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incorporating the same. 

Submitting the same for consideration. 
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S. No. Cl. No. CLAUSE CONTENT COMMENT REVISION 

1 4.1.2. Broken Slope Change nomenclature Broken back slope 

2 
4.1.2. 

Water front reinforced soil 

wall. 
  Please include submerged wall 

3 

Figure 4.1 & 

Figure 4.5 

Typical Cross Section of 

Reinforced Soil Walls 

Filter media should be up to GL/ 

SRL, embedment depth missing, 

∆L & ∆H, Alternate fill. 

Reassess the figure 

4 

4.2.1.1. 

The maximum effective 

design friction angle shall be 

limited to 34°.  

Maximum effective friction 

angle need not be limited. 

FHWA specifies 40o.  

Include SP:102 ref of 38o degree 

- CL 3.2 last paragraph. 

  

5 

4.2.1.1. 

Additionally, it is 

recommended that the 

maximum particle size of 

the reinforced fill shall be 

limited to 19 mm  

Particle size passing 75mm and 

shall be w.r.t RFID.  

Refer FHWA-24 CL 3.5.2.b - 

RFID less than equal to 1.7 
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6 

4.2.1.2 

 In addition, the 

groundwater levels above 

the proposed base of 

construction must be 

determined to evaluate 

hydrostatic stresses in the 

retained zone and plan an 

appropriate drainage 

scheme to control ground 

water conditions. 

  

In addition, the groundwater 

levels above the proposed base of 

construction must be determined 

to evaluate hydrostatic stresses in 

the retained zone and plan an 

appropriate drainage scheme to 

control ingress water conditions. 

7 

4.2.1.2 

 

If reinforced fill material is 

pond ash, the same material 

must be used for retained 

backfill.  

Remove the statement or modify 

If reinforced fill material is pond 

ash, the same material may be 

used for retained backfill.  

8 

4.2.2.2 

The zinc coating shall 

confirm to relevant IS code. 

A sacrificial thickness of 

minimum 0.50 mm shall be 

provided on all sides while 

designing.  

  

The zinc coating shall conform to 

relevant IS code. A sacrificial 

thickness of minimum 0.50 mm 

shall be provided on all sides.  

9 

4.2.3 

The minimum thickness of 

the panels shall be 160 mm 

(excluding any architectural 

finishing). 

IRC: SP: 102- Cl 3.4 - Min 

thickness of panel 140 mm 

The minimum thickness of the 

panels shall be 140 mm (excluding 

any architectural finishing). 

10 

4.2.3   

include corrosion, precautions to 

be taken while using steel. OR 

Add footnote.  

Sacrificial steel shall be 

considered such that the 

connectors perform over the life of 

structure. 
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4.2.4 

Pond ash, 600 mm wide 

drainage bay shall be used 

and a non-woven geotextile 

shall be provided as a 

separation/filtration layer 

between the drainage 

aggregates and the 

reinforced fill material. 

  

Pond ash, 600 mm wide drainage 

bay shall be used and a non-

woven geotextile shall be provided 

as a separation and filtration 

layer between the drainage 

aggregates and the reinforced fill 

material. 

12 
4.2.4 Min. 600 mm 

Min. width of drainage bay shall 

be 300 mm 
  

13 

4.2.4 

The chimney drain should 

be designed to carry the 

discharge and should be 

provided vertically at the 

back of the reinforced fill 

and continued in a 

horizontal extent to a depth 

well below the toe of the 

Reinforced Soil wall and 

lead to a drain meant to 

carry the discharge away 

from the Reinforced Soil 

wall. 

Include separation layer 

(geotextile)  
  

14 

4.3.2 

This design philosophy has 

been gaining ground in 

areas of structural 

engineering practice in 

many parts of the word such 

typo 

This design philosophy has been 

gaining ground in areas of 

structural engineering practice in 

many parts of the world such as 

India, United States, Canada, 

Europe, etc. 
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as India, United States, 

Canada, Europe, etc. 

15 

4.3.3 

In addition to the applicable 

loads as mentioned in Table 

4.1, if the Gap Slap pedestal 

is resting on the Reinforced 

soil wall. 

typo 

In addition to the applicable loads 

as mentioned in Table 4.1, if the 

Gap Slab pedestal is resting on 

the Reinforced soil wall. 

16 

4.3.4 

Internal Stability mode 

involves the failure of 

reinforcement and depends 

on mainly three factors i.e., 

tensile resistance of 

reinforcement against 

rupture, soil-reinforcement 

interaction for pull out and 

internal sliding. 

  

Internal Stability mode involves 

the failure of reinforcement and 

depends on mainly four factors 

i.e., tensile resistance of 

reinforcement against rupture, 

soil-reinforcement interaction for 

pull out, internal sliding and 

connection. 

17 

4.3.6. 

The requirements of the 

project such as wall design 

height, batter angle, 

backslope and toe slope, 

loading conditions, 

performance criteria, and 

construction constraints 

must be defined prior to 

proceeding with the design.  

list out the points included in 

performance criteria  
  

18 

4.3.8.1. 
4.3.8.1. Wall Embedment 

Depth 

Define embedment depth -

excluding levelling pad - only 

fascia 
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4.3.8.4. 

RS walls with modular 

blocks where the connection 

capacity is by friction, the 

maximum vertical spacing 

of reinforcement shall be 

minimum of twice the block 

depth (measured from front 

face of block to the rear face 

of block) or 600 mm.  

  

No more than 1 intervening block 

shall be left without primary 

reinforcement (along with 

diagram) and 800mm 

20 eq. (4-1)  φβ notation φb 

21 Fig 4.13 γ_(EV-MIN) = 1.35 typo γ_(EV-MAX) = 1.35 

22 Fig 4.15       

23 

Fig 4.17 

 

  
 

Revise the complete figure as per 

FHWA-24 
  

24 

Fig 4.19   

Revise the complete figure as per 

FHWA-24 also 1.0 does not apply 

to polymeric strap 

  

25 
Fig on pg. 86   

Revise 4.3.13.2. Check notations 

and drawings. 
  

26 

Table 4.7  

Sacrificial thickness to be 

allowed on each surface 

exposed to corrosion 

  

Table 4.7 Sacrificial thickness to 

be allowed on steel surface 

exposed to corrosion 

27 
eq. (4-37)   

RFD instead of RFD x RFW. 

Refer 8.18 
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28 

4.3.14. 

The value for ultimate 

connection strength derived 

at laboratories, shall be 

always more than 1.25 times 

to the TMAX. 

  Origin? Needs to be deleted 

29 

4.3.14. & Eq 

(4-58) 
CRCR    

Needs to be checked - Remove 

"Long term" 

30 

4.4.1a) 

• The design acceleration 

coefficient should be taken 

equal to Zone factor based on 

the seismic zone as given in 

Table 4.10 as per IS 1893-

Part1.  

  

• The design acceleration 

coefficient should be calculated 

based on Zone factor based on the 

seismic zone as given in Table 

4.10 as per IS 1893-Part1.  

31 

Figure 4.33     

All dimensions in mm, slope shall 

be redefined or removed - no 

reference for the same 
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5.1.2 

• Steep Slopes: Reinforced 

soil slopes with face 

inclinations steeper than 45° 

to the horizontal are termed 

steep slopes. Some form of 

facing should be provided for 

steep slopes to facilitate 

placement and compaction 

of fill adjacent to the slope 

face, to enable anchorage of 

reinforcement in the active 

zone and to provide erosion 

protection.  

  

• Steep Slopes: Reinforced soil 

slopes with face inclinations 

steeper than 45° to the horizontal 

are termed steep slopes. Some 

form of hard or soft facing should 

be provided for steep slopes to 

facilitate placement and 

compaction of fill adjacent to the 

slope face, to enable anchorage of 

reinforcement in the active zone 

and to provide erosion protection.  

  

5.1.3 

• Because of the inclination 

of the slope, the disturbing 

forces are less for a 

reinforced soil slope and 

hence the demand for soil 

reinforcement is likely to be 

less compared to reinforced 

soil walls. 

  

• Because of the inclination of the 

slope, the activating forces are 

less for a reinforced soil slope and 

hence the demand for soil 

reinforcement is likely to be less 

compared to reinforced soil walls. 

  

5.2.1 

The major applications of 

reinforced soil slopes are in 

the construction of 

embankments and hillside 

fills with steeper side slopes, 

reinstatement of failed 

slopes and increasing the 

surficial stability and 

  

The major applications of 

reinforced soil slopes are in the 

construction of embankments & 
Reinforced Soil walls and hillside 

fills with steeper side slopes, 

reinstatement of failed slopes and 

increasing the surficial stability 
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achieving better compaction 

and stability of slope faces. 

and achieving better compaction 

and stability of slope faces. 

  

5.3.1 

Geogrids, woven geotextiles, 

reinforced non-woven 

composite geotextiles and 

mechanically woven double 

twisted hexagonal wire 

mesh made from galvanized 

and polymer coated steel 

wire mesh may be used as 

soil reinforcement for the 

construction of reinforced 

soil slopes.  

  

Geogrids, woven geotextiles / 
knitted geotextiles, reinforced 

non-woven composite geotextiles 

and mechanically woven double 

twisted hexagonal wire mesh 

made from galvanized and 

polymer coated steel wire mesh 

may be used as soil reinforcement 

for the construction of reinforced 

soil slopes.  

  

5.3.2 

Manufactured materials like 

aggregates and sands 

produced by crushing sound 

rocks and conforming to 

these specifications also may 

be used as reinforced fill. 

Pond/ bottom/ fly ash used 

as reinforced fill shall 

conform to the requirements 

of section 3.1.5.  

  

Manufactured materials like 

aggregates and sands produced by 

crushing sound rocks and 

conforming to these specifications 

also may be used as reinforced fill. 

Pond/ bottom/ fly ash used as 

reinforced fill shall conform to the 

requirements of section 3.1.5.  

  

5.3.2 

The reinforced fill shall 

extend the free/rear end of 

the reinforcement by at least 

300 mm.    

  

The reinforced fill shall extend the 

free/rear end of the reinforcement 

by at least 500 mm.    



Dr. Anand R. Katti 
B. E., M. E. (Geotech.), Ph. D. (IIT Delhi)  
FIE, FIGS, FIIBE, LMISTE 

Professor Emeritus Civil Engineering 

Datta Meghe College of Engineering 

Managing Director NYSS Airoli 

 

  

5.4.1 

Where three-dimensional 

effects are significant, the 

designer must make an 

evaluation and use 

appropriate numerical 

methods or other 

techniques.  

  

Where three-dimensional effects 

such as embankments at narrow 
valley, hairpin bends are 

significant, the designer must 

make an evaluation and use 

appropriate numerical methods or 

other techniques.  

  
5.4.3 Table 5.1 

Check Min FOS in static 

condition. 
  

  

5.4.4.1 

When the analysis indicates 

that the required minimum 

factor of safety is not 

achieved against one or 

more external modes of 

failure, several options are 

available to increase the 

factor of safety: • Reduce 

slope angle • Increase 

reinforcement length • Use 

better quality fill • Ground 

improvement • Use light-

weight fill • Use high 

strength reinforcement or 

mattress at the base • 

Internal drainage   

  

When the analysis indicates that 

the required minimum factor of 

safety is not achieved against one 

or more external modes of failure, 

several options are available to 

increase the factor of safety: • 

Reduce slope angle • Increase 

reinforcement length • Use better 

quality fill • Ground 

improvement • Use light-weight 

fill • Use high strength 

reinforcement or mattress at the 

base • Internal drainage  • Use of 

intermediate berms 
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5.4.5.1 

For slopes having simple 

geometry, loading conditions 

and soil profile, chart 

solutions available in 

literature could be used for 

preliminary design and also 

to verify the results of 

computer programs.  

Chart solutions are not 

available. Shall be checked and 

removed if not available. 

  

  

5.4.9 

In the case of important 

reinforced soil slopes located 

in seismic zones IV and V, 

whose function may be 

critically affected by 

displacements caused by 

earthquakes or which are of 

exceptional height or with 

very poor foundations, 

pseudo-static analysis may 

be supplemented with more 

advanced methods if 

required. 

  

In the case of important 

reinforced soil slopes located in 

seismic zones III, IV and V, whose 

function may be critically affected 

by displacements caused by 

earthquakes or which are of 

exceptional height or with very 

poor foundations, pseudo-static 

analysis may be supplemented 

with more advanced methods if 

required. 

  

  

The minimum factor of 

safety against liquefaction 

should be greater than or 

equal to 1.2. If the calculated 

factor of safety against 

liquefaction is less than 1.2, 

suitable ground 

improvement should be 

Widely used FOS is 1 [Boulanger 

& Idriss (2014)].  
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carried out prior to the 

construction of the 

reinforced soil slope. 

  
5.4.10.2 

Shallow Slopes – Well-

graded Soils  

Appropriate cover for erosion 

protection  
  

  
5.4.12.1   Add 

Protection shall be provided for all 

kind of slopes 

  

6.3.1 

a) True Abutment: In a “true 

abutment”, the bridge 

beams are directly 

supported on a spread 

footing called ‘bank seat’ or 

‘beam seat’ which is directly 

rested on reinforced soil 

mass.   

Only single span   

  

  

b) False Abutment: Here the 

bridge beams are rested on a 

RCC cap supported by a 

group of piles embedded 

inside reinforced soil mass 

transferring the load to the 

ground. The load of the 

approach slab and any 

horizontal loads on the RS 

mass that may come from 

pile is generally ignored, if 

adequate distance is 

maintained.    

Multiple spans allowed   
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6.4 

The fines content shall be 

limited to 10% with no clay 

or organic content. Fly ash 

and Silty sand shall not be 

used as reinforced fill 

material for RS abutments.  

  

The fines content shall be limited 

to 10% with no clay or organic 

content. Pond ash and Silty sand 

shall not be used as reinforced fill 

material for RS abutments.  

  

6.5.1 - Table 

6.1 

* The dynamic loading has 

to be considered for "Seismic 

Zone" as per IS 1893 (Part I), 

2002 

Reference for latest code. 

* The dynamic loading has to be 

considered for "Seismic Zone" as 

per IS 1893 (Part I), 2016 

  

Table 6.3 & 

6.4 
  

Check with FHWA 24 - Part II 

(Table 3.4.1.1.) 
  

  

    

Load Combination 

Nomenclature shall be checked. 

Recommended Load Case A, B 

etc. 

  

  6.5.7.2 Eq. 6.1 Shall be checked with FHWA.   

  

Fig on page 

161 
Fig on page 161 

Typo errors, shall be checked 

with FHWA. 
  

  

6.5.7.3 

• 1.1 at top and 0.8tan fr at 

6 m or below with soil as 

reinforced fill for polymeric 

straps or geostrips. 1.0 at top 

and 0.7tan fr at 6 m or below 

with fly ash as reinforced fill 

for polymeric straps or 

geostrips.     

  

• 1.1 at top and 0.8tan fr at 6 m or 

below with soil as reinforced fill 

for polymeric straps or geostrips. 

1.0 at top and 0.7tan fr at 6 m or 

below with pond ash as reinforced 

fill for polymeric straps or 

geostrips.     
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  Fig 6.11   Check nomenclature   

  
    

Example with calculations 

required 
  

  Fig 7.1   Add weep holes in the figure.   

  Fig 9.1   Revise drawing as per BS-8006   

  

Fig 9.11 

Note: Strips of filter cloth 

shall be placed on back face 

of panel, over panel joints. 

filter cloth shall be adhered 

to back face of panels using 

a non-water-soluble 

adhesive 

  

Note: Strips of filter cloth shall be 

placed on back face of panel, over 

panel joints. filter cloth shall be 

adhered to back face of panels 

using an appropriate adhesive 

  
Fig 9.12   

Detailing below ground level 

required. 
  

  

Fig 9.16 to 

9.18 
  

Drainage blanket in backfill 

shall start from below the 

ground (entry point avoided). 

Shall be along natural slope / cut 

line in all the figures. 

  

  

Fig 9.19   

Remove dimensions or write 

note - for illustrative purpose 

only in all figures 

  

  

Fig 9.25 & 

9.26 

Note: The geocomposite 

must be properly covered 

and bonded so that soil 

cannot enter the 

geocomposite. 

  

Note: Since it is not continuous in 

nature there is a chance of it 

getting clogged. Hence there 

shouldn’t be soil intrusion in the 

geocomposite* 
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Fig 9.36   

In the figure drain is shown over 

bottom tier, in front of top tier. 

Another arrangement with our 

drain shall also be included.  

  

32 

10.1.1 

20 mm construction joints 

may be placed at every 20 m 

stretch length. The grade of 

concrete for levelling pad 

shall be M15.  

Regular interval or wherever 

required 
  

33 
Table 10.1   

Remove "Climatic condition" 

from SPECIFICATIONS 
  

34 Table 10.1   Trial pits in Monitoring   

35 
Figure 10-1   

Coping beam & min 50 mm soil 

cover missing 
  

36 

10.1.2   

include "geogrid shall also be 

separated/ cut at slip joint 

location" 

  

37 

10.1.4.2   

include "50mm soil cover shall be 

provided between overlapping 

geogrids" 

  

38 

10.1.6.2   

Vertical obstruction - transition 

slab. Detailing using 1-layer 

geocell needs to be added 

  

39 

10.1.6.3   

point regarding encasement of 

utility pipes along with diagram 

shall be added 

  

40 

Figure 10-11   

Length of grids at corner is 

lesser than adjacent grids. It 

shall be as per design. 

Convex concave grid arrangement 

fig 
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10.1.8   

Well compacted fill shall be 

provided up to foundation depth 

in all conditions (whether the 

bottom stratum is weak or 

strong). 
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Points for adding in code

1. Design methodology for rectification of RE wall (Block and panel both).

2. Methodology for Monitoring of repaired wall.  

3. Allowable limits of cracks in panel and block, and methodology for cracks filling.

4. Solved example of each type of wall design should be added. 

5. Specifications for RE wall in front of lined and unlined canal.

6. Section for Coping beam for Slope RE wall, wall with CB, and MBCB.

7. Retained fill parameters shall be same as embankment fill. 

8. Details of shoulder protection in case of RE wall with MBCB.

9. Thickness of the filter media (300mm, 450mm, 600mm) needs to be included as per the zonal rainfall 

intensity. 
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Tensar is a registered trademark. 
Registered Office: Level 13, Platinum Techno Park 17 & 18, Sector – 30 A Vashi, 
Navi Mumbai – 400 705, India. 
Registered in India: CIN: U25209MH2017FTC298024 
 

tensarinternational.com 

Ref : Tensar/2023/017 
Date : 28th June 2023 
 
To, 
Shri J K Gupta 
Head – Textile Department 
TXD, Bureau of Indian Standards 
New Delhi 
 
Subject:  Comments on Draft BIS code on Geosynthetic Reinforced Soil Structures — Code of 

Practice – Doc. No. TXD 30 (20465) September 2022 
 
 
Dear Sir, 
 
We, Tensar Geosynthetics India Private Limited are a fully owned subsidiary of Tensar 
International United Kingdom. Tensar is a world-leading geosynthetic manufacturer and provider 
of ground stabilization and soil reinforcement solutions. 
 
We have come across a draft BIS code being published for Reinforced Soil (RS) Structures, and 
we have put together a few general points to which we would like to draw your attention to. We 
are working on comprehensive comments and the same shall be submitted shortly for your due 
review. 
 

1. The major point of concern is the way “Polymeric reinforcement” is presented in the code. 
Clause 3.2.2 of the draft code specifications describes the polymeric reinforcement for 
walls and slopes of different forms i.e. strips, grids, or sheets. But the table below the said 
clause specifies the Geogrids as only polyester. Please refer to the snapshot of the table 
below.  

 

 
 

2. The specification code in its current form ignores the other types of geogrids used for soil 
reinforcement applications i.e., geogrids manufactured using High-Density Polyethylene 
(HDPE) as raw material.  
 

Page 1 of 3 



 
 
 
 
 

 

Tensar is a registered trademark. 
Registered Office: Level 13, Platinum Techno Park 17 & 18, Sector – 30 A Vashi, Navi Mumbai – 400 705, 
India. 
Registered in India: CIN: U25209MH2017FTC298024 
 tensarinternational.com 

HDPE geogrids are being used as soil reinforcements in Reinforced Soil Structures since 
the 1980s and several structures are already constructed and are under construction in 
India. There are several Indian (MORTH, RDSO, etc) and international (FHWA, GEO guide, 
etc) codes of standards/guidelines that recommend HDPE geogrids for use in Reinforced 
soils walls and slopes.  

 
 

3. In view of the above, all the types of soil reinforcements should be allowed in the proposed 
BIS standard and choice of selection of type geogrid (PET or HDPE) should be left with 
engineers depending on the project specific requirements. For example,  
 
a. In the case of sites having RS walls/slope structures exposed to aggressive fills, 

hazardous wastes, and saline environments, the polyester geogrids cannot be used.  
b. The reinforced soil structures proposed for railway projects, specifically require the 

use of HDPE geogrids, as the wagons commonly transport aggressive liquids whose 
spillage and infiltration in backfill can affect the durability of geogrids.  

  
 

4. Another point is the Design Philosophy presented in cl. 1.7 and section 4 of the code which 
recommends use of LRFD approach of design for Reinforced Soil Walls and Abutments. 
Presently, the design methodology used in India as per Indian standards like IRC SP 102 
& RDSO GE R 73 is based on British Standard BS 8006 (static design) & FHWA NHI 00 
043 (seismic design). The LRFD approach is new to the practicing engineers, designers, 
and approving authority, and they need to be made more conversant with LRFD method 
proposed. We suggest including some typical design calculation examples in the code, 
which will help making LRFD method more familiar and will promote its better adoption in 
India.  

 
 
5. The code covers the Design of Basal Reinforcement in section 8. The theory of design 

presented in cl. 8.4 for Basal mattress over embankment appears to be taken from BS 
8006. The slip line field theory presented in this clause is applicable to the cellular basal 
geo-mattress fabricated using HDPE geogrids. As per clause cl. 8.3.2.9 of BS 8006, the 
Basal mattress is defined as geocells of thickness 1.0m. The research papers referenced 
in cl. 8.4 of the draft BIS code also refers to the basal mattress of 1.0m height made from 
HDPE geogrids. Hence it is pertinent to include HDPE geogrids in the proposed BIS 
standard.  
 
Also, it should be clarified that the slip line field theory cannot be used for small geocells 
of 150mm/ 300mm thickness.  
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6. We have observed that many of the recommendations in the code are verbatim extracts 
from international standards like AASHTO & BS 8006, we suggest the same should be 
included in the list of references in Annex A of the draft standard.  

  
We hope you will consider these points for making the code more inclusive.  
  
For Tensar Geosynthetics India Private Limited 
 
 
 
Mangesh Shinde 
Territory Director – East Asia and India 
Mob : +91 98 193 84180 
E-mail : mshinde@tensar.in 
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