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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 
       

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1(b) Conceptual figure of RRR-B  
Construction Method 

(Reinforced-soil Retaining Wall) 

Fig.1(a) Conceptual figure of RRR-A 
Construction Method 

(Cement-improved Reinforced-soil Abutment) 
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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 IGS-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-
Treated Reinforced Soil 

Abutments) 

Double track H=3.0 / 6.0 / 9.0 / 12.0 m 2.0 m ≤ H ≤ 12.0 m (stepwise) 

Quadruple track H=4.0 / 8.0 m 2.0 m ≤ H ≤  8.0 m (stepwise) 

RRR-B (Reinforced 
Earth Retaining Walls) 

Double track, 
without OHE poles H=4.0 / 8.0 / 12.0 m 1.6 m ≤ H ≤ 12.0 m (stepwise) 

Double track, 
with OHE poles H=4.0 / 8.0 / 12.0 m 3.0 m ≤ H ≤ 12.0 m (stepwise) 

Quadruple track, 
without OHE poles H=4.0 / 8.0 / 12.0 m 1.6 m ≤ H ≤ 12.0 m (stepwise) 

Quadruple track, 
with OHE poles H=4.0 / 8.0 / 12.0 m 3.0 m ≤ H ≤ 12.0 m (stepwise) 
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Fig.2(a) Standard Design Drawing Example    
    (RRR-A Construction Method) 

Fig.2(b) Construction Design Drawing Example 
based on the Finalized Drawing Manual 
（Overview General drawing） 
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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 

1 May 9–
11, 2023 Concrete Structures NHSRCL (Surat) 60 in-person C4 Surat Station; FSLM & SBS 

yards; Tapi River Bridge; etc. 

2 Feb 19–
20, 2024 

Welding Technology for Steel 
Truss Bridges 1) NHSRCL (Delhi) 60 in-person 

+ 80 online 
Sarasa Tech Engineering steel 
bridge fabrication plant 

3 Oct 23–
24, 2024 

Reinforced Earth Structures & 
Railway Disaster Prevention NHSRCL (Surat) 60 in-person 

+ 120 online 
C4 NATM tunnel outlet area 
(end side) 

4 May 19–
22, 2025 

Reinforced Earth Structures & 
Japan–India Partnership 

RTRI (Kunitachi) & 
ADBI (Kasumigaseki) 

50 in-person 
+ 45 online 

RTRI experimental facilities; 
Hokkaido Shinkansen 
(Oshamambe area) 
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 (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 
RTRI 

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

Dr. Shinichi Tamai 
JRTT GRS Structures along Latest SHINKANSEN 

Mr. Takuya Kosaka 
RRR-I Association 

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

Mr. Itsuki Koshiishi 
JARTS Maintenance of Earth Structures and Disaster Prevention 

Mr. Satoshi Takizawa 
JR East 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 
NHSRCL 

Construction method and Quality Control of Geosynthetic-Reinforced 
Soil (GRS) structure for High-Speed Rail 

Dr. G. Venkatappa Rao 
IIT GN 

Indian Experience with Geosynthetic Reinforced Earth Structures: Key 
Considerations for Adapting Japan's RRR System 

Dr G.D. Raju 
L&T 

Construction Method and Quality Control of Geosynthetic Reinforced 
Earth Structure For High-Speed Rail 

Dr. Prashant 
IIT GN 

Research and Development Project on Geosynthetic Reinforced Soil 
Walls and Abutments for High-Speed Railway Systems 

Mr. Narayana 
TCAP 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). 
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Photo 2. Scene from the Third Workshop Seminar 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

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). 
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Photo 4. Scene from the Fourth Workshop Seminar 

Photo 5. Site Visit to the Hokkaido Shinkansen Construction Area Implementing the  
RRR Method 

Photo 6. Group Photograph of Participants at the Fourth Workshop (at ADBI, Kasumigaseki) 
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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 AppendixⅠ-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/
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 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) a rupture 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 
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 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 AppendixⅢ-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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I. Webinar [27 March 2024] 
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I-3 PPT presentations 
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I-4 Discussions with inquiries and responses 
I-4-1 Response to inquiry1 (Minutes of webinar) 
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I-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. IGI 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 

http://bestgeotech.com
https://www.igi.co.jp
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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, PVA is 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 

https://www.techfabindia.com


 

I-43 
 

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. I 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) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Conventional type RW (Ｌ -shaped RC) RRR GRS RW 

Dimensions 
 

Height：  5.0 m 

Width：  13.5 m 

Length：  100 m  

See Fig. 1-1 on the next page for the details 

 
 

See Fig. 1-2 on  the next page for the details 

Remarks 
1. The relative cost changes with dimension changes. The GRS RW becomes more cost-effective than the conventional 

type RW as the wall becomes taller. 

Construction cost 

（ yen） ＜ratio＞ 

Per 100 ｍ 
￥179,806,785    

＜1.00＞ 

￥58,874,670   

 ＜0.33＞ 

Per 1 ｍ ￥1,798,068/m ￥558,747/m 

Track maintenance cost for 20 

 years (yen) 

＜ratio＞ 

¥ 10,963,170 

＜1.00＞ 

¥ 5,481,585 

＜0.5＞ 

Tota l cost  

＜ratio＞ 

￥190,769,956    

＜1.00＞ 

￥64,356,255  

  ＜0.34＞ 

Backfill:

Leveling  concrete

Gravel blanket
G round (clayey s oil,  

N=10 m ,  20 m -thick)

Backfill:

Leveling concrete
Ground (clayey soil,  

N=10 m, 20 m-thick)
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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 IGI 
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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I-4-3 Response to inquiry3 
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