 | Truss Bridges V) NHSRCL (Delhi) + 80 online bridge fabrication plant
Oct 23— | Reinforced Earth Structures & 60 in-person | C4 NATM tunnel outlet area
3 | 24 2024 | Railway Disaster Prevention | NHSRCL (Surat) +120 online | (end side)
May 19— | Reinforced Earth Structures & | RTRI (Kunitachi) & | 50 in-person | RIRI experimental facilities;
4 . ; - . : Hokkaido Shinkansen
22,2025 Japan-India Partnership ADBI (Kasumigaseki) | + 45 online
(Oshamambe area)




(1) Third Workshop

On October 23-24, 2024, a two-day workshop titled Construction Method and Quality Control of
Geosynthetic-Reinforced Soil (GRS) Structure for High-Speed Rail was convened, focusing on the themes
of RRR method and disaster prevention measures for earthwork sections.

The workshop was attended by members of the Committee for the General Consultancy (Excluding
Supervision) of Mumbai-Ahmedabad High Speed Railway Project, including Dr. Shinichi Tamai (JRTT), Mr.
Satoshi Takisawa (JR East), Dr. Susumu Nakajima (RTRI), and Mr. Hiroyuki Kawanakajima (JRTT), as
well as representatives from India such as Dr. G. Venkatappa Rao (IIT Gandhinagar) and others.

As a pre-workshop site visit, an on-site inspection was conducted at the location where the reinforced
earth method was being implemented near the exit portal of the sole tunnel in Package C4 (around Ch156
km) (Photo 1).

In this method, the integration of concrete and geotextile is of paramount importance. However, during
the site visit as part of the workshop, it was observed that the footing concrete for the RRR abutment had
already been placed prior to the construction of the reinforced-soil embankment parts, and the installation
of reinforcing bars for the RRR abutment walls was underway. This clearly indicated a misinterpretation of
the prescribed construction sequence, which we were able to point out directly at the very last possible

moment.

Photo 1. On-site Construction Status of RRR-A Method (Cement-Stabilized Reinforced Soil Abutment)

In Session 1 of the seminar, presentations were delivered by five Japanese speakers under the theme
Experience in Japan (Table 4(a)). Session 2, themed Experience in India, featured contributions from
NHSRCL, academic experts, contractors, and construction supervision engineers (Table 4(b)).

Dr. Rao presented key considerations for implementing the RRR method in India, emphasizing the
importance of ensuring uniformity of backfill material, meticulous execution of backside drainage works
near tunnel portals, and obtaining numerical parameters for ground improvement design through in-situ
measurements. Session 3 comprised a highly substantive Q&A session addressing the Japanese

presentations from Session 1, resulting in an exceptionally fruitful discussion.
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Table 4(a) Session 1 (Session Chair: Koji Takano)

Speaker/Affiliation Presentation Theme
Dr. Susumu Nakajima Outline and matters necessary to achieve sufficient performance of
RTRI Geosynthetic Reinforced Soil structures for high-speed railway
Dr. ShhnF';rh.I'.Tama' GRS Structures along Latest SHINKANSEN
Mr. Takuya Kosaka Key Construction Procedures for RRR-GRS Retaining Walls and
RRR-I Association Bridge Abutments
Mr. Its\j’ﬁ:{.(r?h"sm Maintenance of Earth Structures and Disaster Prevention
Mr. SaBoRera'l':tkzawa Disaster prevention measures for earth structure sections at JR East

Table 4(b) Session 2 (Session Chair: H. L. Suthar)

Speaker/Affiliation Presentation Theme
H.L Suthar Construction method and Quality Control of Geosynthetic-Reinforced
NHSRCL Soil (GRS) structure for High-Speed Rail
Dr. G. Venkatappa Rao Indian Experience with Geosynthetic Reinforced Earth Structures: Key
IIT GN Considerations for Adapting Japan's RRR System
Dr G.D. Raju Construction Method and Quality Control of Geosynthetic Reinforced
L&T Earth Structure For High-Speed Rail
Dr. Prashant Research and Development Project on Geosynthetic Reinforced Soil
IIT GN Walls and Abutments for High-Speed Railway Systems
Mr. flarayana Reinforced Backfill Retaining Wall at Ch 156

In conventional geosynthetic-reinforced soil structures, Terre Armée wall (discrete concrete panels)
and reinforced-soil layers are alternately constructed. In contrast, the RRR method completes the
reinforced soil body first and then builds the wall structure. At approximately Ch156 km, the C4 contractor
attempted to build up the concrete abutment foundation prior to constructing the reinforced embankment
body, contrary to the procedures stipulated in the Technical Specifications (TS) and Standard Design
Drawings. This allowed us to instruct the contractor on the correct sequence and provide guidance on the
appropriate corrective construction method. By conducting this site inspection before full-scale
implementation of the RRR method - the first such application in this project - we were able to address the
issue before it escalated.

Throughout the workshop, there was a lively exchange of views on the concept of the reinforced
embankment method (including characteristics of geotextiles and handling of cement-treated soil),
construction practices (such as settlement control of the supporting ground, compaction methods during
backfilling, and frequency of field tests), and Japan’s approach to slope disaster prevention (Photo 2).
These discussions significantly contributed to achieving the workshop’s objectives: transferring technology,
knowledge, and experience between Japan and India, and fostering a robust network among engineers
(Photo 3).



Photo 3. Group Photograph of Participants at the Third Workshop (at NHSRCL, Surat)

(2) Fourth Workshop

To follow up on the Third Workshop held in October 2024, the Fourth Workshop was organized in
Japan from May 19 to 22, 2025, with the full cooperation of the Railway Technical Research Institute
(RTRI) and the Japan Railway Construction, Transport and Technology Agency (JRTT). The program
comprised site visits to RTRI experimental facilities, classroom sessions, an on-site inspection of RRR
method applications in the Oshamanbe area of the Hokkaido Shinkansen, and a wrap-up discussion.
Sixteen participants from India—including scholars from IIT, representatives of NHSRCL, contractors for
Packages C3 and D1, and TCAP construction supervision consultants-were invited to Japan (Photo 4).

A key highlight was the opportunity to observe approximately 1.1 km of continuous reinforced soil
structures and various configurations of RRR structures, such as reinforced soil abutments and retaining
walls, under construction on the Hokkaido Shinkansen. This experience significantly contributed to
ensuring construction quality for the first implementation of the RRR method in India (Photo 5). On the
final day, a Q&A session titled Key Learnings from the Field Trip with Participants was moderated by Mr.
Nikhil Bugalia of IIT Madras. Questions and observations from the site visit were addressed by RTRI’s
Dr. Nakajima and other experts. Participants provided highly positive feedback, noting that the timing
was ideal given the imminent commencement of full-scale construction in Maharashtra and that the
workshop enabled them to understand both the theoretical and practical foundations of the construction
method (Photo 6).



Photo 5. Site Visit to the Hokkaido Shinkansen Construction Area Implementing the
RRR Method
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Photo 6. Group Photograph of Participants at the Fourth Workshop (at ADBI, Kasumigaseki)



4. Summary of Webinar and Workshops on the RRR Construction Method
4.1 Webinar (WEB by Indian and Japanese participants), 27 March 2024

The objective of this webinar is explanation and confirmation of the key construction procedures for RRR
GRS Retaining Walls and RRR GRS Bridge Abutments for India High-Speed Rail. To this end, the

following presentations were made:

(1) Key construction procedures and their proper execution for successful construction of RRR GRS
Retaining Walls and Bridge Abutment (Tatsuoka, F., University of Tokyo and Tokyo University of
Science)

1) History, SOA and perspective of RRR Geosynthetic-Reinforced Soil (GRS) Structures for High-Speed
Railway (Shinkansen) in Japan, explaining:
- Structures of RRR GRS Retaining Wall (RW) and GRS Bridge Abutment; and
- Characteristic features of RRR (Reinforced-Soil Road Structures with Rigid Facing) construction
method
2) Explanation of the key construction procedures for RRR GRS structures emphasizing that this time
of the construction of RRR GRS structures for High-Speed Rail is the first case of the construction of
RRR GRS structures in India, therefore, it is necessary for the related parties, including owners,
contractors and consultants, to well confirm all the details of the construction procedures prior to the
start of the project
3) Discussions and Q&A to identify the problematic issues to be alleviated

These are summarized in Appendix I -4: Discussions with inquiries and responses

(2) Technical Issues for successful construction of RRR GRS Retaining Walls and RRR GRS Bridge
Abutments following TS (Nakajima, S., Railway Technical Research Institute, Japan)

(3) Image video of RRR GRS Retaining Wall construction procedures (Kosaka, T., Chief Secretariat of
RRR-I Association)
- This video visually explains the construction procedures of RRR GRS structures

- The video can be obtained from: https://www.rrr-sys.gr.jp/en/

(4) Free discussions and Q & A (interpreted by Ruchi, N., coordinated by Duttine, A.)
- Discussions including the future plan summarized by Duttine, A. (RRR-I) are shown in Appendix
I -4-1: Minutes of webinar


https://www.rrr-sys.gr.jp/en/

4.2 Third Workshop in India with visiting GRS Bridge Abutment at C4-ES2, 21 — 25 October 2024

The objective of this workshop is to exchange knowledge among various stakeholders involved in
design, construction, supervision and manufacturing of materials for RRR GRS structures in India as well
as Japan. In particular, the discussions that are much more specific than before, based on a visit to a
typical construction site of RRR GRS Bridge Abutment. A number of Indian engineers were able to

participate in this workshop as it was held in India:

(1) 23 Oct. 2024, Visiting Vapi, the construction site of the first RRR GRS Bridge Abutment to confirm a

couple of construction issues on site

(2) 24 Oct. 2024, a workshop was held following the agenda (shown in AppendixII -1). It was very
important and useful that some essential issues about the method and procedures of the construction
of RRR GRS Retaining Walls and Bridge Abutments that were much more specific than those made
in the first webinar were discussed. The following five key construction points were re-confirmed
based on the presentation by Tatsuoka:

1) The use of proper geosynthetic-reinforcement (i.e., geogrid) having:
a) arupture strength and high stiffness that is required for a low deformability and a high
stability of RRR GRS structures
b) a high durability against high pH because of direct contact with concrete; and
c) a high pull-out strength in the backfill and concrete, in addition to a high rupture strength
2) The use of temporary facing units that satisfy the following contradicting requirements:
a) flexible enough to accommodate the deformation of the backfill and subsoil caused by the
construction of the backfill; and
b) strong enough to be stable against the earth pressure and compaction forces during wall
construction
3) The use of backfill of high quality; good compaction; and confirmation of high quality of
compacted backfill
4) Confirmation of sufficient settlement of the backfill caused by its construction before the
construction of RC facing (i.e., staged construction) and sub-soil layers
5) The construction of full-height rigid (FHR) facing by casting-in-place fresh concrete after the end
of the settlement of the backfill and sub-soil layers. The FHR facing should be constructed in
such that all the geosynthetic-reinforcement layers are firmly connected to the back of the FHR
facing

10



4.3 Forth Workshop in Japan with visiting GRS structures at Oshamanbe for Hokkaido
Shinkansen, 19 - 22 May 2025

The objective is to re-confirm the key construction procedures for RRR GRS Retaining Walls and RRR
GRS Bridges Abutments for India High-Speed Rail and to identify new issues that would be found by
visiting: (a) full-scale models of RRR GRS retaining walls and GRS Integral Bridges at RTRI in Kunitachi
City, Tokyo; and (b) a number of RRR GRS Retaining Walls, GRS Bridge Abutments and GRS Integral

Bridges under construction at Oshamanbe for Hokkaido Shinkansen.

(1) 19 May 2025: Visiting RTRI at Kunitachi City

1) Visiting research facilities related to the design and construction of soil structures which were and
being used for the development of RRR GRS structures, followed by visiting to full scale models
of RRR GRS Retaining Walls and a pair of RRR GRS Integral Bridges. This was an indispensable
opportunity for Indian participants to recognize and understand the history of research performed
for the development of RRR GRS structures.

2) Workshop at RTRI to reconfirm the key construction procedures for RRR GRS Retaining Walls
and RRR GRS Bridges Abutments for India High-Speed Rail. This workshop was very useful for

the persons who participated in this series of workshop for the first time.

(2) 21 May 2025, visiting a number of RRR GRS Retaining Walls, GRS Bridge Abutments and GRS
Integral Bridges under construction at Oshamanbe, for Hokkaido Shinkansen

This was the first opportunity for a number of the key engineers from India related to the design and
construction of India High-Speed Rail to see actual RRR GRS Retaining Walls, RRR GRS Bridge
Abutments and GRS Integral Bridges under construction. In particular, they could confirm the details of
the construction procedures of geogrid-reinforced backfill and full-height rigid facing. As the RRR GRS
structures at Oshamanbe were at the stage immediately before the construction of full-height rigid facing,
it was possible to confirm the construction method of vertical wall face of geosynthetic-reinforced backfill

and the details of the preparation work for the construction of full-height rigid facing.
(3) 22 May 2025 at ADBI, a wrap-up workshop based on a visit to Oshamanbe

A number of important inquiries were made based on a visit to Oshamanbe. The inquiries made at the

site and during this workshop and the responses are summarized in AppendixII -4.
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5. Conclusion

In June 2025, C3 Contractor (L&T) contacted Dr. Susumu Nakajima, RTRI, requesting on-site
construction guidance (for a fee). The Integrated Geotechnology Institute, Limited., which serves as the
lead member of the International Association of RRR-I Construction System, plans to provide construction
guidance to L&T and TATA. The webinar held in March 2024 and the 3rd and 4th workshops served as
catalysts, leading to concrete actions toward technology transfer—a significant achievement.

According to NHSRCL website, as of the end of December 2025, approximately 70% of the 515 km total
length between Mumbai and Ahmedabad—specifically 350 km of girder-type viaducts—has been
completed. Construction on earthworks will commence in earnest starting this fiscal year. RRR-I
Association intends to continue providing design and construction support tailored to site conditions to the
extent possible.

The authors anticipate that, in the near future, Shinkansen trains will operate atop the RRR structures.
When high-speed rail services are inaugurated in India, the authors would welcome the opportunity to visit
the site and reflect on their condition, albeit modest, to the design of earth structures ensuring the safety

and reliability of the system.
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. Webinar [27 March 2024]

(WEB by Indian and Japanese participants)






I-1 Webinar agenda including the list of participants

One day workshop on
Key construction procedures for RRR GRS retaining walls and RRR GRS bridges abutments of
India High Speed Rail

13:00 hrs to 15:00 hrs, IST, March 27, 2024

(D Objectives of the WS (Kosaka, T., Chief Secretariat of RRR-I)

(2) Key construction procedures and their proper execution
(Tatsuoka, F., University of Tokyo and RRR-l)

(3 Explanation of the related parts of Technical Issues

(Nakajima, S., Railway Technical Research Institute, Japan)

( https://www.rrr-sys.gr.jp/en/ )

@ Image video (draft) of RRR GRS Retaining Wall construction procedures

(Kosaka, T., Chief Secretariat of RRR-I)

(® Summary of the discussions and the Future plan (Duttine, A., RRR-)

® Free discussions and Q & A (interpreted by Ruchi, N. and coordinated by Duttine, A.)

List of participants

NO. Name Organization Possition 5%
1 |Sanjeev Gupta NHSRCL President
2 [H L Suthar NHSRCL PED/T&D & DG, HSRIC
3 [Sri Vipin Kumar Bansal NHSRCL SrMgr Design
4 [Palghar NHSRCL
5 |Pranav Kumar DRA, D-1 Package VP Technical
6 |Sarique Raza TCAP (PMC-Civil) Chief Geotechnical Engineer
7 |Raman Dalia
8 |P M Kumar
9 |Mufaddal
10 |Deepak Kulshreshtha
11 [BVSN Varma
12 |Pankaj Sharma
13 |Santosh Patil
14 |Ruchi Naithani Interpreter
15 |Susumu Nakajima RTRI General Manager Presenter
16 |Fumio Tatsuoka RRR-1 Association Professor emeritus Presenter
17 |Takuya Kosaka RRR-I Association Chief secretariat Presenter
18 |Shinji Morimoto JICA
19 |Yoshihiro Kumamoto JICA Expert
20 [Koji Takano JICA Expert
21 |Ryoko Nakano JRE
22 |Yukihiko Tamura RRR-I Association
23 |Antoine Duttine RRR-1 Association
24 |Noriaki Ebii RRR-I Association(YEBISUS)
25 [|Hajime Yoshida JIC
26 |Noriyuki Kurihara IG
27 |[Vu NHay Linh JIC
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I-3 PPT presentations

1-3-1 Fumio Tatsuoka (Professor Emeritus, University of Tokyo, Tokyo University of Science)

High Speed Rail in India (Mumbai-Ahmedabad: Section C4)

Key Construction Procedures and Their Proper Execution
for successful construction of
GRS retaining walls and GRS bridge abutments
following TS

Railway Technical Research Institute, Japan (RTRI)
International Association of RRR Construction System (RRR-1)

Objectives of the workshop 27 March 2024:

1. A brief introduction of RRR Geosynthetic-Reinforced Soil (GRS) Structures
for High Speed Railway (Shinkansen} in Japan
+ GRS Retaining Wall (RW); and GRS Bridge Abutment
* RRR: Reinforced-Soil Road Structures with Rigid Facing

Pk 20

s |

Gr=

2 Explanation of the key construction procedures for RRR GRS structures
As the construction of RRR GRS structures for High Speed Rail is the first case in
India, it is necessary for the related parties, including contractors, to fully confirm all
the details of the construction procedures prior to the start of the project

3. Discussions and Q&A to identify the issues to be alleviate

High-Speed Railways (Shinkansen ), 2023
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Takeido (first HSR)
opened Oct. 1984

Mantara site Hokkaid (High Speed Railway)
GRS siructurss Length or Max. height
~mmber )
" R GRS RW 4,500m 11.0
A GRS Bridge Abutment 41 13.4
9 | GRS Integral Bridge 1 61
E GRS Box Culvert 3| 84
‘GRS Tunnel Entrance/Exit
Pratection 18 184
All these GRS structures were
constructed in place of
conventional type structures.

Yonezawa el al (2014} JRTT

Mantaro site, Hokkaido Shinkansen
GRS= Geosynthetic-Reinforced Seil

GRS Tunnel
Entrance/Exit

GRS Bridge Abutment

Pratection

GRS Box Culvert

: e
GRS Bridge Abutment i
g HEL o

Gompleted

Aug, 2012

13.4 m-high, Mantaro site

(. -
Under construction
Qct. 2011




Shinkansen (High Speed Railway), 2023
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GRS Bridge Abutment for Sugamuta viaduct

1. Bench-cutting of stable natural slope
2. Construction of geogrid-reinforced lightly cement-mixed gravelly soil
3. Gompaction of the backfill (at least 95 % of {p,)  ,, 3t w,,, by Modified Proctor)
4. Arrangement of geogrid layer
5. Completed reinforced backfill
6. Completed GRS Bridge Abutment after the construction of FHR facina
Soga, et al. (2018)

ot

Apair of GRS Bridge Abutments supporting a simple girder, Kyushu
Shinkansen, Nishi-Nihon Route, 28 October, 2022

Kyushu Shinkansen. Nishi-Nihon Route, San-nose Tunnel
27 Oct. 2022

GRS Bridge
Abutment GRS Bridge
Abutment

g GRS Bridge
- Abutment

Lacations of GRS RWSs with FHR facing, GRS Bridge Abutments,
GRS Integral Bridges etc. (April 2023)

Total wall length: 208 km
Total number of project sites:
1,424 (including 4 aversea sites)
GRS Bridge Abutments: 185
GRS Integral Bridges: 14
No problematic case during & after
construction in all these prajects

324 (90) 203 (4)

TN T
________ {No. of GRS Bridge Abutment &
[No. of GRS structurs sites | GRS Integral Bridge)




Objectives of the workshop 27 March 2024:

1. A brief introduction of RRR Geosynthetic-Reinforced Soil (GRS) Structures
for High Speed Railway (Shinkansen) in Japan
+ GRS Retaining Wall (RW); and GRS Bridge Abutment
+ RRR: Reinforced-Soil Road Structures with Rigid Facing
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2 Explanation of the key construction procedures for RRR GRS structures
As the construction of RRR GRS structures for High Speed Rail is the first case in
India, it is necessary for the related parties, including contractors, to fully confirm all
the details of the construction procedures prior to the start of the project.

3. Discussions and Q8&A to identify the issues to be alleviate

2. Explanation of Key Construction Procedures for RRR GRS structures
2-1. Overview

2-2. Theoretical and practical background
for better understanding of the importance of the key construction procedures

2-3. Steps likely to be taken and what RRR-| can do

Appendix: Some details of the key construction procedures
The full details are described in two manuals:
« Manual for the design and construction of RRR Geosynthetic-Reinforced Soail
structures, RRR Assaociatfion, p.136
+ Manual for the design and construction of RRR GRS Bridge Abutment, Railway
Technical Research Institute (RTRI) and Japan Railway Construction, Transport
and Technology Agency (JRTT), November 2020, p.109

Two basic manuals (open documents)

Manual for the design and construction of
Wanual for the gesign and construction of

RRR Geosynthatic-Reinforced Sol siruztures

138 pages |

RRR GRS Bridge Abutment

108 pages

Rawtaiher

w (RTT)

SRRAR <o mancorsmicmonsmanor

These two manuals are based on the experiences gained by the design, construction and
maintenance of a large number of GRS structures for the last about 40 years, including many for
High-Speed Railways in Japan.

All the projects are successful, showing that the proper construction following these two
manuals is the must for the successful construction,

2. Explanation of Key Construction Procedures for RRR GRS structures
2-1. Overview

2-2. Theoretical and practical background
for better understanding of the importance of the key construction procedures

2-3. Steps likely to be taken and what RRR-| can do

Appendix: Some details of the key construction procedures
The full details are described in two manuals:
- Manual for the design and construction of RRR Geosynihetic-Reinforced Soil
structures, RRR Association, p.136
+ Manual for the design and construction of RRR GRS Bridge Abutment, Railway
Technical Research Institute (RTRI) and Japan Railway Construction, Trensport
and Technology Agency (JRTT), November 2020, p.109

Overview of the key construction procedures for RRR GRS structures

The structures and construction procedures of GRS retaining wall and GRS bridge
abutment are differentin many aspects.

GRS bridge abutment
(more complicated)

G
Geoga
Baaring .

GRS retaining wall

PRt 04
N pE

“Fleae at s

w5

So, the key construction procedures for GRS retaining walls are firstly explained,
followed by those that are relevant exclusively for GRS bridge abutments.

Staged-construction
by constructing FHR facing after the construction of reinforced backfill

Depot for HSR (Shinkansen) at Biwajima, Nagoya, 1990 - 1991
- average wall height= 5 m & total wall length= 830 m
Completed backfill,
waiting for the end of
the defonmatiorn .o

Before the start of
construction

)




GRS RW with FHR facing

Re-construction of a gentle
slope to a vertical wall for the
depot of HSR (Shinkansen)
at Biwajima, Nagoya

Anchor elernent
(length = 1 m)

Foundaiion of
frame structure

Only insignificant deformation of the
embankment during reconstruction
4 was allowed

Construstion
ioint (G

Key construction procedures for RRR GRS retaining walls {1)

Key construction procedures for RRR GRS retaining walls (2)
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Key construction procedures for RRR GRS retaining walls (3)
Completed backfill,

waiting for the end of
the defornratior of -
B4 k1], and subse]
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Key construction procedures for RRR GRS retaining walls (3)
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Key construction procedures for RRR GRS retaining walls (4)

Detailed steps a) through j),
described onh the fallowing pages.

\ a) Excavation/Leveling of Ground and Facing Foundation

T
[ 61 Preparation and cutting/Installation af Geogrid

31 Mg the irst pesac

I8per & 8 teTinren Fac g
it

T
[ ) Arrangement of L-shaped Temporary Facing Unit

Compsiar

‘ d) Preparation and Spreading of Crushed Stone and Backfill |

I
\ &) Compaction of Crusher Run and Backfill

T
luation of the properties of backfill

2y Frezrdlayer

[

[ wrapping-around of Temporary Facing Unit with Geogrid

‘ h) Finishing of Backfill Construction

of

I
of Backfill and Subsoil
i |

of full-height RC facing

Repeat




Each step of constructicn procedures (1/8)

[a! Excavation Leveling of Ground snd Facing Foundation |

\ b) Praparation and cutting/Installation of Gaagrid

T
[a of L-shaped Temporary Facing Unit |

‘ d) Preparation and Spreading of Grushed Stone and Backfill ‘

[&

®

1
of Crusher Run and Backfill
T

Repeat

of the rties of
1

&} Wrapping-Around of Temporary Facing Unit with Geogrid

backfill

T
[ Finishing of Backfill Canstructin |

T
[1Y Observation of Defarmatian af Backfill and Subsoil

T
[i¥ Construetion of full-height RG facing |

Photo sourtesy : TAISEI Co., Ltd

1) Levelling pad &
embedded part of
FHR facing

Foundation wark

Each step of construction procedures (2/8)

[ Excavation/Leveling of Ground and Facing Foundation |

\ b) Praparation and cutting/Installation of Geogrid

[2

T
of L-shaped Temporary Facing Unit |

‘ d] Preparation and Spreading of Crushed Stone and Backtill |

[

1
of Crusher Run and Backfill
T

Repaat

\ 7] of the i

of

3 |

[@ Wrapping Around of Temporary Fasing Unit with Geogrid

hack

T
[ Finishing of Backfill Constructian ]

T
i) Observation of Deformation of Backfill and Subsail |

T
[y Construction of full-height RC facing |

Photo courtesy : TAISEI Co.. Ltd.

* Welded steel

it Geogrid

2 Placing the first geogrid
layer & a lemporary facing
unit

Arrangement of L-shaped temporary
facing unit

Each step of construction procedures (3/8)

\a} Excavation;Leveling of Ground and Facing Foundation \

T
‘ b) Preparation and cutting/Installation of Geogrid

T

[o1 Arrangement of L-shaped Temporary Facing Unit |
1

[@ Preparation and Spreading of Crushed Stone and Backfil |

s
\ &) Compaction of Crusher Run and Baekfill

T
[0 of the properties of

Repest

|
backfill Jj

1
[ Wrapping-Around of Temporary Facing Unit with Geogrid
I
[H) Finishing of Backfill Constructian |

L
[ Observation of Deformation of Backfill and Subsoil |

L
[12 construction of tuil-neight RG facing ]

Photo courtesy : TAISEl Go, Ltd

Wrapping Crusherrun
~around
of geogrid

3) Backfiling &

Each step of construction procedures (4/8)

\ a) Excavation/Leveling of Ground and Facing Foundation |

T
‘ b) Praparation and cutting/Installation of Geogrid

of the first soil layer

Spreading of backfil

I
[} Arrangement of L-shaped Temporary Facing Unit

[ ) Preparation and Spreading of Crushed Stone and Backill

I
[ &) Compaction of Crusher Run and Backdill

[

Repeal

of the properties of backfill

]
|
|
1

1
[ Wrapping-Around of Temparary Facing Unit with Geoprid

T
[ Finishing of Backfill Canstructian

] Observation of

I
of Backiill and Subsoil ]

I
[ Gonstruction of full-height RC facing ]

Photo courtesy : TAISEI Co, Ltd.

Cofmpsction wark

Each step of construction procedures (5/8)

[ Excavation/Leveling of Ground and Facing Foundation |

T
[b3 Preparation and cutting/Installation of Geogrid

1
[) Arrangement of L-shaped Temporary Facing Unit |

[d3 Preparation snd Spreading of Crushed Stone and Backfill |
I

[} Campaction of Crusher Run and Backfil

Repeat

[® of the rlies of

|
backfill |

1
2 Wrapping-Around of Temporary Facing Unit with Geogrid

[ Finishing of Backfill ¢ i |
I

[ abservation of Defarmation of Backfill and Subsoil

T
[i Construstion of tull-height RG facing |

Photo courtesy : TAISEI Co;, Ltd

Bensly testioy the sand cone method

Each step of construction procedures (6/8)

[ @) Excavatian/Leveling of Graund and Facing Foundation |

[br and cutting;

of Geogrid

I
[ s} Arrangsment of L-shaped Temporary Facing Unit |

[ € Preparation and Spresding of Crushed Stone snd Backfill |
I

‘ &) Compaction of Crusher Run and Backfill

Repaat

o

of the prop of backfill

T
[2) Wirapping-Areund of Temporary Facing Unit with Geogrid

[ Finishing of Backfill i |
I

) Observation of Deformation of Backfill and Subsoil ]

T
[i) Gonstrustion of full-height RE facing |

Photo courteey : TAISEI Go., Ltd.

Arrangament e geogrid (befere wrapping-
araund of temparary facing unit)




Each step of constructicn procedures (7/8)

[8! Excavation/Leveling of Ground and Facing Foundation

\ b) Praparation and cutting/Installation of Gaagrid

T
[a of L-shaped Temporary Facing Unit

Continuous

I
[ on of Crusher Run and Backfill
T

Repeat

Each step of construction procedures (8/8)

Dram hole
[ Excavation/Leveling of Ground and Facing Foundation | (i

\ ) Praparation and cutting/Installation of Geogrid

T
[= of L-shaped Temporary Facing Unit |

5} PHR facing oy casing
In-place concrs(e

‘ d] Preparation and Spreading of Crushed Stone and Backtill |

I
[ ion of Crusher Run and Backfill
T

Repaat

[® fan of the riies of settlement

‘ d) Preparation and Spreading of Grushed Stone and Backfill ‘
backfil |

T
[ Wrapping-Around of Temporary Facing Unit with Geogrid

T =
[ Finishing of Backfill ¢ ] 5) Completing GRS wall

(w/o FHR facing)

T
[11 Observation of Defarmatian of Backfill and Subsoil

T
[i¥ Construetion of full-height RC facing |

\ 7] ion of the ties of hacl

3 |

[@ Wrapping Around of Temporary Fasing Unit with Geogrid

T
[ Finishing of Backfill Constructian ]

T
i) Observation of Deformation of Backfill and Subsail |

Gonstruction of full-neight concrete

facing by casting-in-place concrele

] fihe detalls are explained in the
follawing pages)

T
[i) Construction of full-height RC facing

Phota sourtesy ; TAISEI Ca., Ltd

Staged construction:
- After the end of compression of the backfill & subscil, FHR facing is constructed by
casting-in-place fresh concrete directly on the geogrid-wrapped-around wall face.

Staged construction:
- After the end of compression of the backfill & subsoil, FHR facing is constructed by
casting-in-place fresh concrete directly on the geogrid-wrapped-around wall face.

Nate: the procedure is basically the same when using welded
steel wire meshin place of gravel bags as temporary facing units.

T, 20y

7 L ng

ermansnt mamber.
I stabilty

& L aaflling £ sutojetiun
of e el lemr

Some fresh concrete enters the gravel-filled bags or welded
stee| wire mesh through the aperture of the geagrid. — Then,

" | FHR facing & geogrid layers are firmly connected to each other.

Swm Wen

| rot expected o function for sl sakilty X

e

i ==
Steel reinforcement for
FHR facing

Conventional L- I

RWs for railway (Keio Line)
shaped RW

Hirayama Joshi, Tokyo

Need for both external and internal
concrete forms

Both are propped occupying a wide

space in front of the facing and an
internal space in back of facing.

1) External concrete form is supported by
steel rads anchored in the reinforced
backfill, not using external propping

2) No use of internal conerete form

1) & 2) — a much simpler concrete work

The properties required for the geogrid:

1) Sufficient strength & stiffness with low creep
deformation

2) Limited damage during backfill compaction

3) High anchorage strength in concrete & backfill; and
good adhesiveness with concrete

4) High long-term resistance against high pH of
concrete

— 0
Bi-axial PVA geagrid,
a geogrid satisfying 1) — 4).

3) & 4) are particularly important, as the




Field & laberatory tests to confirm high separation strength

Laboratory separation test

Field separation test

A piece of
FHR facing

Major differences between GRS RW and GRS bridge abutment

GRS Bridge Abutment

= 1) Longer geogrid at the bottom

- %) a) Cement-mixed backfill of

1) Longer geogrid at
the top; and
shorter geogrid at _
the bottom

2) No cement-mixing
of backfill

not

Famezr=: due to severer loads and

approach block; b) stronger
facing/geogrid connection; &
) stronger facing structure,

smaller allowable N AppioattiBlock

displacements.

1) The use of shert basic geogrid layers 10 minimize
ian when

of 1,0 m-thick facing subjected to
haorizontal acceleration of 1 g™

Test specimen (cut out from 40 cm-
thick full-scale FHR facing),

hung under 1 g:

= no separation

Soparatian strase [kPa)

Tz 1 4 s
Separation displacement imm)

Several lang geagrid layers at upper levels far
high wall stability; and for high stability of surface
sail layer (i.e.. railway bed)

2) Agood compaction is the must. hut when
compared with GRS bridge abutments, relatively
small effacts of the settiement of the backfill
relative to the facing on the smooth running of train

1) To lower the gravity center of approach block far its high
stability against overturing about the facing base
- To avoid cracking in the brittle cement-mixed backfill i

I an relatively unrei backfill

- For a gradual increase from zero in the thickness of
unreinforced backfill in the direction of railway axis (i.e., in
the direction perpendicular te the wall lace) to achieve a
gradual change in the stifiness & settiement in the backfill
for smooth trainfvehicle running, particularly because
continuous RC slab tracks is used.

in the direction in parallel to the wall face
Loads on the facing are relatively low.

GRS bridge abutment

Key construction procedures
for GRS bridge abutment

The procedures to be exclusively applied to GRS bridge
abutments are listed below.
. More details are explained in Appendix.

The other items than those listed below are basically the
same as those for GRS retaining walls.

c/BA) Preparation of Backfill Material for Approach Block

d-1/BA) Mixing of Backfill Material with Cement and Water (including mixing proportion
design based on a series of laboratory tests)

d-2/BA) Spreading of Uncement-Mixed Crusher Run and Cement-Mixed Backfill Material

e/BA) Compaction of Uncement-Mixed Crusher Run and Cement-Mixed Backfill Material

2. Explanation of Key Construction Procedures for RRR GRS structures
2-1. Overview
2-2. Theoretical and practical background

for better understanding of the importance of the key construction

procedures

2-3. Steps likely to be taken and what RRR-I can do

Appendix: Some details of the key construction procedures

The full details are described in two manuals:
+ Manual for the design and construction of RRR Geosynthetic-Reinforced Soll
structures, RRR Association, p.136
- Manual for the design and construction of RRR GRS Bridge Abutment, Raifway
Technical Research Institute (RTRI) and Japan Railway Construction, Transport
and Technology Agency (JRTT), November 2020, p.109

There are many reasons for these specific constructure procedures.
There are a couple of particularly important core construction procedures.

Herein, these are explained

a) ExcavationLeveling of Graund and Facing Faundation |

T
b) Preparation and cutting/Installation of Geogrid

T
) Arrangement of L-shaped Temporary Facing Unit

d) Preparation and Spreading of Crushed Stone and Backfil

1
&) Compaction of Crusher Run and Backfill

Repeat

f) Evaluatian of the properties of compacted backfill

£) Wrapping-Around of Temporary Facing Unit with Geogrid

h) Finishing of Backfill Construction |
T

i) Ohservation of Deformation of Backfill and Subsoil |

1
. ]} Construction of full-helght RC facing |
- T ——
o

vl ez
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Theoretical and practical background for RRR GRS structures
1) Three major advantageous performances

2) Three basic characteristic technologies

3) Characteristic structural features

4) Five core constructure procedures




1) Three major advantageous performances of RRR GRS structures

Unlike conventional retaining walls and bridge abutments .....:
{1) Mo pile foundation, yet the FHR facing can suppaort elecfric supply poles, wind/noise

barriers, crash barriers, bridge girders and so on in a very stable and cost-effective manner.

(2) A very high stability of facing, thereby a very high stability of GRS structure, against
lang-term traffic loads, severe seismic loads and floods.

(3) Very small deformation, so, no bump immediately behind the facing. As a result, very low
maintenance cost. For High Speed Railway, the construction of continuous RC slab fracks
on RRR GRS structures is the standard practice in Japan, and now in India

GRS Brdge Abutment |

i
e

ks

sireges:

e

2) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features........
{1) Full-height rigid (FHR) facing firmly connected to the geogrid layers, unlike other types
of GRS RW.

Temporary facing nit
(deformable enaugh
&strangenaught

1) Construczan of GRS wall
‘wiothe use of FHR facing

) Defarmaten of
backfill & subsoil

3] Construction of FHR facng

FHR facing retains the backfill
soil perfectly

3D effects of full-height rigid (FHR) facing!

Each unit of “FHR facing firmly connected to the reinforced backfill” located
between construction joints behaves as a monclith

— Even if local failure is going to take place somewhere in the wall, it does
not develop towards the collapse of the whole wall.

Construction joint

Two test embankments at Railway Technical Research Institute, Japan,
constructed 1987 — 1988 to evaluate the advantages of the use of FHR facing
and its staged-construction

JR No. 2 (clay backfil),
| 5 m-high

Completed FHR facing §
(no steel-reinforced)

Before construction
of FHR facing 4

Vertical loading

| at the crest of JR No.1
(sand backfill)

Wall height= 5 m U

e

Cross-section

Front view

§ Frant view of
segments h, f& d

enal facing
tasrlogsing ot
Eucking of

I-10




Segment h (discrete panel facing & geogrid length L=2 m)
- the facing buckled, which resulted in the lowest wall stability

Average foaling pressure, o (kPa)

Cross-section of segment h, exposed by excavation
Discrefe
panal facing
" b

Footing
L

: FHR facing
Wall height a ih
e egment

=5 4 44

Sm

Scale for geformation:

10em

Wall height

Aqglobal slip plane
dewveloped toward
buckled panels

Short geogrid
(L=2m)

Exposed vertical face: very stable due to apparent
cohesion by suction in unsaturated sand

T —
Short geagrid
{L=2m)

Segment h (discrete panel facing & geogrid length L= 2 m)
- the facing buckled, which resulted in the lowest wall stability

Segment f (FHR facing & L= 1.5 m for a wall height of 5 m);
- mere stable than segment h due to the use of FHR facing,
despite the use of a shorter geogrid

o

g, 3 ()

Lateral nutward displacsmart

2
3 &

B 400 e
Average fooling pressure, 4 (kPa)

|h (G=ogri kngih L=

| dhecrete panelacny

| ter osng tec;

1B Lushing e tachg

Segment d (FHR facing & L= 2 m):
- more stable than segment f (L= 1.5 m) due to a longer geogrid,
- much more stable than segment h due to the use of FHR facing
However, segments f & d yielded by the failure at the construction joint CJ in the
concrete facing (not steel-reinforced).
= All the FHR facings of the prototype GRS RWSs constructed subsequently are

lightly steel-reinforced.
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2) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features are:

(1) Full-height rigid (FHR) facing firmly connected to the geogrid layers, unlike cther GRS
RW types.

(2) Staged construction by firstly the construction of reinforced backfill to the full wall height
using temporary facing units; then, after the end of the deformation of the backfill and
subsoil, the construction of FHR facing by casting-in-place fresh concrete directly on the
wall face, without occupying large space in front of the wall face.

Temparary facing unit
{defarmabie enough
&strong enough)

3) Canstriiction of FHR facing

2) Deformation of
Easkill & subsoi

1) Construction of GRS wall
wifa the use af FHR facing

Several serious problems with the box culvert crossing road/railway embankment
on deformable subsoil constructed by the conventional method

- _%5, Load concentration |
e i

> # = = bump |

3 1 4.
2. Gulvert ﬁ| [ ion | [3. Embankment
(RC box)

Settlement J ‘ Original ground surface

Fies || 3

Defarmable subsoil
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‘Asolution by staged-construction of GRS structure ‘

ol | T
njn 0.5 [5 Thin cap sall layer

_ | 2 Geogrid-reinforced backfill
{i[z-compression]
~

| 4. GRS structure (e.g., box
culvert): side facings connected :7
to geogrid layers

£

QOriginal ground surface

1. Shallow ground improvement
3. Settlement

Deformable subsail

2) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features are:

{1) Full-height rigid (FHR) facing firmly connected to the geogrid layers, unlike other GRS
RW types.

{2) Staged construction by firstly the construction of reinforced backfill to the full wall haight
using temporary facing units; then, after the end of the deformation of the backfill and
subsoil, the construction of FHR facing by casting-in-place fresh concrete directly on the
wall face, without occupying large space in front of the wall face.

{3) Densely arranged geogrid layers having a very high durability against high pH, as
the geegrid is in direct contact with concrete, and a small vertical spacing (i.e., 30 cm) to
enhance high performance as a composite,

Drain hole [ Gacdid

Temporary facing nit a8
(deformable enaugh . g
&strangenaught

) Defarmaten of
backfill & subsoil

1) Constructan of GRS wall 3 Construction of FHR facng

‘wiothe use of FHR facing

3) Characteristic structural features of RRR GRS structures,
in comp with conventional retaining walls

‘Conventinnal retaining walls ‘

(1) The facing is a cantilever structure that resists the large earth pressure
of unbound backfill

(2) The facing is constructed before the construction of the backfill,
sa the facing displaces and deforms by the earth pressure.

= Large forces in the facing, requiring massive & strong facing

= Large overturning moment & large |ateral thrust at the facing base,
resulting in
- unstable behaviour, particularly by severe seismic loads: and
- large stress concentration at the facing base.
So, usually a pile foundation is necessary.

Stress concentration

Collapse of gravity wall (i.e., cantilever RW)
Ishiyagawa, 1995 Kobe Earthquake
+ 5 \\ ’[ N

After 1995 Kabe
Earthquake

[

Overturning failure, despite seismic design
using k.= 0.2 with {F_),ueee= 1.5
= The conventicnal seismic design is not
sufficient.
= More stable wall type is required
e.g., GRS RW with FHR facing

ng walls and RRR GRS bridge abutments |

[RRR GRS retai

(1) The backfill is stabilized by geogrid-reinforcing.

{2) FHR facing is constructed after the deformation of the backfill and the subsail by the
construction of the backfill has taken place (the staged-construction). Then, the FHR
facing does not deform nor displace by the earth pressure from the backfill.

{3) The FHR facing is “a continuous beam supported by many reinforcement layers at a
small span (i.e., 30 cm)".

FHR facing: very small forces in the facing,
= light and simple structure is sufficient

Small overturning moment & small lateral thrust at the facing base

= a pile foundation becomes unnecessary

yet, a high stability against severe seismic loads and a high ability to
support other structures (including bridge girders)

Immediately after completion, 1992

N

GRS RW with FHR

facing at Tanata
Very high performance against
very high seismic load

Aweek after the 1985 Kobe Earthquake

GRS RW with @ FHR facing
for a vapid lransit at Tanata
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RRR GRS-RW with FHR facing

Substantially better performance. i.e.,

1) No over-turning failure of FHR facing
by scouring;

2) so, the embankment can survive not
closing road & railway.

Conventional cantilever RW

Oiten, over-turning failure by scouring
below the wall,

quickly followed by the global collapse
of embankment, resulting in the close
of road & railway

2 Over wning of RW

3. Gullspus of

mbankment i

Fland

1. Scouring

EESET

River bed. | B0
aeashore {1 scouring |

Collapse of gravity-type seawall for a length of
1.5 ki by ocean waves during a storm (Typhoon
No. 8), 8 Sept. 2007

National Road Na. 1, southwest of Tokyo

In front of the wall, about 100 m-wide sand
beach disappeared due to erosion by coastal
current during the last 60 years since the
completion of this road, which resulted in
frequent direct attack of storm ocean waves
to the wall.

Before collapse:

Scouring

{by the courtesy of Ministry of LITT, Japan)

Restoration to GRS RW with FHR facing

o
n R 1o
Casting-in-place of iof o_‘ 3

concrete for FHR facing - (;D“E’“u

cumv\e“"d

13 years after restoration to GRS RW with FHR facing

26 Oct. 2023

- have survived frequent attacks of storm ocean wave,
on average twice a year ........

4) Five core construction procedures of RRR GRS structures -1/2
- the minimum to aveid serious troubles:
{1) The use of geogrid having a very high durability against high pH (because of direct
contact with concrete) and a high pull-out strength In the backfill and the concrete.
{2) The use of temporary facing units that satisfy contradicting requirements:
a) flexible enough to accommodate the defermation of the backfill and subsoil caused by
the construction of the backfill, and
b) strong enough to be stable against the earth pressure by the backfill weight and
compaction forces.
(3) The use of backfill of high quality; good compaction; and confinmation of high quality
af compacted backfill. Why so important ? — the next page !
Compactan
L O

Temparary facng unit
(gefarmable enough
& strong ehough)

Dl | Geogric

3) Daformation af
backfill & subsol

1) Canstiustion of GRS wall
wio the use of FHR fating

3| Construction of FHR facing

Continuous RC slab track 1/2
F Balasted ok | | Re slab sk

Hoes

» Relatively high initial construction cost

But. a very large reduction of maintenance cost

+ Very small allowable total settlement by the compression

Requirements
of the backfill and the subsoil: for HSR in

|30 mmHMQ years (for required serviceability)‘ Japan

<

« Less than 15 om (for required restorability after a severe E.Q.)

By the courtesy of Japan Ralway Canstuction, Transport
and Technology Agency and Walanabe, K [Univ. of Tokyo}
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Continuous RC slab track 2/2

Sallagted vack RC slabtrack

1) Not allowed ta construct on ordinary embankments & the backfill retained by cenventional |
type RWs, because small-enough settlement cannot be ensured.
2) Constructed on the reinforced backfill of RRR GRS structure is the standard practice,
made possible by ensuring small compression of the backfill with high stability by:
a) the use of high-quality backfill and its good compaction; in addition to
b) closely-spaced geogrid layers with a vertical spacing of 30 cm that are firmly
connected to FHR facing

By the counesy of Japan Raltway Construction, Transport
and Technology Agency and Watanabe, K. {Univ. of Tokyo]

4) Five core construction procedures of RRR GRS structures - 2/2

(4) Before casting-in-place fresh cencrete ta construct the FHR facing, the end of the
settlement by the censtruction of the backfill to the full wall height should be confirmed by
continuously monitoring the settlement of the backfill and subsoll (i ., staged-
construction).

(5) The FHR facing should be constructed in such that itis firnly connected to all the
geogrid layers.

Campactian
o0

Temparary faring unit Dain hole
{deformable enough

& stiang enaugh)

Geagrid

1) Canstrucion of GRS wall

) Deformatian of
backfill & subsol

3) Sanstruction of FHR facing

o the Use of FHR fading

2. Explanation of Key Construction Procedures for RRR GRS structures

2-1. Overview

2-2. Theoretical and practical background
for better understanding of the importance of the key construction procedures

2-3. Steps likely to be taken and what RRR-I can do

Appendix: Some details of the key consiruction procedures
The full details are described in two manuals:
- Manual for the design and construction of RRR Geosynthelic-Reinforced Soil
structures, RRR Association, p.136
- Manual for the design and construction of RRR GRS Bridge Abutment, Railway
Technical Research Institute (RTRI) and Japan Raflway Construclion. Transport
and Technology Agency (JRTT), November 2020, p.108

2-3. Steps likely to be taken and what RRR-l can do {1):

Itis anticipated that the folloving Steps 1 through 5 are taken.
By taking steps with higher numbers shown below, we can better ensure satisfactory
performance of the constructed RRR GRS structures.

Step 1) Preparation of a basic working plan of the preparation and construction
procedures (including a time table) by the contractor hased on TS.
{RRR-International will review this document on request)

Step 2} Confirmation of the contents of the following documents by the contractor and related
parties to prepare a detailed working plan of the preparation and construction
procedures.

2A) A pair of manuals for the design and construction of RRR GRS structures
2B) This document and a complementary note of TS (both after necessary revisions)
(Partly explained in this WS. RRR-I will further explain these documents on request)

Step 3) Preparation of 2 plan of the p
{including a time table) by the contractar

(RRR-Intemational will review this document on request)

p. ion and co ion p es

2-3. Steps likely to be taken and what RRR-l can do (2) (continued):

To establish the detailed construction procedures to be applied to the construction of the
GRS structures for High Speed Railin India .........

Step 4) On site confirmation of the detailed construction procedures at the site of the
construction of GRS structures for High-Speed Rail prior to its start
(RRR-l is prepared to join this project on request).

In place of Step 4. Step 5 may be taken when judged fo be necessary:
Step 5) On site confirmation of the detailed construction procedures by constructing the
whole or part of a full-scale model of GRS retaining wall and/or GRS bridge abutment
(RRR-| Is prepared to join this project on request).

(to be continued)

2-3. Steps likely to be taken and what RRR-l can do (3) (continued):

For Step 4) and/or Step 5), it is necessary to prepare a working plan based cn the results of
Steps 1), 2) and 3). This working plan should include at least the following items.

(1) (For step 5) selection of an appropriate test site where the subsoil does not include a soft
soil layer (or layers) and the compression of the subsail by the construction of the reinforced
backflll to the full wall height will finish within less than around two weeks.

(2) Confirmation of the ity of the c i [, ({including geogrid
reinforcement and temporary facing unit) that have the properties that satisfy the
requirements described in TS,

(3) Relevant confirmation program for the items of the step-by-step construction procedure.

(4) Relevant evaluation program for K, values, the degree of compaction and the water
content of compacted backfill as specified in TS and the related manuals.
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2. Expl ion of Key Construction Procedures for RRR GRS structures

2-1. Overview

2-2. Theoretical and practical background
for better understanding of the importance of the key construction procedures

2-3. Steps likely to be taken and what RRR-l can do

Appendix: Some details of the key construction procedures

Appendix: Some details of the key construction procedures

The proper execution of the key construction procedures is a must for the project to
be successful.

In this Appendix, their essence is explained together with the background for better
understanding of TS. The full details are explained in:

+ Manual for the design and construction of RRR Geosynthetic-Reinforced Soil
structures,
RRR Association
- Manual for the design and construction of RRR GRS Bridge Abutment,
Railway Technical
Research Instifute (RTRI) and Japan Railway Construction. Transport and
Technology Agency
(JRTT), November 2020

Key construction procedures for GRS retaining walls
explained in Appendix

a) Excavation/Leveling of Ground and Facing Foundation
b-1) P of Geogrid

b-2) Cutting & Installation of Geogrid

©-1) Praparation of Temporary Facing Units of Welded Steel Wire Mesh
c-2) Arrangement of L-shaped Temporary Facing Unit

d-1) Preparation of Backfill Material

d-2] Spreading of Crusher Run and Backfill Material

e) Compaction of Crusher Run and Backfill

f) Evaluation of the Compacted State and Properties of Compacted Backfill
g) Wrapping-Around of Temporary Facing Unit with Geogrid

h) Finishing of Backfill Construction

i} Observation of Deformation of Backfill and Subsoil

J) Construction of Full-Height RC facing

Key construction procedures for GRS retaining walls:

a) Excavation/Leveling of Ground and Facing Foundation
{see Fig. 1)

WWhen a GRS RW is constructed aon an existing slape of
embankment or a natural slape, the slope shall be properly
excavated with proper bench-cutting

[Background]

If the slope is not excavated properly and sufficiently as
indicated in the drawing, the geogrid layers at the low levels in
the wall may become toa short

Ii the slope is not properly bench-cut. the stability against a )
sliding along the interface between the slope and the backfill of [Fig. 1
GRS retaining wall may become insufficient.

Ve 3261 Beach et ofcslting cisbanliencat sope sorface

These inadequate procedures resultin a decrease in the
stability and an increase in the deformation of GRS structures,
which Gould eventually threaten safe operation of High Speed
Railway while increasing the maintenance cost.

Page 102, ‘Manusl for the desgn snd
Rt

of RRR
Sal slilclires ', RRR Assodation

b-1) Preparation of Geogrid Reinforcement

A sufficient amount of the geogrid as the reinforcement having the properties specified in TS should
be prepared

[Background]

There are a number of different types of geogrid are available in the market. However, for the use of
any of them in this project. it is required that the geogrid has been validated to have a sufficient long-
term durability against high pH in particular. This validation is a must for the use for the GRS
structures in this project, because, unlike other types of GRS structures, because the geogrid makes
a direct contact with fresh concrete and is buried inside the castin-place RG concrete, Besides, the
full-height RC facing staged canstructed is one of the essential structural components

A low durahility of geogrid against a high pH results in a gradual loss of its tensile strength and
stiffness, which results in a gradual decrease in the stability and a gradual increase in the residual
deformation of GRS structures. This may eventually resultin an intolerably low level of wall
performance threatening safe operation of High Speed Railway whils increasing the maintenance
cost.

b-2) Cutting & Installation of Geogrid

The geogrid should be cut according to its dimensions described in the design drawing. The length of
each geogrid sheet should be langer by at least 80 cm than the length of the main part arranged inside
the backfill (see Figs. 2 and 3 on the next two pages). This extra part with a length of at least 80 cm is
used to fully wrap around the tamporary facing unit and a mass of erusher run placed behind and on the
unit.

The geogrid sheets should be installed carefully, especially in the zone where the backfill is ta be
reinforced with geogrid. Each geogrid layer should be installed after the surface of the immediately
underlying soil layer has been levelled. The overlapping along the side edges in the longitudinal direction
of the neighbaring geogfid sheets should be at least 10 cm_

[Backg 1] arrang of gsagrid layers at and around the temparary facing unit
results in the loss of the local stability at the connection of geogrid layers to the full-height RC facing,
which decreases the global stability of the wall and gradually increases the deformation of GRS
structures, eventually threatening safe operation of High Speed Railway while increasing in the
maintenance cost.
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Fig. 2
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Pages 53 and 84, Manual for the design and
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«©-1) Preparation of Temporary Facing Units of Welded Steel Wire Mesh
(see Figs. 2 & 3 on the immediately preceding pages)

As temporary facing units, a set of stes| wire mesh should be arranged at the shoulder of each soil layer of the
GRS retaining wall and the GRS bridge abutment betore the spreading of crusher run and backfill for the soil
layer to be compacted.

[Background]
Without the use of proper temporary facing units,

1) the soil near the wall face is not compacted sufficiently; and

2) the completed full-height RC facing is nat firmly connected to the reinfarcement layers (i.e., geogrid layers)

These consequences result in a decrease in the stability and an increase in the deformation of GRS structures
eventually to an intolerably low level threatening safe operation of High Speed Raihvay increasing the
maintenance cost.

Fig. 4 {the next page) shaws laige deformation of 8 full-scale test GRS retaining wall constructed witheut using
ternporary facing units. Even with GRS structures using FER facing, when if improper temparary units that are
not stiff enough are used, the wall would deform excessively when subjected to earth prassure and compaction
farces during wall construction, as seen in Fig. 4. Large wall deformation may continue after the wall completion
due to the continuing deformatian of the part immediately hack of the full-height RG facing due to large damage
by exessive deformation to the temporary facing units.

Flexible wrapped-araund facing exhibited large deformation already during construction and
additionally by rainfalls after construction. Besides, this facing is not durable and vulherable to
UV light..... so, not acceptable for important permanent walls.

_ Qct.1885  Initial (June 1882)

Fig. 4

i craeke |

won
e

Sequence of everte:
122323

L I I 4 Setement
2. Decrease in eardh prassure

Aue ta rounding of the facing

Tatsuaka, F., Tateyama, M,
Uchirmura, T, and Koseki, J.
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Lecture, Geosynihetic
International, Vol .4, No.2,
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1. Softening of sail by wetting

c-2) Arrangement of L-shaped Tempaorary Facing Unit (see Fig. 2)

After having installed each geogrid sheet to reinforce the backfill, a L-shape temporary facing unit of
welded steel wire mesh is arranged above the geogrid layer at the shoulder of each sail layer. The
neighbaring units should be amanged not averlapped with each other and nat Iaving a space in
between. The bottom part of each temporary facing urit should be fixed to the underlying backfill using
two steel anchor pins to prevent the unit to move during the subsequent backiill construction waork.

Then, a piece of geegrid sheet (spill-proof sheet) is fixed to the inside faces of the unit (see Figs. 2
and 3). This geagrid sheet should have an aperture that is small enough to prevent the spilling cut of
the crusher run particles that is be subsequently placed back and above the unit while large enough to
allow the fresh concrete that is later cast-in-place to smoothly penetrate inta the erusher run particle
zone

[Backgraund]
Ah inadeduate arrangements of temporary facing units holding crusher run decreases its stability,
which results in a loss of the stability and an increase in the deformation of GRS structures, eventually
to anintolerably low level threatening safe aperation of High Speed Railway while increasing the
maintenance cost

d-1) Preparation of Backfill Material
A sufficient amount of the backfill material of Type A having properties specified in TS should be prepared.

[Background]
According to Table 14 of "4 4.2.3 Criteria for backfill' of TS, it is required that, basically, every value of K,y
is at least 70 MN/m?® and the average is at least 110 MN/m?. On the other hand, it is indicated in Fig 6 on
the next page that the K, values obtained with G class backiill are generally much higher than those with
S class backfill when compacted at water content around the respective eptimum water content.

In case it is found that it is difficult to obtain the required values of Ky, specified as above with S class
backfill, this problem could be alleviated by using relevant G class backfill. On the other hand. the K,
value of S class backfill may increase noticeahly by decreasing the water content from the optimum water
content. However, if the compaction water content is excessively lower than the optimum water content,
the K, value could decrease considerably from a high value by wetting or saturation during a period of
service of the railway. This situation should be avoided

Often a low cuality soil {typically having toa much fines andior with a too high, or too low, water content)
is available at low cost. The use of a low quality seil that is compacted insufficiently usually results in too
low shear strength and too low stiffness of the compacted soil. This results in a decrease in the stahility
and an increase in the deformation of GRS structures that would continue even after the start of High-
Speed Railway, eventually to an intolerably low |evel threatening safe operation of High Speed Railway
while inereaging the maintenance cost.
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d-2) Spreading of Crusher Run and Backfill Material

Crusher run and backfill should be spread firstly on the prepared ground surface then on the
underlying backfill layer taking inta account the following factars,

1

Crusher run should be spread behind and on the temporary facing unit. This crusher run functions
as a vertical drain layer immediately back of the full-height rigid facing in the completed wall

It should be canfirmed that the water content of the backfill material s in a range specified in TS:
i, betwean 3 % below and 1 % above the OMC determined by compaction tests using the
compaction energy of Modified Practor. The backfill material is spread by using a backhoe
carefully in such that the underlying geogrid sheet is not distarted and not damaged. A bulldozer
should not be used in this work.

S

For GRS retaining walls, it should be confirmed that the thickness for each sail layer when spread is

evenly 35~45 cm so that the compacted thickness becomes evenly 20 cm.

e) Compaction of Crusher Run and Backfill

Each soil layer consisting of the crusher run behind and on the temporary facing unit and the backfill
material for the main part of the wall should be compacted tagether after both have been spread.

The backiill shauld be properly compacted by using a compaction machine ta sach specified
compacted thickness, equal to 30 cm. Heavy compaction machine shall move in parallel to the wall
face. The backfill should not be compacted in the direction perpendicular to the wall face sa that the
geagrid layer is not waved. Heavy compaction machine should be operated withaut making a sudden
turn and/ar a sudden stop during the compaction work so that the compacted soil layer and geogrid
layer are not damaged

In an about 1.0 m-wide zone immadiately back of the tempaorary wall face, compaction shall be done
by using a hand-operated compaction machine. The use of a heavy compaction machine in this zone
may damage the temporary facing unit and others that are located in this zane. This notion is alsa to

avoid & falling down accident of a heavy compaction machine from the temporary crest of the backfil
when not operated carefully enough

(to be continued)

&) Compaction of Crusher Run and Backfill (continued)

When constructing a GRS retaining wall or & GRS abutment. each temporary facing units should be
arranged with a proper sethack {typically about 1 - 2 cm) relatively to the unitimmediately below so that
the alignment of the temparary wall face at the end of the construction to the full wall height s
maintained vertical enough.

[Background]

This sethack is ta ensure the thickness of “the full-height RC facing constiucted by casting-in-place the
fresh concrete over the temporary facing units”™ indicated in the drawing. The arangements of temparary
facing units without a praper set back results in an inclination fram the vertical of the temporary wall face
that becomes larger at higher wall lavels. Then, the concrete facing becames thinner than the one
specified in TS with this trend becoming stronger at higher levels of the wall,

To evaluate the amount of proper sethack, the following on-site method is known to be effective. During
atrial construction of GRS retaining wall (and/or a GRS bridge abutment), the ultimate cumulative lateral
external displacement A at the front vertical face of a given temporary facing unit that would take place
by the construction of the current sail layer and subsequent overlying soil layers is evaluated. To this end,
at a couple of temporary facing units. the horizontal movement at the target arranged on the vertical frant
face of the temparary facing unit is measured before the start of the construction of the current soil layer
and also at the end of the construction of each of the subsequent overlying five soil layers.

f) Evaluation of the Compacted State and Properties of Compacted Backfill

The dry density, p,, and the water content. w, and the K, values of the compacted backfill are
measured at relevant locations as specified in TS and it is examined whether these values satisfy the
specified requirements. These measurements are repeated as required in the course of backfil
construction 16 the full wall height.

[Background]

It is specified in TS that, basically, the w value of the fill material is not lower by 3 % and not higher by
1 % than the optimum evaluated by the standard laboratory compaction test using the compaction
energy level (CEL) of Modified Proctor (4.5E¢), [Woplsse.: 50 that the maximum dry density with respect
to water content, [pyn..sse.. evaluated by the laboratory compaction test, or a value close to that, is
achieved in the field compaction. It should be confirmed that all the measured field values of the degree
of compaction, [D ..., are at least the specified lower bound value (e, 95 %). [D ], . s defined as
the ratio of the field dry density, p, to the maximum dry density, (0,14 5=, times 100 %,

Failure to satisfy the required values of [0 ], sg,. w and Ky, specified in TS may result in an increase in
the deformation of the wall that would continue during the operation of High-Speed Railway while
increasing the maintenance cost. In particular, a very limited amount of settiement is required for proper
performance of RC continuaus slab track. Despite the above, it is quite difficult to find this problem even
if it is existing when the wall is complsted. Even if the problem is found, it is not possible to alleviate this
problem by reconstructing partly or fully the structure after the start of High-Speed Railway. Therefore,
although it is time-cansuming, this confirmatian process is indispensable

g) Wrapping-Around of Temporary Facing Unit with Geogrid

On the levelled surface of each compacted soil layer. geogrid shall be arranged at the location
specified in the drawing (see Fig. 3). The geogrid sheet should be longer by at Isast 80 cm than the
Iength inside the backfill. The extra part of geogrid sheet should be extended towards the outside of
the wall before arranging the temporary facing unit, This extra part is then rolled up to wrap-araund the
temporary facing unit and crusher run together to start the spreading the backfil

Drain pipes shall be installed at the designated |ocation.

[Background]

Without a proper wrapping-araund process, the connection between the full-height RC facing and the
reinforcing geogrid layers became unreliable, which could result in a decrease in the stahility of the
wall and an increase in the deformatian of the wall.

Without proper arrangements of drain, the pore water pressure may develop in the wall by heavy rain,
which decreases the stability of the wall and increases the deformation of the wall.
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h)

shing of Backfill Construction

At the end of backfill construction to the full wall height, the surface at the crest of backfill should
be covered with an about 15 cm-thick layer of compacted crusher run, then covered with a plastic
water-proof sheet.

[Background]

‘Without this protection work, the surface layer of compacted backfill may be damaged by
unforeseeable mechanical disturbances and wetting by heawy rain during a subsequent period
befare the construction of continuous RC slab and others. As the compression of the surface layer
of compacted backfill controls most sensitively the settiement of the continuous slab, this finishing
work is indispensable far safe operation of high spasd trains keeping low the maintenance cost.

i) Observation of Deformation of Backfill and Subsoil

confirmed. The observation is continued until this confirmation is made.

[Background]

Upan the end af the construction of the backfill to the full wall height, the observation of the
settlement at several relevant places at the crest of the completed backfill and on the ground
surface immediately in frant of the bottom of the temporary wall face is started. The observation is
made occasionally to obtain a time histary of the settlemeant by which the end of settlemeant can be

Without this observation, it is not possible to ensure that the settlement of the backfill due to its
compression and the one of the subsoil caused by the construction of the backfill with a help of
temporary facing unit to the full wall height has finished. Possitle troubles due to the construction of
full-height RC facing before the end of this settlement are described on Page 4.

j) Construction of Full-Height RC facing

After the compression of the backfill and the subsoil taking place by the construction of reinforced
backfill o the full wall height is completed, the full-height RC facing is constructed by the following
sequences:

(1) assembling of scaffold;

(2) assembling of steel reinforcement rebar for the RC facing,

(3) arrangement of rebar to fix the outside concrete formwork to the temporary facing units;

(4) arrangement of outside concrete formwork; and

(5) casting-in-placing of fresh concrete in the space between the outside concrete formwork and the
temporary wall face consisting of temporary facing units wrapped-around with geogrid sheets
(Fig. 6 on the next page).

TR

As the fresh concrete penetrates into only a thin front zone of the crusher run zone held by each
tempaorary facing unit, the crusher run functions as a vertical drain layer immediately back of the
complated full-height RG facing

{to be continued)

stability.

Some amount of fresh cancrete enters the men swem

zone of gravel (i.e., crusher run) held by the
temporary facing units (i.e.. soil bags in this
figure, or L-shaped weldad steel wire mashes)
through the aperture of the gengrid

= Then, FHR facing & geogrid layers are firmly
connected to each other.

A light amount of steel reinforcement rebar is
used for the RC facing o reinforce canstruction
joints in the facing that are inevitable weak,

as explained on pages 48 — 53.

units (not welded steel wire mesh).

= stesl rod & not 3 pefmanant mambar ot sxpacted ta funetion

ig. 6 | This figure shows the case where soil bags are used as temporary facing

1) Construction of Full-Height RC facing (cantinued)

[Background]
The wall deformation usually starts from the deformation in the zone immediately behind wall face.
This process can be effectively restrained by means of a properly constructed full-height RG facing
firmly connected to all the reinforcement layers. Fig. 7 shows relatively large deformation of a ful-scale
test GRS retaining wall constructed using soil bags as temporary facing units but not using such a stiff
full-height RC facing as the one to be used for the GRS structures in this project. The wall deformation
seen in Fig. 7 is too large to suppert High-Speed Railway.

The construction of the full-height RC facing after the end of settlement is to avoid

(1) the damage to the cannection between the RC facing and the geagrid layers caused by post-
congtruction relative settlement between them; and

(2) uncontrallable past-construction settlement of the facing, which should be avoided particularly for
the one supporting a bridge girder with GRS bridge abutment

This staged construction procedure makes possible the construetion of the facing without using a pile
foundation for settlement-sensitive GRS structures (particularly GRS bridge abutments).

As shown on pages 48 — 53, the weak paint of the FHR facing is horizantal construction joints at the
intermediate heights of the facing. To alleviate this problem, the FHR facing is lightly steelreinforced

Wrapped-around facing with soil bags covered with shotcrete:
- better canstructability than the discrete conerete panel facing: and
- much smaller wall defarmation than the wrapped-around facing.
- but the wall deformation is not small enough while the wall face is not aesthetically acceptable.
) just before an earthquake (17 Dec. 1987) c)
A just after an earthquake
e = R
Fig. 7 c)
SHOTGRE
n
i i ol
Tatsuaka, F., Tateyama, M, ] diately before d DFLAIN
Uchimura, T. and Koseki, J. i aer o ;g?igﬁ::nz;ﬁr; ©
(1997): Geasynihetic-reinfarced | Jems LT Septemuer 19E9) ]
s0il retaining walls as important
permanent structures, 1896-1887 A d taci
Mercer Lecture, Geosynthatic \WEpREL-aroLinc. facing.
Infernational, ol 4. No.2, pp.&1- {with soil bags) covered
138 with a 8 cm-thick shotcrete @
122
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Key Construction Procedures Exclusive for GRS Bridge Abutment:

c/BA) Preparation of Backfill Material

(1) Laboratory compaction tests of backfill material

The maximum dry density and the aptimum water content of the backfill material should be
determined by perfarming standard |aboratory compaction tests using Modified Proctor.

Itis known that, with cement-mixed soil using such a relatively small amount of cement as used in this
project, the compaction characteristics do not change noticeably by cement-mixing.

(2) Laboratory mixing proportion tests for the backfill of the approach block

With the water content equal to the optimum water content determined as above, the amount of
cement to be added to the backfill material of G Class soil shauld be determined in such that the
specified target value of laboratory unconfined compression strength at a curing period of 26 days,
which is at least 2,000 kN/m? as described in the drawing, is achieved. A typical set of unconfined
compression test results when the target strength s 3,340 KN/m?is shown in Fig. 8 on the next page.

To complete the works (1) and (2) together will take about six weeks.

Unesefines comarsssion Etranth (kNI

weaf 2
2 4 [
Armount of soment (5
Appeniin Figuee 1 Results of labaritory eompressin tets fr the design nf misio
propovticn

Page 100, Manual far the design and construction of RRR GRS Bridge Abulment,
published by Railway Technical Research Institute (RTRI) and Japan Railway
Construction, Transport and Technology Agency (JRTT). November 2020

d-1/BA) Mixing of Backdill Material with Cement and Water

Backfill material of soil Type A should be mixed uniformly firstly with cement powder and then with
water following the mixing proportian that has been determined to satisfy the properties specified in TS
(i.e., step (4) in Fig. 9 an the next page).

The target water content at the time of mixing should be the OMC determined by compaction tests
using the compaction energy of Modified Proctar,

Fig. 10 typically shows pictures of this mixing wark on site.

[Background]
The strength and stitfness of cement-mixed soll is highly sensitive to variations of nat only: 1) the
amount of cement; 2 curing periad; 3) sail type: 4) the compacted dry density; but also 5) the water
content at mixing. The strength and stifiness cement-mixed soil usually exhibits a shape peak when
mixed at the OMC under otherwise the same conditions.

When the backfill is not uniformly mixed with cement powder and water at the OMC, the strength and
stiffness af cement-mixed backfill in the field will exhibit a larger scatter, while large part of core
samples retrieved from the field compacted cement-mixed backfill would exhibit strength values that
are noticeably lower than the allowable lower bound.

Page 78, Manual far the design and
of RRR: GRS Bridge Abutment
published by Railway Teehnical Research
Insfitute (RTRI} and  Japan  Railway
Conatruction, Transport and Technology Agency
(JRTT}, November 2020

Figers 623 Sl e s ostrctin e of G183 e shatscnt.

Cement-mixing of backfill

Adjustiment of maisture content of
backtil

Cement-mixing of beekfill

| Fig. 10

d-2/BA) Spreading of Uncement-mixed Crusher Run and Cement-Mixed Backfill Material

Crusher run {not cement-mixed) sheuld be spread behind and on the temporary facing unit in two
lifts for a total compacted thickness of 30 cm (see Fig. 11)

The cement-mixed backfill is spread over the geogrid sheet behind the crusher run held by the
temporary facing Unit by using a backhoe then manually carefully in such that the geogrid sheet is not
distorted and not damaged. A bulldozer should not be used in this work

The crusher run (not cement-mixed) and the cement-mixed backfill are spread and compacted in two
15 em-high lifts to a completed total thickness of 30 em. It should be confirmed that the thickness for
each lift when spread is evenly about 17~22 cm so that the compacted thickness of the lift becomes
evenly 15 cm.

[Background]

The compacted thickness of the lift of crusher run and backfill in the approach block of GRS bridge
abutment is 15 cm, which is a half of the ane for GRS retaining wall {i.e., 30 cm). This is to obtain
unform higher strength of the cement-mixed soil by better compaction. A tac large lift is one of the
main causes for poor compaction. A high stability with a limited amount of deformation of the approach
block is crucial for a high stability and a limitad amount of displacement of the facing that is not
supported with a pile foundation

The crusher run held by temporary facing unites are not cement-mixed so that it can absorb small
relative residual displacements between the facing and the approach black if it takes place
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Fig. 11

Page 84, hianual for the desin and conseuctior
af RRR GRS Bridga Abutment,
published by Railwmy Techrisal
nsfitvte  (RTRIL and  Japan
Canstustion, Transporl and Technology Agency
WRTT], Nowember 2020

Researst

Bk}

I e of <o wised

& e
i
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of appraach block swhen using w elded s

e/BA) Compaction of Uncement-Mixed Crusher Run and Cement-Mixed Backfill Material

k soil layer should be pr

d by and in total two 15 cm-

Each lift consisting of the uncemented crusher run behind and on the temporary facing unit and the
cement-mixed backfill material for the approach block should be compacted together after bath having
been spread (see Fig. 11)

Impartantly, the compac
cement and water.

Each lift should be compacted praperly by using a compaction machine to each specified compacted
thickness, equal to 15 cm. Heavy compaction machine shall move in parallel to the wall face. The
backfill should net be in the direction llar to the wall face so that the geogrid layer
is not waved. Heavy compaction machine should be operated without making a sudden turn and/or a
sudden stop during the compaction wark sa that the compacted soil layer and geogrid layer are not
damaged

n should be made in the same day when the backfill is mixed with

[Background]

Itis a must to compact the cement-mixad backfill in the same day when mixed with cement and water.
This is because the compaction of cement-mixed soil that has somehow solidified due to the hydration
of cement by leaving without compaction for a too long period may result in very low strength and
stiffiness even after a long period of curing after compaction.

ForQ &A

Note on Steps Likely to be Taken

MNate: Steps 1 — 5 deseribed below are also refevant to all the cantractors that will construct RRR GRS structures
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I1-3-2 Susumu Nakajima (Railway Technical Research Institute)

High Speed Rail in India (Mumbai-Ahmedabad: Section C4)

Reinforced-soil Railroad/Road structures with

Rigid facing (RRR method)
T

Girder
Bearing
T TF | Abutment
++

- ; i

Explanation of the relative parts of technical issues
for successful construction of
GRS retaining walls and GRS bridge abutments
following TS

[Facing |

Susumu Nakajima  (nakajima susumu S8t or ip) Biiaf N oo
g ainforcement | Gaotextile

(Laboratory head of and labaratory | RTRI)
oy Tehria Feseach It o (€T2) L R e e
Intemationial Assoniation’af RRR Ganstruction System (RRR-1) ® \Wall facing is free from the settlement due to embankment construction thanks to the

staged construction.

Settlement allowed in embankment supporting Slab track Material regulation

Sellested rack || RG slab tack Mate requl n for backfill soil

cast 5
T Well graded sand and gravel with |ess fine content is usable as the backiill
material [categorized as A group].
Boduiuuiigs Rackfill materials
doml Tt % rank
g 7 TS|
 Only very small settlement is allowed both for backfill and subsoil. Slab-track.)
® For required serviceability, total after placing the slab o [ group] [B group]
(Bullasted rack)

track should be restricted less than 30 mm for the design life.
® For required serviceability, only 10 mm of consolidation settlement of the
subsoil is allowed in 10 years.

Fallewing are unsuitable as backfill materials

1. Bentonite, acid clay, sulphuric clay and ether expandable soil or rock.

# For required restorability , only 100 mm of residual settlement is allowed even 2. Scrpentinite, mudstonc with a slaking rate of 50% or more, and other rock that
after a massive earthquake. has been Kabl fliered by water ab cXpansion
Material regulations and compaction control standards, which reflected specifications 3. Iighly organic soil and other highly compressible soil
prepared for MAHSR project, must be correctly understood and operated. 4 Frozensoil

Material regulation (contd.)

Material regulation (contd.)

Material regulation
Well graded sand and gravel with less fine content is usable as the backfill

material [categorized as A group].

Group code Soil class code
(G) (G-5)(GS)

(G-F) (G-FS) (GS-F)"

*! Exeluding fine fraction that is mainly organic soil

** Fine fraction, Us = 10, 1<Uc' <y Us

Us: Uniformity coefficient, U’ Cocfficient of curvature

[A group] o)
(S)(5-G) (SG)™ *) Excluding fine fraction that is mainly otsmnic soil er volcanic ssh soil !
= = :
(S-F) (S-FG) (5G-F) 4 Excluding that with rensacleable fiss Tty st
Crushed hard rock™ ookt st Sbuei o
T Gre Samlsad Crosod e

The gk sablined. crsbed sace: shel comply gre s iion crve
et 2 APPENDI 1 (1) sate b el sove (41

Proper material selection is the first step

approach block. Mix design and field compaction test is also important.
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Quality control

Criteria for Upper part of backfill
1)

The maximum dry densily shall be
according to "Determination of water
content — Dry density relation using heavy|
[compaction (IS: 2720 (PariR)-1983)"] The
test shall be carried out under compaction
in Jarge size mould| Tn the casc of crushed
stone, it shall be carried out by drying
method, non-repetitive method.

Average value of
relative compaction is
95% or more (lower
limit  value  92%),
Average value of Kip
11OMN/m* or
more lower limit value
TOMN/m’

value:

Both criteria shall be
simultaneously satisfied.

uality control(contd.)

Compaction is done at
400 optimum moisture content.
. SF[Standard ot
1) [Average value of e
- 2 5 G R SG-F[Heavy eompaction]
relative compaction is T / | GE-FIGSF|
£ Furth ot b
95% or more (lower| Z | § | necciod K valus docs not
3
limi al 920, = 00 /.ﬂ met requirements
it value 3 | T
), X | Nim®
Average value of Kap 100
value: 110MN/m’ or
e~ G
more lower limit value ‘50 %0 100 10
I 3 Relative compaction (%)
/m

Quality control{contd.)

‘The water contents range of the backfill material (defined water content) shall be ‘
[set to satisfy Clause 4.4.2.3 bf this specification based an Clause 4.4.1.1.

23 T T T T

Campaction curve obtained
from heavy jian test
. =

It is important to construct
the water content with the
optimal water content, and it
is necessary to adjust the

dry density

o u . water content of the material
. ' P o . . N
" depending on the situation.
e From JRS
Optimal water conte L !
20
a 3 4 & n pi-3 4 18

Waer conient: w (Y

Experience shows that most suitable water content falls within a small range
of 3% below to 1% above the OMC for most of the- soil. [Guideline No.GE:G-1]

® Composite structure consisting
of the continuous rigid wall
facing, sufficiently compacted

backfill using regulated
material, and reinforcement.

® The backfill material is regulated. Use of A group soils is mandatory, among which
the use of gravel soils tends to make it easier to meet the criteria.

® [n case of the upper part of the embankment, The criteria for relative compaction
and K;, shall be simultaneously satisfied.

® As for determination of the maximum dry density, heavy compaction should be
carried out.

® The water content management is also mandatory. For details, you can refer to the
JRS or Indian Standard (GE:G-1), Manual for the design and construction of RRR-
GRS structures among the references listed as the relevant guidslines in TS
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1-3-3 Takuya Kosaka (International Association of RRR Construction System)

Indian High Speed Railway (Mumbai-Ahmedabad: Section C4)

Proposal of Pilot Construction
of RRR GRS retaining wall and GRS bridge abutment

— Contents —

1. General
2. Preparation Work
2-1, Ground conditions at the pilot construction site
2-2. Preparation of construction materials
3. Pilot construction of GRS retaining wall
3-1. Scope of Work
3-2. Sequence of Work
3-3. Description for Sequence of Work
3-4. Time Table
4. Pilot construction of GRS bridge abutment
4-1, Scope of Work
4-2, Sequence of Work
4-3. Description for Sequence of Work
4-4. Time Table
5. Notes p iting the tents of TS
6. Explanation of staged construction

1. Genetral (1)

InTS 4.3.2, it is specified that “backfill banking is to be conducted before the actual
constru n of earth retaining structure”.

It is required to confirm the following items that are to be applied to the construction of GRS
structures by performing a full-scale test and analysing the results of the test:

1) Properties of the ials (including the geosynthatic reinforcement and
temporary facing unit) that are to satisfy the requirements describe

2) Detailed step-by-step construction pracedure that follows the descriptions in TS.

3) Smooth construction when ing the pr prep: in Step 2) above.

4) Ranked performance of constructed siructures, including the Ky, value, the degree of
compaction and the water content specified in TS and indicated in the complementary
notes.

This proposal was prepared for the tomake a ion plan ing in details
the schemes of preparation work and execution at the site for the construction of pilot GRS
retaining wall and pilot GR bridge abutment.

1. General (2)
The structure and construction procedure is different in many aspects between GRS
retaining wall and GRS bridge abutment, as shown below. The structure and
construction procedure is more sophisticated with GRS bridge abutments.

GRS bridge abutment |

GRS retaining wall |

[ — _‘m., =

It is ralevant to construct both of pilot GRS RW and pilot GRS bridge abutment separately from
those constructed as part of the railway in advance of the construction of those for the railway.

Itis required to construct at least a whaole pilot GRS RW and, If feasible, also a pilot GRS bridge
abutment. If the whole of pilot GRS bridge abutment is not constructed, it is required to
perform a trial work of 1) the mixing design and execution of the mixing of backiill with cement
and water; 2) spreading and compaction of several soil layers; followed by 3) the evaluation of
the properties (dry density, water content, K., values) of compacted cement-mixed soil layers.

2. Preparation Work

2-1 Ground conditions at the pilot construction site

Before the pilot construction of GRS retaining wall, it is necessary to confirm that the subsoil at the
pilot construction site is stiff enough, nat including & soft soil layer (ar layers), in such that it can be
expected that the compression of the subscil caused by the construction of geogrid-reinforced backfil
to the full wall height is relatively small and will take place fast, preferably within about a week after
the end of backfill construction to the full wall height.

The construction of full-height RG facing should be started afier the daformation of the backfill and
subsail has taken place sufficiently.

2-2 Construction matetrials (1)

a) Geogrid
Asufficiant amount of the geogrid having the properties specified in TS should be prepared before the start of
the pilot construction. Geogrid used as a spill-proef sheet should alse be prepared, The period necessary for
the above should be confirmed well in advancs,

b) Temporary facing units of welded steel wire mesh and steel rebars

1) Asetof steel wire mesh, as shown in the figures below, which is arranged at the shoulder of each soil
|ayer af the GRS retaining wall and the GRS bridge abutment, and

2) aset of steel reinforcement rebars and others used to construct of full-height RC facing
should be prepared before the starl of the pilot constructian. The period necessary for the above should be
confirmed well in advance.

> S0 fielded hiek fengti)

Bpillpecat et
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2-2 Construction materials (2)

) Backfill Materials

A sufficient amount of the crusher run and the backfill material having properties specified in TS should be
prepared before the starl of the [aboratory tests described below. The period necessary to obtain these materials
should be canfirned well in advance.

Laboratory compaction tests of backfill material for both pilot GRS retaining wall and pilot GRS bridge
abutment

The maximum dry density and the optimum water content of the backfill material should be determined by
performing laboratory compaction tests using Modifled Proctor. It will take about three days,

@ Laboratory mixing proportion tests Tor the backfill of the approach block of pilot GRS bridge abutment
With the water content equal to the optirmum water cantent determined as above, the amount of cement to be
added to the backfill material of G Class sail should be determined so that the specified target value of laberatary
uncanfined compression strength =t a curing period of 28 days, which is at lzast 2,000 kN as described in the
drawing, is achieved. A typical set of unconfined campression test results when the target strength is 3,240 kNim®
is shown in the figure an the next page.

To complete the work (11 and {Z: logether will take about six weeks.

Unesnfines comgression sirangth (k/m7y

o
woae| o
2

3 4 5 1
Amount of soment (%)

Appendtin Figure 1 Resnles of labarutory eompression tests far the design of misin
proportion

Page 100, Manual for the design and construction of RRR GRS Bridgs Abutment,
published by Rallway Technical Research Insfitute (RTR!), Japan Railway Canstruction,
Transport and Technology Agency (JRTT), Movember 2020

3. Pilot construction of GRS retaining wall
3-1. Scope of Work
3-2. Sequence of Work
3-3. Description for Sequence of Work
3-4. Time Table

A conceptual diagram of the pilot test embankment is
shown on the pagel0~12,
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Cross-gection of typical pilat GRS RWs (although two GRS R\Ws are shawn in this figure, one GRS
RW becomes a slope that is extending outside the wall face when anly one GRS RW is constructed.
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3-1. Scope of Work

The scope of work for construction of GRS retaining wall includes
tha following:

Waork

a) Excavation anﬂ’Levelmginlrﬁrvnund’Suﬁace

b) |Cutting and Installation of Geogrid

c) of L-shaped Temporary Facing Unit
d) |Spreading of Crusher Run and the Backfill
e) |C ion of Crusher Run and Backfill

) | Evaluation of the Compacted State and Properties of Compacted Backfill

£) |Wrapping-Around of Tempotary Facing Unit with Geogrid

h) | Finishing of Backfill Construction

i) | Observation of Deformation of Backfill and Subsail

j) | Construction of Full-Height RC facing

3-2. Sequence of Work

a) Excavation of Gvound and Leveling of Ground Surface
1

\ b) Cutting and Installation of Geogrid

T
[ o1 Arrangement of L-shaped Temporary Facing Unit
T

[@) Spreading of Crushed Stone and Backfill

Repeat

&) Compaction of Crusher Run and Backfill

[#1 Evaluation of the properties of compacted backfil

£) Wrapping-Around of Temporary Facing Unit with
Geogrid

T
[ Finishing of Backfill Canstruction

T
‘ i1 Observstion of Deformation of Backfill and Subsoil

I
[i) Construetion of tull-height RG facing

3-3. Description for Sequence of Work (1)

The followings describe the details of each step of field work for the pilot construction of RRR
GRS retaining wall that is indicated in the flow chart shown in the immediately preceding page.

a) Excavating and Leveling of Ground Surface
The construction of GRS RW starts with ground excavation as necessary followed by
preparation of levellel und surface. In order to install geogrid (Ta=20kN/m and
Ta=60kN/m) and to arrange a drain at the bottam sail layer, the ground surface shall be
made level. If bedrock is exposed at the excavated ground surface and/or if the surface
layer of excavated ground includes large diameter stone particles. the ground surface shall
be made |evel by spreading good quality scil on the ground surface so that the installed
geogrid will not be twisted and damaged.

When a GRS RW is constructed on an existing slope of embankment or a natural slope, the
slape shall be bench-cut to prevent a sliding along the interface between the slope and the
backfill of GRS RW

As shown in the construction drawing. a small foundation for the full-height RC facing then
the underground part of the facing shall be constructed in advance of the construction of
embankment.

3-3. Description for Sequence of Work (2)

b) Cutting & Installation of Geogrid
The geognd will be cut according to its dimensions described in the design drawing. The geogrid sheets
should be installed carefully, especially in the zone where the backfill is to be reinforced with geogrid.

The length of each geogrid sheet should be longer by 80 cm than the length aranged inside the backfil.
This extra part with a length of 80 cm is used to fully wrap around the temporary facing unit and a mass
of erusher run placed behind and on the unit (see the figures below).

Each geogrid layer should be installed after the surface of the immediately underlying soil layer has
been levelled. The overlapping along the edges in the longitudinal direction of the neighbaring geogrid
sheets should be at least 10 cm.

3-3. Description for Sequence of Work (3)

) Arr of L-shaped Temporary Facing Unit
(see the figures on the immediately preceding page}

After having installed each gecgrid sheet to reinforce the backfill, a L-shape temporary facing unit of

welded steel wire mesh is arranged above the geogrid layer at the shoulder of each soil layer. The

neighbering units should be aranged not overlapping with each other and not [eaving a space in

between. The bottom part of each temporary facing unit should be fixed ta the underlying backfill using

twa steel anchor pins 1o prevent the unit to move during the subsequent backfill construction work

After each temporary facing unit is fixed, a piece of geogrid sheet (spill-proof sheet) with an aperturs
that is small enough to prevent the spilling ot the crusher run particles that is be subsequently placed
back and above the unit while large enough to allow the fresh concrete that is ta be |ater cast-in-place
to penetrate into the crusher run particle zone is fixed to the inside faces of the unit.

3-3. Description for Sequence of Work (4)

d) Spreading of Crusher Run and Backfill Material
(1! Spreading of crusher run on the temporary facing unit

Grusher run should be spread behind and on the temporary facing unit. This crusher run functions as a
vertical drain layer immediately back of the full-height rigid facing in the campleted wall

Z:Spreading of the backfill material for the main part of the wall

Backfill material of scil Type A shauld be prepared and it should be confirmed that the water content is
in a range specified in the TS. The backfill material is spread over the geogrid sheet by using a
backhoe carefully in such that the geogrid sheet is not distarted and not damaged. A bulldozer should
nat be used in this wark.

It should be canfirmed that the thickness for each scil layer when spread is evenly 35~45 cm so that

the compacted thickness becomes 30 cm.
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3-3. Description for Sequence of Work (5-1)

3-3. Desctription for Sequence of Work (5-2)

e) Compaction of Crusher Run and Backfill
Each |ayer consisting of the crusher run behind and on the temparary facing unit and the backfill
material for the main part of the wall should be compacted together after having spread both.

Before the start of compaction, it should be confirmed that sharp rock or stone particles have been
remaved from the backfill for the main part of the wall.

The backfill should be compacted properly by using a compaction machine to each specified
campacted thickness. equal to 20 cm. Heavy compaction machine shall move in parallel to the wall
face. The backfill should not be compacted in the direction perpendicular to the wall face so that the
geagrid layer is not waved. Heavy compaction machine should be operated withcut making a sudden
tum and/or a sudden stop during the compaction wark so that the compacted soil layer and geogrid
|ayer are not damaged.

In the 1.0 m-wide zone immediately back of the temporary wall face. compaction shall be done by
using a hand-operated compaction machine. The use of a heavy compaction machine in this zone
may damage the temporary facing unit and others that are located in this zone. This notion is also to
avoid the falling down of a heavy campaction machine from the temporary crest of the hackfill when
not aperated carefully enough. (to continue)

&) Compaction of Crusher Run and Backfill {zontinued)

During the canstruction of a pilat GRS retaining wall {and a GRS bridge abutment), the ultimate
cumulative lateral extemal displacement A at the frant vertical face of the temparary facing unit that
would take place by the construction of the subsequent overlying soil layers is evaluated. To this end.
at a couple of temporary facing units, the horizontal movement at the target arranged on the vertical
front face of the temporary facing unit is measured before the start of the construction of the current
sl layer and also at the end of the construction of each of the subsequent averlying five soil layers.

When constructing a GRE retaining wall or a GRS abutment, the temperary facing units should be
arranged with a sethack equal to the displacement A obtained as ahove (typically about 1 -2 cm) so
that the alignment of the temporary wall face at the end of full wall height construction is maintained
vertical enough to ensure the thickness of the full-height RC facing, which is constructed by casting-in-
place the fresh concrete over the temporary wall face consisting of temparary facing units, thatis
indicated in the drawing,

3-3. Description for Sequence of Work (6)

f) Evaluation of the compacted state and properties of compacted backfill
The dry density and water content and the K, values of the compacted backfill are measursd at
relevant locations as specified. These measurements are repeated as required in the course of
backfill construction to the full wall height.

q) Wrapping-Araund of Temporary Facing Unit with Geogrid
On the levelled surface of each compacted soil layer, geogrid shall be arranged at the location
specified in the drawing. The geogrid sheet should be longer by 80 ¢m than the length inside the
backfill. The extra part of geagrid shest should be extended towards the cutside of the wall (as shown
in the figures below), which is rolled up to wrap-around the temporary facing unit and crusher run
together

Drain pipes shall be installed at the designated location.

3-3. Desctiption for Sequence of Work (7)

h) Finishing of Backfill Construction

At the end of backfill construction to the full wall height, the surface at the crest of backfill should
be covered with an about 15 cm-thick layer of compacted crusher run, then coverad with a plastic
water-proof shest

i) Observation of Deformation of Backfill and Subsoil

Immediately after the end of the construction of backfill ta the full wall height, the observation of
the settlement at several relevant places at the crest of the completed backfill and on the ground
surface immediately in frant of the bottem of the temparary wall face is started. The cbservation is
made occasianally 1o obtain a time history of the settlement by which the end of settlement can be
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is continued until it is confirmed that the settlement stops increasing

1) Construction of Full-Height RC facing

After the seftlement of the backfill and the subsail that took place by the construction of reinforced
backfill ta the full wall height is completed, the full-height RC facing is constructed by the following
sequences: 1) assembling of scaffold; 2) assembling of steel reinforcement rebar for the RC
facing; 3) arrangement of rebar to fix the outside concrete farmwark ta the temporary facing units;
4) arrangement of outside cancrete formwork; and 5) casting-in-placing of fresh concrete,

3-4. Time Table
a) Time for preparation of the materials (refer to Section 2-2)

- Geogrid and backfill: as required
- Temporary facing units of welded steel mesh and steel rebars: as required
- Laboratory tests of backfill: 3 days

b} Field work
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4. Pilot construction of GRS bridge abutment
4-1. Scope of Work
4-2. Sequence of Work
4-3. Description for Sequence of Work
44, Time Table

The contents of Chapter 4 is basically the same as those of Chapter 3 for GRS RW.

The next and following pages, only the items that are different from thaese for GRS RW
are described.
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4-3. Description for Sequence of Work (1) el S st

d) Spreading of Crusher Run and Backfill Material (see the figures on the next page}
1) Spreading of erusher run on the temporary facing unit g
Crusher run (nat cement-mixed) should be spread behind and an the temparary facing unit in two lifts
for a compacted thickness of 30 cm. This crusher run functions as a vertical drain layer immediately
back of the full-height rigid facing in the completed wall

Page 82, Manusl for the design and corstrustion eyl
‘ZMixing and spreading of the backfill material for the main part of the wall of RRR GRS Bridge Ablmnert i’ R
Backfil material of soil Type A shauld be mixed uniformly firstly with t powder and then with PR By Seliy Cewin Hesestdh D e e

P y Testly with-cement powner andthen Wi Insttute  (RTRI), Japan Railway Conatruction,
water following the mixing prop ) that has been to satisfy the properties specified in TS Tramsport and Technology Agency  (JRTT),
(refer to Section 2-2 b) ) November 2020

The cement-mixed backfill is spread over the geogrid sheet behind the crusher run held by the
temporary facing unit by using a backhoe then manually carefully in such that the geogrid sheet is not
distorted and not damaged. A bulldozer should not be used in this work.

el
s mined

The crusher run (not cement-mixed) and the cement-mixed backiill are spread and compacted in two
15 cm-high lifts for a completed thickness of 30 cm. It should be confirmed that the thickness for each e e
lift when spread is evenly about 17~22 cm so that the compacted thickness of the lift becomes 15 om.

Figure 654 Si the backfil insid porary anid
i d hackfill of ing steel wire mesh fabrie

4-3. Description for S f Work (2) e

-3 ription r n Fi N : i g
escription for Sequence of Wo a) Time for preparation of the materials (refer to Section 2-2)
e) Compaction of Crusher Run and Bagckfill - Geagrid and backfill: as required

A 30 cm-thick soil layer should be produced by spreading and compaction in two 15 cm-high lifts. - Temporary facing units of welded steel mesh and steel rebars: as required

- Lakoratory tests of backfill: six weeks

Each lift consisting of the crusher run behind and on the temporary facing unit and the backfill material
for the main part of the wall should be compacted together after having spread both. The compaction

should be made in the same day when the backfill is mixed with cement and water. b) Field work
] Tt = 7 3
Each lift of backfill should be compacted praperly by using a compaction machine ta each specified e WM ) [T si  isnuususbussnaABEinaaAns B
compacted thickness. equal to 15 cm. Heavy compaction machine shall move in parallel to the wall ::‘::;"“:::‘: 5 "; ] [inchdiog werishep
face. The backfill should not be compacted in the direction perpendicular to the wall face so that the : L T
geogrid layer is not waved, Heavy compaction machine should be operated without making a sudden (renkaun it iy N ‘
tum and/er a sudden stop during the ion work se that the soil layer and geogrid e E— i ) R — I S
layer are not damaged. e I O 7 \ :;T;::T;L ::n:a
Salling i I

In the 1.0 m-wide zone immediately back of the temporary wall face, compaction shall be done by Ratar g wir || = Tt
using a hand-operated compaction machine. The use of a heavy compaction machine in this zona pratites o Lkl G 1
may damage the temporary facing unit and others that are located in this. This notion is also 1o avoid T — -
the talling down of a heavy compaction maching fram the temporary crest of the backfill when not T T N e T
aperated carefully enough. ¥ Basedon e GV T i

5. Notes complementing the contents of TS (1-1) 5. Notes complementing the contents of TS (1-2)

The following complementary notes on the four items among those described in TS
wera prapared for the relevant ion of the ion of RRR GRS

In each item, the related cantents of TS are summarized as necessary and the
{eomplementary notefis presented in the Zalic type.

1-3) According to Cause 4.2.1, the required type of
backfill material is Group A.

[Complementary note] 1t is indicated in the figure
shown below [hat the K., valves ablained with G class
backfif are generally miuch higher than thase with S

1. Recanfirmation of the compaction control of backfill for the GRS retaining walls class backfil when compacted at water coniont around
{Notes complementing the contents of TS 4.4.2.3 Table-14) the respective optimum water content. In case it is
found that it fs difficult to abtain the required values of
The fellowing four criteria should be satisfied as one body: K,y citedd in ftem 1-2) above with S class backfi, this
1-1) The performance rank | is required for the upper backfill supporting RGC &lab tracks. Then, problem could be alieviatad by using relovant G dlass |
aceording to Table 14 of *4.4.2.3 Criteria for backfil' of TS, it is required that, basically, DECKI. ARNOUGN the K., valie Of S ciass hackii may " P E—) n
each value of the degree of compaction is al least 85 % and the average is at least 92 %. increase considerably by decreasing the water contont Dsirss oheanpaer, 3 )
- from the optimum water content, the K, value could Apoendix Fig 33,17 nehip & son K. and
According to IS 2720 (Part 8), the maximum dry density fo calculare i degres of docrease considerably fram such 3 high valug as above D vl for raaybed beckil *
vompagtion is ohiained by laboratory compaction tests using the compachion eneray of by weting duing a period of service of the railway. So, Railway ! n
Medified Proctor. the compaction at water conlent Hat is excessively (2007) Dy Sty Ruifwiy Strctires
lower than the optimun valer content is not allowed, as uros). Railway ;
1-2) According to Table 14 of "4.4.2.3 Criteria for backfill' of TS, itis required that, basically, described in e 1-4) below Insiitute, Appendic 33 pp. 434

each value of K.. is at least 70 MN/m? and the average is at least 110 MN/m®.
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5. Notes complementing the contents of TS (1-3-1)

1-4) With respect to the appropriate range of water content in sail cempaction, according t
Clause 4.3.3, 6., the water content range of backfill material shall be set to salisfy Clause
4.4.2.3 al this specification based on Clause 4 4.1.1. Moreover, according lo Clause 4.3.2 on
Backfill Banking Tesl. the contractor shall submit the “Banking Rule and Basis® in order 1o
get desired degree of compaction spesified in the Drawings which ineludes permitied range
of appropriate water content.

[Complementary note] Although a specific permittsd range of appropniate water content Is not
indicated in TS and the drawings, in ANNEXURE IV 3.0 of Guideline No. GE: G-1°, it is noted
that “sxperience shows thaf most suitable water contont faiis within a small range of 3% below
to 1% above the OMC for most of the soil”.

*GUIDELINES FOR EARTHWORK IN RAILWAY PROJECTS, Guidelina No. GE: G-1
(including correction siip no. ), July. 2003, Geo-technical Engineering Directorate, Research
Designs and Standards Organisation Manak Nagar, Luckniow— 11, Mimistry of Railway,
Guovernmen of India

5. Notes complementing the contents of TS (1-3-2)

For reference, the following is the relaled descripfion sboul the appropriste water conten
range i soff compacion on page 133 af "Manual for the design and construction of RRR
Geasynihefio-Reinforoed Sof strtctures”

Befors spreading fill material af the compaction place. it should be confirmed that the water
content (w) of the fil matertal is not lower by 3 % and nat higher by 1 % than the optimum
water contant evaluated by the standard iaboratory compaction fest using the compaction
energy level (CEL) equal to Modified Proctor (4.56c). {wopt)4.5E¢, so that the maximum dry
density with respest to wafer confent, or a value close fo that, is achisved in the field
compaction controfied to be performed af a CEL of the order of 4.5Ec. To ensure fhat the
compasted state fs satisfactory, it should be confirmed that ali e measured vatues of the
degrae of compacfion, Dc. are at least the specified lover bound value ftypically 95 %). Dc is
defined as the ratio of the field dry density. pd io the maximum dry density. [pdmax)+ 5,
fimes 100 %.

5. Notes complementing the contents of TS (2-1)

2. Reconfirmation of the compaction control of backfill for the approach bleck of GRS bridge
abutments {(Notes complementing the contents of TS 4.4.2.3 Table-15)

The following four criteria should be satisfied as one body:

2-1) The performance rank | is required for the upper backfill supporting RC slab tracks. So, accarding to
Table 15 of “4.4.2 3 Criteria for backfill" of TS, itis required that each value of the degree of
compaction is at least 95%

According fo IS 2720 (Parf B), fhe maximum dry density fa calouiate the degree af compaction is
ohlained by faboratory compaction tests using the compaciion ensrgy of Madifed Proctor,

2-2) According to Table 15 of *4.4.2.3 Crileria for backfill” of TS, it is required thal, basically, each value
of K- is at least 150 MN/m?,

5. Notes complementing the contents of TS (2-2)

2-3) According to Cause 4.2.1, the requirement for backfill material is Group A.
[Compiementary note] (the same a5 the one for item 1-3) However, since It is mixed wilh cement, §
class backiil of A group may also be used.

2-4) About the appropriate range of water content in sail compaction

{Complementary nate] (the same as the one for item 1-4) In shor, the appropriste range of water
conteni s befveen 3 % below and 1 % above the OMC determined by compaction fests using fhe
compaction energy of Madiiied Proctor.

|
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5. Notes complementing the contents of TS (3-1)

3. Construction details of GRS retaining walls and GRS
bridge abutments
(Notes complementing the contents of TS 4.3.3, 4.3.4)

The fallowings are the commememaw notes preuared Yo
ensure s ful

backfil and full-height rigid RC facmg for GRS retaining wslls
and GRS bridge abutments.

[Complamantary notes]
3-1) The temporary facing unit of welded steel wire mesh
described in the figure below should be placed on the |
shoulder of each sofl layer when constructing geosynthetic-
reinforeed backfil. The defails of this temporary facing unif |
are descnibed in Section [3.2.6 Temporary hoiding at the wall
face] (pages 165 - 111 in "Manual for fhe desion and
construciion  of  RRR  Geosynthetic-Reinforced  Soil
structirss’) 3

WELDES WRE MESH [STANDWRD TYPE]

Welded stest wirs mesh for temaarsiy holding of the
backiil (arial for the design and Constretion of
RRR Geosynihetic-Seinforced Soil structties’)

5. Notes complementing the contents of TS (3-2)

3-2) The cement-mixed backfill for the approach block of GRS bridire abutment should he compacted in
the same day when the backfiil is mixed with cament and water.

54) The Tuli-height RC facing for GRS retaiiiing waills and GRS bridge ahutments should be constructed

having confirmed that most of the defarmation and seﬂ.'emem of the backfill and the

suppurﬁng ground caused by the of the backfill has taken
place.

The RC fasing is consiructed by casting-in-place iresh concrete into a narow verical space between
the outside conrete formuark anchored in the bady of geasynihetio-reinlorced backiil and m=
femporary vertical welt face covered wif ament layers
temporary facing units. An inside concrete farmwark cavenng the temporary vstical wail facs :noufa not
be used so that the compleled RC facing s finmly connected fo hoth of a) all the geosynthetic
reinforcement layers, and b) the temporary facing units of welded steel wire mesh that are vrapped around
with geasynthelic reinfarcement fayers, which hecomes an impariant siructiural component of the
completed GRS structura.
(Reference. [3.2.8 RC Facing Work] of "Manual for the design and construction of RRR Geosynietic-
Reinforced Soif structures”)

I-28




6. Explanation of staged construction

In this section, the stage construction when using soil bags in place of welded steel wire mesh as
the temporary facing unit is described. The other procedures other than the abaove are all the same.

5. Notes complementing the contents of TS (4)

4. Manual
{Notes complementing the contents of TS 1.2,6) Staged construction: 1) & 2)
[Complementary nate] "Manuai on Design and G Soil Retaining = wblartof cansiiietn
Walt” that is cited as one of the documenrs mdi' are to be referred !O in 78 means
“Manual for the design and Soi structures.”
In addition. the following manual should be referred to A1 Laveling ped £ o) picing gaval bags
ermbesded pS" rappedarourd -
Manual for the design and construction of RRR GRS Bridge Abutment E
published by Railway Technical Research Institute (RTRI), =+
Japan Railway Construction, Transport and Technalogy Agency (JRTT), November 2020
—itom
Typical palymer geogrid:
bi-axial PVA grid:
Staged construction: 3) & 4) Staged construction: 5)
- Compaction of the backfill with a help of gravel bags - Construction of the full-height geogrid-reinforced backfill

placed at the shoulder of each sail layer without using FHR facing

’ e —
U Levoling pad & 21 Placing gravel bags.

crabedded partaf  iped-araund vih geogiid . *
FHR facin
i Yiovalingpad & 2] Placing gravel bags
embedded partof  wWiappCd-aound ik googri
30.am= 2 %15 cm-thick sail layer #HR facing
i (=~
31 BackRlling & compaction 4 Second layer ) Backfiling & zompacton 4) Second |ayer

Good compaction of the backfill is —=F
achieved by: Besides, a small vertical spacing |
1) & small lift (15 cm) ensured by a | (30 cm) results in a large contact
small vertical spacing (30 cm) | area between the geogrid and
between geogrid layers; and the backfill, which contributes to
2) no rigid facing existing during a high stability of lhe. reinforced
backfill compaction backiill as a composite. | =

5) Completing SRS w E)FHR facing by casting-
{wio FHR facing) in-placa tanerate

Staged construction from step 5) to step 6):

- After the compression of the backfill & subsoil has taken place
sufficiently, FHR facing is constructed by casting-in-place fresh
concrete directly on the geogrid-wrapped-around wall face.

| This steel red s it & permanent mamber, |
BR[Ot e b o we stably

Eemm el e

el b

ievciing pad & 2j Placing graval bags !
cmhzddcd partof  urspoed-around with geogricl
R fa

31 Backfling & compaction 4) Govond layer

Fresh conerete enters the gravel-illed
B b el bags thraugh the aperture of the geogrid
Complating R wal v it
i oy ! FUR Bt by chdlitn-| 5 ELR facing s firmly connected to
geogrid layers.
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I-4 Discussions with inquiries and responses

1-4-1 Response to inquiry1 (Minutes of webinar)

Summary of Q&A at the Zoom Work Shop, March 27, 2024

- y |

RRR-1 C Yukihl... h ‘

¥ RAR-1C Yukihiko Tamura  RAR-LA T
Vipin Bansal

ALE X XFumio... Susumu Nakajl...

¥ SRS FFumioTatsuoka ARAVIND

¥ Susumu Nakajima(RTRY)

Ryoko NAKAN...

& Vipin Bansal ¥ Ryoko NAKANO, JRE

Pranav K (Dines... pmkumar

i
T Pranav K (Dineshchandra. SRR | _Ant@ing Dutting] 5 RamanDalia ¥ pmiosmar

OnePlus 6T Mufaddal Deepak Kulshre... BVSN VARMA

¥ Deepak Kulshreshtha

SariqueRaza

§ Onefius 61 5 sutasdal ¥ SariqueRaza T BVSN VARMA

20360537 Pankaj Sharma vivo V2111 Santosh Patil

¥ NMSRCE Paighar ¥ Santosh Patil

¥ Pankaj Sharma ¥ vivovaim

Note: In some of the answers shown below, some supplementary comments are added
without changing the contents of the answer orally made during the workshop.

[1]

Q1 : NHSRCL

a) Any restriction to the height and length of RRR GRS structures?

b) How long is the waiting duration after the construction of full-height geogrid-reinforced
backfill (w/o FHR facing) until the start of the casting-in-place fresh concrete to construct
the FHR RC facing?

A1 : Tatsuoka, F.

a) The largest height so far is about 15 m for RRR GRS retaining walls (RWs) and RRR GRS

bridge abutments (BAs). However, this is not the feasible maximum wall height. Taller
ones could be constructed: i.e., it is considered at this moment that it is quite feasible to
construct 20 m-high RRR GRS structures.

With RRR GRS RWs, there is no limitation to the wall length. The longest continuously
constructed GRS RW is about 1 km-long. For a very long RRR GRS RW, to shorten the
total construction period, the construction of FHR facing could be started before the
construction of geogrid-reinforced backfill (w/o FHR facing) for the whaole wall length is
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completed. In that case, it is important to confirm in advance that each place where the
FHR facing is to be constructed is sufficiently remote from the construction site of geogrid-
reinforced backfill in such that, at the site where FHR facing is to be constructed, the
settlement of the subsoil does not take place by the construction of geogrid-reinforced
backfill.

b) The waiting duration depends on the compressibility of the subsoil layers. A 90 % of the
ultimate settlement of subsail could be estimated based on the time history of settlement
at the site (for example, by the t method). In case the subsoil does not include
compressive soil layer(s), the waiting duration for a 5 m-high GRS structures is typically
about two weeks or less. In case the subsoil includes a relatively compressive sol layer(s)
in some thickness, the waiting duration will become longer. If the waiting duration should
be short enough for some construction restraints, it could be made shorter by the
preloading procedure placing a preload fill on the crest of the geogrid-reinforced backfill
(w/o FHR facing). This method is also effective to minimize the residual settlement of FHR
facing after opening to service of RRR GRS BA. Ground improvement, such as in-place
cement-mixing of shallow soil layer(s), could be effective to reduce the settlement of sub-
sail thereby shortening the waiting duration. The decision in this respect will be made
based on the cost-effectiveness of each possible measures.

[2]
Q2 : Not identified
Whether precast concrete panels can be used to construct the FHR facing ?

A2 Tatsuoka, F.

In some previous projects of RRR GRS structures, PC panels were used as the external
concrete forms and also as a wall face structural component of the completed FHR facing. In
these cases, the use of PC panels was more cost-effective than the setting up of ordinary
external concrete forms, which is a temporary structure.

Even when using PC panels, itis the must that the PC panels are eventually firmly connected
to the main body of the geogrid-reinforced backfill by casting-in-place fresh concrete in the
space between the PC panels and the wall face of the geogrid-reinforced backfill. Besides,
the cast concrete layer should be lightly steel-reinforced to ensure a sufficient integrity of the
completed FHR facing. The 30 cm-heigh vertical external face of each temporary facing unit
of welded steel wire mesh placed at the shoulder of each soil layer is wrapped-around with
the front part of each geogrid layer. The fresh concrete enters the narrow backside space of
the wrapping-around geogrid through its aperture then enters the crusher run contained in

1-31



the temporary facing unit of welded steel wire mesh through its aperture. There is no case
where only PC panels are used to construct the FHR facing without casting-in-place of fresh
concrete.

[3]

Q3 : TCAP

1) It seems that the compaction control of cohesive soil is made based on the degree of
compaction (defined as the ratio of the field dry density to the maximum dry density
obtained by laboratory compaction tests), while the compaction control of cohesionless
soils (including sandy soils) is made based on the relative density. Why the compaction
control of backfill based on the degree of compaction is specified in TS for India High
Speed Rail?

A3 : Tatsuoka, F.

It is the ordinary practice in many countries that the compaction control of usual backfill soil

to construct soil structures (including sandy soils containing a relatively large amount of fines)

is made based on the degree of compaction, not based on the relative density. It will be also
the case in this high-speed rail project. The reasons are as follows:

1) The compaction procedure of the standard laboratory compaction test to obtain the
maximum dry density is somehow representative of field compaction process. On the
other hand, various methods are specified to obtain the minimum void ratio (i.e., the
maximum dry density) in different countries, while many of them are not representative of
field compaction process.

2) To obtain the relative density, the maximum void ratio should also be obtained, in addition
to the minimum void ratio, which makes the compaction control based on the relative
density very time-consuming, so impractical in usual cases.

[4]
Q4 : TCAP
Cracking may take place in the completed FHR RC facing due to its residual settlement
caused by the compression of subsoil. What is the measures to avoid this problem?

A4 : Tatsuoka, F.

With RRR GRS structures, FHR facing is constructed by casting-in-place fresh concrete after
the settlement due to the compression of the subsoil associated with the construction of
geogrid-reinforced backfill (w/o FHR facing) has completed. So, any noticeable settlement of
the FHR facing does not take place after its construction, because the total weight of FHR
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facing is much smaller than the one of the geogrid-reinforced backfill. Besides, the
displacement and defarmation of the FHR facing by the weight of the girder and the train load,
which are also much smaller than the weight of the backfill, is very small. So, the problem of
cracks in the completed FHR facing pointed out in the questicn does not take place (actually,
no such a problem case as above in all the projects).

[5]
Q5 : Suthar (NHSRCL)
@ Questions related to PPT 35P:
a) What supports the external concrete form?
b) When and how the steel rod (depicted in red colour in the figure shown below) is
arranged?
c) When the steel reinforcement of the facing is arranged? What supports the facing steel
reinforcement during the construction of geogrid-reinforced backfill?

A5 : Tatsuoka, F.
There are two types of temporary facing units,

- type I) using soil bags (Fig. A shown below); and

- type Il) using welded steel wire mesh fabrics (Fig. B shown below).

Type | was firstly developed. Recently, type Il is used more often due to a better cost-

effectiveness, which is different in different projects under different construction conditions.
With the two types, the method to support the external concrete form and the steel

reinforcement for the facing is different.

Method I): Soil bags are used as the temporary facing units. The external concrete form and
the steel reinforcement for the FHR facing are supported by the steel rod (extruded from
the geogrid-reinforced backfill, depicted in red colour in Fig. A below) that is anchored in
the geogrid-reinforced backfill. These questions a), b) and c) are for this case and they
are herein answered.

a) The external concrete forms are supported by separators that are welded to
horizontal L-shaped steel members that are welded to vertical L-shaped members
that are welded to the head of the steel rod (extruded from the geogrid-reinforced
backfill, depicted in red colour in Fig. A) that is anchored in the geogrid-reinforced
backfill. The horizontal and vertical L-shaped steel members are not depicted in
Fig. A, but they are depicted in Fig. B.

b) Each unit of several steel rods is arranged horizontal on the surface of the
immediately underlying compacted soil layer. In so doing, the small flange for
anchorage at the back end of the unit is inserted into a shallow groove dug in the
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underlying soil layer. This arrangement should be done in such that the upper side
of the steel rod unit is kept flat and horizontal so that the next geogrid layer that will
be arranged on the unitis not damaged when compacting the soil layer that will be
placed on the geogrid layer. At the same time, the bottom side of the unit should fit
the surface of the immediately underlying sail layer not creating a gap in between
so that any weak part is made inside the geogrid-reinforced backfill. After this
arrangement of steel rod units, the next geogrid layer is arranged on them. Then,
the next soil layer is spread on the geogrid layer.

¢) The lower part of the steel reinforcement for the facing (shown in Fig. A, but not
shown in Fig. B) is arranged with the bottom end embedded in the embedded part
of the FHR facing before the start of the construction of geogrid-reinforced backfill.
The whole of the facing steel reinforcement is arranged welded to the vertical L-
shaped steel members. After that, the external concrete forms are arranged
supported by separators that are supported by the vertical L-shaped steel
members that are fixed to the head of the steel rods.

Note: the procedure is basically the same when using welded
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Method Il): Welded steel wire mesh fabrics are used as the temporary facing units. The
external concrete form and the steel reinforcement for the facing are welded to vertical L-
shaped steel members that are supported by short hooked steel rods (D10) anchored to
the temporary facing unit of welded steel mesh fabrics, as shown in the bottom two figures
of Figs. C and D. Separators together with external concrete forms are fixed to these
vertical L-shape steel members. The steel reinforcement for the facing (not shown in Fig.
C, but shown in Fig. D) is also fixed to these vertical L-shaped steel members.

Concrete , .
fonm  L-steel (more than L-3%40mim)

|
| 'm
Welding L-steel 1o steel for fixing |

exterual fonx I

external form

steel for fixing |
&
Separator /
——————l]

= C
Welding of separator to vertically -
amranged L-shape steel J
Concrete for the facing -

Figure 3.2.8-5 Example of the method to fix concrete form for the facing construction

using welded steel fabric
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external form in case of using arrange steel for fixing external
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Fig. C) (Steel reinforcement for the facing is not shown in this figure)

Manual for the design and construction of RRR Geosynthetic-Reinforced Soil structures, RRR Association,

p.122
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i

Fig. D) (After the arrangement of the steel reinforcement for the facing, before the setting
up of external concrete form)

[6]
Q6 : SarigueRaza (TCAP)
How to measure the settlement of the geogrid-reinforced backfill constructed to the full wall
height? At what locations? How long ? The measurements should continue after the
completion of the GRS structure?

A6 : Tatsuoka, F.

The settlement of the geogrid-reinforced backfill (w/o FHR facing) is measured:

a) at the center of the topmost temporary facing unit, starting immediately after the
completion of the geogrid-reinforced backfill (w/o FHR facing); and

b) at the top of the embedded part of the FHR facing, starting preferably before the start of
the construction of geogrid-reinforced backfill, or soon after the start of the construction
of geogrid-reinforced backfill.

The measurements are made usually by the ordinary level measurement, but it could be by

another more advanced method. It is not required to continue the measurements after the

construction of the FHR facing. However, the post-construction measurements will be useful

to confirm that the residual settlement of FHR facing is kept very small.

(7]
Q7 : L&T

What a device is used to connect the RC facing to the main body of geogrid-reinforced
backfill ?
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A7 : Tatsuoka, F.
For RRR GRS structures, a special device, such as metal connector, is not used to connect
the FHR facing to the main body of geogrid-reinforced backfill. This connection is made by
embedding the following a) and b) in the cast-in-place fresh concrete:
a) the vertical portion of the geogrid layer that is wrapping-around temporary facing unit;
and
b) the front vertical portion of the temporary facing unit of soil bag or welded steel mesh
fabrics together with contained crusher run.
This connection is achieved by allowing the cast-in-place fresh concrete to enter the narrow
backside space of the wrapping-around geogrid through the aperture of the geogrid, then
enter the crusher run contained in the temporary facing unit (scil bags or welded steel wire
mesh fabrics). It has been confirmed that, when properly constructed, the connection strength
achieved in this way is large enough.

[8]
Q8 : L&T
At a site (or sites) of RRR GRS BA to be constructed in front of a tunnel entrance, it seems
that it is difficult to smoothly perform “benching cutting as indicated in the drawing” in a stiff
natural ground.

A8 : Tatsuoka, F.

The dimensions of bench cutting indicated in the drawing of standard RRR GRS BA was
determined by stability analysis in such that the reinforcement geogrid layers that are
necessary to ensure the required stability of the GRS BA can be arranged. So, if the
dimensions of bench cutting are changed in such that the lengths of some geogrid layers at
lower levels in the wall become shorter than those indicated in the drawing, the GRS BA could
be endangered due to a decrease in its stability.

If it is planned to change the dimensions of bench cutting for some reasons and if, as a result,
the lengths of some geogrid layers at low levels of the wall become shorter, the stability
analysis should be performed to ensure that the GRS BA can be stable as required with
modified arrangements of reinforcing geogrid layers. Generally, when the geogrid layers at
low levels are made shorter, to maintain the same stability of GRS BA, it becomes necessary
to increase the width at higher levels of the approach block (consisting of geogrid-reinforced
lightly cement-mixed high-quality backfill). This redesign of the structure requires a new
stability analysis.

In this respect, it is possible to reduce the amount of bench cutting in the stiff ground without
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decreasing the stability of GRS BA by relocating the FHR facing forwards in the direction of
the railway axis by a couple of meters. In that case, it becomes necessary to re-design both
of the GRS BA and the viaduct to which the GRS BA is connected (i.e., re-determination of
the locations and dimensions of these structures while confirming their stabilities).

[9]
Q9 : Vipin (NHSRCL)
What is the tolerance of the wall face inclination?

A9 : Tatsuoka, F.

First of all, with other types of mechanical stabilized earth retaining walls (MSE RWSs) for
which the facing is constructed before the start of, or simultaneously with, the construction of
reinforced backfill, the final alignment of the facing of the completed wall is disturbed by the
deformation of the backfill that takes place in an uncontrollable way during its construction.
That is, due to noticeable wall deformation during construction, the wall face may exhibit
noticeable settlement, globally and/or locally, and noticeable lateral external displacement.
For this reason, with these types of MSE RWs, it is often specified in such that the maximum
allowable lateral displacement at the top of the facing is 3% of the wall height or 30 cm at the
end of wall construction.

With RRR GRS structures, on the other hand, excessive inclination of the vertical face of
the constructed FHR facing is not a practical serious issue. This is because, after its
construction, noticeable deformation and displacement of the FHR RC facing due to the
deformation of the backfill and subsocil associated with the construction of geogrid-
reinforced backfill does not take place. The alignment of the wall face of the completed FHR
facing can be ensured by its proper construction. With the RRR GRS structures, it is more
important and essential to ensure that the thickness of constructed FHR facing satisfies the
specified value throughout the wall height. A tolerance of the wall thickness is + 20 mm is
often specified following the crdinary specification for conventional cantilever RC retaining
walls. To this end, it is important that the completed temporal wall face before the
construction of the FHR facing is vertical enough. A method to achieve this requirement is
described in “e) Compaction of Crusher Run and Backfill (continued)” of Appendix of the
document explained in this workshop: “Key Construction Procedures and Their Pioper
Execution”.

Q10. Suthar (NHSRCL)
a) What is the situation about the construction of conventional cantilever RWs and RRR GRS
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b)

RWs in Japan?

It seems that RRR GRS structures exhibit better performance and are more cost-effective
than the conventional cantilever RWs. We have a couple of problems with the
conventional type RWs. It seems that this type of RRR GRS structure could be used not
only for High Speed Rails in India but also for conventional railways in India.

It is understood that the proper design and proper construction is essential for successful
constructions of RRR GRS structures. What companies or organizations we can consult
on the design and construction of RRR GRS structures when it becomes necessary?

A10:

a)

b)

c)

For newly constructed RWs for railways in Japan, nearly 100 % is RRR GRS RWs with a
very limited number of conventional cantilever RWs.

RRR GRS RWs and BAs were not developed exclusively for High Speed Railways, but
they were developed to be used also for conventional railways, roads and others. In
actuality, many were adopted in these other fields.

The following three items are essential for successful constructions of RRR GRS
structures: 1) the use of proper geogrid reinfarcement following the RRR material manual;
2) the proper design following the RRR design manual; and 3) the proper construction
following the RRR construction manual. Please make a contact with Mr. Kosaka, T. (the
representative of RRR International). As engineers and researchers specialized in RRR
GRS structures, he and his colleagues of RRR-International and Railway Technical
Research Institute, Japan (including members working for consulting companies
specialized in RRR GRS structure) are prepared to work for the design and construction
of RRR GRS structures in India.
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1-4-2 Response to inquiry2

Summary of Q&A at the RRR for India conventional train lines meeting
Zoom meeting, April 17, 2024

Note: In some of the answers shown below, some supplementary comments are added
without changing the contents of the answers orally made during the meeting.

[1] Mr. Suthar (NHSRCL)
Q: How and by whom this design project could be carried out?

Tatsuoka & Best Geo : Best Geotechnics Pvt. Ltd is ready to act as a main contractor for this
project, since it is a member of the International Association of RRR construction system, and
since it is based in Mumbai, India and has already experience in projects conducted in the
Indian state where this project will take place. IGI (Integrated Geotechnology Institute Ltd.),
which is a private consulting firm based in Tokyo, can act as a sub-contractor to this project
and conduct the detailed design in Japan. IGI hosts the offices of the International and
Domestic Association of RRR construction system, and has been a supporting actor in the
development of the RRR technology to the Railway Technical Research Institute RTRI Japan
and the University of Tokyo. It is responsible for 60 to 70% of all the RRR structures designs
performed in Japan since this technology was introduced. I1GI also performed the standard
design for Indian high speed rail.

http://bestgeotech.com

https://www.igi.co.jp

Tatsuoka: It should be noted that RRR GRS RWs and BAs were not developed exclusively
for High Speed Railways, but they were developed to be used also for conventional railways,
roads and others. The required performance, e.g., settlement requirements are naturally
stricter for high speed rails and slab tracks but the design methodology is strictly the same.
So design for this particular project can be smoothly done just as it was for the India high
speed rail, as well as the detailed design if relevant design and subsoil conditions are given.

[2] Mr. Suthar (NHSRCL)
Q: Does IGI have any international experience in conducting projects overseas?

Tatsuoka: IGI acts usually as a sub contractor to an international consulting company, e.g.
JICA or East Japan Railway Consultants to perform the detailed RRR design and provide
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support for construction management in collaboration with the International Association of
RRR construction system. This is such a case for the India high speed rail.

[3] Not identified
Q: Is there any experience in Japan working with 25T axle loads?

Tatsuoka: There have been cases where RRR structures have been constructed for very
heavy locomotive axle loads or such in Japan. Heavy axle loads remain relatively minor loads
compared with all the design loads considered, seismic loads or girder loads for bridge
abutments being by far the most critical. So there is no particular issue encountered in the
stability and deformation of the main body of GRS structures design for 25T or more axle
loads. On the other hand, the design of slab structures and related railway bed soil layers
should take into account this increase in the train load.

[4] Not identified
Q: Does a higher train running speed have an influence on the RRR design methodology?

Nakajima: In Japan initial running speed for high speed train line is usually 250km/h then
gradually increased to 320 km/h. Experiments have been conducted to confirm the effects
were small and to adjust the related action loads (impact loads) considered in design by
introducing correction factors. Some additional superficial settlements may take place below
the rail track but can be handled by minor retrofitting works. So, there is basically no big
influence and no change in the design methodology for higher running speed, but rigorously,
relevant impacts loads in relation with this speed should be considered in design.

[5] Not identified
Q: What is the cost ratio of reinforcement (geotextile) to overall cost?
What kind of geotextiles are typically used in RRR in Japan?

Tatsuoka: The cost of geotextiles only is roughly 15% of the total cost of the structure. (after
confirmation, this figure was corrected from the value initially orally stated of 5%).

The use of proper geogrid reinforcement is of paramount importance for the successful
construction of RRR structures. Since the full height rigid facing is constructed by casting-in-
place fresh concrete on the self standing reinforced embankment which is constructed first,
then reinforcements (geotextile) are in direct contact with fresh concrete and became firmly
connected to it, so that a high alkaline resistance against high PH is primordial. This can be
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achieved by polyvinyl alcohol products (PVA, vinylon) or high density polyethylene or
polypropylene (HDPE, HDPP) materials. PVA is more expensive but has stronger resulting
connection strength with concrete, while being more flexible and workable, with biaxial
products readily available. HDPE is cheaper but usually uniaxial, less flexible and less
workable.

For RRR retaining walls, PVA and HDPE are almost equally used in Japan, but for more
critical structures such as RRR bridge abutments usually sided with RRR walls, PVAis almost
solely used due to the advantages mentioned above.

It should be noted that PVA or HDPE products are in principle not exclusive to the RRR
design. Any proper material that satisfies the required criteria (high alkaline resistance being
one of them) can be used if their satisfactory performance is certified independently by the
Railway Technical Research Institute RTRI Japan which conducts a series of experimental
tests for this aim.

[6] Mr. Suthar (NHSRCL)
Q: Is PVA available in India?

Tatsuoka: The PVA yarn raw material is to our knowledge only produced in Japan by Kuraray,
but is usually shifted to other countries where PVA geotextile products can then be produced
domestically. This is the case in Germany and other countries as well. Also in India, PVA
products can be produced by TechFab India which has a collaboration with Kuraray.
https://www.techfabindia.com

[7] Mr. Suthar (NHSRCL)
Q: What is the situation about the construction of conventional RWs or other reinforced RWs
for railways in Japan?
Q:Cost estimate shall be performed for this particular project, including cost differential with
other conventional structure designs.

Tatsuoka: For newly constructed RWs for railways in Japan, nearly 100 % is RRR GRS RWs
so the construction of conventional RWs or other reinforced RWS is nearly zero. The reason
is that RRR GRS structures show better performance and also better cost effectiveness than
conventional soil retaining structures and other types of reinforced soil structures. Cost
estimate which includes not only the construction cost but also maintenance cost (that is the
life cycle cost) have been made for typical design cases. It shows that RRR structures are
approximately 20% cheaper than conventional cantilever structures in the absence of pile
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foundation, and more than 65% (after confirmation, this figure was corrected from the value
initially orally stated of 50%) in the case where pile foundation is necessary for conventional
design. | believe the estimate has been also made for India high speed freight rail design
project and that the ratios were roughly the same. Details can be given to Best Geotechnics
Pvt. Ltd, so that they can perform a detailed cost estimate for this particular project using the
most relevant and recent Indian market unit prices.

(for reference, as of 2015)
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The second reason is that the use of a full-height rigid facing in RRR GRS structures, which
is one of the most essential structural components for structure stability, allows also to support
auxiliary structures which are various and important for railways, such as noise barriers, wind
barriers, electric poles and so on, and ultimately a bridge girder. That actually led to the
development of RRR bridge abutments. It should be emphasized that there is merely no
relevant serious alternatives to RRR structures for bridge abutments. Conventional retaining
structures or other reinforced structure technologies using for example metallic
reinforcements or discrete panel facings or modular block facings cannot objectively achieve
a stability or performance sufficient for such critical structures. Rusting and others issues are
inherent problems for metallic reinforcements, discrete panel facings and modular block
facings are prone to excessive deformation, very sensitive to scouring at the wall base and/or
to single panel failure that endangers the whole structure stability. This cannot be accepted
for railways. Bridge girder or other auxiliary structures need also separate foundation works
in such cases. For the same reason, a setback is needed and trains cannot run close to the
wall face, which drastically increases structure width, land use and land acquisition cost.

[8] Best Geotech Pvt
Q: Construction management control shall be considered necessary after delivery of design.
Don’t you agree?

Kosaka: We confirm that the International Association of RRR construction system and 1GI
are ready to participate in the support for construction management control in this project,
when relevant.

Tatsuoka: Similarly as for the current India high speed rail line with L&T and T-CAP, it is
necessary for the main constructor of this project to fully understand the key construction
procedures and the key features of the RRR structures. If the constructor is different from
L&T and T-CAP, we will need to start explanation again from zero, that may require some
work.

[Postscript)
We welcome any opportunity to clarify further what we have not been able to explain
sufficiently today. We are always ready to do so.
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1-4-3 Response to inquiry3

Notes complementing the contents of TS (proposed version)

The following complementary notes on the five items among those described in TS were prepared for

the relevant execution of the construction of RRR GRS structures. In each item, the related contents

of TS are summarized as necessary and the [complementary note] is presented in the jtalic type.

1. Reconfirmation of the compaction control of backfill for the GRS retaining walls

(Notes complementing the contents of TS 4.4.2.3 Table-14)

The following four criteria should be satisfied as one body:

1

1-2)

1-3)

The performance rank | is required for the upper backfill supporting RC slab tracks. Then,
according to Table 14 of “4.4.2.3 Criteria for backfill” of TS, it is required that, basically, each
value of the degree of compaction is at least 95 % and the average is at least 92 %.

According to IS 2720 (Part 8), the maximum dry density to calculate the degree of compaction
is obtained by laboratory compaction tests using the compaction energy of Modified Proctor.

According to Table 14 of “4.4.2.3 Criteria for backfill” of TS, it is required that, basically, each
value of Ky, is at least 70 MN/m? and the average is at least 110 MN/m?.

According to Cause 4.2.1, the required type of backfill material is Group A.

[Complementary note] It is indicated in the figure shown below that the Ko values obtained
with G class backfill are generally much higher than those with S class backfill when
compacted at water content around the respective optimum water content. In case it is found
that it is difficult to obtain the required values of Kz cited in ltem 1-2) above with S class
backfill, this problem could be alleviated by using relevant G class backfill. Although the Kao
value of S class backfill may increase considerably by decreasing the water content from the
optimum water content, the Kso value could decrease considerably from such a high value
as above by welling during a period of service of the railway. So, the compaction at water
content that is excessively lower than the optimum water content is not allowed, as described
in ltem 1-4) below.
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Appendix Fig.33.17: Relationship between Ksoand D value for railwaybed backfill
“Railway Technical Research Institute, Japan (2007): Design Standards for Railway Structures

and Commentary (solf structures), Railway Technical Research Institute, Appendix 33, pp. 434
(in Japanese)”.

1-4) With respect to the appropriate range of water content in soil compaction, according to Clause
4.3.3, 8., the water content range of backfill material shall be set to satisfy Clause 4.4.2.3 of this
specification based on Clause 4.4.1.1. Moreover, according to Clause 4.3.2 on Backfill Banking
Test, the contractor shall submit the “Banking Rule and Basis” in order to get desired degree of
compaction specified in the Drawings which includes permitted range of appropriate water
content.

[Complementary note] Although a specific permitted range of appropriate water content is not
indicated in TS and the drawings, in ANNEXURE IV 3.0 of Guideline No. GE: G-1*, it is noted
that “experience shows that most suitable water content falls within a small range of 3% below
to 1% above the OMC for most of the soil”.

*GUIDELINES FOR EARTHWORK IN RAILWAY PROJECTS, Guideline No. GE: G-1
(including correction slip no. 1), July, 2003, Geo-lechnical Engineering Directorate,
Research Designs and Standards Organisation Manak Nagar, Lucknow — 11, Ministry of
Railway, Government of India

For reference, the following is the related description about the appropriate water content range

in soil compaction on page 133 of “Manual for the design and construction of RRR
Geosynthetic-Reinforced Soil structures”.

Before spreading fill material at the compaction place, it should be confirmed that the water
content (w) of the fill material is not lower by 3 % and not higher by 1 % than the optimum
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water content evaluated by the standard laboratory compaction test using the compaction
energy level (CEL) equal to Modified Proctor (4.5Ec), [Woplssee, SO that the maximum dry
density with respect to water content, or a value close to that, is achieved in the field
compaction controlled fo be performed at a CEL of the order of 4.5Ec. To ensure that the
compacted state is satisfactory, it should be confirmed that all the measured values of the
degree of compaction, D., are at least the specified lower bound value (typically 95 %). D. is
defined as the ratio of the field dry density, pq to the maximum dry density, [pumaxfesec, times
100 %.

2. Reconfirmation of the compaction control of backfill for the approach block of GRS bridge

abutments

(Notes complementing the contents of TS 4.4.2.3 Table-15)

The following four criteria should be satisfied as one body:

2dj

2-2)

2-3)

The performance rank | is required for the upper backfill supporting RC slab tracks. So,
according to Table 15 of “4.4.2.3 Criteria for backfill” of TS, it is required that each value of the
degree of compaction is at least 95%.

According to IS 2720 (Part 8), the maximum dry density to calculate the degree of compaction
is obtained by laboratory compaction tests using the compaction energy of Modified Proctor.

According to Table 15 of “4.4.2.3 Criteria for backfill” of TS, it is required that, basically, each
value of Ky is at least 150 MN/m2.

According to Cause 4.2.1, the requirement for backfill material is Group A.
[Complementary note] (the same as the one for item 1-3) However, since it is mixed with
cement, S class backfill of A group may also be used.

About the appropriate range of water content in soil compaction:

[Complementary note] (the same as the one for item 1-4) In short, the appropriafe range of
water content is between 3 % below and 1 % above the OMC determined by compaction tests
using the compaction energy of Modified Proctor.
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3. Construction details of GRS retaining walls and GRS bridge abutments
(Notes complementing the contents of TS 4.3.3, 4.3.4)

The followings are the complementary notes prepared to ensure successful construction of
geosynthetic-reinforced backfill and full-height rigid RC facing for GRS retaining walls and GRS
bridge abutments.

[Complementary notes]

3-1) The temporary facing unit of welded wire mesh described in the figure below should be placed
on the shoulder of each soll layer when constructing geosynthetic-reinforced backfill. The details
of this temporary facing unit are described in Section [3.2.6 Temporary holding at the wall face]
(pages 105 - 111 in “Manual for the design and construction of RRR Geosynthetic-Reinforced
Solil structures”).

A

GEOSYNTL:IGETIE? ;{,VRAPPING WELDED WIRE @ﬁmm@ TYPE)

Welded steel mesh for temporary holding of the backfill ("Manual for the design and
construction of RRR Geosynthetic-Reinforced Soil structures”)

3-2) The cement-mixed backfill for the approach block of GRS bridge abutment should be compacted
in the same day when the backfill is mixed with cement and water.

3-3) The full-height RC facing for GRS retaining walls and GRS bridge abutmenis should be
constructed after having confirmed that most of the deformation and settlement of the backfill
and the supporting ground caused by the construction of the geosynthetic-reinforced backfill
has taken place.

The RC facing is constructed by casting-in-place fresh concrete into a narrow vertical space
between the outside concrete formwork anchored in the body of geosynthetic-reinforced backfill
and the temporary vertical wall face covered with geosynthetic-reinforcement layers wrapping-
around the temporary facing units. An inside concrete formwork covering the temporary vertical
wall face should not be used so that the completed RC facing is firmly connected to both of: a)
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all the geosynthetic reinforcement layers; and b) the temporary facing units of welded wire mesh
that are wrapped around with geosynthetic reinforcement layers, which becomes an important
structural component of the completed GRS structure.

(Reference; [3.2.8 RC Facing Work] of “Manual for the design and construction of RRR
Geosynthetic-Reinforced Soil structures”.)

4. Full scale test
(Notes complementing the contents of TS 4.3.2)

In Clause 4.3.2, it is specified that "backfill banking is to be conducted before the actual
construction of earth retaining structure”.

[Complementary note] It is required to confirm the following items that are to be applied to the

construction of GRS structures by performing a full-scale test and analysing the results of the test:

1) Confirmation of the properties of the construction materials (including the geosynthetic
reinforcement and temporary facing unit) that are to satisfy the requirements described in TS.

2) Organization of detailed step-by-step construction procedure that follows the descriptions in
TS.

3) Confirmation of the smooth construction when following the procedures prepared in Step 2)
above.

4) Confirmation of the ranked performance of constructed structures, including the Kso value, the
degree of compaction and the water content specified in TS and indicated in the
complementary notes.

5. Manual
(Notes complementing the contents of TS 1.2.6)

[Complementary note] “Manual on Design and Construction of Geosynthetic-Reinforced Soil

Retaining Wall” that is cited as one of the documents that are to be referred to in TS means
“Manual for the design and construction of RRR Geosynthetic-Reinforced Soil structures.”
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Il. Third workshop [21-25 October 2024]
(In India with visiting GRS Bridge Abutment at C4-ES2)






lI-1 Workshop agenda including the list of participants

jlea) A

National High Speed Rail Cosporation £ i

’\DBl.:nHIiIuI(‘

FAPAN RALLWAY TUCHNICAL SERVICE

JICA-NHSRCL-ADBI-JARTS Knowledge Sharing Workshop (Hybrid)
Construction method and Quality Control of Geosynthetic-Reinforced Soil (GRS) structure for
High-Speed Rail

Date: 23 & 24 October 2024
Time: 09:30 —15:10 IST/ 13:00 — 18:40 JST

Venue: 23 Oct: Construction Site in C4 Package (Vapi)

24 Oct: NHSRCL Office, Swastik Universal Building, Opposite Central Mall,
Dumas Road, Rundh Surat, Gujarat-395007
Organizing Partners
Japan International Cooperation Agency (JICA)
National High-Speed Rail Corporation Limited (NHSRCL)
Asian Development Bank Institute (ADBI)
Japan Railway Technical Service (JARTS)

Supporting Partners
High Speed Rail Innovation Center (HSRIC)

Background

Quality control during the construction of civil works is crucial, more so for High-Speed Rail (HSR),
to ensure the safety of operations and the durability of assets. In India infrastructure for
transportation sector i.e. expressways, metro rail, suburban railways etc. are being constructed
at a very fast pace. Indian government agencies and private sectors have gained lot of experience
in dealing with challenges relating to ensuring quality control. If quality is not ensured during the
construction stage, it may lead to reduction of the service life of the infrastructure, increase
maintenance efforts and cost, decreases the reliability of the asset operations and increases
waste generation in the system.

This knowledge sharing workshop on Construction method and Quality Control of Geosynthetic-
Reinforced Soil (GRS) structure for High-Speed Rail is being organized at a very opportune time
as GRS structure construction works on MAHSR are just started. This will provide an
opportunity for exchanging knowledge among various stake-holders involved in design,
construction, supervision and manufacturing of materials for RE wall from both India as well as
Japan.
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23 Oct 2024 - Field Trip

Time (IST)

Agenda

9:00-11:30

Travel from Surat to Vapi construction site

11:30-13:30

Outline of the Construction Site
(by L&T and TCAP) and Site Visit

13:30-14:45

Lunch

14:45-17:30

Travel back to Surat

24 Oct 2024 - Workshop

Time (IST)

Agenda

9:30

Registration and Coffee

9:45

Opening Ceremony

9:50-10:05

Inaugural Session

9:50-9:55

1. Inaugural Remarks 1: Mr. Vivek Kumar Gupta
(Managing Director NHSRCL)

9:55-10:00

2. Inaugural Remarks 2: Mr. Takuro Takeuchi (Chief
Representative, JICA India Office)

10:00-10:05

3. Inaugural Remarks 3: Mr. Itsuki Koshiishi (Vice
President, JARTS)

10:05-11:35

Session 1: Experience in Japan

10:05-10:10

Introduction of the Chair and Session Speakers
Session Chair: Mr. Yoshihiro Kumamoto, JICA Expert

10:10-10:25

Expert Presentation 1: Development of RRR and Its
Application in Japan

Session Presenter 1: Dr. Susumu Nakajima (Laboratory
Head, RTRI)}

10:25-10:40

Expert Presentation 2: Construction and Precautions for
Reinforced Embankments in Japanese Shinkansen
(Tentative)

Session Presenter 2: Dr. Shin-ichi Tamai (Director-General for|
Railway Technology, JRTT)

10:40-10:55

Expert Presentation 3: Key Construction Procedures for
RRR-GRS Retaining Walls and Bridge Abutments
(Tentative)

Session Presenter 3: Mr. Takuya Kosaka (Chief Secretariat,
International Association of RRR Construction System)

10:55-11:10

Expert Presentation 4: Maintenance of Earthworks and
Disaster Prevention
Session Presenter 4: Mr. ltuski Koshiishi (Vice President,

JARTS)
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11:10-11:25 | Expert Presentation 5: Disaster prevention measures for
earth structure sections at JR East

Session Presenter 5: Mr. Satoshi Takisawa (Manager,
Structure Engineering Center, JRE)

11:25-11:35 Q&A

11:35-11:45 Coffee break

11:45-13:00 Session 2: Experience in India

11:45-11:50 | Introduction of the Chair and Session Speakers

Session Chair: HL Suthar (Principal Executive Director/Track
& Design, NHSRCL)

11:50-12:05 | Expert Presentation 1

Session Presenter 1: Dr. G. Venkatappa Rao (Visiting
Professor, lIT Gandhi Nagar, Chairman, Geosynthetics
Technology Advisory Services LLP, Jaipur, India
Former Professor & Head, Dept of Civil Engineering, and
Dean, Indian Institute of Technology Delhi, India)

12:05-12:20 | Expert Presentation 2

Session Presenter 2: TBA (NHSRCL)
12:20-12:35 | Expert Presentation 3

TBA (L&T)

12:35-12:50 | Expert Presentation 4
TBA (TCAP)
12:50-13:00 Q&A

13:00-14:00
Lunch Break

14:00-15:00 Interaction Session

14:00-15:00 | Open Discussion on issues on the Earth Structure
¢ Session Chair: Dr. K.E Seetha Ram (Senior
Consulting Specialist, ADBI; Visiting Professor, The
University of Tokyo)
e [nvited Discussants:
o Dr.Rao (lIT)
Dr. Shinichi Tamai (JRTT)
Dr. Susumu Nakajima (RTRI)
Mr. Itsuki Koshiishi (JARTS)
Mr. Satoshi Takisawa (JRE)
Mr. Noriaki Ebii (RRR-I)
Mr. HL Suthar (NHSRCL)
TBD (TCAP)
o TBD (L&T)
*Interaction Session

O O OO 0 O O

15:00-15:10 | Closing Remarks:
Director Project, NHSRCL or Director Works, NHSRCL
Dr. KE Seetharam on behalf of Dr. Byungsik Jung (Deputy Dean, ADBI, Tokyo)
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List of participants

NO. Name Organization Possition Remark
1 |G. Venkatappa Rao 1T Presenter
2 [Shinichi Tamai JRTT Presenter
3 |Susumu Nakajima RTRI Presenter
4 [Satoshi Takizawa JRE Presenter
5 |Takuya Kosaka RRR-I Association Presenter
6 |Tomoki Kuraoka JRE Attendee
7 |Yasuyuki Kawanakajima JRTT Attendee
8 [Noriaki Ebii RRR-I Association Attendee
9 [Duttine Antoine RRR-I Association Attendee
10 |Hajime Yoshida JIC Attendee
11 [Vu Nhat Linh JIC Attendee
12 |Shinji Morimoto JICA Host
13 |K. E. Seetharam ADBI Host
14 |ltsuki Koshiishi JARTS Host
15 |Vivek Kumar Gupta NHSRCL Host
16 |H L Suthar NHSRCL Host
17 |Yoshihiro Kumamoto JICA Expert Host
18 |Koji Takano JICA Expert Host
19 |Anil Khare JRE Assistant
20 |Ms. Ryoko Nakano JRE Assistant
21 |Sri Satish Chourasia NHSRCL CPM/Vasai
22 |Sri Seemanchal Padi NHSRCL JGM/Mumbai
23 |Sri G V Dahake NHSRCL DGM/Civil
24 |Sri Vipin Kumar Bansal NHSRCL SrMgr Design
25 |Dr. Amit Prashant IIT-Gandhinagar Professor
26 [Dr. Kolli Mohan Krishna |IT-Gandhinagar Research Associate
27 |Prof. Murali Krishnan IIT-Tirupati Professor
28 |Mr. Pranav Kumar DRA, D-1 Package VP Technical
29 |Mr. Keshav Rao TCAP (PMC-Civil) Chief Geotechnical Engineer
30 [Mr. Sanjay Bhargava TCAP (PMC-Civil) Chief Resident Engineer
31 |Mr. Satish Naik BGPL (Best-Geotech), Director
32 |Ms. Annaluru Usha L&T DGM
33 [Mr. Rajkumar K L&T JGM
34 |Mr. Akhilesh Kumar Singh L&T Sr Const Mgr
35 |Mr. Noriyuki Kurihara JIC Adovisor
36 [Dr. Fumio Tatsuoka RRR-1 Association Professor emeritus
37 |Mr. Yukihiko Tamura RRR-I Association President

%) In addition, other local consultants, contractors and NHSRCL staff will participate
%) Web cast will be available.
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lI-2 Pictures at construction site and workshop
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Oultling and matters ne ry ta achisve
sufficient perfarmance of Geosynthetic
Reinforced Soll structures
for high-speed rallway

Maintenance af Earth St_ﬂ:lx:tures:'amd
Disaster Prevention

24 Qct. 2024
Frsuki KOSHIEHT

ol B S G0
ettt
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I-3 PPT presentations

1I-3-1 Susumu Nakajima (Railway Technical Research Institute)

JICANHSRCL-ADBHARTS knowledge Siaring Workshop {Hybriz)
Constructicn mztad and Qua ity Contil o° Ceasvnth=tic-Reinforced Soil {CRS) structure for Hizh Saeed fai
24 Octobor 2024, 3130 1600 5T/ 1300 19:3005~

Outline and matters necessary to achieve
sufficient performance of Geosynthetic
Reinforced Soil structures
for high-speed railway

Susumu Nakajima

E-mail: nakajima.susumu.99@rtri.or.jp
Laboratory head of oundtion and gaotachniza engineering lahoratery
Prailway Tachnicsl Researeh Istitute, Japan

Contents of presentation Japan

1. Outine and matters necessary to achieve suficlent performance of
Geosynthetic reinforced soil strictures for high-spead railway in Jasan
(Makejimz, RTRI)

2. GRS structuras along latest SHINKANSEN {Cr. Tamai of JRTT}

3. Key construction pracedures and their esecution for successful construction of
GRS rezaining walls and GRS bridge abutment (Mr. Kosaka of RRR-1)

4. Disaster orevention measures for earth structure sactions at J? East{Mr
Takisawa of IR-Ezst)

We hope the presentations fram Japanese members contribute to share Japanese experisnce
for the sake of successful construction of Mumbai - Ahmedabad high speed train.

Contents of this presentation

1.Geosynthetic-Reinforced Soil Structures used in high-speed rail in
lapan

2. Features of GRS retaining wall and GRS bridge abutment

3. Matters necessary to achieve sufficient performance
i. Staged construction

ii. Quality control of embankment and cement-mixed approach
block

iii. Material regulation

4. Summary

Aririp ircer
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GRS Integral b

Geosynthetic-Reinforced Soil Structures used in high-speed

railway in Japan
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a3 be intreduced by Dr Tamai
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rail in Japan
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Geosynthetic-Reinforced Soil Structures used in high-speed ntents of this presentation

rail in Japan
P 1.Geosynthetic-Reinforced Soil Structures used in high-speed rail in

Japan

Qverseas Sites
“Myanmar : 1
Vietnam (Thanh Hoa) 2
+ Indonesia
{South of Jakarta): |
(Bali) i

2.Features of GRS retaining wall and GRS bridge abutment

3. Matters necessary to achieve sufficient performance

i. Staged construction

ii. Quality control of embankment and cement-mixed approach
block
Material regulation

J v 15 r
34(2) ! E
286(2

324(90) {2) 307(53)
GRS bridges: 199{GRS abutments : 185+GRS integral bridges : 14) 4.5ummary
Sum of GRS retaiping wall and GRS abutment ; 1,444

Bridge girder

|
: High stability thanks T N Geonri |
to the reinforcement Connected ~..__~: / reinforce- |
= /A ment
i RC faeing N =
Facing | (abutment) = — Uncemented

Cement mixed gravel, backfill
reinforced with geogrid \
layers

[T

acquisition cost

Thin wall facing and
no wide footing

7

N

i

. ® Composite and united structure consisting of the continuous rigid wall facing,

@ Composite and united structure consisting of the continuous rigid wall facing, well-compacted backfill 2nd selected reinforcement.
well-compacted backfill and selected reinforcement. ® Large dead load from bridge girder and selsmic inertia force are supported by the
RC facing and cement mixed approach block as the one structure, so firm

connection between RC facing and approach block is crucial requirement.

ents of this prese on
RR-GRS bridge abutment 1.Geosynthetic-Reinforced Soil Structures used in high-speed rail in
Japan

Matters necessary to achieve sufficient performance

Bridge girder

Connected
& CONTINUDLS

RICIO FACING. RC facing
(abutment) [~

2.Features of GRS retaining wall and GRS bridge abutment

Cement mixed gravel, backfill
reinfarced with geogrid
layers

3.Matters necessary to achieve sufficient performance
i. Staged construction
ii. Quality control of embankment and cement-mixed approach

o

Gaotaxtle

o

® Composite and united structure consisting of the continuous rigid wall facing, block
well-compacted backfill and selected reinforcement i s ' Embankment matetial
: e iii. Material regulation {. ceosynthetics
Staged construction | | Material regulation Sufficient quality control  Welded wire-mesh
{embankment material, especially for embankment
reinforcement, welded wire mesh ) | | construction 4.5u mmary
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Why is staged construction necessary in GRS abutment and GRS

Detail will be explained by Mr. Kosaka:

By not assembling a formwark on the
backside, frash concrete ean be alsa filled
inta the embankment, thus th

and embankment are firm

Cast in place concrete using formuwork
both front and backside >
Construction of embankment or
approach blode

Wall facing will be damaged by
embankment deformatian in the
construction pracess, and mers seriausly,
wall and backfill will behave separately. This
situation is not assumed in desizi

Why is material regulation needed ? (1) Em
control needed?

nkment material

_| Ballasted track [| RC slab track

J Only very small settlement is allowed hoth for backfill and subsoil.
® Forrequired serviceability, tatal settlement after placing the stab track should be restricted less
than 30 mm for the design life.

® Forrequired servi only 10 mm of of the subsoil is allowed in 10
years.

® For required restorability , only 100 mm of residual settiement is allowed even after a massive
earthquake.

Material and control which are in the repared |
for MAHSR project, must be correctly understood and operated.(Both ebarkent ot regulation and |
quality control in Japan are explained by Dr. Tam:

Gener:
actions

ions [neluding
2 seismic load

Item

Standard
tensile
strength
Material
cottzeion
facter
Characterisc
tensile
stigngth

deemnediaenails
‘aocourt vaatilty

L HH

=08

To= 8+ Tkim

Depencing on types of
‘aion, vith o abrsined
eipetimentaly

Materid factors | £,=04-07 £,=07-10

£,=08-055 l

Design teneile ==
stength Temfy Takir)

Action cambination
Pemanent action

Permanent action  variable action {train)

Permanenl actinn —seismic action (L1 seismic
ground motion) +secondary variable aclian
Permanent action — seismic action (L2 seismic
around motion) + secondary variable action

During construction

@, Reduction factor considering alkaline resistance N .ﬁ 2
a: ! Reduction factor related to damage during construction 15
a; | Reduction factor related to creep ot

. Reduction factor for momentary load

ar  Reduction factor related to train load Reinforcement are placed in

high alksline cireumstance !

Why is material regulation needed? (3)welded wire mesh

The first function of welded wire mesh Is a temparary
holding 1 keep the embankment gradient vertical,

* Large deformation will take place if the welded wire
mesh is nat strang enaligh against :umhm:ﬂun load.

The other function of the wiremesh is
ta Suppart the fortmworl from the
reinforced embankment side through
the L-shaped steel to prevent the
formwork from deforming due to side
pressure during tast in place
concrete

 immtion e e

= Concrete formwork may deform during
cast-in place eoncrets execution, if the
welded wite mash Is not strong enough
against horizontal Inad.

To seaire the desired shape ot the completion of construction, it s
Impartant to select an appropriate temporal support materlal and to
nsure the aczuracy of the < of the reinforced

S of rea2on s elsiuing

ents of this prese (o]

1.Geosynthetic-Reinforced Soil Structures used in high-speed rail in
Japan

2.Features of GRS retaining wall and GRS bridge abutment

3.Matters necessary to achieve sufficient performance
i. Staged construction
ii. Quality control of embankment and cement-mixed approach
block
Material regulation

4.Summary
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Bridge girder

Connected

RC facing
(abutment)

|Uncemented
|oackil

reinforced with geogrid
layers o |

™

[ RRR-GRS bridge abutment |

® Composite and united structure consisting of the continuous rigid wall facing,
well-compacted backfill and selected reinforcement.

® Large dead load from bridge girder and seismic inertia force are supported by the
RC facing and cement mixed approach block as the one structure.

Staged construction

Material regulation
{embankment material,
reinforcement, welded wire mesh )

Sufficient quality contral
especially for embankment

construction

Thank you for your kind attention!

Comments after site survey
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1I-3-2 Shinichi Tamai (Japan Railway Construction, Transport and Technology)

S uemeni| | Today's Topics E;mm%

GRS Structures along Latest SHINKANSEN ) ) ,
» History of elevated lines and embankments in

JIGA-NHSRCL-ADBI-JARTS Knowledge Sharing Workshop Japanese H3R
Construction method and Quality Control of GRS structure for HSR

Z4i0ctolish 2024, Sorat » Application of GRS structures

— #How to build quality GRS structures
TAMAI Shin-ichi ;

Japan Railway Construction,
Transport and Technology Agency (JRTT)

1 I — Transport and Tachnology Agency 5
Intrinsic Safety of SHINKANSEN Susem | Construction of Elevated Lines 1G © sannn
First SHINKANSEN : Tokaido (1964)
Embankment
/"\\Tunnel

s 5

Elgvated Line

Construction of Elevated Lines 2G S el |Construction of Elevated Lines 3G  gaaunn
~1982 1989~
Embankment Bridges & viaducts GRS structures
ATunmel Embankment Bridges & viaducts
= n N " T " ,‘\\Tunnel

T

||

| | 111

S e st 0 Toanspor st Tecn OAE AGEIEE 6

il e
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GRS Structures Around Tunnel Portal wunEigs | GRS Tunnel Entrance Protection 7, BEER
< GRS Tunnel Entrance Protection GRS Embankment
= Nail-Reinforced Sofl (NRS) Retaining Wall
Enlrance wall
(concrete facing)
Tunnel
lining
" T 5
NRS Retaining Wall %ﬁﬁ'ﬁﬁﬁ“ Elevated Line by GRS Structures = il EER
Nail Reinforced Soil (NRS) GRS Retaining Walls
« Nailing bar T Nailing bar RC roadbed

Caoncrete
wall

"_:/ {short)

Anchored
retaining wall

Concrete g

Elevated Line by GRS Structures

{Long)

Reinforced soil
retaining wall for
natural ground

i

S mranns
e

GRS Bridge Abutment

Abutment

Approac|

- lightly-cement-mixed gravelly sail

- reinforced by gen

h block

grid

<< dugnn Rabway Constucrion. Travsport and 1

Grade slabilized crushed stone

Face wall

TGeogrid
Gravel gabion
3

GRS Abutments S wzmans
=S

Pulling test of actual GRS abutment

|
GRS Abutment

ot ion. T ind Teshnoloay Agency 3 |
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GRS Integral Bridge

T s Evne

i

. d= 12 mm for no damage fimit strain = 3 %
Flexibility of GRS Abutment when uniform in a 400 mm.-ide zone

b = 20 mm for fallure strain = § %
N when unfform in a 400 mm-wide zone
800
i Total rupture strength of whole geogrid
B00_t=== —#| strands when strained uniformiy

Laterai load (kN)

Case4 ||

& rupture in part of ihe geogria

10 20 30 40 5 6 70 80

Lateral facing displacement. d (mm)

GRS Integral Bridge

Elevated Line by GRS Structures %ﬁ'ﬁﬁm Combination of GRS Structures and Viaduct ,%'*@'mﬁ
: =

o g Ry Gomsitueion. Travepur e o 1 T —— n ol 1

Application of GRS Structures S gaannn Requirements for a good embankment S pemnng

i

it

The depot and the power substation

Common regardless of reinforced
or conventional embankment

s
Supporting Soll ;
I rtant
Sapstal ground  Materials LRt |

Upper embankment
Malerials : Group Algravel)
Koemvaluss TIOMN/m® aor maore

(:ement-stabilized D-walue* : 95% or mora
approach block Lower embankment
Materials : Grade statilized cruzhed stone Waterials : Group Atgravel)

Kyp-varue*: 150MN/m3 or more
D-yalus* :83% ur mare:

Supporting ground

Nowaliyelgravel . sandy) © 20 ar moralna sisk of iquefaction)

N-value{cahesive) : 401 mere(adequate over censolidation under
erbankment load and no stability or setlement praalems)
* Degree of compaction

Fxamples of Performance Ronk || UJapan)

D-val.c* : 0% or maic

o Ry Gomstrusion, Tr

3|
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Supporting Ground

S s Evns

i

Supporting Ground

T voanng

i

Settlement Observation

time

settlement

ompletion of

embankment

5o
39 - g
oo ca
c T 'énm
Lo =
o o5 ug
T > <
g as
o

o

/

——— g 10mm or less

10years

Adjustment of Rail Level

Ballast track

o T o
5 ) 7 " 7. yeemp ]
Supporting Ground = wlEEs | Soil Materials = il EEER
Track Inspection Particle size distribution
. Fine fraction | Coarse fraction |
. ? yaluatinn on Settlement / Deformation | if;f ) IE ‘;;J,., 2|"‘1 1 ; il AT
z 0 F e (Dot |
T, o0 1 |
57 b o i OK|
% 20 i — ] ‘,'f}& L L1
R~ i . Y ‘ ‘ | |
[IXTL0] .6 D1 i1 Dsp i Deo gy 100
Particlo size {mmr}
Group code : Group A (Japan) =
Soil Materials S saznes | Compaction < seguns

Dry density : 04

Compaction test

B [

Compaction
X curve

Wy

Maximum dry density
(By Compaction test)

Dry density
(By Compaction test)

Degree of Compaction

+ +

-

® Test Location (Site density test)

Lower embankment

Upper embankment
Roadbed

D-value=0 4/ 0 e % 100 |

2, (in-situ)*
¢ 4 émax
Y

Dry density

L-% X 2 e

Maisture content

Moisture content : w d *Density of soil in place .
Example of an embankment with double track By st 2ansity.bast)
s BT il Pl e e e = = |
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Compaction

S s Evns

T

Notes on GRS Structures $ raanna

Degree of Compaction
& Test Location (Plate loading test)

Roadbed

+ +
RC Roadbed =

Upper embankment

Example of an embankment W\'ﬂwwglouble track

Kjp-value

load

settlement

»To build a GRS bridge abutment, approach block just
behind the abutment wall should be compacted well.

#» Concrete wall should be casted after the confirmation
of finalization of the settlement of the embankment.

# GRS that is body of embankment and concrete wall
should be connected firmly.

Notes on GRS Structures

S sasrnn

Notes on GRS Structures T v

Connection between GRS
and concrete wall

Firm connection

30 cm 30 om

Seil
bag
Backfill

o ol )
= Geogrid i
E4

—

concrete gteel reinforcement

E
o
[=3
@

30 cm

Farm

1) Leveling pad
for facing

e B

3) Backfilling~

& compaction -

5) Campiélion of

—rapped-around wall RC Jacing

Gravel gabion

I Geosynthetic

2) Placing geosynthetic|
& gravel gabicns

==

4) Second layer

6) Casting-in-place

Thank you for your attention :

Gravel gabion

i Gepsynthetic

2) Placing geosynthetic
& gravel gabions

Connection between GRS
and concrete wall

o 1) Leveling pad
e, for facing

4) Second layer

3) Backf\l\‘lf-fgx__
& compaction -

_5) Completion of 8) Casting-in-place

apped-around wall | RC18CINg, ssmer
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11-3-3 Takuya Kosaka (International Association of RRR Construction System)

JICA-NHSRCL-ADBI-JARTS Knowledge Sharing Workshap {Hybrid)
Construction method and Quality Control of Geosynthetic-Reinforced Soil (GRS)
structure for High Speed Raif
24 Qctober 2024, 09:30 — 16:00 IST/ 13:00 — 19:30JST

Key Construction Procedures for
RRR-GRS Retaining Walls and Bridge Abutments

RRR-GRS Retaining wall

RRR-GRS bridge abutment
e ] L E—
j = Jceuns

International Association of RRR construction system (RRR-1)
Chief Secretariat Takuya KOSAKA &:RRB

Five key construction procedures for RRR-GRS structures -1/5

(1) The use of geosynthetic-reinforcement (i.e., geogrid) having a high durability
against high pH (because of direct contact with concrete): and a high pull-out
strength in the backfill and concrete, in addition to a high rupture strength.

Temparary lacing unit -
it =

Geasynthetic Reinforcement (Gengrid)

The material quality must satisfy TS

1) Constructian of RRR-GRS
wall win the use of FHR facng

Five key construction procedures for RRR-GRS structures -2/5

(1) The use of geosynthetic-reinforcement (i.e., geogrid) having a high durability
against high pH (because of direct contact with concrete); and a high pull-out
strength in the backfill and concrete, in addition to a high rupture strength.

(2) The use of temporary facing units that satisfy contradicting requirements:

a) flexible enough to accommodate the deformation of the backfill and subsoil
caused by the construction of the backfill: and

b) strong enough to be stable against the earth pressure and compaction forces
during wall construction. o -

Temparary facng uri:
(defarmmable enolgh
&strong enough)

1) Canstruction of RRR-GRS
wall wio the use of FHR facing

Five key construction procedures for RRR-GRS structures - 3/5

(3) The use of backfill of high quality; good compaction; and confirmation of high
quality of compacted backfill.

Compaclion

Temporary facing urit
{deformable enough
& strang enolight

1] Constructian of RRR-GRS
wal who the use af FHR facing

Five key construction procedures for RRR-GRS structures - 4/5

(3) The use of backfill of high quality; good compaction; and confirmation of high
quality of compacted backfill.

(4) Confirmation of sufficient settiement of the backfill caused by its construction
before the construction of RC facing (i.e., staged-construction).

Comeacton
00

Tamporary faeing urit 18
(cefarmatis enough
& strong enough)

1) Construction of RRR-GRS
wiall i the Use of FHR fasing

2) Settlement of
backiill & subsoil

Five key construction procedures for RRR-GRS structures - 5/5

(5) The construction of full-height rigid (FHR) facing by casting-in-place fresh
concrete after the end of the settlement of the backfill

When constructing the FHR facing, all the geosynthetic-reinforcement layers
should be firmly connected to the back of the FHR facing.

Finn connettien between FHR

Gompactian facing and all geosjthetic Isyers
- 04

Temporany facing unit Orein hols
(deformable snough

& strong enaugh)

Geogid

11 Construcion of RRR-GRS
wall wio the use of FHR facing

3) Canstrution af FHR facing

-17



Construction of full-height rigid (FHR) facing
after the construction of reinforced backfill

Depot for High Speed Railway (Shinkansen) at Biwajima, Nagoya, Japan 1990 - 1891
- average wall height= 5 m & total wall length= 930 m

Before the start of Completed bac|
construction

waitiag forthe éndof
e plefonmation’of ek
bacldilf and'subsoit

B

‘ Atypical RRR-GRS RW with FHR facing

Re-construction of a gentle slope to
a vertical wall for the depat of HSR
(Shinkansen) at Biwajima, Nagoya

‘ Foundation of

Anchor element
flength = 1 m) frame structura
L feogrd

I}
AC facing, | 2

Only insignificant defarmation of the
embankment during reconstruction
was allowed |

Construction | ¢
inint {GJ)

Construction procedures for RRR-GRS structures

* waloed sre

[ % Excavation /Leveling of Ground and Facing Foundation |

| b) Preparation and cutting/Installation of Geogrid

o Leve mgpez &
rrmhscie o =
it

[[d) Preparation and Sproading of Crushod Stone and Back(ill

1
[= ion of Grusher Run and Backfill

i

of e st sl eyt

| &1 Arrangement of L-shaped Temporary Facing Unit ]
\
|
|

i T Eae by [a

backfill

T
of the propertics of
I

[ 2 Wrapping Around of Tempaorary Facing Unit with Geogrid

[ h) Finishing of Backfill Construction |

T
[ Observation of Deformation of Backill and Subsoil |
1

[ ion of full-height RC facing

Six key construction steps for RRR-GRS retaining walls (1/6)

*wiaides siow)
e iealy

=
£

1) g e G q A
o par ol
B e

= e Tt e =
K3 tmTier e e

Arrangement of geogrid {before wrapping-around of
L-shaped temporary facing unit (Welded steel wire meshj)

= T
Arrangement of L-shaped temporary facing unit
(Welded steel wire mesh)

Phots courtesy : TAISEI Go, Ltd

Six key construction steps for RRR-GRS retaining walls (2/6)

=

A Lavenapes & 7 Paeg
sirbaded cart [
Moy e

% Fmalling & =
o ohe irst zol leyer

Spreading of backfill
Photo courtes:

1
TAISEI Co., Ltd.

Six key construction steps for RRR-GRS retaining walls (3/6)

ey he st gesar
&S tnrE Gy

s

Density {est by the sand

cone method
The water content of the backfill is not lower by 3 % and not
higher by 1 % than the optimum water content evaluated by
using compaction energy of Modified Proctor.

Compaction of the hackiill

2y Freznd e

The dry density of compacted soil is at east 95 % of the
maximum dry density by Modified Proctor.

Phato courtesy : TAISE] Co., Ltd. |
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Six key construction steps for RRR-GRS retaining walls (4/6)

Completed backiill,

Wl e

tongid

waiting forthe énd.of

e jefomation o =

backfilf andisibsot
=

3 oo g & somprcion 4 Fecand leyor

e ezt 20l Iyt

Six key construction steps for RRR-GRS retaining walls (5/6)

A rrlma A A
meczzapat e
S

he st g
atemparary fac eg

after the construction of
FHR facing

g Gl
Zaddil

af .21 %l g

Zeal b

Six key construction steps for RRR-GRS retaining walls (6/6)

Mote: the procedure is basically the same when using welded
steel wire mesh in place of gravel bags as temporary facing units.

wakdea

) Pl g e Tl gl
® 22+ 4 ¢ bamrraray farimn
untt I

| This stel rod is act a permanant member.

| et expested ta funation far wall statilty
dvew aem Y

ST v

Gamesion

n
< aun kil

1
1
o zmogid 1

5 Baaafling 2 surp=stan

=1 7 Seconed ye
o el ol e

Some fresh concrete enters the gravel-filled bags or welded

regrery PR | steel wire mesh through the aperture of the geogrid.

= Then. FHR facing & geagrid layers are firmly connected to

b =rsorrg) i
‘ each other, 13

Construction Procedures
of RRR-GRS Bridge Abutment

[7] Shallow graund improvement
when nacessany

Construction Pracedures
of RRR-GRS Bridge Abutment

Shallow ground impreve
For High Speed Railway (Shinkansen) AT RacasART

13.4 n-high, Mantara site, Hokkaida

[Approach black of cement-mixed gravelly sail |

Sufficient settlement of the backfill should
have taken place before the construction of
the RC abutment structure (i.e., FHR facing)
that is firmly connectad to the approach black

QOct. 2011

Construction Procedures
of RRR-GRS Bridge Abutment

Step 4 (the construction of RC abutment structure
{i.e., FHR facing) is after steps 2 & 3 (the construction
of approach backfill).

© , [] Shellow ground improvement
For High Speed Railway (Shinkansen) e

13.4 m-high. Mantaro site, Hokkaido

Under canstruction =
Oct. 2011 14
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Construction Procedures
of RRR-GRS Bridge Abutment

Step 4 (the construction of RC abutment structure
(i.e., FHR facing) is after steps 2 & 3 (the construction
of approach backfill).

Shallow ground improvement
when tiecessary

For High Speed Railway (Shinkansen)

13.4 nehigh, Mantaro site, Hokkaido Setting of bearing shoes

U e |
Under construction £
Qct. 2011

Construction Procedures
of RRR-GRS Bridge Abutment

Step 4 (the construction of RC abutment structure
{i.e., FHR facing) is after steps 2 & 3 (the construction
of approach backfill).

Shallow ground Improvement

For High Speed Railway (Shinkansen) Vieh tioosseaTy

13.4 m-high, Mantare site, Hokkaide

Under censtruction §
Qct. 2011

Completed
Aug. 2012

What is Cement-mixed gravelly soil?

emer C 3 is often used for important railway
structures allowing a limited amount of deformation,

abutment structure and geosynthetic-reinforced cement
elly soil are to resist against girder lateral
forces and earth pressures,

Well-graded gravel
(5 class of Group &)

Lo Bkl
Adustment of moltute cobtant of
Backiil

Sample (1) of RRR-GRS Bridge Abutment under Construction
completed 2020, Shimo-shinjo No. 1, Hokuriku Shinkansen

Scaffoid frame. Iﬁ
=

Sample (2) of RRR-GRS Bridge Abutment under Construction
viaduct, 2018

1. Bench-cutting of stable natural slope
2. Construction of geogrid-reinforced lightly cement-mixed gravelly soil

3. Compaction (@ 150mm height) and Compaction tests (@900mm height (3 layers)) of the backfill
(at least 95 % of {py) e and at w,, by Modified Proctar)

Sample (2) of RRR-GRS Bridge Abutment under Construction ‘
Sugamuta viaduct, 2018

4. Arrangement of geogrid layer
{*Both the geogrid for the abutments and that for the approach blocks may be |aid at the same time )

6. Completed reinforced backfill (waiting until settlement of the backfill and subsoil has been stabilized)

B, Completed RRR-GRS Bridge Abutment after the construction of FHR facing (w/o inner formwerk)
{*Constructing the RC abutment walls first makes it easier to set the external formwork for constructing
the RC approach block walls.) . .
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Two basic manuals (open documents)

T———— Manual for the design and construetion of

RRR Geasynthstic-Rainfarced Sail sructures

136 pages

RRR GRS Bridge Abutment

108 pages
]

Kby Tectausenl Reseonch st (RTRID

LT, | ipn iy Cens, I snd ecwogy gy (LTS

construction and maintenance of a large number of RRR-GRS structures for the last
about 40 years, including many for High-Speed Railways in Japan.

All the projects of RRR-GRS structures are successful, showing that the proper design
and construction following these two manuals is the must for successful projects.

llustration video
of Staged Construction Procedure of RRR-GRS RWs

Expansion joint "

Gabionyor Welded s

Before the start of construction

Foundation Work /1
(Excavation for foundation)

Excavation for foundation

Foundation Work 2
(Filling crushed stone)

Crushed stone

Foundation Work 3
(Leveling Concrete)

Leveling concrete

11-21




Foundation Work &
(Foundation of FHR facing)

Foundation
5]

Foundation Wark & (Backfilling)

Backfilling

Embankment Work (1)
(Geogrid Arrangement)

Arrangement of First Geogrid Layer

L=goomm

Arrangement of Geogrid Layers

Principal direction
of geogrid

Geosyntheatics (Geogrid)
*

Transversal direction
of Geogrid

Principal directian

%
— o Geourid

"

Basic Geogrid: Biaxial PVC Vinylon fibe

Overlapping of geogrid sheets

Geagrid averlapping

_ width 2000mm

about 100men  about 100mim
[ Principal direction

* & |& of oy
£
]
g .
W Tianswersal Direction
= e o i of geugrid
g
HES enarete facing 3
A
ek

[

Geogrid averlapping (width % 100mm)

Geagrid laying
Photo oourtesy : TAISE Co..

Embankment Work 2
(Atrangement of Welded Steel Wire Mesh)

Welded Steel Wire Mesh

670mm
300mm

Ltd
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Welded Steel Wire Mesh units

Standard type il
[unitimm) i

20133-260

Intersaction poirt is welded

Typlcal cimans o of rmetel mambar

Wtal memser
£ fix 21 wire mash un't fa the geogid layer

Embankment Work 3
(Arrangement of Geotextile Sheet
to Prevent Spilling out of Backfill)

‘Geotextile Sheet

Geotextile Sheet to Prevent Spilling out of Backfill

Geotextile sheet to prevent
spilling out of backfill

Arranged welded steel
mesh with geotextile sheet to
prevent spilling out of backfill

Photo courtesy : TAISEI Ge., Ltd

Embankment Work &)
(Placing Crusher Run)

Crusher Run

Placing Crusher Run

Embankment Work @’
(Spreading of Backfill Soil)

Backfill Soil

For performance rank | of RRR-GRS structure,
the backiill soil should be G (gravel) class of
Group A material.

Spreading of Backfill Soil

A backhoe (not bulldozer) should
he used to spread the backfill seil.

Epreadng of hack‘lil soil

Phote courtesy : TAISEI Co, Ltd
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Embankment Work (5 {Compaction)

Heavy Machinary

Hand-operatad
tamping

Hand-cperated
tamping

300mm |

Appropriate compaction of the backfill

) Wall face
Hand-operated tamping S 3 I ) S B

Ahuutl.Dml h 1t

iz
i mﬁmuﬁ

B Compaction within about 1.0 m next to the wall face by
hand-operated tamping .

Compaction of backfill soil
by hand-operated tamping =

Appropriate compaction of the backfill

Wall face

Hand-aperated tamping
(width = 1.0m)

Heavy machinery |

Geosynthetic

B The compaction in the direction parallel with the wall face.

W The start of compaction from the wall face side to deeper
locations step by step.

Compaction of backfill soil
by heavy machinery

Photo courtesy : TAISEI Co., Ltd.

Appropriate compaction of the backfill

Wall face
T

Hand-cperated tamping
(width*1.0m) ﬁ#
Heavy machinery

a

l BThe compaction in the direction parallel with the wall face.

Cy

W The start of compaction from the wall face side to deeper
locations step by step.

Compaction of backfill soll
by heavy machinery

Phats colirtasy : TAISE] Go, Ltd.

Appropriate compaction of the backfill

Wall face

Hand-operated tamping
(width=1.0m)
Heavy machinery

= E3
- GOOD!
B {

Geosyntheti

M The compaction in the direction parallel with the wall face.

W The start of compaction from the wall face side to deeper
locations step by step.

Compaction of backfill soil

by heavy machinery Phato courtesy : TAISEI Go., Ltd,

Inappropriate compaction of the backfill-1

Wall face

Hand-cperated tamping = —
(wridth=1.0m) FH

M The heavy machinery shall run in the direction parallel with the wall face.
Compaction towa-d the wall fare may rause

D looazn'ng of tha geogric ard
) the swelling out of the tomporary holding at the wall face,
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Inappropriate compaction of the backfill-1

Wall face
R I e ) 6 0 O o e LI L G S

1 i

Hand-operated tamping
h=1.0

(widtl m)
Il
- e >

EThe heavy machinery shall run in the direction parallel with the wall face.

Comaaelion teward the wall Tace may cause
(T Inosening of the geagrid and
& the swelling out of the tempatary hold'ng at the wall face.

Inappropriate compaction of the backfill-2

Well face
s i 1 5 e St

==

Hand-operated tamping

{width=1.0m) T
HE -

__m HE o= it {

B The compaction should start from the wall face side step by step,

5 Juosening ul the yeogrid and
1Z the swelling cut of the temporary holding at the wall face.

Inappropriate compaction of the backfill-2

Wall face
523 I 1 P 5 Y A PO

)l

Hand-operated tamping
(width = 1.0m)

B The compaction should start from the wall face side step by step.

Starz of compaction from a deap side far away fram the wall facs will couse:

D loosening of the geoprid and
@ the swelling sul ul the Lempurary holding al the wall face.

Inappropriate compaction of the backfill-2

Wall face
ETT ;130 1 R Y Y A 1 M

L 14

@ | o B

Hand-cperated tamping
{width=1.0m)

B The compaction should start from the wall face side step by step.

@ loosening of the geogrid and
@ the swelling out of the lemporary holding al \he wall Tace,

Inappropriate compaction of the backfill-2

Wall face

Hand-operated tamping -
(width = 1.0m) e

M The compaction should start from the wall face side step by step.

Star. of compaction from a des
D lonsening of the progrid a4d
D th lling cut of the temporary halding at the wall face.

side Tar away lrom the wall face will cause:

Inappropriate compaction of the backfill-3

Wall face

- i 551 U 5 ) 1 B
and-operated tamping T 3
{width=1.0m) i

-
B Heavy machinery shall not be stopped or turned suddenly,

not ta disturh the compacted backfll and the gengrid laysts.

[1-25
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Embankment Work (6
(Wrapping Geogtid around Welded Steel Wire Mesh)

abost S

Geogrid wrapping

\ TS
' Cruser (031

Embankment Waork @)
(Arrangement of Geogrid for Second Soil Layer)

Geogrid for sacand soil laysr

L=800mm.

Soil Compaction Control test
(every three soil layers)

Sail Compaction Control Test

h-900mm
(every 3 |ayel

method

Photo courtasy TAISEI Go. Ltd,

Construction of the Backfill to the Full Wall Height
(before the Construction of RC FHR Facing)

[ Construction to the full wall height |

Temporary facing support
of welded steel wite mesh

Construction of the Backfill to the Full Wall Height
(before the Construction of RC FHR Facing)

Deformation 2| Deformation

Temporary facing support
of welded steel wire mesh

b2

Continuous monitoring of settlement is necessary to
confirm the end of su nt settlement

RC FHR Facing 1) (Scaffold frame work)

Typical scaffold frame
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RC FHR Facing 2 (External Form work) (w/o |

External congrete form

RC FHR Facing 3 (Drain work)

L-shaped steel membzt
/[ imore than L-5:x 40mm)

Vertically srranged L shaped-steel

member to which the separators to =

fix external conci=te form are welded

Stael member to fix L-shapad
stesl member (D= 10mim) o
Separator .
(-8mm)
Separator s welded to
vertically arranznd
L-shrped slecl member

- e o B O s

Sacket{#75]

an Jv“)‘/, 0% Typical arrangement of drain pipe

(Flaced in ane lacation every 2 to 4 m2)

a0
Steel member for fixing L-shaped
stesl member

Installation of drain pipes

Typical method to fix extemal concrete form for

3 Typical method to arrange the steel member
the construction of FHR facing (w/o Inner farm) g .

to fix L-shaped steel members B Ed

RC FHR Facing & (RC facing work)

Completion
RC FHR facing by cast-in-place concrete

Cast-in-place fresh concrete so that
the welded wire mesh wrapped-

around with the geogrid and the RC
FHR facing are firmly connectad.

Completed FHR facing

" Completion of RRR-GRS Retaining Wall .
Photo courtesy : TAISEL Go,, Ltd :

Finally

"The Design and Canstruction Manual” and "the Illustration Videa” Thank you for your kind attention
for RRR-GRS Construction Methaod are available on the RRR-/
Association Website and can be freely downloaded.

HIF &A= 3 & foT teaare

https://www.rrr-sys.gr.jp/en/
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11-3-4 Itsuki Koshiishi (Japan Railway Technical Service)

Maintenance of Earth Structures and
Disaster Prevention

24 Oct. 2024

[tsuki KOSHIISHI

Characteristics of Earth Structures for Shinkansen

Percentage of Earth Structures in the Total Route Length

Tokaido Shinkansen (19564) approx.53%

Sanya Shinkansen (1975) approx.13%

Tohoku & Joetsu Sinkansen (1985) approx.4%

Other Shinkansen of JRE (1997~) approx.9% (increased)

=Maintenance of embankments on the Tokaido
Shinkansen line was difficult.
Improving reliability of earth structures through
the development of RRR method, etc.

Maintenance Issues related to Earth Structures(l)

Increasing Force (effect of Global Warming?)

Increasing Rainfall w“ =
Increasing Short-Time Heavy Rain Water

Decreasing Bearing Force

Progression of “Weathering" from Surface

Maintenance Issues related to Earth Structures )

Change of Surrounding Environment
(Housing Development, Road Construction, Tree Cutting, etc.)

« Change of Drainage Condition

Impacts from Third-Party Area outside
Railway Land

* Necessary to Pay Attention to Such Area

Key Points in Design & Construction of Earth Structures

Prerequisite: Civil structures are constructed
according to the design
{construction management, completion inspection)

Nevertheless, pay attention to the details of the

design and struction.

Viewpoint: Are drain routes and capacity appropriate?

Are there any gaps that rainwater comes in?

Measures to Prevent Accidents affecting Train Operation

egular Inspection by Site Office Engineers
2 Types of Engineer
Experts in a Particular Technical Field (usual)
Local experts who understand the changes
in the local area over time

(@Persistent Maintenance
Dredging Drainage to Prevent Blockages caused
by Trash and Waste, etc.
Cutting Adjacent Trees
Weed Control
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Special Requirement for Safe & Stable Shinkansen Operation

Shinkansen is a high-speed rail.

If an object strikes a Shinkansen train, there is a high
possibility of a serious accident including derailment.

In Japan, impacts from objects weighing even a few
hundred grams are considered problematic.
=Maintenance considering high speed operation is

critical. (Strict maintenance is required compared

to conventional lines.)

Basic Disaster Prevention for Earth Structures of Shinkansen

@ Operation Regulation in Extreme Weather
(Heavy Rain, etc.)

Speed Regulation
Suspension of Operation

@ Install protective facilities + prevent soil from
reaching the rails even if a landslide occurs.

Ensure enough distance from slopes
Protective fence as a double safety measure

Protective Fence as a Double Safety Measure

Concerned Incident about Shinkansen

Slope Failure outside
Railway Land above
Tunnel Entrance

Slope Failure aside of
Tunnel Entrance

Example of “Good Job!”

Example (Conventional Line)

Cutting Slope Failure on 24 June, 1987
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How was this video filmed?

* How was this place paid attention to?

* Who was monitoring?
Thank you for your attention!

* How could the time of collapse be predicted ?

* How was the train operation suspended?
=Deployment of trained front-line engineers is crucial.
It all starts with "noticing a change ".

Then, request support of expert engineers.

[1-30



JR-EAST

Disaster prevention measures for
earth structure sections at JR East

Structure Engineering Center, JR East
Satoshi Takisawa

1I-3-5 Satoshi Takisawa (East Japan Railway Company)

Disaster prevention measures for earth

Three initiatives to protect railways from disasters

Improving disaster resistance of structures .

Observe natural ferces and restrict train
operations when dangerous conditions arise

Detecting the accurrence of a disaster
and stopping trains befare reaching the site

Disaster prevention measures for earth

Operation restriction section for rain %

Conventional

Shinkan:
railway

Disaster prevention measures for earii SIUG re s o
Issuance and lifting of cperation restrictions for rain [Shinkansen | S

Since Aug. 2020

Intreduction of regulation using radarbased rainfall

£]|
3

“0kmin CB\E\I»JIB:EH using rainfall observed by weather radar

sbeed ractrictiol

. 180 kmth
v T spees restiction

Mo resirictions  Caution

1-haur precipital

| opesaior abiceon saenon
| G, ani i i i

24-hour precipitation {mm)

Overview of operation restriction

Train operations suspended,
when once-in-several-decades-rainfall is observed.

Digasler prevention measures for earth’
Rainfall disaster
prevenlian measures
[Shinkansen]
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-
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— Gedt o Whiete 0wzl 6_spe an waa Med Usan o pleler o =
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Disaster prevention measures for earih sl
Rainfall disaster
preventicn measures
[Shinkansen]

18kB20m Embankment

Hokuriky [Takasaki nganu]—‘
Ji 12

e researes
s

S\np_e protection

= st aor
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Disasler prevention measures for eartl
Rainfall disaster
prevention measures
[Shinkansen]

High energy absorsing
protection net

Hokuriku [Takasaki-Naganol
Jun. 2002

Protective tence

Prevention of soil inflow

eferon e e oo =1 plelon of e

e messres

and rockfall AL i s R T T T

Rainfall disaster
prevention measures

[Shinkansen]

404k530rm Embankrment

Tohoku [Koriyama: Mizusawaesas!
Dec. 2002

Slope protection

301kB40m Oka Tunnel

56 MOTKES _pil) €I AL o e MiaseLres

Disaster prevention measures for earth ¢
Rainfall disaster
prevention measures
[Shinkansen]

426K575m Minowa Tunnel
High energy absorbing
pratection net

foiie <
A26k500rm wamari

High energy absorbing

protection net

. | Tahaku [Koriyama-Mizusawaesashi]

Prevention of soil inflow §8
and rockfall i

e

0 upah corD 2hen < The e e
% im0 o el L TR

126K750m Protective fence

Disaster prevention measures for earil

Rainfall disaster
prevention measures

[Conventional railway]
-

Disaster prevention measures for ear

cut)

Landsl/de detection device

(Embankment)

Disaster prevention measures for earth

Rockfall detection device

Wire switch type

Safety awiteh
— T

~ Spiinn lo povont Wire olip
afinatbn

salay e ooy

e |
—E.e

« ca s by
ey eiidar s g i ¢
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Disasler prevention measures for earth

Disaster Prevention Information System

[PreDAS] Prevention of Disaster Alarm System
(B FRAE)  (R®) (¥ (¥

1) Cannect obsarvation equipment orline and callact data avtomatically
2) Observation daita can be grasped in real ume (efficient aperstion restnctions)
ions and data at the time of the disaster can be viewed

3) The history of operation re:

Disaster prevention measures for earth

Disaster Prevention Information System

Branch Offica {Cantral Unity
Branch Office  ceeden  (Dats storaga and
(Central Uniti {1 A analysis server)

Callscogn defice;

.’Dlsplam. i

Site Office’
o
R

Operatian restriction information

Extamal weather company

netwrk

SO
(Display 82VE=RFE oo mmynications Equipment Roam
(Apgregation Devize]
Termiral
squipment Seismometer| Rain gauge

== P — T —
o s

Scour detection device Water level gauge

meter Snow Depth gauge
- S

e el ‘I’?—"
} Rail Thermameter

—ge—
e e o Landslidz detecton device

Reference

RRR Construction System impl
Case of earthquake damage (Nii

Damage Situation

Under restoration

Damage Situation

RRR Construction System
Case of Yokohai

Under construction After construction

Railway line was added by constructing earth structures on the limited site.
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RRR Constructio
Case

RRR structure in under construction

RRR Construction
Case of Fukushii

T RRR sfructure was constructed within the limited space.

- b Ha y
On the other side, If there is enough space, earth
oo Slructure with slope was constructed.

Invarted figure

Thank you for your attention
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1I-3-6 G. Venkatappa Rao (Emeritus Prof. Indian Institutes of Technology)

TO ALL ESTEEMED EXPERTS, ENGINEERS AND DELEGATES
oF
JICA; NHSRCL; ADBI; JARTS; RTRI; JRE; RRR-I; L&T; TCAP

JICA-NHERGL-ADRI-JARTS Knowledge Sharing Workshop on

Quality Control of Geosynthetic Reinforced Earth Structure and Disaster Prevention for High-Speed Rail
>

Indian Experience with Geosynthetic Reinforced Earth Structures:
Key Considerations for Adapting Japan's RRR System

Presented by
Dr. G. Venkatappa Rao
Indian Institute of Technalogy Gandhi Nagar
Geosynthetics Technology Advisory Services LLP Jaipur

Components of Geosynthelic Reinforced Soil Wall — Indian Highways

Different Types of Reinforcement - Highways

Crash Bumier
}::I Pavement

_+ Reinforcement
Fasch <

Retained FilliSoil

Drainage Bay

Levelling pad =

Extruded Geogrid

% N

» Function
- To stabilize the reinforced fill
= To support the facing
« Properties
« Long-term tensile strength
< Interaction with soil
« Connection with facing
« Easy Installation

Welded geogrid

Commonly used reinforcements in India
» Metallic strips of galvanised stee|
+ Metallic grids and meshes of galvanised stee|

- Polymeric strips of polyester

Geostrap

» Geogrids of polyester and HDPE
» Geotediles of polyester RN R

snlunceinen)

Reinforced Fill - Highways

HW 15: 1 1
- Earth pressure _— __ BSBOOG(SHWEO0) IS ﬂ::a —
6 | & 7B|7C 7D
_x FHWA
o, =K yH Max Grain |
i 125|125 - |125 125 100 20 75
g _Lsing size({mm)
-y % Fines 15 15
l sing | ieB3/msp 5|5 = | e <15 <35 <15
% Clay
" - 0-20 020 v e
+ Soil = reinforcement bond <2
% Liquid limit = = - |=45/<45 = T
Pore-pressures Plasticityindex - | - - |<28/<35 <& =20 <6
» Installation damage mﬁ;::mtv SAEIEAT | < | 5% .
+ Durability of reinforcement I PP o N R

Facing - Highways

- Protection 1o reinforced fill against
ravelling, erasion etc.

= To prevent local failures

« To protect the reinforcement from
external weathering

« Formwork to reinforced fill under
campaction

= To have nice Aesthetics to wall

* Protection of the siructure from
external shocks and abrasions

Incremental concrete paneal
Block

\Wrap-around fascia
Welded wire mesh
Gabions

Full-height concrete panel

Fascia role Is not stabilizing reinféiced soil fase i ilexiblé-ticed feitiréed soll walls used in India
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General Design Considerations — Highways Flexible RS wall Common Causes for Distress in GRS walls in Indian Practice
Systems

= Inward batter is provided to accommeodate construction stage deformations.
« Non-uniformity of fill type within the wall

= Post-construction and operational stage deformation restrictions are not . "
* Low Compaction - quality control

stringent in highways . - 5
= Poor Foundation - global stability/settlement issues

= Generally, the creep of reinforcements is limited to 1% - Poor Construction and the presence of hydrostatic

* Post-construction setlements are limited to 100 mm in 10 years pressure.

Frmailir

.
S0Vl RS Wallsy

Geosynthetic Relnforced Soil
Structures — Code of Praciice

RRR : Reinforced-soil Railway/Road Structures with a Rigid Facing

e o 0. AE——— I g oha g Z AT

Full Height Rigid Faced GRS Walls — RRR System

Fascia role is not stabilizing reinforced soil mass in present
+ Craokeind . begs  provides flexible-faced reinforced soil walls used in India

cotifineimert for urap atolid
during compsction

- Aleo provides facs drinage

* Frash conwole penolrales into

it 8nd bends Now

In RRR system, Fascia role is important in stabilizing (providing
confinement) to reinforced soil mass and helps in reducing post-
construction and operational deformations

+ Fresh conerste touches reinforcement — full connection

- Stage Censtruetion — Wrap araund is canebueted firgt
« Requirement of High Alkaline Resistant Geosynthetic

- Aftar complation af corstuetion stage defonmations, £3stin-st

rerolc fagch trucled. M sl i Reinfa (- PYA : : PPy
i TR R e S In the RRR system, the connection of geogrid to the fascia is
) e P PRl Sl e — e — very important which is achieved by fresh concrete touching the
Deformations sonstruction . B B geogrid during fascia casting
* s hooks gt east iite fresh concrete
- Shorter length of reinforcements (0.4H) g 0.2 spacing ittt
- Highqualy compaction requiremants . i FosEm A DEm ] o — .

+_Full sampachian san be achisved ceen al fass
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RRR System — Construction — Method Statement — Indian HSR RRR System — Construction — Method Statement

+ Casting of fascia shall be after placement of geogrid

at geogrid lsvel

Bslow geogrid level, fascia is to be cast before fill

placement » How hooks are connected to welded steel fascia and steel

+ But from the geogrid level, fascia {even formwork; reinforcament?

- ?
steel reinforcement cages) shall be cast only after Bortiese NOOKA HEVEL1e/ Ay AU 08 ict imaang

the construction of geogrid reinfarced soil ) A

RRR System - Construction — Method Statement Few points — To Keep in Mind in RRR Construction in India

= Fill:

TSI CAEETE Only relative compaction (density) is checked in QC in general
In India, It is important to check the gradation of fill at the site.
Uniformity of fill material for the entire wall is important to
avoid differential settlement issues.

e o

How sheuld steel reinforcement of fascia be placed during
the first stage of fascia construction? Does steel

* Slack of reinforcements should not happen —

reintorcement extend the full height of the fascia?

= Surface drainage and drain at the tee shall be careful as it is
near the tunnel entrancefexists... high water runoff is expected.

= Ground improvement design -— ls geotechnical data of the
foundation of the site considered in design?

A Few Clarifications Reguired in Method Statement

Japan Intemational Cooperation Agency (JICA) Dr. K. Seetharam
National High-Speed Rail Carparation Limited (NHSRCL) Dr H.L.Suthar
- What is the time period between the end of flexible fascia construction and concrete fascia casting? Asian Development Bank Institute (ADBI) ) 4

Mr. Takano Koji
Mr. T. Kosaka

+ What is the detailing of geogrid reinforcement placement at the corner of the wall and abutment? Japan Railway Technical Service (JARTS)

« Geagrid mentianed as bonded, Generally woven/knitted PVA? What is the manufacturing process High Speed Rail Innovatian Center {(HSRIC)

of geogrids?
Dr. Kolli Mohan Krishna
- Tests such as installation damage, alkaline resistance, creep, and dynamic tests need to be Diressior Gussyriapse Pitvts Lifited, |7 Gaidhinagss

conducted if geogrids are manufactured in India. Concept of LONG TERM DESIGN STRENGTH.

+ Haw the verticality of the wall maintained/ensured during flexible face wall construction? [ ha n ]( you
~

« Full compaciion can be done near the fascia in the RRR system. No need to worry about VIH br,

deformations during flexible face wall construction?
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lI-4 Discussion with inquires and responses

1I-4-1 Response to inquiry1

ANSWER to the question mentioned in the workshop

excavation

1. Adjusting the level of retaining wall base to the bridge abutment by

2. Constructing approach block with installing the welded wire mesh and
geosynthetics for the temporal support of side of approach block

Nakajima’'s answer in the workshop

3. Constructing approach block without installation of welded wire mesh
and geosynthetics for the temporal support but filling the space
between the edge of the approach block and ground at the side.

Proposal from L and T.

In next slide, comment to the proposal from L and T is summarized.

Seen from the front ‘

below figure.

Filling this part by layer by layer, you do not need to place
the welded wire mesh for the temporal support(i.e. your
proposal is possible). It should be noted that this fill will
not interfere with the construction of the formwork of
the side edge of the bridge abutment as shown in

Seen from the side |

When fill material are
constructed without any
support in  bridge axis
direction, fill material will
interfere with the
assembly of the formwork
at the side edge of the

bridge abutment.

Construction process lower level than the base of the retaining

wall

|.  Placing welded wire mesh and geosynthetics for abutment

Il.  Approach block construction and filling the side of the
approach block

Repeating up to the level of retaining wall base

E 3

Construction process after reaching to the base of the retaining

wall

I. Placing welded wire mesh and geosynthetics for abutment

[I.  Approach block construction

IIl. Placing the welded wire mesh and geosynthetics of retaining
wall

IV. Backfill construction (if this part is approach block,
constructed as the approach block)

Repeating up to the full height of approach block or backfill

L 4

Assembly of rebar and formwork at front and side of abutment
after confirmation of backfill and approach block settlement.
Backside formwork should not be prepared.

| Cast in place concrete for bridge abutment RC facing

.

Assembly of rebar and formwaork at front and side of retaining
wall after confirmation of backfill settlement. Backside formwork
should not be prepared.

b

| Cast in place concrete for retaining wall RC facing
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1I-4-2 Response to inquiry2

Inthis PPT, the construcden procedire o GRS BA and Its wing GRS RWs Is explained

baszd o1 the approved drawing.

For this explanation, it is assumed that the bottom of RC facing for wing GRS Rie is

located at & honzontal dotted line shown ir this fgure.
i

ol uf e RC
facing for wirg

Bottom af the RT

fazing for wing

.. BRERW

Step 1: Constructicn o e fill below the bottom of FHE facing for wing GRS RWs (zone A

1. The backiill is cement-mixed gravedly soi as
used for “he approach bleck of GRS Zridge
Abutinent,

2. Inzane A, 30 om -hek coi layers am sampaced
layer Dy layer. The wioks of each soll lager s
A at a single stage nf anmpacinn

The size af zane & s arhitrari y determized.

wihout making any difference in the compaaton
method betwee ) oulsid2 and mside the ajgreach
block of GRS Eridge Abutment

3) The fionl wall fzce of zene A, wiich i painted
red in Fig. o), is coretuctsd in the sama way s
the temacrery wa  tace denated by FivIn Fig. a),
noting that the front wall face of zone A lozated
=idathe width o’ the apprasck Hook Eecomas
part of the GRS Bridge Aburment

Stap 2. Constructier of the pericn of the app-cach black skove tre bottom of THR facng for wing GRS
RWs (zone B) “ollowed 2y the construction of the unreinforced fill behine Approach Block tzore C).

1. The pu Lo ol apposuh block aleve Uie bullun
of FHR facing of -he witc GRS RWSs (zone Bi is
carsiructed. Tren, the il behird the approach
bilusk (2uie CY is Gurist udtead by annpaging
unreivfarced backfill,

auring 1IE construciion ofzones B and C e
side wall fares of 2cnes A and © are ronstricted
as the temparary wall of GRS [, a3 denoted by
SWinkig o),

g

‘__,

Gtep 3: Constraction of RC asutmert structure of GNE DA after the end of ce‘ermatior &t stzp 2,

o The end ol e delwmalia of Uis cones B and
C at step 2is confirmed.

o

The RC abulnznl shudue uf GRS BA (Uerivled
as 4B} is constructzc.

Stap 4: Filling of backfill in front of RC asutment strusture of GRS BA

. The exsavated zone FF iz backfiled. The size of
FF Is arpbrrarlly determned,

In the precedure explained here, it 1s assamed
thar t1e mass of the harkfill FF is nat largs tn
caLse unpreferable disalacements of the RG
abutmen siructure It sUCk displacemens as
above are ikely ta take place, & is necessary to
tedue the 1ess ol P et back il atsiop 4
{i&.. afler the constructian of RS abutment
=ruciura AB). The can ba done by backtlliag
Iarge portion of FF that Is not lccated close 1
RC atvtnent stmicure (AB) 50 nat interfering
with the construcion of A before Atep 2 e,
bemnre the constraclion o7 KO aoutment
srueiue;.

Stap 5 Constraction of FHR facing for wing GRS RWWs afler haviig confirmad the end o” deformation at

Siep <.

1. The emd of Uie delomebion ol zunzs B and Goal
step 4 s confirned.

2, The FHR facings of the wing G36 RWs rctaining
zones B and C are constusted.
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11-4-3 Response to induiry3

RRR System — Construction — Method Statement

atad ta welded stacl fnscia?
AE3e honks has to zarry any cads of formwark?
anchar rads ars not L s2e =milar ta one shown in

Huw nooks are conaected 12 wekied ste
Dnes thesn Farks

wire r1gsl

RRR System — Construction — Method Statement

-arary any | e
i on Mags 3 =F<his PPT, the hook bars are ~nese
Tae Fack bars 2¢ 13 “ha vertical L
sars tha hald the o sl ave

ato the latema rebars welned to the welded
ed 3tee mema

dedtc tae Losnaped

el membe:

ra
Lils way, the extzimal ‘o nworktlas I the L-shaoed steel menzer vis scparates
Lle of withstznding = essurewhzn casting-'n-olaze of 1 onerate,

leal member
ort v dod nteel

-sha
. Eleal hoek burs are arod wi
i Page 3af Lhis BFT

| unils are uszc far Loy vl s

RC FHR Facing 2 (External Form work) (w/o Inner farm)

Futtetnnl e minckrte fakm

L shaped stol mair
frore than L6 « 40mm)

Vertlcally ataniged L shapec-rCes!
memaer t which the separators 1o
106 £3MC T GONG CIE "o Are welded .
Stes| mertbar to fhs L-shaped
steel membzr (- 1umm)
=
{4 =Oum)

Sepuraor |5 welded Io.
senticaly aranged
Lshagec steol member

Stoal mambar fer Axing _-chaped
steal member

L M e sieel ok i
Lot T

i by

qad to a'range the sieel member
ta fix L-shaned stesl members

| metkod ta fix externsl aenzrete farm for
nstruction of HE facing (w,'e Inner form)

Typi
the co

u

3 Beski 1] & v pad on
Al el gl

Six key construction steps for RRR-GRS retaining walls (6/6)

Note: the procedure is 2as cally the same when using welded
steel wire meshin placs of gravel bags as temporary facing urits.

ey
Eraedzad par o)
==

Some ‘resh conorete eters the gravel-filled bags or welced
stasl wire mash througn the aperture o” the qeogrd

cun

i Nt

= Then, FHR facing % geogid layers are frmly connected to
szch other.

A Few clarifications required

A Few clarifications required

\What is the tire perind betweenthe end of fexible fascia conctruction and concrete fascia casting?

WWhal s the detailing ol reinforcenent placernent al 1ie interface of thewall and atutment?

+ Geogrid mentoned as bonded Generally woven/knitted MuA? What is tre menufactuirg precess of

googrids?

Tests suck as insiallation damzge. alkaline resistance. ereep, and dynamic tests reed to be sanductad

geogrids are manufactured In Indiz. Shal cofirm wilh paramsters ussd Inthe desgn.

How the verticality of the wal meintainzc/ensured during flexikle face wall cansuuction?

Howe should sled rein fursernienl of fascia b placed during e st slege of fascis sonsbuclion? Does sleel

reinforcerment sxtend e full haight of the “asda?
+ Ful eomacction 2an be doic near the fascia ir the ERR sysiem. Mo necd to woiry obout de‘ormalions curing

fexible face wall constructian?

+ What s the lime perod hetwean e end of flexinls facca canstostion and conerete fasnia castng?

= This time perind is the cne inr the corsinicting of grrsynthetic-reinfniced harkfill te the full wal height nlus an

additional perad required uttl the end of the: compression of the backdll and subsail. The time periad for the
compression of backtll and sutsoil greatly depzrds on the supparing Seil condrians. If the supparting sa | is
gnnd, it may take ahont e week, bt i the supporing snilis saft t may take 8 nger perind of time vl the
settlement znd deformaticn of the eTbankmet is over. 33, the sett ement should be sontinuously AenRored.

+ What is the detailing of reinforcement placement at thz infeface of the well and asutment?
+ It s shown on Page 3 of this PFT

- Gecgid mentioned as bonded. Generally wovenfwnitted PYAT \What is tie marulacluring process ef

neoards?

Itis a knited FVA. Kuraray, a Jacanese material maiufacurer, expors the raw vam to Techfab-india (an

mar ufacturar), whara it is knittad 10 a geogrid

+ Tests such ae installation damage alkaling resistance. croap, and dynamis tests need to ko conducted if
ey ds are menufaced nindis, Shall confinwitt paramelers Csed in Ce de

ifirreed Lo Test TS,

+ The gzegiids naruldctured & Tech'ab- ridia have been o
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A Few clarifications required

= Hovrthe vettical ity of the vl maintainediensured during llexible face wall consinuction?

+ To maintsin the verticality of flaxibia wall face, itis necassary to construct tamporary walls with sethacks in advance
accaunting for the amaunt of deformation that is expectadta fake place by wall constugtion. It e requinad to parform a test
construetion to determine the amount af sathack

+ The above backgraund is shown on Page 8 of this PPT

+ How should etes] reinforoement of fascis be placed during the first stage of fascia canstiustion? Doss stesl reinforsament
extend the full neight of the fascia?

« As shown an Page 3 of this PPT, the ste! reinforcement members for the facia is assembled from the foundatian of the
famia that has been constructed before the start of the canstisiction of the gensynthelio-ranforced backil. Howevel, astng-

n-place of fresh concrete to construct the facia is after the end of the deformation of the backfil and subsoll caused by the
canktiugtioh of geasynthetic-reiforced beckfl

Full compaction ean be done near the fasriz in the RRR system. Mo need fo worry about deformations during flexible face
wall construciion?

« Compaciion near temporary vall shauld be dane by hand operated-tamping allowing bulging at the wall face as shavn an

Pape 8 af this PPT, not by heavy machinery to avoid its falling down, Sxperiances indicate thet =ven hand cpereted tamping
as shown on Page 10 of this PFT can satisfy the compacbon control speciications.

A5 mentioned abeie, the deformation prablem can be allevisted by sanstudling = temporary wall surtaoe Wil = seiback of
ahout 1 ta Z em in advanes for very temporary facing urit

e) Compaction of Crusher Run and Backfill (continued)

When constructing a GRS retaining wall of a GRS abutment, each temporary facing Units should be
arranged with a proper setback {typically about 1 - 2 cm) relatively to the unit immediately below sp that
the alignment of the temparary wall face at the end of the Gonstrution to the full wall height is
maintained vertical encugh.

[Background]

This setback is to ensure the thickness of “the full-height RC facing constructed by casting-in-place the
fresh concrete over the temporary facing units™ indicated in the drawing. The arrangements of temporary
facing units without a proper set back results in an inclination fram the vertical of the temporary wall face
that becomes |arger at higher wall levels. Then, the concrete facing becomes thinner than the one
specified in TS with this trend becoming stronger at higher levels of the wall

To evaluate the amount of proper setback, the following on-site methad iz known to be effective. During
a trial construction of GRS retaining wall (and/or a GRS bridge abutment), the ultimate cumulative lateral
external displacement A at the front vertical face of a given temporary facing unit that would take place
by the canstruction of the current sail layer and subsequent overlying soil layers is evaluated. To this end,
at a couple of temporary facing units, the horizontal movement at the target arranged on the vertical front
face of the temparary facing unitis measured before the start of the construction of the current soil layer
and also at the end of the construction of each of the subsequent overlying five soil lavers.

Appropriate compaction of the backfill

Wall face
Hand-operated tamping T 5 1 N

About 1.0m h S S

Gensynthe!l5

W Compaction within about 1,0 m next to the wall face by
hand-operated tamping .

Compaction of backfill soil
by hand-operated tamping

Six key construction steps for RRR-GRS retaining walls (3/6)

Sauan

Density test by the sand
cone method

The water content of the backfill is not lower by 3 % and not

higher by 1 % than the optimum water content evaluated by

using compaction energy of Modifie, octor.

Compaction of the backfill

31 Beakil 1 & wutrpsetan
af the freL call et

Ay Bevarnd It

The dry density of compacted soil is at least 35 % of the
maximum dry density by Medified Proctor. Y

Phote courtesy : TAISEI Co, Ltd.
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lI-4-4 Response to inquiry4

Prospective Questions for Interaction Session

Intoday’ s session, we had avery engagngdiscussion on one of themost crucia topics of
megaproject construction—i.e., construction of geosynthetic reinforced sail structures
essentidly fromthe perspective of disaster preparedness.

Based onour exqoart presentations, | would liketo openthefloorwithafewquestionsforour
pardists and Al the participents:

1. To Nakgima Sensal or Tamai Sensel- You talked about severa aspects related to the
construction of GRS Sructures, paticulaly materid qudity and construction
techniques. However, my questionis, what is the most challenging step (interms of
logstical issues, procurement, etc.) in your experience while constructing GRS
Structures for High-Speed Rail ? If you could daboratewitheanples.

2 To Kosaka San (construction of wall abutments) - What potential risks are
associated with the structure, and how will they be mitigated? Are there any risk
factors related to geosynthetic degadation soil stability, or unforeseen
ernvironmental changes?

[Response to No. 2]

With the GRS Retaining Wall and GRS Bridge Abutments for India High Speed Rail,
one of the most serious risks is long-term and sudden uneven settlement at the RC
slab track constructed on them. This will endanger the safe operation of High Speed
Rail. The long-term settlement may take place by the selfweight of the backfill and train
loads. Sudden settlement may take place by earthquakes, heavy rain and flood.
However, safe operation of Shinkansen constructed on many RRR GRS structures for
last more than 30 years in Japan has proven that this risk is mitigated by their proper
construction in the following terms.

1) The use of proper geosynthetic reinforcement (i.e., geogrid) having high high
alkaline resistance because of direct contact with fresh concrete; high pull-out
resistance in the backfill and concrete; and a high rupture strength.

2) For the construction of geosynthetic-reinforced backfil, the use of proper
temporary facing units of welded steel wire mesh. The temporary units should be
flexible enough to accommodate the deformation of the backfill and subsoail
caused by the construction of the backfil, while should be stable enough against
the earth pressure and compaction forces during backfill construction.

3) The use of backfill of high quality; and good compaction and its confirmation. For
the approach block of GRS Bridge Abutment, uniform mixing of backfill with
cement at the optimum water content.

4) Confirmation of sufficient settlement of the backfill caused by its construction
before the start of the construction of RC facing for GRS Retaining Wall and RC
abutment structures for GRS Bridge Abutment. The RC facing and RC abutment
structure should be constructed by casting-in-place fresh concrete in such that
they are firmly connected to all the geosynthetic-reinforcement layers.

These five terms are all unigue essential requirements for RRR GRS structures.

The risk by unforeseen environmental changes includes the followings:

1) Strong shaking of GRS structures by severe earthquakes: In this respect, a high
seismic stability of RRR GRS structures has been proven by their satisfactory
performance, as expected, during a couple of past major earthquakes in Japan.
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2) Erosion and scouring in the subsoil supporing GRS structures by flood. In this
respect, the performance of RRR GRS structures against flood and ocean wave
attacking them was satisfactory in past several events. This is due largely to the
use of full-height rigid facing well integragted to the geosynthetic-reinforced backfill.

3) Fire attacking the GRS stuctures. The damage can be effectively mitigated by the
use of full-height rigid facing.

4) Settlement of GRS structure by compression of soft soil layer due to drawdown of
ground water level after the start of service. This problem is difficult to avoid if it
takes place. It should be confirmed at the stage of planning that this type of problem
will not take place at the site of planned GRS structure. On the other hand, after
the settlement of the backfill due to the subsoil compression, the full-height rigid
facing is constructed then RC slab tracks are arranged. So, the residual settlement
of RC slab tracks by the compression of subsoil after the start of service is
minimized.

To R E=st, Takisawa San: (one of the most inmportant topics related to safety from
disasters). As you may know, India is now facing severa sudden naturd disasters,
particuaryfloods duetodimate change.

V\& \isited the field yesterday. Based on your cbservation and as an exeart in running
Jpanese HIR what should bethefive most important (he aready mentioned several points
in his presentation) points that Indian engneers should keep in mind to mitigate damage in
times of natural disaster?

4,

To Koshishh San (maintenance of earth structures): Longtemn stability and
seniceshility. Howlongis the structure expected to perfomwithout requiringsignificant
maintenance or repair? What are the predicted degradation rates of geosynthetics and
sall?

To Adf Rao—You are a pioneer in India in geosynthetic structures and know the Indian
scenaio wal, paticdaly in higmay construction. What practica
eamples/expeariences fromhigways can be crucid far HRengneers toleam from?
Gernerd Question on Meintenance and Mbnitaring What level of meintenance will be
required over time, and how will the structure be monitored for performance? (this
question can be asked to Arof Reo as well, quatinghis experience fromhigways)
General Question on Vegetation or erosion control: Does vegetation have a role in
stabilizing the slope or embankment? How will geosynthetics support or interact
with vegetation regarding growth and roct penetration?

[Resonce to No. 7] With RRR GRS Retaining Wall and GRS Bridge Abutment, the
vegetation has no role in stabilizing the structure. The interaction of geosynthetic and
vegetation regarding growth and root penetration is generally not an issue, as the wall
face is fully covered with RC facing, like the conventional RC retaining walls.

General Question on Longterm cost-effectiveness: Fromthe Japanese experience,
what share of the overall cost is of geosynthetic materials, soil, and construction
labor compared to other traditional methods (e.g, concrete retainingwalls)?
Longterm cost-effectiveness: Howdothe initial construction costs compare tothe
longtermmaintenance and operational costs?

[Response to Nos. 8 & 9] The following is the cost comparison between a typical
embankment for two tracks supported by a pair of RRR GRS retaining wall and the
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one by a pair of conventional RC cantilever retaining walls. A large cost reduction with
RRR GRS retaining walls result from:

1) a less amount of concrete and steel reinforcement;

2) no cost for a pile foundation when the conventional RC retaining wall needs a pile
foundation (as in the ordinary case); and

3) low maintenance cost with RRR GRS retaining walls because of small residual
settlement; a very high wall stability; and a very high durability of wall face.

Cost Ratio: GRS RW versus conventional type RW

——

Su— Construction |Maintenance | Total

20 m-thick relatively soft ground:
—piles for conventional type RW s
—-no piles for GRS RWs 0.32 0.5 0.33
(the case shown in the figure)

Relatively stiff ground:

—-no piles for conventional type 0.81 0.51 0.77
RWs & GRS RWs

05

= e T - - . 03
( s ' i .
| Cost=1.0 | ‘ All units in m | i | .
9 t L F LT Designed
[ T = S s “ by using
‘ ' ‘ Backiil: k =02
2 Backfll N A i s
80 |12 sidensiizogem B | ey (Kn)aesign
| ® $=35%,0=0 = 20gom
" : = | $=35°,¢=0
= —_3 —
G i Leweling concrets
o T gl i Gravelblanket 18
eveling concrete (Tt i) S _
Clgf::m' Gravelblanket £ Ground {clayey soil, N=10,
zues' bl Ly L Geogrid 2 (hfuk)w o
al = T= i soil density: fem?:
‘“—ﬁg S - L “dia=11.0m;length: 20m (=78 k) 16y

4= 0, c= 62 kPa}
c-to-¢ spacing in the track

direction: 4.0 m

n addition, as shcwn in the example shown below, the construction cost for an
embankment retained by a pair of RRR GRS RW is substantially lower than the one for
conventional RC viaduct, because pile foundations are usually essential with RC
viaduct, whereas it is not with RRR GRS RW. The construction cost with RRR GRS
RW reduces with a decrease in the depth of ground treatment.
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RRR GRS RW RC viaduct (pier + beam)

Image Drawing

8.002 m

‘ 0= 0660 |

Ground improvement
when necessary

o 1 million JPY/m
5 d=0.0m
w B (0.50)
[ T o
8 @ 1.35 million JPY/m)
2 = d=5.0m .
& ° (0.68) 2 million JPY/m
=3
E B 1.5 million JPY/m (1.00)
5] O d=7.5m
= kel (0.75)
<< =
o 1.7 million JPY/m
8 |e=toom
(0.85)
*Approximate cost is caleulated by the unit price and artificial in Philippines. Sonrce: JICA Siudy Team
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lll.Fourth workshop [19-22 May 2025]
(In Japan with visiting GRS structures
at Oshamanbe for Hokkaido Shinkansen)






llI-1 Workshop agenda including the list of participants

National High Speed Rail Comporabion Lid, VAPAN RAILWAY TECLNICAL SERVICE

ADBI-JICA-NHSRCL-JARTS KNOWLEDGE SHARING WORKSHOP

<topic>

Date: 22 May 2025
Time: 14:00 — 18:00 Japan Time
Venue: ADBI Office (Hybrid event for Session 3)
<zoom link to be provided>
Organizing Partners:
Japan International Cooperation Agency (JICA)
National High-Speed Rail Corporation Limited (NHSRCL) Asian Development Bank
Institute (ADBI)
Japan Railway Technical Service (JARTS)

Supporting Partners:
High Speed Rail Innovation Center (HSRIC)

18 May 2025

Travel to Japan from India

19 May 2025

Time (JST) Agenda

13:00-13:15 isit Railway Technical Research Institute (RTRI)
Greeting with RTRI executive

13:15-16:00 isit to test facilities, GRS retaining wall and GRS Integral Bridge abutment in RTRI

16:15-18:00 Workshop

20 May 2025

|Trave| from Tokyo to Shin Hakodate and stay one night

21 May 2025

[Technical Site Visit at Oshamambe, Hokkaido

Site 1:GRS wall construction site of ramp to maintenance base

Site 2:GRS wall construction site of Hokkaido Shinkansen

Site 3:GRS wall construction site of maintenance base

Site 4:GRS bridge abutment construction site of Hokkaido Shinkansen

Site 5 GRS integral bridge abutment construction site of Hokkaido Shinkansen

Move to Sapporo and stay one nhight in Sapporo

22 May 2025

11:30 [Travel back to Tokyo

14:00 — 18:00 |Workshop at ADBI

AGENDA OF WORKSHOP at RTRI (The topic may be changed)
Topic 1: Confirmation of important matters regarding the construction of reinforced soil structures.

INTERNAL. This information is accessible to ADB Management and Staff. It may be shared outside ADB with appropriate permission.
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INFTSF L
National High Speed Rail Corporation Lid.

JAPAN RAILWAY TECIINICAL SERVICE

Topic 2: Explanation about Construction procedure of GRS Bridge Abutment and wing GRS RWs
having RC abutment structure and RC facing with different bottom levels

Topic 3: Questions from Indian engineers for the design and construction of GRS wall and GRS
bridge abutment

AGENDA OF WORKSHOP at ADEI

Time (JST) Duration | Agenda

13:45 - 14:00 15mins Housekeeping Rules

14:00 — 14:15 15mins Opening Remarks
ADBI

JICA

RTRI

Embassy of India

14:15- 1545 90mins Session 1: Key Learnings from the Field Trip with Participants
(Part 1)

Introduction of the Chair and Session Speakers
Moderator: Nikhil Bugalia, Assistant Professor, Indian Institute of
Technology Madras

Tentative presenters: NHSRCL, TCAP, contractors/engineers

Expert Presentation 1: (15 minutes)
<Name of Presenter> <Name of Affiliation>

Expert Presentation 2: <topic> (15 minutes)
<Name of Presenter> <Name of Affiliation>

Expert Presentation 3: <topic> (15 minutes)
<Name of Presenter> <Name of Affiliation>

Q&A Session (45 minutes)

15:45 - 16:00 15mins Coffee Break
16:00 — 16:30 30 mins Session 2: Key Learnings from the Field Trip with Participants
(Part 2)

Q&A Session (30 minutes) (Cont’d)

16:30 - 17:30 60mins Session 3: Wrap-up session on Long-term Contribution from
Japan for training Indian HSR Staff

Moderator: Hironori Kato, Professor, The University of Tokyo (TBC)

2

INTERNAL. This information is accessible to ADB Management and Staff. It may be shared outside ADB with appropriate permission.
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NHSR
National High Speed Rail Corporation Lid. = JAPAN BALLWAY TECHINICAL SERVICE

Tentative presenters: Engineers tutor, civil engineers to share (e.g
rolling stocks) from JARTS, JREast, RR with engineer field

Expert Presentation 1: (TBC) (15 minutes)
<Name of Presenter> <Name of Affiliation>

Expert Presentation 2: <topic> (15 minutes)
<Name of Presenter> <Name of Affiliation>

Q&A Session (30 minutes)

17:30 - 17:45 15mins Closing Remarks

INTERNAL. This information is accessible to ADB Management and Staff. It may be shared outside ADB with appropriate permission.
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List of participants

NO. Name Organization Possition Remark
1 |Mr. HL Suthar NHSRCL/HSRIC PED/T&D & DG, HSRIC
2 |Sri Satish Chourasia NHSRCL CPM/Vasai
3 |Sri Seemanchal Padi NHSRCL JGM/Mumbai
4 |Sri GV Dahake NHSRCL DGM/Civil
5 |Sri Vipin Kumar Bansal NHSRCL SrMgr Design
6 |Dr. Amit Prashant IIT-Gandhinagar Professor
7  [Dr. Kolli Mohan Krishna [IT-Gandhinagar Research Associate
8 [Prof. Murali Krishnan [IT-Tirupati Professor
9 |Mr. Pranav Kumar DRA, D-1 Package VP Technical
10 |Mr. Keshav Rao TCAP (PMC-Civil) Chief Geotechnical Engineer
11 |Mr. Sanjay Bhargava TCAP (PMC-Civil) Chief Resident Engineer
12 [Mr. Satish Naik BGPL (Best-Geotech), Director
13 |Ms. Annaluru Usha L&T DGM
14 |Mr. Rajkumar K L&T JGM
15 |Mr. Akhilesh Kumar Singh L&T Sr Const Mgr
16 |Dr. Nikhil Bugalia ADBI Assistant Professor, IIT Madras
17 |Dr. Susumu Nakajima RTRI General Manager
18 |[Mr. Takumi Ozaki RTRI Researcher
19 [Mr. Shinji Morimoto JICA Chief Researcher
20 [Mr. Koji Takano JRE Deputy Director
21 [Ms. Ryoko Nakano JRE Deputy Director
22 |Mr. Takuya Kosaka RRR-1 Association Chief secretariat
23 |Dr. Fumio Tatsuoka RRR-1 Association S EE T SIsh R
and Univ. of Tokyo Science Univ.)
24 Mr. Yukihiko Tamura RRR-1 Association President
25 |Dr. Antoine Duttine RRR-I Association
26 |Mr. Noriaki Ebii RRR-I Association(YEBISUS)
27 [Ms. Noriko Kawashima RRR-I Association(kuraray)
28 |Dr. Kenji Watanabe The University of Tokyo Professor
29 |Mr. Hajime Yoshida JIC
30 |Mr. Noriyuki Kurihara JIC
31 [Mr. VU NHAT LINH JIC
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lll-2 Pictures at Oshamanbe construction site and workshop

ADBI-JICA-NHSRCL-JARTS
KNOWLEDGE SHARING WORKSHOP

E= T2

19-22 May 2025

T AA, 5 -
5 p,ﬁ’!‘ | Ve
|
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llI-3 PPT presentations
11I-3-1 Fumio Tatsuoka (Professor Emeritus, University of Tokyo,Tokyo University of Science)

19 May 2025 Two major lessons:

Visiting full-scale test embankments at RTRI 1) The facn_ng of the five full-scale mc_:dels was cohsecutively improved
by learning that the wall deformation becomes very small and the
GRS structures become very stable by using full-height rigid (FHR)

TATSUOKA, Fumio facing connected to densely arranged geogrid layers.

on the behalf of RTRI & RRR International

Geogrid

e
g m Hatia ‘|mproving\

-V

A number of lessons were learned by the construction, long-
term behaviour and loading tests of five full-scale test
embankments having GRS retaining walls and GRS integral

: i 2) The residual displacement of FHR facing becomes essentially zero
bridges. They were essential for the development of the RRR by construction after the defarmation of full-height backfill constructed
GRS structures.

using a temporary facing unit has taken place (staged-construction).

The first three were constructed at University of Tokyo (1982,
1984 & 1988), followed by the last two at RTRI (1987 — 1988).

Deformable facing Settlement Full-height rigid faging

= Wrapped-around facing exhibited large deformation already during
Chiba No. 1 embankment of clay backfill construction and more by rainfalls after construction and was not

durable and vulnerable to UV light.....
so cannot be used for important permanent walls.

Cct. 1885 |HI|IE| (June 1982)

- To examine whether slable
reinforced clay walls can be §

constructed i 14@¢
+ Constructed in 1982 ‘: i '\'\
at University of Tokyo "~ cracks 1

7% Non-woven =
i textil

- A non-woven geotextile et
(spun-bonded 100 % paly-
propylene) usually used
as a drain material but not
as reinforcement due to
very low tensile stiffness. gfﬂ

- Flat wrapped-around wall eJﬁrﬂ_“ﬁJ e
face. |

=140z WoLiMoNLTERY
78 ron nonz wATEn erasuns |
ain

/{ Flesible facing verburden by wall cansliuclion and
SWTEE oo 2stemal loscing (seismis etc.|

Low sarth prozsurs B L
—_ - Weak sontact -

52 Ih earth pressure
cunding of the facing
Backil == ==

{neresren compresion

Softering of sail by wetting

Chiba No. 2 embankment of clay backfill By Using Suil. bags: [2) March 1982 - Octoner 1385 |
- good compaction; and

- good confinement, /‘:{\ [ (x; ) I
thus high strength & stiffness &
=4

- To examine the effects of soil
bags arranged at the wall face
on the wall stability

of the backfill,
- Constructed in 1984 resulting in:
at University of Tokyo

- Slightly larger than Chiba No. 1

a) very small long-term deformation;

and
- Clay backfill and non-woven

geotextile as Chiba No. 1 b) very stable behaviour in a heavy

rainfall test supplying 70 m? of
water for 8 days from the crest.

Failed zone |
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Chiba No. 3 embankment of clay backfill

Constructed in 1986 at University of Tokyo, using clay backfill and non-
woven geotextile as Nos. 1 & 2 to evaluate the effects of facing type
by comparing the behaviours of:

a) wrapped-around wall (without soil bags);
b) discrete concrete panel wall (without soil bags); and
c) wrapped-around (with soil bags) covered with a 8 cm-thick shotcrete.

Flaxible geotextile sheet

©

ﬁ‘ﬂw C) Discrata gonorete panals b)

Reconfirmation:
Clay wall with flat wrapped-around facing w/o soil bags
is too deformable.

a) Flexible geotextile sheet

Countar walght fill
constructed after the
deformalion became
large

5.5m

' b,
Wrapped.around X,
fading \ .
Y
. S ¥
81m 4

H i HINGE

b) Discrete concrete panel wall (w/o soil bags):
much smaller wall deformatian than the wrapped-around facing, but
not small enough; and

very difficult to compact soil immediately behind the panels and to
achieve a good wall face alignment.

£ just before an earthquake (17 Dec. 1987) ‘ ® Initial (25 Dec. 1966) ‘
A just after an %

L —=

—=8
4 Jsess
SCMLE
W immediately before demalishing
(17 Seplember 1883)

[ |
B o

+ wrapped-around facing
(with soil bags) covered

Discrete concrete )
with a 8 cm-thick shotcrate

panel facing !

c) Wrapped-around facing with soil bags covered with shotcrete:
- better constructability than the discrete concrete panel facing; and
- much smaller wall deformation than the wrapped-around facing,

- but the wall deformation is not small enough while the wall face is not
aesthetically acceptable.

0 just before an earthquake {17 Dec. 1887} @ Intial (25 Dec. 1636)

b A just after an earthquake

HOTCAS

BT
soat
7 M immadiately before demalishing
(L 25 (17 Seplember 1883

scae

wrapped-around facing
(with s0il bags) coverad
with a 8 em-thick shoterete

%
Discrete concrete 4“

panel facing |

Two test embankments at Railway Technical Research Institute,
Japan, constructed 1987 — 1988 to evaluate the advantages of the
use of FHR facing and its staged-construction

v - —— -

JR No.1 (sand backfill), 5 m-high
Geogrid (tensile strength= 27.4 kN/m)

Completed FHR facing
(no steel-reinforced concrete)

Before construction
of FHR facing

JR No. 1 test embankment of sand backfill

Completed in the beginning of 1988
- to confirm the stability of GRS RWs with FHR facing, and
to develop the staged-construction procedure of FHR facing. -

* Witz stes
‘wita mesh g1t
—
1) Lavaling pad & 2 Placing the firet gengrid
ambsdded pat of

FHR facing o

Wiapping Crusher un Campaction
—araund Backi i
of yeegrid

3} Bacdiling & campaction
of the first i ayer

5) Compiating GRS wall &) FHR tacing by casting-
{wio FHR facing) in-place cencrete
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Behaviour for two years after completion of two types of facing
using gravel bags connected to geogrid layers:

a) segment h: discrete panel facing=relatively large deformation
b) the other segments: FHR facing=very small deformation

Seale of
deformaton

JR No.1 (sand backfill) i
|~ 26 .,‘ 1D

fo_hay W) TS 1 0
' I [ E

d 1 h
M ) M e M URIT:m

i [ o 2

—

(T) test section; (C) control section

SECTION e-f tf

| | SEGMENT f

SECTION c-d

o5 oos oe

JR No. 2 embankment of clay backfill

Constructed in the beginning of 1988
to examine the feasibility of GRS RW with FHR facing using clay

VP 5 4

Volcanic ash clay (Kanto loam):
wi=120-130 %; 8= 90 %; &
p,= 0.55-0.60 g/cm?

il

a-a); a hon-woven geotextile (most extensble), as Chiba Nos. 1-3;

b-b): a geogrid sandwiched between two gravel layers (most stiff); and
c-c): a composite of non-woven/woven geotextiles (intermediate).

All three sections exhibited very good long-term performance, recanfirming

that “the facing type could be more important than the stiffness of
reinforcement for the stability of GRS RW".

2 a-a (non-woven geotextile)
B oov ppwmsles 4 | B
N a
fmio M Glm R ™

(T) test section; (C) control section

[ tgsoar ]

e e

Vertical loading test
JR No.1 (sand backfill)

Wall height

Front view

Frent view of
segmentsh, f&d

h (Geogrid length L=2 m) ] ™
discrete panel facing ull-height
(after loading fest) concrete facing
S bucxing of the fazing

d m) ‘
full-height concrete
facing (under

(ahtar loading test) | | Inading test)

Segment h (discrete panel facing & geogrid length L= 2 m)
- the facing buckled, which resulted in the lowest wall stability

Segment f (FHR facing & L= 1.5 m for a wall height of 5 m);
- more stable than segment h due to the use of FHR facing,

despite the use of a shorter geogrid
qﬂ ﬂ?ﬁ

Yielding point

o

w

@
&

=
5]

| Lateral outward displacement
at the top of the facing,§ (em)

50 200 400 600
Average footing pressure, q (kPa)

h (Geogrd length L=2 m) 1 (L=1.5m) d J
discrete parel facing fullheight fullhiight cancrete
fafter ioading test) eancrets facing facing

B: buckiing of th facing

(after loading test) | | loading test)

Cross-section of segment h, exposed by excavation

Discrete
panel facing
.

wall height _Footin

5m

SR R

Ll

Slip plane ‘_ .

; Scale far deformation:
10cm

Wall height:
RS

A global slip plane
developed toward il
buckled panels

B
Short geogrid
(L=2m)

L=2m)
Exposed vertical face: very stable due to apparent
cohesion by suction in unsaturated sand "
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Segment d (FHR facing & L=2 m):
- more stable than segment f (L= 1.5 m) due to a longer geogrid;
- much more stable than segment h due to the use of FHR facing
However, segments f & d yielded by the failure at the
construction joint CJ in the concrete facing (not steel-reinforced).
= All the FHR facings of the RRR GRS RWs constructed

subsequently are lightly steel-reinforced.

0

]

8

Lateral outward displacement
at the top of the facing.§ (cm)

a
&

h (Geogrd length L= 2 m) Sm)

Average footing pressure, q (kPa)
discrete panel facing full-height full-height cancrate

concrete lacing facing (under

(after Ioading test)

1

| B: buckiing of the facing

(after loading test) | | loading test)

Developments of RRR GRS bridge structures

] "] | several serius
technical problems

Conventional Simple-Girder Bridge

\ Structural Engineering solution

Integral Bridge

Geotechnical solution

A number of serious problems
with conventional simple girder bridge

Long term settlement

:F‘ﬂ 5. Simple girder r—H—ﬁ» |

4, Bearings (fixed or movable)
- Costly construction & long-
term maintenance

Sa]rﬁwsgrlacement

abutment

m -

3b) Settiement & Iateral flow of

subsoil by the weight of massive

backfill

= negative friction & bending of
the piles

3a) & 3b)= many long piles |

... and problems by seismic loads

Settlement by seismic load
4 Backil ]

———0er TN
4. Movable bearing
-» Low seismic stability

ubsoil settlement & lateral flow
by seismic load

GRS Bridge Abutment — Second generation

3. Girder foundation: stabilized
by integration to the FHR facing

5. Simple girder

:1». Movable 4. Fixea_
bearing bearing

1. GRS wall

2. FHR facing
Pier B

| i o
Much more stable & cost-effective than the conventional type bridge abutment.

Besides, GRS Bridge Abutment is statically determinate due to the use of a
bearing. So, the internal forces in the girder & FHR facing are not sensitive
to displacements of the facing if they are not too large.

= The design of the girder & FHR facing Is not sophisticated. 2

GRS Bridge Abutment,
completed 2020
Shimo-shinjo No. 1,
Hokuriku Shinkansen

By the courtesy of Mr.
Yonezawa, T., JRTT
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GRS Bridge Abutment, completed 2020
Shimo-shinjo No. 1, Hokuriku Shinkansen

By the courtesy of JRTT

Summary of GRS Bridge Abutment — Second generation

First GRS Bridge Abutment,
at Takada for Kyushu Shinkansen

GRS Bridge Abutment at Mantaro
for Hokkaido Shinkansen

13.4 m-high

:

- First one at Takada in 2003
+ As of 2024, in total 185, including:
- 41 for Hokkaido High Speed Railway (Shinkansen);
+ 79 for Kyushu HSR; and
- 49 for Hokuriku HSR

A pair of GRS Bridge Abutments (2" generation)
supporting both ends of a simple girder via bearings
arranged at the crest of FHR facings

Two unsolved problems:
1) high cost for construction & maintenance of the bearings; and
2) low seismic stability of the girder at the movable bearing.

= GRS Integral Bridge, alleviating these two problems.

4. Girder

GRS Bridge Abutment Il GRS Bridge Abutment Il

A

:, i
3. Movable & fixed ™
bearings

.. 2. FHR facing

0. Shallaw greund improvement (when necessary)

GRS Integral Bridge

4. Continuous girder

5. Structural integration

3. FHR facing

Firmly connected

>0

1. Shallow ground improvement
(when necessary)

Full-scale model of GRS Integral Bridge, completed Feb.
2009 at Railway Technical Research Institute, Japan

4000

¢ 1500
[ 14760
[ 4% Fou Pe ctoat bars insida PV pivas

T

Strain paga
* - graviel bag zone
{ - reintorced backfil zone

= Siesl g

April 2009

Loading methed, 2012

Lateral cyclic loading tests simulating seismic & thermal effects

u
Hydraulic . Reacticn

jacks _ﬁframe - Reaction frame
"
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Lateral load vs. lateral displacement at gravelly soil approach fill
in lateral cyclic loading simulating very high seismic loads
= Very high stability

Lateral load (kN) UTuward cementmixed gravelly soil
2001 - __ [ Level 2 design
ilﬂw 7 seismic load

Toward cementmixad

gravelly soil C—

20 30

Lateral displacement
at the right side facing (mm)

Koda. M., Nonaka, T, Suga, M., Kuriyama, R, Tateyama. M. & Tatsuoka, F. 2013, Lateral cyelic loading tests of
o flkscale GRS Irtegral Bridge model, Proc. infemationsl Symposium on Design and Pragfice of
Soil St Oct. 2013, Bologna {Ling et al., eds.), pp.157-174.

Lateral load vs. lateral displacement at cement-mixed gravelly
seil approach block in lateral cyclic loading simulating very
high seismic loads = Very high stability

Lateral load (kN)

Level 2 design | .
selsmic load -

Toward cementtmived gravelly soll

Lateral dislazem anl saus

Toward cementmixed
aravelly seil
-an -20 10 20 an

Lateral displacement
at the left side facing (mm)

Laval 2 design
— - | seismic load

2 2200kN -

Koda, M., Nonaka. T, Suga, M.. Kurlyama, R, Tateyama, . & Tatsuaka, F. 2013. Lateral cyclic loading tests of
a full-scale GRS Integral Bridge model, Poc. Infethationsi Symposittn ot Desigh ahd Praglice of
Geosyrithetic-Reinforsed Soil Structures, Ost. 2013, Bologna {Ling et al., eds.), pp.157-174

GRS Integral Bridge at Genshu. HSR in Kyushu

1. Excavation of subsoil

2. Construction of approach fills

backiill

Geogrid-reinforced well-
== compacted lightly cement-
— mixed gravelly soil

Soga et al. (2018) & JRTT

GRS Integral Bridge at Genshu

3. Construction of FHR RC facings after the deformation of the
backfill & subsoil has taken place sufficiently

Arrangement of a 30 m-long PC girder

GRS Integral

o2 Bridge at
Genshu,
Kyushu

GRS Integral Bridge at Genshu

5. Structural integration of both girder ends to the FHR facings,
followed by the construction of slab etc. to complete the bridge

I-14




Completed GRS Integral Bridge at Genshu

August 2022

S GRS Tunnel Entrance/Exit
Protection

\

36 years after the first test embankment

Full-scale mode! of GRS Integral Bridge at Railway Technical
Research Institute (8 years after construction)

Full-scale model to develop a technology for

renewal of old simple girder bridge by

1) structural integration of the girder to the RC facing; and
2) large diameter-nailing of the backfill

GRS structures
[eatechnical saliticn
c o

Several serious
teshnical problens

rder Bridge

Renewal of old simple
girder bridge to Integral
bridge with nailed backfill

Strusiural Engineering solition

Integral Bridga

TR |

GRS Bridge Alutment {1

+ :
GRS Integral Bridge | g ;

Renewal of old simple girder bridge keeping the train
operation: 1, 2 and 3: construction steps

\* [eioanen

2. Large-diameter
nailing

Elevation
133

Integrationwork

‘ [All units in m]

Steel girder

Large diameter
nails. Plan
Abutment

Full-scale loading test

Latsral lear (P

i \\\;Ef"'-- Hysrauic sk
j’.\

simulating level 2 seismic load

Very small displacement against very large lateral load ‘

i

[\ e
Lateral di of 11 Y poirt
abutment {mm), I 2 5l">

positive far outward
displacement

| Lateral displacament at 7. |

Elapssd ime {minuts)
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11I-3-2 Fumio Tatsuoka (Professor Emeritus, University of Tokyo,Tokyo University of Science)

FUNDAMENTALS OF RRR GRS STRUCTURES

TATSUOKA Fumio
RRR International

1) Three major advantageous features
2) Fundamental structural mechanism
3) Three basic characteristic technologies

4) Five core constructure procedures

1) Three major advantageous features of RRR GRS structures

Different from conventional type retaining walls and bridge abutments ... ..
{1) No pile foundation, yet the FHR facing can support a mast for electric supply, wind/noise
barriers, crash barriers, bridge girders and so on in a very stable and cost-effective manner.

(2) A very high stability of facing, against long-term traffic loads applied very close to the
wall face, severe seismic lpads, floods and so on

{3) Very small residual deformation, so, no bump immediately behind the facing, resulting in
very low maintenance cost. For High Speed Railway, the construction of continuous RC slab

Continuous RC slab track 1/2

Siat

B e
! _n:.n,ﬁ.’&“ .

dainit

Relatively high initial construction cost
But, a very large reduction of maintenance cost

Very small total by the P 1 Requirements
of the backfill and the subsail: for HSR in
_| 30 mm/10 years (for required serviceahility)| Japan

- Less than 15 cm (for required restorability after a severe E.Q.)

By the oourlesy of Japan Railway Constructon, Tramsporl
and Technology Agency

Continuous RC slab track 2/2
| RG slab track

Ballasted track

o -
T80 T S TN 3 4
o

1) Not allowed to construct on ordinary embankments & the backfill retained by conventional
type RWs, because small-enough seftlement cannet be ensured
2) Constiucted on the reinforced backfill of RRR GRS structure is the standard practice,
made possible by ensuring small compression of the backfill with high stability by:
a) the use of high-quality backfill and its good compaction; in addition to
b) closely-spaced geogrid layers with a vertical spacing of 30 cm that are firmly
connected to FHR facing

By The salitesy of Japan Railway Canstruction, Transport

and Technalogy Ageney

2) Fundamental structural mechanism of RRR GRS structures,
in comparison with conventional retaining walls

‘Conventional retaining walls

(1) The facing is a cantilever structure that resists the large earth pressure
of unbound backfill

(2) The facing is constructed before the construction of the backfill,
so the facing displaces and deforms by the earth pressure.

= Large forces in the facing, requiring massive & strong facing

= Large overturning moment & large lateral thrust at the facing base,
resulting in
- unstable behaviour, particularly by severe seismic loads, and
- large stress concentration at the facing base
So, usually a pile foundation is necessary.

Stress concentration

Collapse of gravity wall (i.e., cantilever RW)
Ishiyagawa, 1995 Kobe Earthquake

+

After 1995 Kabe
Earthquake

Overturning failure, despite seismic design
using ky= 0.2 with (F,}yypmece= 1.5
= The conventicnal seismic design is not
sufficient.
> More stable wall type is required
&.9., GRS RW with FHR facing

l1-16



RRR GRS retaining walls and RRR GRS bridge abutments

(1) The backfill is stabilized by dense geogrid-reinforcing.

(2) FHR facing is constructed after the deformation of the backfill and the subsail by the
construction of the backfill has taken place (the staged-construction). Then, the FHR
facing does not deform nor displace by the earth pressure from the backfill

(3) The FHR facing is “a continuous beam supported by many reinforcement layers at a
small span (i.e., 30 cm)".

Very small forces in the FHR facing
= light and simple structure is sufficient

Small overturning mement & small lateral thrust at the
facing base; and very small residual displacements of FHR
facing
= a pile foundation becomes unnecessary
yet, a high stability against severe seismic loads and
extenal loads by other structures (including masts,
bridge girders etc.)

Immediately after completion, 1992

Very high performance against
very high seismic load

Aweek after the 1896 Kobe Earthquake

GRS RWwitn & FHR facing
for a rapid tianst &t Tanata

3D effects of full-height rigid (FHR) facing!

Each unit of “FHR facing firmly connected to the densely reinforced backfill"
located between construction joints behaves as a monalith

— Even if local failure is going to take place somewhere in the wall, it does
not develop towards the collapse of the whole wall.

3) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features of RRR GRS structures ... ...

(1) Full-height rigid (FHR) facing firmly connected to the densely arranged geogrid
layers in a small vertical spacing (i.e., 30 cm) to enhance high performance as a
composite.

Drain hele Geagiid

2) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features of RRR GRS structures ...

{1) Full-height rigid (FHR) facing firmly connected to the densely arranged geogrid
layers in a small vertical spacing (i.e., 30 cm) to enhance high performance as a
composite.

{2) Staged construction, firstly the construction of reinforced backfill to the full wall
height using temporary facing units; then, after the deformation of the backfill and
subscil has taken place sufficiently, FHR facing is constructed by casting-in-place
fresh concrete directly on the wall face, without occupying large space in front of
the wall face.

Temparary facing utit
(deformabie enough
&sirong enough!

Geogrid

1y Canstruction of GRS wall
wio the use of FHR facing

2j Deformation of
backiill & subsoi

3) Canstruction af FHR fazing

Several serious problems with the box culvert crossing road/railway embankment
on deformable subsoil constructed by the conventional method

J_*LS Load concentration |

= bump

7 3 e 4.

44
‘2. Gulvert I Iﬁlc i |
{RC box)
Settlement ; ', Qriginal ground suiface
[5 Negative frction |

[a & t

. Piles ',
Deformable subsoil

-17



A solution by staged-construction of GRS structure

5. Thin cap sail layer |
r 2. Geogrid-reinforced backfill
4. GRS structure (e g., box =t} -
culvert): side facings connected ~ | ﬁ

to geogrid layers

£

Ton b T s e | | rf
1. Shallow ground improvement QHieInal grand straes

3. Settlement

Deformable subsail

3) Three basic characteristic technologies of RRR GRS structures

To ensure the advantageous features of RRR GRS structures ...

(1) Full-height rigid (FHR) facing firmly connected to the densely arranged geogrid
layers in a small vertical spacing (i.e., 30 cm) to enhance high performance as a
composite.

(2) Staged construction, firstly the construction of reinforced backfill to the full wall
height using temporary facing units; then, after the deformation of the backfill and
subsoil has taken place sufficiently, FHR facing is constructed by casting-in-place

fresh concrete directly on the wall face, without occupying large space in front of
the wall face.

Geagid

(3) Geogrid layers having a very high durability o [
against high pH, as the geogrid is in direct B
contact with concrete.

3] Construction of FHR facng

4) Five core construction procedures of RRR GRS structures -1/2
- the minimum requirements to avoid serious troubles:

(1) The use of geogrid having a very high durability against high pH (because of direct
cantact with concrete) and a high pull-out strength in the backfill and the concrete.

(2) The use of backfill of high quality; good compaction; and confirmation of high quality
of compacted backfill, essential for very small residual deformation

Carmplsted GRS Infagral Bridge at Genshu

GRS Bridgs Abutment |

Boaiing | e
o [
ittt N
K T

4) Five core construction procedures of RRR GRS structures - 2/2

{3) The use of temporary facing units that satisfy the cantradicting requirements:

a) flexible enough to accommodate the deformatian of the backfill and subsoil caused by
the construction of the backfill, and

b) strong enough against the earth pressure by compaction forces and backfill weight.
(4) Before casting-in-place fresh concrete to construct the FHR facing, the end of the

settlement of the backfill and subsoil should be confirmed by continuously monitoring their
settlement (i.e., staged-construction)

(5) The FHR facing should be canstructed in such that it is firmly connected to all the

geogrid layers.

1) Construcion of GRS wall 2) Deformation of
i the use of FHR facing backfil & subseil

Compactian
L L

Temporary facing urit g
(dformable enough
& strong enough)

Drain hole Ssogrid

3) Canstuction af FHR facing
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lll-4 Discussions with inquiries and responses
lll-4-1 Response to inquiry1

el BUTMER

1. when the geosynthetic of cement
approach block & back fill retaining
wall overlap, the direction of roller for
compaction shall be as per the arrow
mark shown in fig 1 & Fig 2.

IR N O GRS TRETICS
ARFANGIEMENT (IR RG]

MG WL

wECtoN

Queries on RRR Construction

i.e perpendicular to abutment in
Cement approach block till the backfill

JICA-NHSRCL-ADBI-JARTS Knowledge Sharing Workshop stags and perperdicyar-togretalning

Larsen it Toulto

D) LARSEN & TOUBRO

EPCPROJECTS | HI-TECH MANUFACTU

wall when it is only backfilling
AT oW e compaction.
SCHTL RETARNG Wbk
= Dr G DRaju & Please confirm our understanding
RESPOHSE of RRR International Usha 4 Fig 1: GEQSYNTHETICS ARRANGEMENT PLAN

| SERVICES

r Response of RRR International to Queries — ABUTMENT ' Response of RRR International to Queries — ABUTMENT 1/2

Both of “gecsynthetic-reinforced cement-mixed backfill
for approach block™ and “unreinforced/ uncement-mixed
backfill” are compacted keeping the moving direction of
roller in parallel to the wall face, starting from the
immediately back of the wall face toward the inner place,
as per the arrow mark shown in Fig. 14

= 'DIRECT/SH OF GEOSYNTHETICS
2 2L About3 m

ARFANGENEHT F
RACKF | RETS FAAL |

The compaction starts from step 1 using a hand-operated
compactor for awidth of about 3 m from the wall face
(before the construction of FHR facing), which is followed
by steps 2 and 3, in which a hand-operated compactor is
used in a width of about 1 m from the wall face, followed
by compaction using a heavy roller at deeper places.

b

Direction of roller movement
for compaction

- s VA

About 1m

DIRECTCN OF GEOSYNTHETICS
B ARFANGENENT FOR REWFCRCFN

Mote: drectcr of ralleroeimsachory i back’ | czid rotb
ahewr sthafius s onei zlview

The compacted Zohes at steps 2 and 3 overlap the ahe at
step 1 in a width of about 1 m.

GECSYNTHETICS ARRANGEMENT PLAR

Fig 1A

| view of Cement h block & back fill

Fig 2: longitudi

AHUFACTURING | SE

£ LARSEN & TOUBRO

T 4. For retaining wall height < 3 m, whether N value/UCS criteria or K30 value

criteria to be ensured fer supporting ground?

Explanation of a scenario is provided in next slide

|8.1.4 Supporting Ground

o 1 When the height of renforced back il recaining wall is more thin 3.0r, the
§ gi 4 supporting ground shall aave minimum SPT-N value of 20 for suady seil.

Each soil layer, 15 cr-thick after compaction, E! wiimurn SET-N value f 10 for eahesive soil, o minisiue UCS value af

consisting of “geosynthetic-reinfarced = £ g 12.5MPy for rock. Minimum SPL-N value und UCS value, as applicible

cement-mixed backfill of approach block® and =3 shall be ensured for  minimum continueus depth of 30m below dhe [ o]

“unreinforced / uncement-mixed backfill" is e il W‘ uding level. o

compacted at one time. This compaction e = i 2. When the beight of cinforccd backsll retining wall is cqusl t0.0r kas than
procedure s repeated until the last layer at i o g 301, Ko vl of the supporting: ground shall be mre than or sl @ 119
the top e e N

Valime- 2, Uy 05000 Earth ectiar ¥1 2 1beszn
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fal

ies

4. Below is a case presented for fixing of Retaining wall foundation:

While fixing founding depth for retaining wall, it Wall ht is > 3m, N value check done and the depth is
fixed. [case 1). When the step is fixed ( 300 mm / 800mm) the wall ht becomes less than 3m ( case 2)
where K30 =110 MN/m3 is not satisfied and may need deeper excavation. How to handle such situation on
site. {refer next slide for more explanation|

Case 2
" Case
" Cased

Response of RRR International to Que

In this figure provided as part of the queries, H denotes the thickness of the backfill, not the height of
retaining wall. The queries are made on this definition. However, in Design requirements and criteria,
the height H of retaining wall height is defines as shown at the |eft-end part of this figure. It seems that
these queries may be made again based on this ariginal definition of H

Cased

m
S

Height of
retaining wall, H

11, What is the allowable deviation/ tolerance of fill verticality {such as + 3 to 5 deg).

12. In Technical specs, Drains are mentioned as precast. Can the alternate option of Cast
in-situ be considered ?

13. After filling the final layer of backfill material / cement mixed approach block, do
we have to wait for construction of roadbed.
If yes, what is the criteria to be fellowed?

14. Can the noise barrier gantry/Truck mounted crane be allowed to move on the
constructed fill portion.

If yes, please provide guideline for SBC / pressure distribution that can be allowed.

PROJECTS

[ HETE

&) LARSEN & TOUBRO

' Response of RRR International to Query No, 11 2/2

Page 86 of PPT file: Key Construction Procedures and Their Proper Execution, prepared for Workshop, 27 March
2024

&) Compaction of Crusher Run and Backfill (cantinued)

When constructing 2 GRS retaining wall or a GRS abutment, each temporary facing units should be arranged with
a proper satback (typically about 1 - 2 om) relatively to the unit immediately belaw so that the alignment of the:
temporary wall face at the end of the construction to the full wall height is maintained vertical enough

[Background]

This setback is to ensure the thickness of the full-height R facing constructed by casting-in-place the fresh
concrete over the temporary facing units” indicaled in the drawing. The arrangements of lemporary facing units
without a praper set back resulls in an inclination fram the vertical of the temporary wall face that becomes larger at
higher wall levels. Then, the concrete facing becomes thinner than the ane specified in TS with this trend becaming
slronger at higher levels of the wall

To evaluate the amount of proper setback, the following on-site method is known lo be efieclive. During a trial
construction of GRS retaining wall (and/or s GRS bridge abulment), the ullimate cumulstive lateral external
displacement A at the front vertical face of a given temporary facing unit that wauld take place by the construction
of the cunrent soil layer and subsequent overlying soil layers is evaluated, To this end, at a couple of temporary
facing units, the horizonial movement at the target amanged on the verlical frant face of the temporary facing unit is
measured before the start of the construction of the current sail layer and also at the end of the construction of
each of the subsequent averlying five soil layers.

CTS | HI-TECH MANUS

) LARSEN & TOUBRO

' Respoanse of RRR International to Query No. 11 1/2 |

11. What is the allowable deviation/ tolerance of fill verticality. (such as + 3to 5 deg).

[Response]

The allowable deviation of flll verticality at the temporary wall face before the construction of
the FHR facing) is 2 — 3 cm at the crest of the wall irrespective of wall height. It is not difficult
to keep this folerance by:

1) the setback technigue (as described in the next page); and

2) continuous checking of the wall face verticality relative to a vertical reference at the end of

compaction of every two soil layers in a total compacted thickness of 15 cm x 2= 30 cm.

AAHUTACTURING | SERVICES

&) LARSEN & TOUBRO

Response of RRR International to Query No. 13

13. After filling the final layer of backfill material / cement mixed appraach black, do

we have to wait for construction of roadbed

If yes, what is the criteria to be followed?
[Response] After filling the final layer of backfill material / cement mixed approach block and
before the construction of FHR facing, you do not need to wait for construction of roadbed
(l.e., gravel layer not including a RC slab: the RC slab is constructed after the construction of
FHR facing). This is the ordinary practice when the supporting ground has been properly

improved as necessary and the backfill is well compacted as required.
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' Response of RRR International to Query No, 14 1/3 Response of RRR International to Query No. 14 1/2
14. Can the noise barrier gantry/Truck mounted crane be allowed to move on the In these full-scale loading tests, the base area ufﬂlhe leading footing is 1 m time 3 m (the width Dflresl
constructed fill portion well segment)= 3 m?. So, a pressure g= 20 tonffm? is equal to a load of 80 tonf in & 3 m-width, Within
If o Dlomse Pravide [Jidehne forSBC / Pressiiva distribution that éan be allswed this lead range, the wall deformation is very small, despite that the facing for these test GRS RWs is not
ves, p P g p " steel-reinforced so could buckle at the lateral eanstruction joints (nate: the FHR facing for actual GRS
s ; " RWs are all steel-reinforced) wean fout sare L
[Respnﬂse_] The answer is yes with completed RRR GRS RWs (after the construction of FHR Itis to be noted that g= 20 tonfim? . . '5-3-"" sl !‘
facing). This practice is based on the followings; far excesds the design value i g
1) the results of full-scale loading tests on RRR GRS RW described in Figs. 18 and 22 in (i.e.. g= 3 tonffm?) 3 E
Tatsuoka et al. (1992) (of which a pdf file is attached here). E E sl S
g £ s 11
4 e 35 {
Perminent geosyuthetic-reinforsed soil retaining walls used for rallway e % 0 3 3
embankments in Japen £2 E =
i i e
i vt S, i f ek o o
O bt 4 MLy NERASE FOOTING PRESSURE, nficars o] o ve e cmemcin
Ry Nachoical fasearc b {rsirwce, Rolbubianyi Cicp Tispn Jups Flg. 15 Losd-displaccment Tolations for ot
Sczests d, f and b of I8 Mo. | cebanknant Fig. 22 Lond-displacement relations for clay
e T T e ot kv eariogyof those P
2) Experiences at the site (shown on the two page later). don tothay L Tviios e cperism ot D
EPC PROJECTS | HITECH MANUFAC () LARSEN & TOUBRO ) LarsEn & TOUBRO

' Response of RRR International to Query No. 14 3/3

At this site, a crane, of which the weight may be abaut 20 tonf. was supported by four footings, which
are located very close to the FHR facing, without causing any trouble. The load at two fooling loads is
about 10 tonf at each side. The wall deformation by this Ioad (g= 3.3 tonfim?2) was negligible in the full-
ing tests described in the preceding page. The total weight of a crane mounting noise barrier
may be aboul 20 - 30 fonf_ Itis estimated that the wall deformation by this load is negligible

Clarification on Earth structures in Cutting

EPCPROJECTS [ HETECH MAN NG : &) LARSEN & TOUBRO &) LARSEN & TOUBRO

' Response of RRR [nternational to Queries

1. Definition of Natural ground

it seems that “Natural ground” to which the soil nailing technology is applied in this project
could be either "natural arigin ground” or “artificial filllembankment".

The soil nailing technology is used ta stahilize axisting ground or slope, which is either natural
origin ground or arlificial fil, with cutting or without cutting, but always withowt filling

So, in this praject, "natural ground” may imply “existing ground or slape’.
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lll-4-2 Response to inquiry2

Responses 1o sore Ingulres from the Indian delegates, 19 —22 May 2025:
13 June 2025
RTRI and RRR-|

W Timing of instal ation of drain pipes at the wall face:
Explained on pagss 2 & 3.

M Monitoring of the settizment of thz suppo-ting ground:
Ore of the typica cases is shown In Figures B an pages 4 — 7. |1 is ant ¢ pated that similar
behaviour will be observed in the HSR prajects in India.
A case presented in Figs. G on peges 3 - 14 is rather exceptional in that the supoorting
ground is very soft waste landfll where the soft scil supporing a RRR GRS wall was
improved by cemert-mixing-in-p ace.

M Ar-angerierts of geogrid in the approach fill of RRR CRE bridge akutment havirg wing RWs:
Explzined on pages 15 - 18.

Note: This document was orepared with help of Prof. Watanabe, K. (University uf Tukyu) il
Tatsunka F (Prof Frerus, |nivarsity of “okyo and Tekya niversity of Science) ‘

B Toio T = I

The follawing method is daseribad on page 128 of Mama! far the dezigr and consiniciinn of

RER Geosytheiie-Reinforeed Son strictwes

= Wister drain ppe shall ae install2d as crainage wark fa prevent a fise ir tae pore weter pressure in the
et bankimenl. Polyuing] o leride pipe (standard & 65 mim) shall be used for such wals diainage sise. Al
the raar and on the embankment side nf the water drain pipa. & snil craw-out pravanfion matarial
(hickress: appraximalely 10 mm) sha | be installec. Furthzmone water dran ppss may change hsi
ciractinn at the fime af ramparinn i the temprrary helding af the wall fare wih a sl tha: an
edequale dia naye indinalion will no. be maintained. To avoid Uis, as shown inFy 3.2.9-1, hereis a
method available in which a sacket that is a litle arger than the water drain pipe is installed in advance
&t ‘he time of slacking gravel oags and the water drain pipe is ins2ried irto i at the time of assembling
the canerete form

Fligure 8294 Typlest asrasgumon st dran pip:

i3 20 Tt i pases

Aczarding to -hz methoe descrioed in the manual (a3 custzd on the immediately preceding page), &
sackel in which the water drain pipe s irslalled in zdvance at the time of arranging gravel bags or
vielded steel “aoric containing grevely soil. The water drain sioe is inserled info the (a3 shovin in Mhato.
3.2.8) socket al the tme of assemktling the concrete fom.

| lowever, atthe | oskado sie, this standard method was not followec, sut the following mcdifiec
methad is employed:
1] Walded stesl fakric conain ng gravelly scil wsrs arangec be‘ors installing the drain plass. So, ws

saw the virappad-amund wal face withaut drain pipes unlike the ane shawn nPhatn 32 9)

Eaun drain pipe will bz wanyed it a hale made by suting te fronl fave of e geogiid vrappeng.
Then concrele form will bz asseambled Ee‘ase casting-in-p aze fresh conerste to canstruct =HR
facing
This modified metrod neads racher delicata work wher comparec with tre s'andare method (descrined
in the mmediately pieced ng page;. The JRTT and the contractar decided to adopt the modified
method cansidering hat the mad fied methed is Fetter in the constraetivity while the madiferd methnd
is leasible 55 well izired snd experiencsd lechnicians ae available

am

We reccrrmend to fellow the standard method for tie HSR projects in India “his tims, considering trat
thesa orojects ara “he first case of the construction RRR GRS structure in India. The modified methad
may bz adopied anly after confirmiag a sufici2nt high construct vity

B Monitoring of the setilement ¢ the suoporting grou

Reconstruction of highway emkan<mznt in Yamagata 1985

Target paint in

leveling survey _—

facng |

Geognd

# Foundstior forthe
corvartional type Rt Limited

“TLéngth of battan geagrid cxoavation

Brckan lines denote tha
conventicnal tyne RS
supporicd by plics that was
peviously constructed atthe

Typivel oss-saclion uf RRI GRS RW al Yamagala

s Fig A1 <ite {<ee Tig
Existirg cantilsver RC RW

Reconstruction
1o a RRR GRS RW
with a FHR facing

R3R GRS RW

with a FHR facing

Fig. A2 Figid-2
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The site Is Iocated along & natural slope In an - 167 f_a_z RRR G_RS RWw\th a decorative masanry facing on a waste landfill for an
mountain area, where the supparting ground =[5 + open-air theater in a park, 2006
is relatively stiff. H r " Construstion of the top backiill
s E q ouertying the GRS Rk
=%
52 i
The settlement of the supporting ground was £E A7 A Construstion of the backfil of
measured at the top of the embedded part of RRRERIRW:
the facing by the levelling survey (Fig. A-1). £ a
EE 0Ty,
The following trends may be seen £E gor
Most of the settlement took place during 5 a0- Consiriction of fullheight rigidt
the construction of the reinforced backfill 25 o Tacing fora‘period of 10 days
d the overlying unreinforced top backfill 25 Talawed by S Adiken
-l © EE g0 complete SRS RW
2. The settlement rate became very small En e—>| 3
about 50 days after the end of B A = =
embankment wark, EE Open air theater
g% 500 160 150 200
&5 Elapsed time {day) Fig. G
Fig. A-4 RRR GRS RW ”
. e iR e Tei et al. (2006) 5iCG 8
Staged construction Installation of horizontal drains
g
£
w
1. Improvement of waste landfill by
cement-mixing-in-place
2. Construction of GR backfill
3. Construction of a FHR facing
after the compression of ground
and backfill has taken place
sufficiently.
Fig. C-3

Tei et al. (2006) 8ICE Yokohama

19
Tel et al. (2006) 8iICG Yokohama i

Wall under construction

Fig. ©-4

Tei et al. (2008) 816G

Completed GR backfill (befare the construction of a FHR facing)

Fig. C-5

Tei et al. (2006) 8CG
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In this case, due to soft ground
condition, it toak some long duration for

Start of embanking

the ground settlement to become small e —
enough for the start of FHR facing B i
3 50 _V End of
It is not known whether such a case as g L= =mbening
this will not be encountered in the gﬁ .\ Start of construction of
i © 80 of construction of
current HSR projects in India. vy \ FHR facing after the
¢ such : o and it =k 80 has become
such a casa is sncountered and ifitis £ & 1 fa 2 mim per wesk
required to shorten the waiting period, 5 2100
the application of a preload on the crest 5 §|2° = ¥ ‘
of the reinforced backfill is very effective. & & ST, ‘
o5 .
0 @ ld0
a 50 100 150 200 250

Elapsed time {day)

Fig. C-6

Completed wall

Fig. C-7

Tei el al. (2006) 8iCG

Tei et al. (2008) 8/CG

M Arrangements of geogrid in the approach fill of RRR GRS bridge ab

having wing RWs:

RRR GRS bridge abutment, 21th May 2025, West Ctamoi-river Site

wing RW side

The reasons why geagrid B in the wing RRR GRS RW s noticeably shorter than geogrid A, which is the

reinfercing member (i.e.. the basic layers of geogrid) in the bridge abutment are as follows:

1y The FHR RG facing as the abutment siructure directly supporting the bridge girder is designed by
the stability analysis in which the passive earth pressure that may be activated in the backfill filled in
& space from the bottom of the facing (i.e., the current ground level after excavation, seen at this
stage) to the final ground level (after this backfilling) is ignored for a conservatism, prepared for the
loss of this backfill in the future. The reinforcing geogrid layers A are arranged in the erdinary way
where the arrangement of geogrid layer starts from the bottom of the FHR facing (which is the
current ground level after excavation)

{to be continued)

16

{continued)

2) ©n the other hand, the FHR RC facing of the wing RRR GRS RW is designed by the stability analysis
in which the passive earth pressure that may be activated in the backfill filled in a space from the
bottom of the facing (i.2., the current graund level after excavation, seen at this stage) to the final
ground level (after this backfilling) is effective. This effectiveness is ensured by careful backfilling while
it can be reasanably assumed that the surrounding level grounds will be persistent. Geogrid layers B
are arranged in such that the reinforced backfill with a height of only 2m, between the excavated
ground level and the final ground level is stable until the backfilling is made, which is followed by the
start of the construction of the backfill from the final ground level. That is, it is assumed that. with the
campleted wing RRR GRS RWs, a 2m high geogrid-reinferced backfill below the final ground level is
treated as part of stable supporting ground.

‘Geogrid layers in the reinforced backfill above the final ground level are arranged in the ordinary way,
where the basic geogrid layers are much longer than geogrid B. The length of the basic geogrid layers
is the largest valus amang: &) 35 % of wall height b) 1.5 m, and ¢ the length required for residual
wall deformations to be lower than allowable values, evaluated far over-tuming & |ateral sliding by “the
Newmark method based on the TW stability analysis® and for shear deformation of reinforced zane.
The relevance of this geogrid amangement is confirmed by the stability analysis of wing wall sections

(to be continued)
17

(continued)

This is one of the possible variations of the structure details of RRR GRS siructures, In any case, each
variations should be examined by stability analysis, reviewead by engineers that have sufficient
experiences with the design and construction of RRR GRS structures,
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11I-4-3 Response to inquiry3

Framework of Technical Support for Construction of RRR GRS RWs and
Bridge Abutments of HSR in India
13 June 2015
RTRI
RRR-International

Attachments: three PDF files about method statement for Construction

1) The technical support by RTRI and RRR-I, probably also by Yebisus (the representative,
Mr. Ebii, Noriaki), will be made by: a) E-mail exchanges; b) WEB meetings; ) on-site
interactions; and d) other relevant means.

2) Confirmation of the site where the on-site technical support is to be made:

When the on-site technical support that is described in this note is made at C4-Es-2, where
a RRR GRS Bridge Abutment will be constructed, basically the on-site technical support for
RRR GRS RWs and Bridge Abutments at other sites may not be necessary. When
necessary, on-site technical support may be performed also at another site (or other sites) .

3) Preparation of Method statement for construction of RRR GRS RWs and Bridge
Abutments for HSR in India (“Method statement for construction” in short)

To determine the items and contents of the technical support, it is necessary to confirm the
contents of Method statement for construction by all the related parties (including NHSRCL,
L&T, RTRI and RRR-I).

In this respect, RRR-I received the following document prepared by L&T and via NHSRCL
and RTRI in the beginning of October 2024: “Original Method Statement for Construction of
RE Wall Oct 2024” (File No. 1).

We reviewed this document and sent back to L&T via RTRI and NHSRCL in the beginning
of November 2024 the following document, where our comments were indicated in red
letters:

“FT 29 Oct 2024 Method Statement for Construction of RE Wall (reviewed by RTRI&RRR-
1) (File No. 2)
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Subsequently, we reviewed the above document (File No. 2) and added a couple of
comments (indicated in red letters painted in yellow) in the following document:
“Commented June 2025 Method Statement for Construction of RE Wall (reviewed by
RTRI&RRR-I)” (File No. 3).

In any case, we need to discuss on the contents of this document (File No. 3). In particular,
RTRI and RRR-| like tc know the opinion by related Indian parties (NHSRLC and L&T) on
the comments by RTRI & RRR-I indicated in File No. 3.

4) List-up of the items and contents of technical support

It is necessary to make the list of the terms with contents of the technical support based on
the discussions and confirmation described in term 3) above,

The followings are among the notions that we need to take into account when making the
above-said list.

a) At least, two times of on-site technical support may be necessary. The first one may
start sometime before the start of the construction of the first soil layer (i.e., the bottom
soil layer) of reinforced backfill and will continue until sometime after the end of the
construction of the third or fourth soil layer. This on-site technical support will be one of
the most important steps while most efficient for the confirmation of construction details.

This on-site technical support may include the on-site confirmation of the measuring
method of the coefficient of vertical subgrade reaction by Portable Falling Weight
Deflectometer tests, likely by using a device provided by Tokyo Sokki.

b) This on-site technical support may start sometime before the start of the construction of
the foundation of the FHR facing. Although this on-site technical support is effective, this
could be omitted if the time is not allowed.

¢) The second on-site technical support will be made separately from the first one. The
second one may start sometime before the start of the construction of the FHR facing, in
which the following construction steps will be included:

- arrangements of drain pipe;

- arrangements of concrete form and separator;
- arrangements of external concrete form; and
- casting-in-place concrete.

d) The proper preparation of cement-mixed backfill and its proper compaction in the field is
very important. To this end, the following preparation works shall be started sufficiently

2
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before the start of the construction of the approach black (i.e., sufficiently before the first
on-site technical support):
(1) Determination of the mixing proportion of cement-mixed soil by
i) selecting a proper backfill type;
ii) performing laboratory compaction tests (Modified Proctor) to find the optimum
water content and the maximum dry density; and
iii) performing a series of unconfined compression tests on specimens that will be
cured for a period of 28 days to confirm whether required strength as specified
can be obtained.
Development and determination of the relevant method of uniform mixing of cement-
mixed soil {i.e., either mixing using mechanical equipment at site or producing in a
concrete batching plant and transporting to the construction site). The details of
field compaction (the type of compaction equipment and the number of passing) that
can achieve the specified compacted dry density at specified molding water content
shall be determined by performing full-scale trial compaction tests.
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lll-4-4 Response to inquiry4

LARSEN & TOUBRO LIMITED METHOD STATEMENT FOR
HCIIC CONSTRUCTION ~ OF  REINFORCED
BACKFILL ~ RETAINING WAL &

Mumbai-Ahmedabad High Speed Rail

(Package No. MAHSR ~C-4) REINFORCED SOIL BRIDGE ABUTMENT

WIAHSR/LT/PKG/C4/QAOC/MS/02476,
Rev 0L

2. SCOPE

This Method Statement details the procedure proposed for Construction of Reinforced Backfill

Retaining Wall & Reinforced Soil Bridge Abutment, as per technical specification and approved

TABLE OF CONTENTS [Pro nal
drawings.
*This numbering and page Nos. maynot he consistent with those in the main text so thould be corrected
SL.NO. ‘ DESCRIPTION PAGE NO.
3. REFERENCES
1 | INTRODUCTION 5
A || SHORE ) + Clause Nos. 4.0 of Division 03000, Employer's Requirement (Technical Specifications) (Part VI-3,
3 REFERENCE 6 Volume 3)
4 RESOURCES L] «  Division 03000, Employer's Requirerment (Design Requirements & Criteria) (Part VI-2,
5. MANPOWER 6 Volume-2)
6, EQUIPMENT 2 ®  Cross Section Drawings
7. | MATERIAL 10 & Manual for the design and construction of RRR Geosynthetic-Reinforced Soil structures.
% METHODOLOGY FOR CONSTRUCTION OF REINFORCED BACKFILL &
RETAINING WALL & BRIDGE ABBUTMENT
4. RESOURCES
L1 CONSTRUCTION FLOW CHART 11
10. | WORK PROCEDURE 20 a1 Manpower
11 | CONSTRUCTION OF RC FACING WALL 33
12. | QUTER DRAINAGE WORKS 36 Responsibility Matrix.
13. | CASTING OF NOISE BARRIER & CABLE DUCT ADJUSTING CONCRETE 37
14. | QUALITY ASSURANCE & QUALITY CONTROL 37
15. | ANNEXURE -1: ITP & CHECKLIST 38 Project
16. | ANNEXURE-2: TYPICAL CONSTRUCTION SEQUANCE DRAWING 51 Director
TOTAL PAGES 52 :':
Project
Manager
e
I 1 11 S E— 1
. Quali E
SlEI’:EE:;l:Li s Surweyor Manager/ Manager/ P&M Enginser
Engineer Engineer
Page | 4
Page | &
4.11 Project Director i b4 Heratingand e o-ce: Line-pegsiapik
b | fand g are for 1 fing work not for GRS structures.
The Project Director will be responsible for overall execution of work within the stipulated time R N SN S eSS S A=
and as per technical specification with safety and Quality
4.15 QA/QCEngineer
412 Project Manager a. Reports to QA/QC-In-Charge.
b. Responsible for testing and approval of materials.
i Reports to Projact Director . Ensure only approved materials are being used in construction
ii far ensuring of Method &1P's, d. Coordinate/Supervise with Site Execution/Safety/Survey for ensuring the construction works are
iii.  Ensureimplementation of Control measures & safety norms as per HIRA at workplace a5 per approved method statement and ITP
v, g 1SR T s ki S8 makn T avalianle o alie e. Responsible for inspection of material and works as per method statement and ITP.
% lmeractwith she Enginect for doptovals. f. Respansible for testing’s as per technical specifications and Method Statement and TP.
vi.  Responsible for handing over of campleted section for next process to the Engineer. g Respansible far ensuring all nspaction reparts as per TP
vii.  Keep track of Internal/Customer complaints on guality, their compliance, cantrol an repetitions h. Coordinate with the Engineer on quality related issues
and guide/support the execution team under him. i. Ensure shift handover and takeover of the QA/QC activities,
j. Identify and raise non-conformances, in case of works/activities not mesting the specification
4.13 Site Engineer req and ensure of correction and corrective action to close the NCRs.
G SR SR k. Suggestand implement improvements to produrt quality
b. Responsible for execution of works as per Method statement & ITP's. 416 P &M Engineer
. Respansible for executing the works as per approved and latest drawings
i 3 , i ok i ’ a. Reports to P&M-In-Charge
d. Responsible for arranging and attending all internal and Clent's inspections against RFls.
2 b. Respansible for periadic & incidental maintenance of site equipment far smooth and continuous
e. Cross check availability of resource befare start of operations.
f. Follow approved work method statements and interact with QA-QC/Shift/Sectian-In-Charges, if dpeations,
i : i y c. Attending incidental breakdowns immediately.
any change or revision Is needed in the procedure that enhances the quality of construction. .
d. Ensure fock-out and tag-out system while attending breakdown and/ar maintenance
g Implementation of safety norms as per HIRA.
h. Interact with surveyor, QA/QC team and EHS team, 817 EMS ehgineer
i. Responsible for documentation and reporting.
a. Reports to EHS-In-Charge
414 Surveyor b. The HSE officar is responsible to examine the risk / hazard for this activity and to prepare a plan
ta eliminate the risk/hazard and to protect the safe environment & ensure workmen safety.
a. Reportto Section-In-Charge €. Involves regular pep-talks and periodical demonstrations of safety practices at site
b. Ensureonly calibrated survey Instruments are used during construction. d. Help to provide necessary safety materials at the work lacation as per requirements
c. Responsible for marking levels and fixing coordinates of the alignments. e, Ensure Implementation of EHS system at site,
d. Responsible for ensuring alignments as per approved drawings. f. Ensure implementation of safety norms as per HIRA.
Lt - b & Ensure the site is illuminated sufficiently in case night work is carried out.
& . Bussding o hne-pegsisp h. Coordinate with site administration, first-aid, Doctor, and hospitals during emergency.
Page | 7 Page | &
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4.2 EQUIPMENT
The list of equipment’s required for the construction of Earth Retaining Wall & Bridge
Abutment is given below

sl No. Qry. Remarks
A, Main Equipment
1. | Excavator/JCB 1 Nos
2. Vibratory Raller 1 Nos.
3. | Plate Vibratar 1 Nos
4. | Dumpers As required
5. | Transit Mixer (6.0 cum} As per requirement
6 | Concrete Pump As per requirement
7. | Boom Placer As per requirement
4.3 MATERIAL UST
Table-2: Material List
S.Ng Material Requirement Remarks
1. | Backfilling Material Clause 4.4.1 of M5
Tensile St h Ta -30 i
3. | Geosinhistics ensile rength Ta Reinforcing Materials
Tensile Strength Ta 60 | as per drawing and TS
To drain out water
from the surface and
3, [Geo Textile IRCSP-59/As per drawing | tracks without
causing any damage
ta structure.
4| Welded Wire Mesh 15 1566/As per drawing | Temporary Halding
5. | ‘Grade stabillied Crushed Storie Grade A’ | ASiper TS fAs perdrawing | Creineie Layer elow
concrete readbed
6. | Grade Stahilized Crushed Stone Grade B As per TS /As per drawing | Drainage Layer
Cemeni Mixed Graded Stabilized Crushed
il feshelio fo As per TS /As per drawing | Approach Black
Perforated Reinfarced Concrete pipe ; -
B it Mon- Wowen Gao Tastile 157319/As per drawing | Drainage Pipe
9, | Gea Compasite Drain As per TS /As per drawing | As applicable as per

Tabl Specification for backfill material

Sieve Size Percentage Passing
75mm 100%

425 microns 0-60 %

75 micrans Less than 15 %
PlsE

Angle of Internal Frictian -7 40°

4.42  Grade Stabilized Crushed Stone for Drainage Layer

Grade Stabilized Crushed Stane (A)

Specifications of the grade stabilized crushed stone for the roadbed and approach block
etc. shall be such that it is a well-graded sandy gravel layer of adequate hardness. Particles
size gradation curve shall be more or |ess within enveloping curve of material as shown in
Figure-2. The praperties and grading percentage shall be within the range as given in Table-
5 & Table 6.

Table-5: Grade stabilized crushed stone shall also satisfy the following criteria:

Property Requirement
Uniformity Coefficient Cu & Cu>7and
5 See Note
Coefficient of Curvature Cc Cc between 1and 3.
Fine (passing 75 micrans) 3% to 10 %.
Los Angeles Abrasian value <35%
The minimum  required
Soaked CBR value 80% of the
CBR value grade stabilized crushed

stone material compacted at

95 % of MDD.

Page | 11

4.4 MATERIAL

441

L

o

Backfill Material

Backfill Material shall be made of a good quality, free draining, granular and/or selected fill
and shall be mechanically compacted. The Backfill material shall consist of sound, tough, hard,
durable particles of free draining sand gravel material, soil, morrum, gravel, or crushed sand
Such material shall be free of organic material, clay balls or other deleterious matter.
Backfilling shall be done with inarganic materials, obtained fram the excavation or borrow
pits. The material used for back filling shall conform to the provisions of IS 1498,

The following are unsuitable as backfill materials.

Bentonite, acid clay, sulphuric clay and other expandable soil or rack.

Serpentinite, mudstone with a slaking rate of 50% or more, and other rock that has been
remarkably weathered by water absorption expansion

Highly organic soil and other highly compressible soil.

Frozen sail

Table 3 ~Test for Backfill Material

The testing of backfill material for earth retaining structure shall be subjected to soll tests

shown below.

5. No. | Item Standard Remarks

1. Grain Size Analysis 15: 2720 (Part 4)

15: 2720 [Part 2)

2. Water Content Test Matural State (Ground)

3. LL&PL 15:2720 (Part 5)

115 A12142013/

i et o Natural State (Ground)

4. Density of Soil

5. Density of backfill soil 1S: 2720 [Part &)

15: 2720 (Part 28) Compaction

6. Density test of sol particle

7.  Angleof Internal Friction 15: 2720 (Part 13) Direct shear test

Page | 10

Note:

Unifarmity Coefficient (Cu) which is a measure of the uniformity of grain size in the soil
and is defined as the ratio of the 60% finer size D60 to D10,
thatis Cu= D60 /D10

Coefficient of Curvature [Ce) is a value that can be used to identify a poorly graded soil

G,=
Dy,-D,

'

Table-6 Grading Percentage of Grade Stabilized Crushed Stone (A)

| __Percent Passing (by wei_gh 6
100

15 Sieve Size
40_mm
20 _mm
10 mm
4.75 mm
2 mm
500 micron
425 micron
212 micron
9. 75 micron

i

3.
4.
5.
6.
7.
8,

ENVELOFING CURVES|

1T [T

I i E2E:

Conm i ()

Page | 12
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4.4.5

Grade stabilized crushed stone (B}

Specifications of the grade stabilized crushed stone for the drainage layer etc. shall be such
that it is well-graded sandy gravel layer of adequate hardness and grading percentage shall
be within the range as given in Table-7.

Grade stabilized crushed stone shall also satisfy following criteria:
al Los Angeles Abrasion value < 35%.

Table-7 Grading Percentage of Grade Stabilized Crushed Stone (B)

sL 18 Sieve Size Percentage Passing (by weight}
1. 53 mm 100
2. 37.5 mm 95 - 100
3. 19 mm 50 -80
a 275 mm 15 40
5. 2.36 mm 5-25

Material for Cement Mixed grade stabilized crushed stone {A) for Approach Block

Cement OPC 53
ii. Grade Stabilized Crushed Stone (A)

The grade stabilized crushed stone shall comply grade size distribution curve appended as
clause 4.4.2, grade stabilized crushed stone (A).

Mix Design
Determine the mix design of treated soil by the following procedure.

Determine the optimum water content ratio and the maximum dry density pd max, of the
soil/mix by laboratory compaction tests (Modified Practar).

Add the optimal amount of cement to the crushed stone and prepare unconfined
compressian test specimen (D150 x H300mm) satisfying the dry density pd which is—st
|east 95% of maximum dry density by Modified Proctor.

Page | 13

Geo Synthetic

is a general 1 for all synthetic material used in geotechnical
ring applications, It includes geotextiles and geo-nats.

engin

The geosynthetics for reinforced concrete wall shall have the proven tensile strength for
carth retaining structure stability, durable and resistant against weathering, creeping, and
have proven long working life expectancy. Geosynthetics shall be bonded biaxial geogrid

The geosynthetics shall have the tensile strength mentioned in the Drawings.
The original yarn of the geosynthetics shall also satisfy the following quality standards:

Table: 9: Properties of Geosynthetic Materials

Geosynthetics - Geosynthetics shall be bonded biaxial geognid.

Properties Requirement as per TS Remarks

Tensile Strength of Ta = 30kN/m &

Geosynthetics, Ta (kN/m) Ta = 60 kN/m

Properties of Original yarn of the geosynthetics

Tensile strength More thar 4.0cN/ diex JSL1013

Bastic Ratio More than 160cN/ dtex JSL1013
Less than 4.0%after 100 days

Creep Deformation Ratio at 10%of the breaking load at HSK 7115

room temperature.

More than 90% of strength
retention after soaking 1000
hours in saturated calcium
hydroxide solution at 50°C.

Alkali Resistance Ratio

Yarn shall be

Sitch length coated PVC

15mm to 30mm.

Page | 15
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In addition to the above, also prepare specimens with 2% more cement and 2% less
cement,

The unconfined compression test shall be carried out as per 15:516.

The amoaunt of cement shall be decided corresponding to the design strength mentioned
in the Drawings, by establishing the relationship between the amount of cement and the
unconfined compressive strength.

Three test specimens shall be prepared for the sample having the same cement content.
Compressive strength of a sample is defined as the average value of compressive strength
of the three test spacimens.

Table-8: Approach block shall also satisfy the following criteria:

Properties Requirement

Material

Cement Mixed Stabilized Crushed Stone | Approved Mix Design

Uniaxial Compressive Strength

58 s > 2000 kN/m2 (2 MPa)

Relative Compaction

Aweragetalue

Average €

95 % by Modified Proctor

Lawer Limit Value {according toTS),
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Geotextile

Using a geotextile sheet to prevent the spilling aut of backfill in a reinforced soil bridge
abutment and backfill retaining wall construction. Geotextiles act as a filter and separator:

Geotextile Sheet shall have material characteristics as per Table- 10.

Table-10: Requirement for Geotextile Materials

Properties Requirement as per Drawing | Remarks

Weight 300 gsm (min) As per TS

Permeability Coefficient = 1x107 m/fsec As per drawing
GEOTEXTLE

/ PERMEABLITY COBFFICIENT 2 110 misec

Fig 3. Installation of Geotextile
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4.47 Welded Wire Mesh: Shall be as per drawing. 4.4

Drainage pipe.

Perforated reinforcement concrete pipe 300 mm diameter wrapped with Non-Woven
Geotextile shall conform to 15 7319 or Equivalent,

Fig 4. Welded Wire Mesh

Fig 8 Perforated reinforcement concrete pipe

1,

g
L [

TR £ e .

& Y [r—— 170

Fig 5. Welded Wire Mesh Cross Section Filg 6. Metal Wire Stople

Fig 7. Ancher Reinforcement
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5.0 METHODOLOGY FOR CONSTRUCTION OF REINFORCED BACKFILL RETAINING WALL & BRIDGE 6.0 WORK PROCEDURE

ABBUTMENT.
Constructing Reinforced Soil Bridge Abutment & Reinforced Backfill Retaining Wall involves

Construction flow Chart several steps and specialized techniques. The typical process involved in constructing the
Reinfarced Backfill Retaining Wall and Reinforced Soil Bridge Abutment and has been

e Preparation (C & G) illustrated below.
6.1 Site Preparation:
Survey & Layout

c.. X

All harmful obstructions and any objectionable material, plants, roots of trees, and any
obstacles that may impede excavation work shall be removed from the supporting ground
of the wall befare the start of the construction works,

_ b) Ensure adequate access to construction equipment and materials.

Base Preparation Levelling hy Crushed Stone + Blinding Concrete

6.2 Surveyand Layout:
Construction of Starter of RC Wall 3] Conduct a detailee survey to mark the layout of the retaining structure as per the drawing.
b} Install reference paints and markers to guide construction.
Installation of Geosynthetic Reinforcements
6.3 and Ct of

Temporary Holding with Welded Wire Mesh and Geotextile The existing slope shall be bench-cut as per drawing to attain final excavation profile. The

) range of the execution of such bench-cutting shall be such that it will be possible to lay the

Backfil T)ESY 2 (Up to full height geotextile relnforcement within the reinforced zone as per drawing.
B,

g, Levelling Compaction
as per drar

Observation of Settlement

Coanstruction of Top Layer Filling with crushed stone grade A

Adjusting Concrete for Noise Barrier and Cable Duct. Fig 9. Excavation and Construction of Foundation
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B

The slope of the Excavation shall be maintained as per the drawing, to preventany collapse.

=

The founding level of reinforced concrete wall/abutment from the ground surface shall be
maintained as per drawings

©) Excavation for starter concrete below the existing ground level as per drawing shall be
carried out. Below the founding level, a layer of blinding concrete (M20 Grade) supparted

by thick crushed stone layer shall be provided as per approved drawings.
d) The line and level of foundation preparation shall be as per drawings

&) Over the PCC, the starter of suitable height shall be cast. Further, the construction of the
main part of the RC facing is carried out = e Eth =
geetentile-reinfarcad-baekfill: after the end of sufficient deformation and settlement of the
geosynthetic-reinforced backfill caused by its construction to the full-height.

Fm

6.4 Testing for Supporting Ground
6.4.1 Testing of Existing Ground for Backfill & Retaining Wall:

a) Where ground condition is specified in terms of Standard Penetration Test (SPT) in the
Drawings, the SPT test shall be conducted instead of Plate load test at the Centre of tracks.
The test shall be done at an interval of every 30m, including at least the one at, or near, the
Jocation where the RC facing is to be constructed.

b} If the founding strata Is not found suitable, the unsuitable layers shall be removed and
replaced with good soil as per designer recommendations. The depth of excavation and
removal of existing unsuitable layers shall be as per designer recommendations (or)

What is the meaning of (ar]?

c) The Ground improvement shall be carried out in accardance with Div 3000 - Sec VI-2

ER{DFM), and CI 8 of Div 3000 Sec VI-3 ER(TS) and as per Drawing no. S0-JIC-CO3-DRW-ALL-
ETS-MD1-00001

6.4.2 Testing of Existing Ground for Abutment:

At least one plate load test shall be carried out for every abutment at the center of tracks.
The bearing of capacity of the supporting ground condition for abutment shall be at least

6.5 REINFORCED BACKFILL RETAINING WALL

After testing and clearance of existing ground lewel, suitable back fill materials shall be filled
in fayers not more than 150mm thick, spread, and compacted,

The nominal maximum size of the aggregate shall be 20mm in case crushed stane are to be
used as backfill for earth retaining structure. Large size crushed stone aggregate shall be
distributed uniformly inside, all over the backfill for earth retaining structure ensuring no
volids are formed. However, large size crushed stone aggregate shall not be used in the top
1m layer of the backfill for earth retaining structure.

FrETETTED

l‘auuuxw o i

Fig 10. Reinforced Backfill Retaining Wall

1800 KN/m2.
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6.5.1 ion of i i 3 P y holding Wire Mesh:
GensmTHETICS ¥
a) Prior to backfilling for each soil layer with a tatal compacted thickness of 300mm, the e
geosynthetic, then geotextile & wire mesh shall be laid to the width as per drawing. ekt
srosNTETICS
bj Geosyntheticand Geotextile & wire mesh shall be placed flat at every 300mm In the vertical CONTHUETO G ENG) {
spacing es—each at the shoulder of each 300mm-thick compacted soil layer and as per B ISR
approved drawing Ground level of the
supportng sunsell |
¢} Laying of Ta-30 Grade ic material s bayes; 3t a vertical spacing of 4
300mm, extending 3000mm in length or as per drawing. Ta-6Q0 Grade Geosynthetic ”
R
material sbesehL600malaves ot a vertical spacing of 1500mm, covering the full width of escl)

geosynthetic-reinforced backfill, and as per the approved drawing. The position of Ta-30 &
Ta-60 geosynthetic material shall be as per the approved drawing

d) Keeping extra length of 800mm= 300mm (verticall and 500mm ({hotizontal) for folding and
extending the geasynthetic to wrap-around the top of the 300mm thick layer as mentianed
in the drawing.

Fig 11. Geosynthetics Wrapping
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Fig 12. Typical of ics (note: the bottom part of FHR facing
(shown in this figure) Is constructed prior to the construction of reinforced backfill. The top level of
this part should be the same as the bottom of the reinforced backfill {i.e., the ground level of the
supporting subsoil)

Photo-1. Laying of Gea Synthetic

Photo-2. Geo Synthetic wrapping

e) The geasynthetic shall be placed in transverse direction ta the wall face (I.&., in transverse
direction to the track for GRS RWs and in parallel direction to the track to GRS Bridge
Abutment) and in such manner that there will be no extreme unevenness or gap. Special
care shall be taken for direction of laying geosynthetics. Fig. 12 shaws a typical arrangement
of geogrid layers for reinforcement
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fl The Geosynthetic shall be laid by overlapping it by +08mm-ai-thefeintintransverse

g} The L hooks required to be

dizestian 2 width of 100mm in the transversal direction along the joints continuing in the
principal direction and as per specification and drawings.

stont 100mem
M

w = |

about 100zum

Prineipal direction of geogzid

Transversal direenion of gecgnd

it o

G +

-

Fig 13, Geosvnthetic overlapping Fig 14,

with RC wall reinforcement shall be provided along
with the wire mesh as per the approved drawing (Please refer Fig.7).

h) The drainage pipe with diameter not less than 6cm shall be placed at every 2-4m2 of RC

i)

i

wall surface as per drawings. The drainage layer shall be placed supporting / using crushed
stone at the backfill of walls as shown in the drawing (Please refer Fig.15).

The mouth of drainage pipe / Weep hole in the back fill side shall be covered with 38e
10mm thick Geotextile (Please refer Fig.15).

Fig 15. Weep Hole

As applicable, Installation of Centre drain system at required level as per drawing.
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6.5.2 Backfilling and Compaction

a) After laying geosynthetic to the length as per drawing, the back fill material shall be
uniformly spread and compacted.

£

The back fill material shall be dumped and graded to a total thickness, consisting of two 15
cm-thick compacted lifts, not more than 300mm per soil layer between vertically adjacent
geosynthetic layers. Aishe-and At the area 1m wide)
on the wall face side at the edge of the backfill portion, graded stabilized crushed stone (B)
shall be laid et-the-retsiningwall-area to the width as specified in the approved drawing.

fibobocl oy

n,

To achieve better compaction and results, the back fill shall be laid in 150mm layer thick,
spread, and compacted to achieve desired results. However, the testing of back fill will be
done for every 300mm thick layer.

d) The compaction of backfill layers in central main portion shall be done using 8-10 ton
vibratory rollers or using mini raller depending upon the site condition. At the edge portion
(Approx. 1m wide) near RC Wall, shall be compacted using plate vibrator only.

Photo 3. Compaction by plate vibrator

Photo 4. Compaction by roller/mini compactor

e} The density for back fill material shall be tested either by sand replacement ar by nuclear
density gauge. After completion of compaction and satisfactory testing, the next layer of
backfill material at the eantes central main portion and the crushed stone Grade B at the
ends shall be laid fera-thick s s as = st e
eashl n two sub-layers (150mm each) for a total thickness of nat more than 300mm as per
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=

8

drawing.

The above process shall continue for each layer up to the required height, The width and the
grade of gestassile geosynthetic (Ta30 & Ta60) shall be strictly kept as per drawingk

The top 300mm of the back fill shall be laid and compacted with Grade stabilized crushed
stane (A) as per drawing after construction of RC wall Dessity test for the tap loger o8 back
e usingaate—aRtas Plate loading tests (typically
by the portable falling weight deflectometer tests) to confirm required K30 value shall be
perfarmed on the top layer of backfill.

k30 sl

Prior to starting compaction, sseekse full-scale trial compaction tests shall be done to
monitar settlement based on no. of passes of the roller. Sketch ta monitor settlement /
compaction thickness is as shown below in Fig.16

‘ @ Eaen mesmirement nest

l—o

—

I 3 4« % & 1
No. of passes of the rolier

Figure-16 Example of Settlement Measurement Record.

Testing for Backfill Compaction {Testing Location for K30 Value)

On the finished surface at the upper backfill layer of the earth retaining structure (for
crushed stone grade A, he quality of compacted soil is controlled
by K30 value. Test cross sections shall be provided at an interval of every 30m for
performance rank |. Minimum one test in each section and in approach block

Lo stm st
[ttt .. IHTLGCATON

Fig 17 Test Location for K30 Value

Page | 27

6.5.4 Testing Location for Compaction Density for Back Fill Materials:

In backfill far earth retaining structure and appraach block of abutment, relative compaction
tests shall be carried out for every layer (0.3m). The testing shall be carried out at every 30m
cross section for performance rank 1. Minimum one test section in each section and in
approach block

P
ST e e

Uppm st
EmnemFL )

- TESTLOEATION

Fig 18. Test Location for Compaction Density Test

6.5.5 Criteria for backfill.

The degree of compaction for backfill for earth retaining structure shall be based on the base
values and the quality control method as mentioned below in Table-11. In case the upper
backfill far earth retaining structure is banked, the compactian cantral shall be by average
and lower limit values of K30 and the ratio of density for compaction. In case lower backfill
far earth retaining structure, the compaction control shall be by average value and lower
fimit of the ratio of density for compaction

The degree of compaction shall be as detailed below in Table 11,
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Tahle -11: Degree of compaction of Backfill for earth retaining structure and Compaction

Management Method (Performance Rank 1)

Backfilltype  Degree of Compaction Compaction management Method
Upper Back il IF backfill banking Lest the Contractor get | 1} Relative compaction Management by
values as per serial, no 2 (below) they can | density shall be carried out for each layer (0.3
adopt value as per serial no 3 alsa instead 6f| m) of finished surface.
serialfng “Tast mathod far soil density using nuclear
1) Average value of relative compaction by | gauge (IG5 1514-1995)" or "Test method for
Medified Proctor® is 95% or more flower | soil density by the sand replacement.
limit value 92%), Average value of K30 Method 2 [JIS A 1214-2013 or
value: 110MN/m3 or mare lower limit 15:2720 {Part28)- 1974
value 7OMN/m3
2) Average value of relative compaction | 2} K30value (*1}
by Modified Practor* s 0%, sverage K30 value shall be performed on the upper
il Bl backil for earth retaining structure finished
g surface and shall be carried out by "Method
for plate load test on soils for road*3 {115 A
3)Average value of relstive compaction by | 12152013 or 5: 82 14-1 979",
Madified Proctor*is 80% or more (lower
limit value 87%), and sverage value of K30
value: 150MN/m3 or mare (\nwer’ limit
value 110 MN/m3)
Lower Back 1) Average value of relative compaction | Densicy shall be carried out for each layer (0.3
Fill by Modified Practor” In case of gravel m} of finished surface.
0% or more {lower limit yalue 87%) "Test method for soil density using nuclear
incase of sant 95%ormore {ower limit | #2488 HG5 1614-1995]ar “Test method for
ko S2%) soll density by the sand replacement method
(115 A 1214-2013 or 15: 2720 (Part28)- 1974)".

Note: Tha campacted state and the stiffness of compacted soil may be evaluated based on the cosfficiant of
vertical subgrade reaction (30) measured by the field plate lnading test (PLT) using a 30 cm-diamater plate.

*The relative compaction is ohtained based on the magimum dry density evaluated
by using Modified Proctor, according to RRR tanstriiction manual

6.6 REINFORCED SOIL ERIDGE ABUTMENT

The execution of backfill and geosynthetic for reinforced soil bridge abutment shall be according
to Clause 6.1 to 6.5.5 of this Method Statement. It includes the process of backfilling behind
the location of the RC abutment structure, which is to be constructed after the
constriction of the approach block, using a) graded aggregate adjacent to the
abutment and b) a cement-mixed stabilized erushed stone s mixture for the approach block,
The material for sementstabifzesxtLhe approach block) shall be a mixture of cement and

graded aggregates as per approved mix design. For detalls, please refer Table-8. Adssss
b bl flling i ; e M — —

e il il = drawing Prior to the construction of the RC abutment
structure that supports bridge girders, the approach block shall be completed as per drawing,

The details of the canstruction of the approach block are given in Section 7.

20000

FBUTUENT FEGAT

G
a0 G
@900 rm

@0 nm

Fig 19, Cement-Mixed Approach Block with Geosynthetics
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6.6.1 Construction of Approach Block Using Cement Mixed Stabilized crushed Stone Mix: The thickness of the zoil layer for the approach block and back fill layer that is spread and
compacted one time shall not be mare than 150mm. The compacted finished surface of
Ie-portionsibackiHiwerisbehindtheab e garegste-fiirshal ppsssalislesiend B TR theappronchbiari o

be-fledwitls The appraach biock behind the RC abutment structure that supparts bridge
girders at its crest shall be constructed by using Cement Mixed Stabilized Crushed Stone mix
as per drawing. The Construction of approach block along with backfill for earth retaining
structure immediately behind the approach block shall be |aid simultaneously layer wise
{150mm} and compacted. Prior to laver wise construction of approach block, geo-synthetic
shall be |aid as detailed below.

Place geosynthetics Ta=60.0 kN/m @ $00 mm spacing and Ta=30.0 kN/m @ 300 mm spacing.s
b b et s - heblock-and The end at the wall face

side of the geosynthetic that is to be arranged Inside the approach block shall be prepared
10 be falded at every 300mm thick layer (every alternate layer of appraach block) as per the
approved drawing.

After laying of Geosynthetics as per the approved-=seastngs: drawing, as shown In Fig. 20,
welded wire mesh arranged with geotextile sheet as a temporary facing unitis arranged at
the shoulder of each soil layer with wrapped-around with geosynthetic. Then, a & layer of
graded stabilized crushed stone (B) e hal-be-latd-attheend <

abutmeastatheddth shall be laid over the geosynthetic that has been laid from the end at
the RC abutment side over the width of the approach black as specified in the approved
drawingin a layer with a total thickness of 300mm. The backfill shall be and-compacted using

A

h

plate compactor ass it walded
spprevadd=aming: and vibratory roller compactor. Then, geosynthetic and welded wire mesh
wrapped-around with geotextile are arranged as per the approved drawing.
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the GRS bridge abutment and the backfill for the GRS retaining wall shall be at the same level.

The material for Cement Mixed Stabilized crushed Stone mix shall be as per approved mix
design, The Cement Mixed Stabilized Crushed Stone mix shall be mixed either using
mechanical equipment at site or shall be produced from concrete hatching plant and
transported to the construction site,

Revisad

Fig 20. Wrapping of Geosynthetics behind the RC parapet wall

5 o Seabiizad o T ) nabime b

compacted-using-platesempastes The approach block shall be constructed before
the construction of the main part of the RC wall and the RC parapet wall
(shewn in Fig, 20). After sufficient deformation and settlement of the
approach block and the supporting subscll, the main part of the RC wall and
the RC parapet wall are constructed by casting-in-place of fresh cancrete. The
main part of the RC wall and the RC parapet wall shall be constructed so that
all the geasynthetic layers that reinforce the approach block are firmly
connected to their vertical back faces. To this end, fresh concrete shall be
cast-in-place directly onto the geosynthetic wrapping-around the welded wire
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mesh of the approach block without using internal concrete formwork. The
main part of the reinforced concrete wall shall not be constructed before the
construction of the approach block behind. In the same way, the RC parapet
wall shall not be constructed befare the construction of the approach block
behind. This procedure Is to ensure firm connection between the reinforced
concrete wall and the approach block and te aveid uncontrolled displacements
of the reinforced concrete wall that may take place if the RC wall is

constructed prior to the construction of the approach block.

[About the timing of assembling of the steel reinforcing bars for the RC abutment wall]

It is the standard practice to assemble the cage of steel reinforcing bars for the RC abutment
structure after the construction of the approach block so that, before the start of rusting of the
steal reinforcing hars, fresh concrete can be cast-in-place to complete the RC abutment structure
that is firmly d to all hetic layers rei ing the approach block,

Although it is not preferable, depending on construction conditions at the site, if the foundation
structure for the RC abutment structure is constructed then the cage of steel reinfarcement for
the RC abutment structure is assembled before the start of the canstruction of the approach
black, so well in advance of the casting-in-place of fresh conerete, steel reinforcing bars shall be
protected from rusting by a relevant means. This protection work shall be started immediately
after the completion of the assembling of the steel reinforcing bars and continued until the time
of concrete casting.
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The thickness of the Cement Mixed Stabilized Crushed Stone mix layer that is to compacted
one time shall se=sat not be more than 150mm. However, the testing of approach block
layer shall be done for every 300mim layer. [n situ field dry density shall satisfy 95% or more,
than the max dry density by Madified Proctor.

Approach block backfill for sssthsetsisiogstauctusa GRS Bridge Abutment shall be carefully
as the of the it b e - =

RC abutment structure that supports the bridge girder with the approach block has a severe

influence on the track.

Curing of eamertbiask compacted coment-mixed soil layers shall be ensured using water

sprinkling until the next layer is laid.

Required tests like unconfined compressive strength test shall be carried out as per ITP for
Cement Mixed Stabilized crushed Stone mix.

Prior to the start of the canstruction of Abutment/RCC wall esnstruetion, 16mm dia anchor
reinforcement bars with vertical spacing at 300mm and harizantal spacing at 250mm shall
be connected with the wire mesh provided along with approach block, as shown in fig. 20
above.

The surface of the final finished top layer shall be sealed by spraying bitumen emulsion about
1.0 to 2.0 liter per m2 conforming to grade $5-1 (I5: 8887-2017)

6.

~

Degree of Compaction and Test Method for Approach Block

Field tests to evaluate the Degree of compaction of the approach block and esmpastiontest
smathod: plate loading tests for construction control shall be carried out as detailed below in
the table 12,

Table-12 Degree of Compaction and Fesihkisthed Plate Loading Tests for Approach Block

Baclfﬂ_ll for earth Degree of Compaction and K30 Compaction Management
retaining structure part Naliie method

Relative compaction is 95% or | Same as performance Rank
Approach Block more by Modified Proctorand | 1 mentioned in Table -11

K30 value is 150 MN/m3 or for upper backfill.

mare
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7.0 CONSTRUCTION OF ABLEFRENT-WALL-S-RC FACING-WALL: RC FACING FOR GRS RETAINING WALL

AND RC ABUTMENT STRUCTURE FOR GRS BRIDGE ABUTMENT:

bl o el : ol r m

bescemplyiag After the construction of the approach block for the GRS bridge abutment and
the reinforced backfill for the GRS retaining wall to the required height as per drawing,
before casting-in-place fresh concrete to construct the RC abutment structure and RC facing,
the end of sufficient deformation and settlernent of the approach fill and the geosynthetie-
reinforced backfill together with the settiement of the supporting ground shall be confirmed

by continuous abservatian.

" 5 d-Re-fseing Then, the construction of RC
abutment structure and RC facing shall commence the following sequence.

a) Temporary scaffolding assembly work
b) Reinfarcing steel rod assembly work
¢} FormWork

d) Concrete casting wark

In the following, the construction method of RC facing for the GRS retaining wall are commented.
As the

method of RC structure for the GRS bridge abutment is basically

the same as the above, these comments are also relevant to the construction of the RC abutment
structure for the GRS bridge abutment.

7.1 Temporary scaffolding assembly work

Temparary scaffolding assembly is to facilitate fixing of RC wall form work. The scaffolding, pipe
scaffolding, o prefabricated scaffolding shall be as per drawing.
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ittt

Fig 28 21, Temporary scaffolding assembly work (This figure should be madified ta Fig. 4-a) shawn below}

In Fig. 21, the top level of the embedded portion of the full-haight (FHR) RC facing is tao high. As this
embedded portion is constructed before the construction of the reinforced backfill, by this
configuration shown in Fig. 21, the first soil layer of the reinforced backfill is NOT connected to the
FHR facing.

However, the bottom part of the FRH facing should be firmly connected to the bottom soll layer of
the reinforced backilll by casting-in-place fresh concrete into a space between the front face of the
first soil layer and the back face of the FHR RC facing not covered with an [ntemal concrete formwork
(in the same way as the higher portion of the FHR RC facing),

So, the top level of the embedded portion of the FHR RC facing should be made lower by 30 cm to
become the same as the bottom level of the first soil layer of the reinforced backiill as shown in Fig.
A-a) below. Then, the bottem level of the scaffeld should also be made lower by 30 cm accordingly,
as shown in Fig. A-a). Figs. A-b) and A-C), which were produced from the approved drawing, show
the structure of the bottom portion of FHR RC facing

WELDNG LSTESL TosTERL

Fig. A-a)
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g:dﬁ

c)
Fig. A a) Modifisd figure of Fig. 21:
b) a typical cross-section of the embankment ratained by a pair of GRS RWs shown in the
approved drawing; and
c) details of the structure at the bottom portion of FHR RC facing (note: a blue broken line and
a red square have been added to the orginal drawing).

1" Embedced porton of RC facirg
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7.2 Reinforcing steel work.

Tying of Reinfarcement and binding for RC wall shall be as per BBS and approved drawing.
Embedded itams like pipe for weep holes/ drain holes ete, shall be ensured during reinforcement
tying as per drawing. Cover blocks shall be provided an the outside having cancrete grade equal
to or higher than the RC wall concrete grade.

The L hooks provided in geo synthetic layers shall be welded with the RC wall reinforcement as
per drawing.

drain pipe

Photo 5, Reinforcing Bar Photo 6, Drain Pipe
7.3 Formwork Arrangement:

Fixing of formwork shall be as per drawing. Required tie rod with anchor cane shall be provided
to ensure the alignment and rigidity during concrete pouring and compaction. Form work at the
hackside of reinfarced concrete wall (backfill side) shall not be used,

Required protection for drainpipes and weep holes shall be ensured while fixing the shutter for
concreting works.

Necessary foam sheets / putty shall be provided in the form work joints to ensure leak free joints
o prevent slurry leakages through joints.

Shutter oil shall be applied to the form work prior to fixing of formwork.
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Phota 7. Formwork

7.4 Casting of RC Wall:

Concrete mix shall be produced from an automatic batching plant as per the approved mix design.
The grade of concrete shall be as per drawing. Pre-pour inspection shall be carried out with RFI

and clearance shall be taken prior to commence concrete,

Cancrete shall be poured directly ar using boom placer / static pump into the RC wall form works.
Care shall be taken while pouring and compaction to ensure that the embedded items inside the
RC wall formwork are not disturbed, dislocated, or damaged.

The compaction of concrete shall be continued until the air bubble stops coming out and the
cement slurry starts coming out from the concrete, The compaction shall be stopped when the
cement slurry starts coming out thraugh the concrete surface,

Peptalk shall be carried out to the team prior to start every concrete to ensure defect free
concrete surface. Water curing of cancrete top surface (exposed surface] shall be commenced as
soon as the concrete is initially set. Alternatively curing compaund shall be applied.
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7.5 De-shuttering.

After 18 ta 24 hours after cancrete, the form work shall be removed. The concrete surface shall
be inspected jointly for post-pour. Defects, if any observed shall be recarded in the post pour
inspection sheet and attended as per appraved concrete repair methad statement

7.6 Concrete Curing
Immediately after the De shuttering, curing compound shall be applied to the outer face of RC

wall. Alternatively curing shall be dane by cavering with hessian cloth & sprinkling using water
continuously for 15 days.

7.7 Expansion Joint & Contraction Joint:

The langitudinal length of a reinforced concrete wall between expansion joints shall not be more
than 20m, and it can be shortened depending on the site conditions and as per the drawings.
Contraction Jaints (V-shaped concrete cuts) shall be done using concrete cutter an the RC wall
surface at an interval as specified in the drawings in case the length of wall is greater than 20m.
The inspection and testing of RC wall construction shall be carried aut as per ITP, and the
recards for the same shall be maintained.

8.0 Outer Drainage Works:

Construction of drainage systems like weep holes, geo-composite dralns, side drains, catch water
drain etc., shall be done as per drawing after completion of RC wall construction. The size of
perforatad concrete pipes for side drains shall be as per drawing. The level of drain warks shall
be as per drawing to ensure proper drainage and to prevent accumulation of water inside the
earthworks area,
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10. Casting of Noise Barrier & Cable Duct Adjusting Concrete:

Noise barrier and cable duct adjusting concrete shall be done as per drawing. The method
statement and ITP for noise barrier adjusting conerete and the erection of Noise barrier and cable
duct shall be as per approved Method statement. Please refer LTC/MAHSR/Pkg-
C4/QMS/2023/9039 , SRR-016186 & SRR-017529

Fig2022.

(note: the embedded portion of the RC facing shown in this figure should be modified as
shown in Fig. A-a, presented immediately below Fig. 21)

The structure of the top portion of the FHR RC facing shown in Fig. 22 should be modified to the
one presented in Fig. B (shown below). In Fig. B, the FHR RC facing is constructed as one unit up
to the crest of the extended portion so that a construction joint is not created between the
extended portion and the main portion of FHR RC facing. This construction joint, if produced,
reduces the stability of the extended portion of the RC facing as the extended portion is not
supported by the reinforced backfill.

Figs. C and D are from the approved drawing. As shown in Figs. B, C and D, the vertical steal
reinfarcement members, denoted as RM, are arranged throughout from the bottom of the RC
facing to the crest of the extended portion of the RC facing. As shown in Fig. B, the base concrete
of the noise barrier should be firmly anchored in the extended portion of the RC facing by using
anchor steel members (denoted as AM in Fig. B). In this way, the noise barrier becomes stable
sufficiently by taking advantage of very high stability of the FHR RC facing

In Annex 2 (at the end of this document), it is shown that, after the main portion of the RC facing
is constructed at stage 6, the concrete block consisting of the foundation for the noise barrier and
the cable duct adjusting concrate is constructed at a later stage, stage 7. However, when following

this procedure, a construction joint is created between the extended portion and the main portion
of RC facing. Moreover, a scaffold and the support for external concrete formwerk amanged
outside the wall face becomes necessary

For construction convenience at a lower cost and also for a high structural integrity between the
main portion and the extended portion of the FHR RC facing, It Is necessary to construct these
two portions of RC facing at one time so that a copstruction joint is NOT produced between these
two portions. A set of illustration presented in Fig. E shows a modified construction procedure that
does not use the scaffold and related members to support the external concrete formwork to
construct the extended pertion of the FHR RC facing (shown in Figs. 22 and B). The construction
procedure shown in Fig. E follows the approved drawing presented in Figs. C and D.

The duct base concrete shown in Fig. E s not a structural component. A simple measure, such
a small protrusion at the bottom plane of the duct base concrete together with a steel member
connecting the duct concrete base and the base concrete for noise barrier, is enough for its
stability

CaNTLEvER
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Fig. B. Modified structure of the top portion of the FHR RC facing {note: the crest level of the
embedded portion of the FHR facing is made the same as the boftom of the first soil layer of
the reinforced backfill, which is set to be the same as N.G.L. in this figure).
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Fig. C Arrangement of steel reinforcement members (from the approved drawing)
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Fig. D (from the approved drawing) (note: coloured lines and notes have been added to the approved
drawing).
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Fig. E. A modified construction procedure of FHR facing.
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11. QUALITY ASSURANCE & QUALITY CONTROL:

» Alltesting and inspections shall be carried cutas per approved ITP.
# Curing shall be ensured as per specification.

= Records of testing and inspections shall be ensured as per approved TP,
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In this document, the construction procedure of the GRS RW with FHR RC facing having the
foundation of a mast, as shown in Fig. F, is not explained. It is necessary to prepare it referring to the
comments presented in this document.

SECTONA-A scnowec ¢ 4
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o

F. Section of GRS RW with FHR facing having the foundation for a mast (from the approved

ANNEXURE-2
TYPICAL CONSTRUCTION SEQUANCE DRAWING

Fig. A-a) (ditto)

As commented related to Fig. 21, the crest level of the embedded portion of the FHR RC facing should be
lowered to become the same as the bottom level of the first layer of the reinforced backfil as shown in Fig. A-
a)

Sounded st ot

e

Fig. 8 (ditto)

In these two figures on the left side (shown in the table in ANNEXURE-2 of the original document), the main
portion of FHR RC facing is canstructed at stage B, while, subsequently, the foundation for the noise barrier
and cable duct adjusting concrete are constructed at stage 7 separately and |ater, However, as commented
related to Fig. 22, and as shown in Fig. B (shown at the nght side above), these two portions should be
constructed one time to ensure their integrity and for construction convenience
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