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March 20, 2013

Mr. Mr. Amit Agarwal
CTM Technical Textiles Ltd.
205 New Cloth Market
Ahmedabad

India

Email: amit@ctmgeosynthetics.com

SUBJECT: Installation Damage Testing of 40 kN/m Coated PET Geogrid In Silty Sand

Dear Mr. Agarwal:

TRI/Environmental, Inc. (TRI) is pleased to present this final report for installation damage
testing of soil reinforcement geosynthetics. 40 kN/m coated PET geogrid was submitted for
exposure to silty sand (Type 3). Testing was performed in the machine direction.

Technical Approach

A convenient method for applying installation damage to geosynthetics that allows for
exhumation of the test samples while avoiding unintended damage was initially developed by
Watts and Brady of the Transport Research Laboratory (TRL) in the United Kingdom. The BBA
has developed a standard laboratory simulation of installation damage based on this procedure.
The procedure generally conforms to ASTM D 5818 requirements. TRI used this procedure
along with available TRI soils/aggregates to obtain the results reported herein. A short review is
provided below.

Exposure Procedure

Since compaction typically occurs parallel to the face of retaining walls and the contour lines of
slopes, TRI placed the machine direction perpendicular to the running direction of the
compaction equipment. To initiate the exposure procedure, four steel plates each measuring 42-
inches x 52-inches (1.07 m x 1.32 m), equipped with lifting chains, were placed on a flat clean
surface of hardened limestone rock. The longer side of the plates is parallel to the running
direction of the compaction equipment. A layer of soil/aggregate was then placed over the
adjacent plates to an approximate compacted thickness of 8 inches (0.20 m). Next, each of four
coupons of the tested geosynthetic sample was placed on the compacted soil over an area
corresponding to an underlying steel plate. To complete the installation, the second layer of soil
was placed and compacted over the coupons to a thickness of 8 inches (0.20 m) using a vibratory
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compactor. To guide and contain the compaction process, braced railroad ties defined the long
(208+ in. / 5.28 m) edges of the installation.

Compaction was accomplished using a 4550 kg (10,000 Ib) ride-on steel-wheeled roller with
vibratory capability. All compaction and exhumation procedures, as well as laboratory soil
classification and field thickness measurements, were performed under the supervision of TRI’s
Lead Geotechnical Technician. Density measurements were made by a qualified geotechnical
technician.

The following construction quality control measures are typically followed during exposure.

e Proctor and sieve analyses were performed on each soil/aggregate, when possible.
(Proctors could not be performed on Types 1 and 2)

o Lift thickness measurements were made after soil/aggregate compaction.

e  When possible, moisture and density measurements were made on each lift using a nuclear
density gage to confirm that densities >90% of modified Proctor (per ASTM D 1557) were
being achieved.

In addition to the above, the number of compaction equipment loadings (i.e. passes) was
recorded for each exposure and corresponding soil compaction effort.

To exhume the geosynthetic, railroad ties were removed and one end of each plate was raised
with lifting chains. After raising the plate to about 45°, soil located near the bottom of the
leaning plate was removed and, if necessary, the plate was struck with a sledgehammer to loosen
the fill. The covering soil/aggregate was then carefully removed from the surface while “rolling”
the geosynthetic away from the underlying soil/aggregate. This procedure assured a minimum of
exhumation stress.

Photographs representative of the procedures are included in the Appendix of this report.

Gradation of backfill material

Each geosynthetic was exposed to soils/aggregates chosen by the client from a range of available
stockpiles having different gradations. The soil/aggregate used in this testing was silty sand
(Type 3). Soil gradation curves may be found in the Appendix of this report.

Specimen Preparation and Wide Width Tensile Testing

Upon removal from the exposure site, exposure coupons were allowed to dry. Coupons were
then cleaned by removing surface soil via light hand sweeping. Soil trapped within the
geosynthetic structure was not removed by washing or otherwise stressing the geosynthetic. No
additional cleaning was performed and specimens were cut and tested in their soiled condition.
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The evaluation of RF)p for the geogrid was based on the results of wide width tensile tests per
ISO 10319, Geosynthetics -- Wide-width tensile test. The multi-rib specimens were tested using
an Instron Model 5589 tension/compression machine equipped with Demgen hydraulic grips and
Instron Bluehill data acquisition software. Strain was monitored using an Instron non-contacting
video extensometer. After exposure was complete, all baseline and exposed wide width tensile
tests were performed during the same testing period.

Sampling and Specimen Selection

Each set of tensile tests of an exposed style of geosynthetic were compared with tensile tests of
the same style of the geosynthetic in an unexposed, or “baseline” condition. It should be noted
that tensile specimens were not representative of the roll width, but instead were specific to a
defined region within the roll width. This approach was accomplished by cutting five coupons
(four for exposure and one for baseline) measuring approximately 42 inches x 52 inches (1.07 m
x 1.32 m) in sequence along the length of the geosynthetic. This technique captured common
yarns and/or ribs in the tested specimens to minimize variation.

Tensile tests of the product before exposure to installation conditions: The specific sampling
procedure as described above was followed to assure that individual baseline specimen
populations were developed from the same region of the roll width as those specimens dedicated
to installation damage exposure.

Tensile tests of specimens taken from the damaged material after installation: The coupons and
candidate specimens to be exposed to installation stresses were selected prior to exposure and
installed in accordance with a defined sampling plan (via ASTM D 5818). Exposure coupons
were laid within the exposure lane in consecutive order, each representing five specimens. Thus,
the exposure lane was constructed with specimens 1 through 20 as shown below.

Exposure Coupon 1 | Exposure Coupon 2 | Exposure Coupon 3 | Exposure Coupon 4

112 |3 4 5 11121314156 |7 8 9 10|16 | 17 | 18 | 19 | 20

Upon exhumation of the exposed coupons, specimens were cut and tested in numerical order. A
minimum of ten exposed specimens from each testing condition was systematically selected for
testing from the twenty candidate specimens. The test results were averaged and compared to
the average of the baseline specimens.

Tensile test results for both virgin (i.e. baseline) and damaged (i.e. exhumed) specimens: All
tensile test results have been tabularized and may be found in the Appendix of this report.
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Test Results

Retained strengths for each of the tested geosynthetic styles are presented in Table 1.

Table 1. Retained Strength for Tested Geosynthetics

Gradation Type 3
(Silty Sand)
Style
N Yo RF
Retained Ip
40 kN/m - MD 92.3 1.08

MD = machine direction;
Conclusion
TRI is very pleased to present this report for installation damage testing of soil reinforcing
geosynthetics. If you have any questions or require any additional information, please call me at
1-864-242-2220.
Sincerely,

g

C. Joel Sprague, P.E.
Senior Engineer

cc: Jarrett Nelson
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Grain Size Distribution - 2012 Standard Soils
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INSTALLATION DAMAGE SOILS
us Sieve Percent Passing
Sieve Size Type 1 Type 2 Type 3 Type 4 Type 5 (Well Type 6
No (mm) (Coarse (Sandy (Silty (Silty Sand Graded (Clayey
| Gravel) Gravel) Sand) with Clay) Sand) Sand)
3-in. 75 100.0 100.0 100.0 100.0 100.0 100.0
2-in. 50 100.0 100.0 100.0 100.0 100.0 100.0
1.5-in. 38 97.5 100.0 100.0 100.0 100.0 100.0
1-in. 25 11.8 100.0 100.0 100.0 100.0 100.0
3/4 - in. 19 1.2 100.0 100.0 100.0 100.0 100.0
3/8 - in. 9.5 0.1 98.7 100.0 99.2 100.0 100.0
No. 4 4.75 0.1 33.8 99.8 98.9 84.3 100.0
No. 10 1.7 0.1 0.0 79.5 98.2 36.5 94.0
No. 20 0.85 0.1 0.0 42.1 97.3 18.8 82.6
No. 40 0.425 0.1 0.0 28.7 96.6 114 67.4
No. 60 0.25 0.1 0.0 23.8 94.3 6.8 59.6
No. 100 0.15 0.1 0.0 21.2 87.3 3.6 534
No. 200 0.075 0.1 0.0 18.4 72.4 1.9 41.8
Liquid Limit, % - - - 28 - 25
Plasticity Index, % - - - 14 - 9
Anaularit Angular to Angular to Angular to
9 Y Subangular Angular Subangular - Subangular -
GP GP SM CL-ML S SC
Poorly
USCS Classification Poorly Graded
Graded Gravel with Silty Sand Sand with
Gravel Sand Silty Sand with Clay Graded Sand Clay
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DURING INSTALLATION DAMAGE EXPOSURE

SUMMARY OF OBSERVATIONS
AND MEASUREMENTS
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REPRESENTATIVE PICTURES
OF
EXPOSURE PROCEDURE

(Typical Pictures from Testing a Range of Geosynthetics)
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March 20, 2013

Mr. Mr. Amit Agarwal
CTM Technical Textiles Ltd.
205 New Cloth Market
Ahmedabad

India

Email: amit@ctmgeosynthetics.com

SUBJECT: Installation Damage Testing of 80 kN/m Coated PET Geogrid In Silty Sand

Dear Mr. Agarwal:

TRI/Environmental, Inc. (TRI) is pleased to present this final report for installation damage
testing of soil reinforcement geosynthetics. 80 kN/m coated PET geogrid was submitted for
exposure to silty sand (Type 3). Testing was performed in the machine direction.

Technical Approach

A convenient method for applying installation damage to geosynthetics that allows for
exhumation of the test samples while avoiding unintended damage was initially developed by
Watts and Brady of the Transport Research Laboratory (TRL) in the United Kingdom. The BBA
has developed a standard laboratory simulation of installation damage based on this procedure.
The procedure generally conforms to ASTM D 5818 requirements. TRI used this procedure
along with available TRI soils/aggregates to obtain the results reported herein. A short review is
provided below.

Exposure Procedure

Since compaction typically occurs parallel to the face of retaining walls and the contour lines of
slopes, TRI placed the machine direction perpendicular to the running direction of the
compaction equipment. To initiate the exposure procedure, four steel plates each measuring 42-
inches x 52-inches (1.07 m x 1.32 m), equipped with lifting chains, were placed on a flat clean
surface of hardened limestone rock. The longer side of the plates is parallel to the running
direction of the compaction equipment. A layer of soil/aggregate was then placed over the
adjacent plates to an approximate compacted thickness of 8 inches (0.20 m). Next, each of four
coupons of the tested geosynthetic sample was placed on the compacted soil over an area
corresponding to an underlying steel plate. To complete the installation, the second layer of soil
was placed and compacted over the coupons to a thickness of 8 inches (0.20 m) using a vibratory
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compactor. To guide and contain the compaction process, braced railroad ties defined the long
(208+ in. / 5.28 m) edges of the installation.

Compaction was accomplished using a 4550 kg (10,000 Ib) ride-on steel-wheeled roller with
vibratory capability. All compaction and exhumation procedures, as well as laboratory soil
classification and field thickness measurements, were performed under the supervision of TRI’s
Lead Geotechnical Technician. Density measurements were made by a qualified geotechnical
technician.

The following construction quality control measures are typically followed during exposure.

e Proctor and sieve analyses were performed on each soil/aggregate, when possible.
(Proctors could not be performed on Types 1 and 2)

o Lift thickness measurements were made after soil/aggregate compaction.

e  When possible, moisture and density measurements were made on each lift using a nuclear
density gage to confirm that densities >90% of modified Proctor (per ASTM D 1557) were
being achieved.

In addition to the above, the number of compaction equipment loadings (i.e. passes) was
recorded for each exposure and corresponding soil compaction effort.

To exhume the geosynthetic, railroad ties were removed and one end of each plate was raised
with lifting chains. After raising the plate to about 45°, soil located near the bottom of the
leaning plate was removed and, if necessary, the plate was struck with a sledgehammer to loosen
the fill. The covering soil/aggregate was then carefully removed from the surface while “rolling”
the geosynthetic away from the underlying soil/aggregate. This procedure assured a minimum of
exhumation stress.

Photographs representative of the procedures are included in the Appendix of this report.

Gradation of backfill material

Each geosynthetic was exposed to soils/aggregates chosen by the client from a range of available
stockpiles having different gradations. The soil/aggregate used in this testing was silty sand
(Type 3). Soil gradation curves may be found in the Appendix of this report.

Specimen Preparation and Wide Width Tensile Testing

Upon removal from the exposure site, exposure coupons were allowed to dry. Coupons were
then cleaned by removing surface soil via light hand sweeping. Soil trapped within the
geosynthetic structure was not removed by washing or otherwise stressing the geosynthetic. No
additional cleaning was performed and specimens were cut and tested in their soiled condition.



S 80 kN/m Geogrid - Installation Damage Testing
e, March 20, 2013
| Page 3

The evaluation of RF)p for the geogrid was based on the results of wide width tensile tests per
ISO 10319, Geosynthetics -- Wide-width tensile test. The multi-rib specimens were tested using
an Instron Model 5589 tension/compression machine equipped with Demgen hydraulic grips and
Instron Bluehill data acquisition software. Strain was monitored using an Instron non-contacting
video extensometer. After exposure was complete, all baseline and exposed wide width tensile
tests were performed during the same testing period.

Sampling and Specimen Selection

Each set of tensile tests of an exposed style of geosynthetic were compared with tensile tests of
the same style of the geosynthetic in an unexposed, or “baseline” condition. It should be noted
that tensile specimens were not representative of the roll width, but instead were specific to a
defined region within the roll width. This approach was accomplished by cutting five coupons
(four for exposure and one for baseline) measuring approximately 42 inches x 52 inches (1.07 m
x 1.32 m) in sequence along the length of the geosynthetic. This technique captured common
yarns and/or ribs in the tested specimens to minimize variation.

Tensile tests of the product before exposure to installation conditions: The specific sampling
procedure as described above was followed to assure that individual baseline specimen
populations were developed from the same region of the roll width as those specimens dedicated
to installation damage exposure.

Tensile tests of specimens taken from the damaged material after installation: The coupons and
candidate specimens to be exposed to installation stresses were selected prior to exposure and
installed in accordance with a defined sampling plan (via ASTM D 5818). Exposure coupons
were laid within the exposure lane in consecutive order, each representing five specimens. Thus,
the exposure lane was constructed with specimens 1 through 20 as shown below.

Exposure Coupon 1 | Exposure Coupon 2 | Exposure Coupon 3 | Exposure Coupon 4

112 |3 4 5 11121314156 |7 8 9 10|16 | 17 | 18 | 19 | 20

Upon exhumation of the exposed coupons, specimens were cut and tested in numerical order. A
minimum of ten exposed specimens from each testing condition was systematically selected for
testing from the twenty candidate specimens. The test results were averaged and compared to
the average of the baseline specimens.

Tensile test results for both virgin (i.e. baseline) and damaged (i.e. exhumed) specimens: All
tensile test results have been tabularized and may be found in the Appendix of this report.
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Test Results

Retained strengths for each of the tested geosynthetic styles are presented in Table 1.

Table 1. Retained Strength for Tested Geosynthetics

Gradation Type 3
(Silty Sand)
Style
N o RF
Retained Ip
80 kN/m - MD 90.2 1.11

MD = machine direction;
Conclusion
TRI is very pleased to present this report for installation damage testing of soil reinforcing
geosynthetics. If you have any questions or require any additional information, please call me at
1-864-242-2220.
Sincerely,

g

C. Joel Sprague, P.E.
Senior Engineer

cc: Jarrett Nelson
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Grain Size Distribution - 2012 Standard Soils
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Coarse Gravel  Sandy Gravel Grain Size (mm) Well Graded Sand
INSTALLATION DAMAGE SOILS
us Sieve Percent Passing
Sieve Size Type 1 Type 2 Type 3 Type 4 Type 5 (Well Type 6
No (mm) (Coarse (Sandy (Silty (Silty Sand Graded (Clayey
| Gravel) Gravel) Sand) with Clay) Sand) Sand)
3-in. 75 100.0 100.0 100.0 100.0 100.0 100.0
2-in. 50 100.0 100.0 100.0 100.0 100.0 100.0
1.5-in. 38 97.5 100.0 100.0 100.0 100.0 100.0
1-in. 25 11.8 100.0 100.0 100.0 100.0 100.0
3/4 - in. 19 1.2 100.0 100.0 100.0 100.0 100.0
3/8 - in. 9.5 0.1 98.7 100.0 99.2 100.0 100.0
No. 4 4.75 0.1 33.8 99.8 98.9 84.3 100.0
No. 10 1.7 0.1 0.0 79.5 98.2 36.5 94.0
No. 20 0.85 0.1 0.0 42.1 97.3 18.8 82.6
No. 40 0.425 0.1 0.0 28.7 96.6 114 67.4
No. 60 0.25 0.1 0.0 23.8 94.3 6.8 59.6
No. 100 0.15 0.1 0.0 21.2 87.3 3.6 534
No. 200 0.075 0.1 0.0 18.4 72.4 1.9 41.8
Liquid Limit, % - - - 28 - 25
Plasticity Index, % - - - 14 - 9
Anaularit Angular to Angular to Angular to
9 Y Subangular Angular Subangular - Subangular -
GP GP SM CL-ML S SC
Poorly
USCS Classification Poorly Graded
Graded Gravel with Silty Sand Sand with
Gravel Sand Silty Sand with Clay Graded Sand Clay
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CONSTRUCTION QUALITY CONTROL
DURING INSTALLATION DAMAGE EXPOSURE

SUMMARY OF OBSERVATIONS
AND MEASUREMENTS
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REPRESENTATIVE PICTURES
OF
EXPOSURE PROCEDURE

(Typical Pictures from Testing a Range of Geosynthetics)
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