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AUTHOR’S DISCLAIMER
The contents of this report reflect the views of the authors who are responsible for the facts

and the accuracy of the data presented herein. The contents do not necessarily reflect the
official view of policies of the Texas Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.

PATENT DISCLAIMER

There was no invention or discovery conceived or first actually reduced to practice in the
course of or under this contract, including any art, method, process, machine, manufacture,
design or composition of matter, or any new useful improvement thereof, or any variety of
plant which is or may be patentable under the patent laws of the United States of America
or any foreign country.

ENGINEERING DISCLAIMER
Not intended for construction, bidding, or permit purposes.

TRADE NAMES AND MANUFACTURERS’ NAMES

The United States Government and the State of Texas do not endorse products or
manufacturers. Trade or manufacturers’ names appear herein solely because they are
considered essential to the object of this report.



ACKNOWLEDGMENT S

The authors gratefully acknowledge the Texas Department of Transportation for their
financial sponsorship of this research study. The authors thank TxDOT engineers Marie
Fisk, P.E., John Delphia, P.E., and Marcus Galvan, P.E., as well as industry advisory panelists
Peter Anderson, P.E., Bob Gladstone, P.E., Guy Nelson, P.E., Tom Taylor, P.E., and John
Sankey, P.E. for their technical guidance during this research. The authors thank the Texas
Tech University undergraduate students, graduate students, and laboratory staff who
assisted with this research including Jon Link, Doug Haynes, Shannon Hutchison, Kelly
Havens, Yiging Wei, Michael Nichols, Rod Henderson, Mert Bildiren, Ernest Terrell, Samir
Blanchet, Abhijit Kulkarni, Asitha Senanayake, and Allen Johnson for their efforts in
accomplishing the many and diverse project tasks.



Table of Contents-Volume 3
Test Reports for MSE Reinforcements in
Type A (Gravelley) Backfill

Appendix L: MSE Reinforcement Pullout Test Reports: Ribbed Strips in Type A Backfill

Appendix M: MSE Reinforcement Pullout Test Reports: Welded Steel Grids in Type A
Backfill

Appendix N: MSE Reinforcement Pullout Test Reports: Smooth Bars in Type A Backfill

Appendix O: MSE Reinforcement Pullout Test Strain Gage Reports: Ribbed Strips in Type A
Backfill

Appendix P: MSE Reinforcement Pullout Test Strain Gage Reports: Welded Steel Grids in
Type A Backfill



Appendix L

MSE Reinforcement Pullout
Test Reports: Ribbed Strips in
Type A Backfill

VVVVV



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 1:44:00 PM P
Test Identification: TS30.13-S-L8-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.51 601 14849 5.00 9.27
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] J Jack Applied Force
= / * s Optical Disp.
5000 . Pullout Resistance, Pr
i Reported
.‘I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AS AJ RH
Prepared: ETTW
Checked: WL PJ

TS30.13-S-L8-25-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
905 608 485 784 803 717 7.69 601
800
Jack Applied St
600 * - v?%igiﬁﬁ IIZJeisp.ress

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.23 0.08 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
B I ALAN AT Ay f"*hmh. cal N.|  — Preceding Strain Rate
c 02 SR TR y\j’&v WU Reported
s T ]
E ’ IIN - U - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96

TS30.13-S-L8-25-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 1:28:00 PM R
Test Identification: TS30.14-5-L8-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E; j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Rupture 0.72 616 21703 5.10 13.22
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
7 _ Jack spplied Force
_ i vs Digital Disp.
£ 15000 +
o g Load Cell Measured Force
E / vs Optical Disp.
2 o
E 10000 L o JackApplied Force
! vs Optical Disp.
_-" Pullout Resistance, Pr
5000 Reported
i‘I === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture at 0.72in. Digital displacement: pullout and elongation Tested: AS AJ RH
undifferentiated. Prepared: ETTW
Checked: WL PJ

TS30.14-5-1L8-25-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
916 737 508 831 1018 802 7.70 615
1000
200 ____ Jack Applied Stress
vs Digital Disp.
60D '

Awerage Earth Pressure

overburden, av {psf)

400 Cell Measured Stress
200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.14 0.14
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" Preceding Strain Rate
g %2 N, NSV TA W Reported
£ o AP
’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96

TS30.14-5-1L8-25-M Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 1:12:00 PM R
Test Identification: TS30.15-5-L8-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E; j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 621 21125 5.20 12.75
Load-Displacement Curve
25000
M — Load Cell Measured Farce
20000 'f_, vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000 ¥
o L 3 m LoadCellMeasuredForce
E i/ vs Optical Disp.
h
2 10000 H + dJackApplied Force
! vs Optical Disp.
_!'I o PulloutResistance, Pr
5000 ¥ Reported
| === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture beyond 0.75in. displacement. Digital displacement: pullout Tested: AS AJ RH
and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ

TS30.15-5-1L8-75-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
854 711 563 844 1100 815 7.82 621
1000
200 ____ Jack Applied Stress
vs Digital Disp.
&00 - P

Awerage Earth Pressure

overburden, av {psf)

400 Cell Measured Stress
200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.14 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z . Preceding Strain Rate
= : vy Reported
E ’ ! Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96

TS30.15-S-1L8-75-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/22/2011 6:30:00 AM i
Test Identification: TS31.13-S-L12-75-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 560 20137 4.70 8.98
Load-Displacement Curve
25000
s,
— Load Cell Measured Force
20000 vs Digital Disp.
[ | _ Jack spplied Force
- vs Digital Disp.
£ 15000 -/-
o Load Cell Measured Force
E vs Optical Disp.
=
2 10000 + dJackApplied Force
vs Optical Disp.
Pullout Resistance, Pr
5000 ] Reported
=== Load-Disp. Trend
od
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture beyond 0.75in. displacement. No earth pressure cell data. Tested: AS A) DH
Digital displacement: pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ

TS31.13-5-L12-75-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 8.24 560
600 " —
G
(=1
o — Jack Applied Stress
g 400 vs Digital Disp.
5
=
2 200
z Overburden Stress, av
= Reported
0
0 0.25 05 [ 1 1.25 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.13 0.16
05
T 04 Instantaneous Strain Rate
5 | vs Digital Disp.
£ 03 | " ]
ﬁ 02 s [\ r'_‘“_/a\/\&) NHL_,._\_)ILJLVJU Preceding Strain Rate
: T LA ! Reported
5 Py AR P
w ’ I Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96

TS31.13-5-L12-75-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/22/2011 6:44:00 AM P
Test Identification: TS31.14-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement .

Type: Ribbed Strip |
Length, L. (ft): 12.0
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o Iy

Backfill Material

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)

Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
. ; 3 K passes of a vibratory plate compactor according to
Ma)flmum Dr){ Unit Weight, Vamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated

Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*

Pullout 0.58 1320 21423 11.00 4.06

Load-Displacement Curve

25000

?ﬁ Load Cell Measured Force
20000 L 2 ~ vs Digital Disp.

v Jack Applied Force
/ vs Digital Disp.
15000 .

=

n"__ f/ ™ Load Cell Measured Force
E I_s' vs Optical Disp.

2

2 10000——— + JackaApplied Force

! vs Optical Disp.

; - Pullout Resistance, Pr
000 - Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Digital displacement: pullout and elongation Tested: AS A) DH
undifferentiated. Prepared: ETTW
Checked: WL PJ

TS31.14-S-L12-712-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 3.50 1320
1400 —] ——
e 1200
‘g 1000 —— Jack Applied Stress
Z 2800 vs Digital Disp.
£ 600
=3
§ 4o Overburden St
VEerburden ress, av
E 200 Reported '
0
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.24 0.20 0.17
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 h
o . .
L"' Preceding Strain Rate
E 02 T et Reported
G 01
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96

TS31.14-S-L12-712-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/22/2011 7:16:00 AM P
Test Identification: TS31.15-S-L12-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 578 22071 4.80 9.54
Load-Displacement Curve
25000
[ |
& — Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
2 w
3 10000 o JackApplied Force
! vs Optical Disp.
I-"I . Pullout Resistance, Pr
5000 ] Reported
.‘: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Digital displacement: pullout and elongation Tested: AS A) DH
undifferentiated. Prepared: ETTW
Checked: WL PJ

TS31.15-5-L12-725-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 8.20 578
G600 —
=
=
o — Jack Applied Stress
g 400 vs Digital Disp.
5
=
2 200
z Overburden Stress, av
= Reported
0
0 0.25 05 [ 1 1.25 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.14 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
. o /N _
o . .
Preceding Strain Rate
E 0.z Gl "1[&!“"”\&#‘ Reported
G 01
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/22/2011 7:28:00 AM i
Test Identification: TS31.16-S-L12-212-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.52 1330 21487 11.10 4.04
Load-Displacement Curve
25000
-
'! — Load Cell Measured Force
20000 Vil vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E ; vs Optical Disp.
=
2 10000 7 + dJackApplied Force
! vs Optical Disp.
;'! Pullout Resistance, Pr
5000 7 Reported
.i === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture at 0.52in. No earth pressure cell data. Digital displacement: Tested: AS A) DH
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 3.57 1330
1400 —
e 1200
‘g 1000 —— Jack Applied Stress
Z 2800 vs Digital Disp.
£ 600
=3
§ 4o Overburden St
VEerburden ress, av
E 200 Reported '
0
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.21 0.15
05
T 04 Instantaneous Strain Rate
5 || vs Digital Disp.
E 03
ﬁ 0z N P J Preceding Strain Rate
= ; .J'llll“'l-\f 'U' E Reported
i
% 01 Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 1:14:00 PM P
Test Identification: TS32.13-5-L6-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 6.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 4991 19849 39.60 1.99
Load-Displacement Curve
25000
W:ﬁ ___ Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o i m LoadCell MeasuredForce
E i vs Optical Disp.
= /
E 10000 o JackApplied Force
I." v5 Optical Disp.
," ¢ PulloutResistance, Pr
5000 7 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture beyond 0.75in. displacement. No earth pressure cell data. Tested: AS AJ RH
Digital displacement: pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 0.93 4991
G000
P R —
o — Jack Applied Stress
g 4000 vs Digital Disp.
5
=
2 2000
z Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.11 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z o o Preceding Strain Rate
= ; kY Reported
B, T T A
E ’ W - T Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 12:49:00 PM R
Test Identification: TS32.14-S-1L8-Z12-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1501 20291 11.90 5.07
Load-Displacement Curve
25000
-
™ — Load Cell Measured Force
20000 - vs Digital Disp.
- — Jack Applied Force
- vs Digital Disp.
£ 15000
o / m LoadCell MeasuredForce
o ; v5 Optical Disp.
£ i
=
E 10000 7 o JackApplied Force
! vs Optical Disp.
| . Pullout Resistance, Pr
5000 Reported
i‘I === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Digital displacement: pullout and elongation Tested: AS AJ RH
undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 3.08 1501
2000
[rot
S 1500 o
o — Jack Applied Stress
B vs Digital Disp.
S 1000
E
g
z 500 Overburden Stress, av
= Reported
1]
0 0.25 0.5 075 1 128 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.11 0.12
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z — Preceding Strain Rate
c : Reported
g, pal o S AR
K ’ e "'J T Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 7/27/2011 12:38:00 PM P
Test Identification: TS32.15-S-L12-720-T T’_
Test Facility: 12'x12'x4"' MSE Test Box '
MSE Reinforcement .
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.30 2473 20500 19.60 2.07
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 !/ =8 vs Digital Disp.
! ___ Jack Applied Forcs
- H vs Digital Disp.
£ 15000
o ! Load Cell Measured Force
E i vs Optical Disp.
5
2 10000 + dJackApplied Force
; vs Optical Disp.
i Pullout Resistance, Pr
5000 i Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.30in. No earth pressure cell data. Digital displacement: Tested: AS AJ RH
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.87 2473
2500
=
@ 2000
o — Jack Applied Stress
E_ 1500 vs Digital Disp.
c
)
E 1000
2 500 e Overburden Stress, av
= Reported
0
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.14 0.10
05
T 04 Instantaneous Strain Rate
5 | vs Digital Disp.
E 03 w J
o . .
Preceding Strain Rate
E 02 :mﬂl “1! Reparted
= A
% 01 Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 1:35:00 PM R
Test Identification: TS32.16-S-L6-Z40-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 6.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 4998 19996 39.60 2.00
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E ; vs Optical Disp.
£ [
2 10000 7 + dJackApplied Force
! v5 Optical Disp.
i e PulloutResistance, Pr
5000 7 Reported
.‘; === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture beyond 0.75in. displacement. No earth pressure cell data. Tested: ASRH AJ
Digital displacement: pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 0.95 4998
G000
T .
o — Jack Applied Stress
g 4000 vs Digital Disp.
5
=
2 2000
z Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.23 0.16 0.17
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03 i
ﬁ 02 ) NJ\_ R A M.\ , Preceding Strain Rate
= ; + KA AT ol Reported
£ Ty W
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 12:18:00 PM P
Test Identification: TS32.17-5-L8-Z12-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 1510 18453 12.00 4.58
Load-Displacement Curve
25000
-'—’_’"\\ — Load Cell Measured Force
--"””"“\\' vs Digital Disp.
\_% _ Jack spplied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
z
E 10000 rys o JackApplied Force
E vs Optical Disp.
,-". o PulloutResistance, Pr
5000 Reported
_;'I === Load-Disp. Trend
0 /
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Digital displacement: pullout and elongation Tested: AS AJ RH
undifferentiated. Prepared: ETTW
Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 3.15 1510
2000
[rot
& 1500 L
o — Jack Applied Stress
B vs Digital Disp.
S 1000
E
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 0.5 075 1 128 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.11 0.14
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z N — Preceding Strain Rate
- Reported
g wwm““’vﬁwﬂ%ﬁw
E ’ ! Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 7/27/2011 12:09:00 PM i
Test Identification: TS32.18-5-L12-220-M T’
Test Facility: 12'x12'x4' MSE Test Box |

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.53 2495 20768 19.80 2.08
Load-Displacement Curve
25000
:Q\. — Load Cell Measured Force
20000 f/(:—-'.’;"' Y vs Digital Disp.
- — Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
h i
E 10000—4— o JackApplied Force
| vs Optical Disp.
ii Pullout Resistance, Pr
5000 i Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.53in. No earth pressure cell data. Digital displacement: Tested: AS AJ RH
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.90 2495
3000
E 2500 -—
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.16 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 Aﬂ h
o . .
Preceding Strain Rate
E 02 Illr‘ J‘f""fllmf — Reported
-E 01 II""J .
Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 1:50:00 PM R
Test Identification: TS32.19-S-L6-Z40-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 6.0
Width, b (in.): 2 B
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.45 4998 18380 39.60 1.84
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
=
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= ¢ vs Optical Disp.
5000 _-' . Pullout Resistance, Pr
! Reported
:' === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.45in. No earth pressure cell data. Digital displacement: Tested: ASRH AJ
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 0.98 4998
G000
‘E —— .
o — Jack Applied Stress
g 4000 vs Digital Disp.
5
=
2 2000
z Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.02 0.19 0.11
05

T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03 !
ﬁ |J"| JII\ Preceding Strain Rate
= 0.z JJ| \\ /WJU Reported
£ o )Y |

’ VJ L - Instantaneous Strain Rate

o Reported

0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 11:59:00 AM R
Test Identification: TS32.20-S-L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Rupture 0.67 1509 22271 12.00 5.53
Load-Displacement Curve
25000
,.fﬁ — Load Cell Measured Force
20000 vs Digital Disp.
Ve
— Jack Applied Force
- ﬁ vs Digital Disp.
£ 15000
o { m LoadCell MeasuredForce
E / vs Optical Disp.
£
E 10000 o JackApplied Force
i vs Optical Disp.
Pullout Resistance, Pr
5000 .’I Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Connection rupture at 0.67in. No earth pressure cell data. Digital displacement: Tested: AS AJ RH
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 3.23 1509
2000
G
= 1300 *-— — Jack Applied Stress
B vs Digital Disp.
£ 1000
E
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.30 0.20 0.19
05
T 04 Instantaneous Strain Rate
5 ﬂ KV{ vs Digital Disp.
£ 03 u Sviwi
ﬁ A ]'\ r W V \J/ ‘1‘ Preceding Strain Rate
= 0.z T N Reported
= 0.1
w ’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/27/2011 11:49:00 AM P
Test Identification: TS32.21-5-L12-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Rupture 0.38 2478 22318 19.60 2.25
Load-Displacement Curve
25000
/"/a\ — Load Cell Measured Force
20000 ;ﬂ| vs Digital Disp.
, _ Jack spplied Force
- n vs Digital Disp.
£ 15000 ,'I
o / Load Cell Measured Force
E i vs Optical Disp.
£ i
2 10000 .'I + dJackApplied Force
‘ vs Optical Disp.
il Pullout Resistance, Pr
5000 7 Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.38in. No earth pressure cell data. Digital displacement: Tested: AS AJ RH
pullout and elongation undifferentiated. Prepared: ETTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.97 2478
2500 >
=
@ 2000
o — Jack Applied Stress
E_ 1500 vs Digital Disp.
c
)
E 1000
2 500 e Overburden Stress, av
= Reported
0
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.30 0.41 0.23
05
T 04 Instantaneous Strain Rate
£ vs Digital Disp.
E 03
ﬁ “M/vh Preceding Strain Rate
c 0.z T Reported
g
W

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY

TxDOT Research Project 0-6493: MSE Pullout

Center for Multidisciplinary Research in Transportation

REPORT OF

MSE REINFORCEMENT PuLLOUT TEST

Test Date:
Test Identification:
Test Facility:

Test Information
8/16/2011 12:32:00 PM
TS35.13-S-L4-Z20-T
12'x12'x4' MSE Test Box

Test Specimen Sketch

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft):
Width, b (in.):
Skew Angle, 8 (°):

4.0
2
0

T,,_P,

Backfill Material

Specification:

TxDOT Item 423 - Type A

Ordinary Compaction (TxDOT Item 132.3.D.1)

Moisture Density Relationship (TEX-114-E)

Maximum Dry Unit Weight, Ygmax (PCf):
Optimum Moisture Content, OMC (%):

1225
6.6%

Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
passes of a vibratory plate compactor according to
specification such that “there is no evidence of further

consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 2489 16951 19.00 5.11
Load-Displacement Curve
25000
4 — Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
h
2 10000 + dJackApplied Force
vs Optical Disp.
i Pullout Resistance, Pr
5000 3 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments

Digital displacement: pullout and elongation undifferentiated.

Personnel
Tested: AJDHRH
Prepared: SBTW
Checked: WL PJ

TS35.13-5-L4-7220-T

Issue Date: October 17, 2012
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2202 1841 2957 2217 2556 2354 2.17 2489
i
E 2500 — Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.20 0.12 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
£ o2 y PR B | Ly nihl — Preceding Strain Rate
- i) I eporte
IR I LY AL VW VLT ALY WAL
E ’ N7 ur- - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/16/2011 12:12:00 PM i
Test Identification: TS35.14-5-L4-720-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 2433 17283 18.60 5.33
Load-Displacement Curve
20000

Load Cell Measured Force
vs Digital Disp.

15000
Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
10000 - vs Optical Disp.

pull force, Pr o)

J + +ackapplied Force
i vs Optical Disp.

B000 ? o PulloutResistance, Pr
{ Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJDHRH
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2154 1752 2898 2180 2572 2311 2.25 2433
3000
E 2500 7 J_ ____ Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.24 0.14 0.16
05
T 04 Instantaneous Strain Rate
5 I vs Digital Disp.
£ 03 A
ﬁ r'l]hﬂﬂ “ ]'\ ol Preceding Strain Rate
= 02 AR LTI Reported
E o1 -
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/16/2011 10:04:00 AM P
Test Identification: TS35.15-S-L4-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box |
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 2504 13352 19.10 4.00
Load-Displacement Curve
20000

Load Cell Measured Force
vs Digital Disp.

15000 =
{_/“J Jack Applied Force
vs Digital Disp.

Load Cell Measured Force

pull force, Pr o)

10000 v5 Optical Disp.
+ +ackapplied Force

vs Optical Disp.

B000 7 o PulloutResistance, Pr

," Reported
=== Load-Disp. Trend
0 /
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJDHRH
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2175 1725 2858 2175 2372 2261 2.35 2504
3000
E 2500 1 1 — Jack Applied Stress
E' 2000 r| |.I vs Digital Disp.
g 1500 I ] —_ Awverage Earth Pressure
E 1000 1 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.10 0.11
05 J

T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
c 02 M Reported
5 o M A N

’ lur/ u u - Instantaneous Strain Rate

o Reported

0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 9/29/2011 2:16:00 PM i
Test Identification: TS37.16-5-L8-220-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 2597 20365 20.10 2.94
Load-Displacement Curve
25000
i ,.ﬁfql — Load Cell Measured Force
20000 & vs Digital Disp.
o
— Jack Applied Force
- WM vs Digital Disp.
£ 15000 -
o d ;" m LoadCell MeasuredForce
E r vs Optical Disp.
h
2 10000 7 + dJackApplied Force
f-" v5 Optical Disp.
."I . Pullout Resistance, Pr
B000 T Reported
_.’I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AS AS AJ
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2493 1693 3545 2361 2508 2520 2.00 2597
3000
% 2500 J_ — i
=1 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.37 0.24 0.24
iy | ]
c 04 1 | I Instantaneous Strain Rate
5 ﬂ I |||1~| h vs Digital Disp.
£ 03 - -
m Tl 4 . .
" T v Preceding Strain Rate
= 0.z ] i i( Reported
G 01
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 9/29/2011 2:29:00 PM i
Test Identification: TS37.17-5-L8-220-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 2583 20195 20.00 2.93
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 & ?fg_.,—:.ﬁjh vs Digital Disp.
\M — Jack Applied Force
_ \: vs Digital Disp.
£ 15000 r. =
o I,- m LoadCell MeasuredForce
E I.r' v5 Optical Disp.
= .";
2 10000 7 + dJackApplied Force
! v5 Optical Disp.
i Pullout Resistance, Pr
5000 i Reported
:: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJ AJ AS
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2375 1693 3529 2295 2447 2468 2.10 2583
3000
E 2500 JE’ — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.20 0.18 0.20
05 I ‘
T 04 i Instantaneous Strain Rate
5 j “I vs Digital Disp.
E 03 m |,I| [
ﬁ || PU ] IU‘I d J. UH‘ & — Preceding Strain Rate
= 02 i v, A g Reported
B 01 ML
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 9/29/2011 3:00:00 PM P
Test Identification: TS37.18-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 2617 21016 20.20 3.01
Load-Displacement Curve
25000
B — Load Cell Measured Force
20000 vs Digital Disp.
u hY
— Jack Applied Force
- r vs Digital Disp.
£ 15000
o Load Cell Measured Force
E / vs Optical Disp.
E II.
2 10000 + dJackApplied Force
| vs Optical Disp.
!'I e PulloutResistance, Pr
5000 ¥ Reported
,' === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJAJA)
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2508 1858 3763 2485 2636 2650 2.02 2617
3000
% 2500 "J i
=1 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.12 0.13
05 H

T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ ﬁl ]IL A J i ﬂl l( Preceding Strain Rate
c 0z M T e Reported
= 0.1
w ’ Instantaneous Strain Rate

o Reported

0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 9/29/2011 3:45:00 PM R
Test Identification: TS37.19-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 B
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E; j
Relgizrz;:veiorent Displacement Vertical Stress, Resi'lsltg:f:e Fif;fgz’)\;; Resis:zlrlrltl:?;:actor
in. o, (ps ’ ’ !
( ) V(p .f) Pr (lb) Zeﬁ(ft) F*
Pullout 0.61 2513 23059 19.40 3.44
Load-Displacement Curve
25000
/§ — Load Cell Measured Force
20000 ',;5"7 vs Digital Disp.
Vi ___ Jack Applied Forcs
- vs Digital Disp.
£ 15000 -
i} f @ LoadCell MeasuredForce
E : vs Optical Disp.
£ f
3 10000 o JackApplied Force
{ vs Optical Disp.
_-! Pullout Resistance, Pr
5000+ Reported
,' === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJAJA)
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2530 1826 3770 2468 2562 2631 2.03 2513
3000
E 2500 ¢ — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.11 0.10
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
o M . _
" 0z e Preceding Strain Rate
= - Reported
g o N e
’ Instantaneous Strain Rate
o \\“J . Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 24 34
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 45 43
Liquid Limit, LL (%): 23 #4 62 59
Plastic Limit, PL (%): 20 #10 76 72
Plasticity Index, Pl (%): 3 #40 85-100 87 84
Bar Linear Shrinkage, LS (%): 3 #200 96 93
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/14/2011 11:54:00 AM i
Test Identification: TS38.14-5-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 2493 23494 21.30 3.53
Load-Displacement Curve
30000
5000 Lo aq {}ell I'-.-'I_easured Farce
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.
fis]
DI_-_ Load Cell Measured Force
E 15000 v5 Optical Disp.
=
2 + dJackApplied Force
100004 vs Optical Disp.
Pullout Resistance, Pr
5000 Reported
=== Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AS AS AJ
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2855 2056 2957 2589 2401 2572 2.18 2493
#$—_——__—
E 2500 7 __ Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.06 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z . Preceding Strain Rate
= - Reported
£ ooq alo_cb o A JWW
’ ! A M "M\'T/ e |nstantansous Strain Rate
0 _Ir Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/14/2011 11:04:00 AM i
Test Identification: TS38.15-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 2605 27560 22.20 3.97
Load-Displacement Curve
30000
5000 Lo aq {}ell I'-.-'I_easured Farce
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 15000 v5 Optical Disp.
=
2 + dJackApplied Force
10000 ——ut vs Optical Disp.
By
Pullout Resistance, Pr
5000 .'II Reported
{ === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: TW TW MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2768 1971 2804 2488 2107 2428 2.26 2605
3000
% 2500 — * i
=1 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.08 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o1 - SR, VYN OV ‘— TN —~ ’)l\'
’ -~ ’-T hvi ' - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/15/2011 11:45:00 AM i
Test Identification: TS40.13-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1509 29665 12.70 4,91
Load-Displacement Curve
35000
30000 Load Cell Measured Force
vs Digital Disp.
25000 Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E . vs Optical Disp.
£ 150004—+
=] Jack Applied Force
= T ¢ vs Optical Disp.
10000——
f ¢ PulloutResistance, Pr
; Reported
50007
| === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2894 2966 3121 3207 3364 3110 2.18 1508
3500
E 000 — Jack Applied Stress
‘E' 2500 vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 * Cell Measured Stress
E 1000
o 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.04 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 rf\.\:ﬁ_ | = — P LA N Jlll""ﬁl. -
T “'V{VJ A e Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/15/2011 10:45:00 AM R
Test Identification: TS40.14-S-L12-720-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
Mo Dry Unit Weigh, Vs (5f: L B e
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 2397 32024 20.10 3.34

Load-Displacement Curve

A0000
Load Cell Measured Force
vs Digital Disp.
30000
Jack Applied Force
- vs Digital Disp.
= ;
T A
o Load Cell Measured Force
o 20000 - v5 Optical Disp.
b 'l
E .'I
2 + dJackApplied Force
’i vs Optical Disp.
10000 I:i . Pullout Resistance, Pr
{ Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3815 3708 4186 4099 4326 4027 1.68 2397
5000
E 4000 — Jack Applied Stress
E' vs Digital Disp.
E- ®— Average Earth Pressure
E 2000 T Cell Measured Stress
o
= 1000 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.06 0.06
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
.ﬁ . Preceding Strain Rate
E 0.z Reported
& o1 ey S
’ o Instantaneous Strain Rate
. — W "-’\.,w - instantan
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/18/2011 6:23:00 PM i
Test Identification: TS40.15-S-L12-212-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1509 25309 12.60 4.19
Load-Displacement Curve
35000
30000 Load Cell Measured Force
vs Digital Disp.
25000 Jack Applied Force
- vs Digital Disp.
fis]
DI_-_ Load Cell Measured Force
E vs Optical Disp.
£ 150004—+
2 nd + +ackapplied Force
/ vs Optical Disp.
10000
! Pullout Resistance, Pr
i Reported
5000
f === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3004 3163 3223 3228 3350 3194 2.12 1506
3500
E 000 — Jack Applied Stress
‘E' 2500 vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 - Cell Measured Stress
E 1000
o 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 .
o . .
Preceding Strain Rate
E > NM,AII*UI ]"l\ M eperiee
_‘E ﬂl -I 1 — W-\_n.-. YL
’ 1 1 = \‘W R - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/15/2011 3:02:00 PM i
Test Identification: TS40.17-S-L12-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 1492 29568 12.50 4.95
Load-Displacement Curve
35000
30000 — Load Cell Measured Force
vs Digital Disp.
25000 — Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
£ 15000
2 + +ackapplied Force
/ vs Optical Disp.
10000 ,i
N e PulloutResistance, Pr
_h Reported
5000 — -
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2701 2783 2831 2947 3119 2876 2.36 1491
3000
E 2500 — Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 —& _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z i Reported
_‘E ﬂl -I i h'l.wn'.h 'l"all va. - vr\vmm
’ =t VJW 'I,rJJ W e I|I o |nstantaneous Strain Rate
o Reported
0 0325 05 075 1 128 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/15/2011 1:45:00 PM R
Test Identification: TS40.18-S-L12-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, gl out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 2499 31021 20.90 3.10
Load-Displacement Curve
A0000
— Load Cell Measured Force
vs Digital Disp.
30000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 20000 J,’ v5 Optical Disp.
2 H + dJackApplied Force
! ‘ v5 Optical Disp.
10000 ."I Pullout Resistance, Pr
;. Reported
i'l === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3630 3551 3981 3924 4086 3834 1.77 2498
4000
T Jack Applied St
— Jack Applie ress
‘g 3000 - vs Digital Disp.
g 2000 _ Average Earth Pressure
5 Cell Measured Stress
£ 1000
= Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.06 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 ol n'.l r"\‘/\'\ A "
’ [’ """-'r" Ta I AT A "‘\""l e |nstantansous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 1/5/2012 11:13:00 AM R
Test Identification: TS41.14-S-L12-Z40-T T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 4995 25618 40.90 1.28

Load-Displacement Curve

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

: Ff

Load Cell Measured Force
150001 + vs Optical Disp.

pull force, Pr o)

i + +ackapplied Force
10000 vs Optical Disp.

! e PulloutResistance, Pr
i Reported

] === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1535 1336 1838 1631 1352 1538 3.27 4998
6000
5 I
2 T _ Jack Applied Stress
E' ADDD vs Digital Disp.
g _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.05 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z Y Preceding Strain Rate
= - v Reported
. T Y T vt
’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 1/5/2012 2:47:00 PM R
Test Identification: TS41.15-S-L12-Z40-T T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, V amax (Pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 4911 28464 40.20 1.45
Load-Displacement Curve
35000
30000 #;.::!:”"ﬂ_ — Load Cell Measured Force
vs Digital Disp.
25000 = — Jack Applied Force
- vs Digital Disp.
O
DI_-_ i Load Cell Measured Force
E !_,- vs Optical Disp.
2 15000 f
2 + +ackapplied Force
vs Optical Disp.
10000——
."I . Pullout Resistance, Pr
‘i Reported
500017
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5268 3477 6432 5053 4313 4909 1.04 4911
5000 —
E 4000 ____ Jack Applied Stress
g vs Digital Disp.
E- Awerage Earth Pressure
E 2000 T Cell Measured Stress
o
= 1000 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.08 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
a Fan JJ-HII."J\.’\'MI . ~ Y A t'\"""""/
w 01 o - V= e .
- Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 1/4/2012 4:39:00 PM R
Test Identification: TS41.17-5-L8-240-M T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.73 5017 28562 40.90 2.13

Load-Displacement Curve

=

30000 Load Cell Measured Force
vs Digital Disp.

25000 Jack Applied Force
vs Digital Disp.

20000

g ‘

i
i} - m LoadCell MeasuredForce
E ! vs Optical Disp.
£ 1500018
= + +ackapplied Force
! vs Optical Disp.
100001
." Pullout Resistance, Pr
| Reported
000 T
| === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJET
Prepared: SBTW
Checked: WL PJ
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Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5262 3668 6490 5162 4254 4967 1.02 5017

- o

=
2 — Jack Applied Stress
‘E' ADDD vs Digital Disp.
E Awerage Earth Pressure
E 2000 Cell Measured Stress
o
3 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 01 o WAL Vo™ =iVl | i, P "]
= Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/5/2012 10:31:00 AM R
Test Identification: TS41.18-5-L12-7240-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 4993 33076 40.70 1.66
Load-Displacement Curve
40000
[ |
— Load Cell Measured Force
vs Digital Disp.
30000
. — Jack Applied Force
- ! vs Digital Disp.
=) !
= n
o Load Cell Measured Force
E 20000 v5 Optical Disp.
= ;
=] ! Jack Applied Force
= i ¢ vs Optical Disp.
10000 . Pullout Resistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5245 3694 6524 5159 4424 5009 1.02 4993

- o+

=
2 — Jack Applied Stress
‘E' ADDD vs Digital Disp.
E Awerage Earth Pressure
E 2000 Cell Measured Stress
o
3 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.05 0.06
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
.ﬁ . Preceding Strain Rate
E 0.z Reported
_‘E 0.1 1 r--l"'|' .I'"'-’h\'.l"'l.ﬁ n
. AL TW Vs ™ ""“’v]l - Instantaneous Strain Rate
o v Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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Test Information _ Test Specimen Sketch
Test Date: 1/4/2012 1:38:00 PM R
Test Identification: TS41.20-5-L8-Z40-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.71 4993 23075 38.30 1.73
Load-Displacement Curve
30000
5000 — — Load Cell Measured Force
L vs Digital Disp.
— Jack Applied Force
20000 ‘ﬁ/ vs Digital Disp.
2 ]
n"__ & I»'r m LoadCell Measured Force
E 15000 v5 Optical Disp.
g
2 ! + dJackApplied Force
10000 v5 Optical Disp.
f . Pullout Resistance, Pr
5000 .!f Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5191 2983 6616 5155 4243 4837 1.02 5012
6000
G - 4 :
=1 — Jack Applied Stress
E' ADDD vs Digital Disp.
g _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.12 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
- Reported
E 0.1 7 "ﬂl'-.-v B "“-’“’“W‘ﬂlﬁ—vﬂﬁw Pyt Wv\/ﬂ N
K ’ N |||'r o |nstantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 60 47
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 68 57
Liquid Limit, LL (%): 23 #4 82 71
Plastic Limit, PL (%): 20 #10 89 80
Plasticity Index, Pl (%): 3 #40 85-100 95 89
Bar Linear Shrinkage, LS (%): 3 #200 98 94
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Test Information Test Specimen Sketch
Test Date: 1/18/2012 4:13:00 PM R
Test Identification: TS42.13-S-L4-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 621 8510 5.10 10.28
Load-Displacement Curve
10000
— Load Cell Measured Force
2000 — vs Digital Disp.
ot
o — Jack Applied Force
a1 K vs Digital Disp.
DI_-_ .’-M m LoadCellMeasuredForce
E vs Optical Disp.
h
2 4000 7 + dJackApplied Force
v5 Optical Disp.
.-'I Pullout Resistance, Pr
2000 T Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 621

200
00 . l

Jack Applied Stress
vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.06 0.04 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z rﬂ“\\ Reported
_‘E 0.1 [ e PR - N"Jr
’ f | ,I" W A = - Instantaneous Strain Rate
o N N Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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Test Information Test Specimen Sketch
Test Date: 1/19/2012 12:29:00 PM i
Test Identification: TS42.14-S-18-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 630 13568 5.20 8.07
Load-Displacement Curve
20000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ

TS42.14-S-18-725-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 630

200
00 — !‘

Jack Applied Stress
vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ ]| Preceding Strain Rate
c 02 -\,/I'v\_Jllf Reported
’ V‘__,,H"r il o ~ W o |nstantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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Test Information Test Specimen Sketch
Test Date: 1/20/2012 11:01:00 AM i
Test Identification: TS42.15-S-1L8-Z12-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, gl out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.75 1513 15508 12.50 3.84
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= i ¢ vs Optical Disp.
5000 ¢ PulloutResistance, Pr
: Reported
_.'f === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1513
2000
=
& 1500 l—
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0

0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

=]

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 ]Il
o . .
Preceding Strain Rate
E 0.z |r"|..|| U‘ Reported
_E 01 'JIIJ - U_.«.H\_A SN N\-r"-\.u-t._.-\.lll AR
. """1.___,‘_,""! T v Instantaneous Strain Rate
0 _.Ihw Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/18/2012 1:52:00 PM R
Test Identification: TS42.16-5-L4-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 600 9306 4.90 11.64
Load-Displacement Curve
12000

Load Cell Measured Force

1 vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

A000 ¢ vs Optical Disp.
Pullout Resistance, Pr
2000 .'; Reported
Ii: === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJ A) DH
Prepared: SBTW
Checked: WL PJ

TS42.16-5-L4-25-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 600

200

&00 _———— Jack Applied Stress

vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.05 0.04 0.05
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 02 rw*’
o . .
Preceding Strain Rate
E 0.z Reported
’ Instantaneous Strain Rate
0 B Ea— s “H—WM_“'VF ® Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation
TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Date:
Test Identification:
Test Facility:

Test Information
1/18/2012 3:20:00 PM

TS42.17-5-18-Z5

-M

12'x12'x4' MSE Test Box

Test Specimen Sketch

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft):
Width, b (in.):
Skew Angle, 8 (°):

8.0
2
0

T,,

P

—r

Backfill Material

Specification:

TxDOT Item 423

-Type A

Ordinary Compaction (TxDOT Item 132.3.D.1)

Moisture Density Relationship (TEX-114-E)

Maximum Dry Unit Weight, Ygmax (PCf):
Optimum Moisture Content, OMC (%):

1225
6.6%

Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
passes of a vibratory plate compactor according to
specification such that “there is no evidence of further

consolidation.”

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 627 18716 5.20 11.20
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 ot b vs Digital Disp.
1 — Jack Applied Force
—_ | vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
h
2 10000 + dJackApplied Force
vs Optical Disp.
Pullout Resistance, Pr
5000 ] Reported
.‘; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments

No earth pressure cell data.

Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ

TS42.17-5-L8-25-M

Issue Date: October 17, 2012

Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 627

- ]

Jack Applied Stress
vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.06 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 h
o . .
Preceding Strain Rate
E 0.z rL,..\_\/L Reported
£ o y b Ty
’ ,—JJ— ""‘,F“ A= - Instantaneous Strain Rate
o lf Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TEXAS TECH UNIVERSITY

Test Information

Center for Multidisciplinary Research in Transportation
TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Date:
Test Identification:
Test Facility:

1/19/2012 4:14:00 PM
TS42.18-5-1.8-212-M
12'x12'x4' MSE Test Box

Test Specimen Sketch

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft):
Width, b (in.):
Skew Angle, 8 (°):

8.0
2
0

T,,

P

—r

Backfill Material

Specification:

TxDOT Item 423 - Type A

Ordinary Compaction (TxDOT Item 132.3.D.1)

Moisture Density Relationship (TEX-114-E)

Maximum Dry Unit Weight, Ygmax (PCf):
Optimum Moisture Content, OMC (%):

1225
6.6%

consolidation.”

Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
passes of a vibratory plate compactor according to
specification such that “there is no evidence of further

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 1497 28710 12.30 7.19
Load-Displacement Curve
ﬁﬁg
30000 — Load Cell Measured Force
vs Digital Disp.
25000 — Jack Applied Force
- vs Digital Disp.
=
DI_-_ Load Cell Measured Force
E vs Optical Disp.
£ 15000 -
=] ; Jack Applied Force
= r- ¢ vs Optical Disp.
10000+
—.' Pullout Resistance, Pr
| Reported
B000 —1—
| === Load-Disp. Trend
0 /
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments

No earth pressure cell data.

Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ

TS42.18-5-1L8-212-M

Issue Date: October 17, 2012

Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1497
2000
=
S 1500
o - — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0

0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

=]

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.06 0.07
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
.ﬁ . | Preceding Strain Rate
E 0.z Reported
_‘E 01 o Y — Mo 'J\)Illl-v_a
: ,-J"er 1 lrf -TV'\/L/" AT » |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/17/2012 3:51:00 PM R
Test Identification: TS42.19-S-L4-75-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 40
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.70 644 10025 4.80 11.67

Load-Displacement Curve

| f//:i
12000

[ ] P E—— — Load Cell Measured Force
. M vs Digital Disp.
»
10000 %’f

L Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJET
Prepared: SBTW
Checked: WL PJ

TS42.19-5-L4-75-B Issue Date: October 17, 2012 Page 1 of 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 644

200

[ ]

500 Jack Applied Stress

vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.05 0.05 0.07
05 ]\
T 04 Instantaneous Strain Rate
5 ]l vs Digital Disp.
E 03 :
= N \L Precedin i
g Strain Rate
E 02 i} || M Reported
£ o1 Jﬁn y : £
’ P N e Instantaneous Strain Rate
0 i e . Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/18/2012 12:58:00 PM i
Test Identification: TS42.20-S-L8-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.63 649 19910 490 11.51
Load-Displacement Curve
25000

Load Cell Measured Force
vs Digital Disp.

I
N
| |
Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

f === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 649
200
7 .
= &0 — Jack Applied Stress
B vs Digital Disp.
£ 400
E
g
z 200 Overburden Stress, av
= Reported
0
0 025 0.5 075 1 128 1.5

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.08 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o1 — D s S VY. J"'—v%fm'.'llw\/\.—«
’ v Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 1/19/2012 2:41:00 PM R
Test Identification: TS42.21-5-18-212-B T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 1499 26551 11.30 6.64

Load-Displacement Curve

30000 Load Cell Measured Force
vs Digital Disp.
25000 Jack Applied Force
vs Digital Disp.
20000
™ Load Cell Measured Force
. vs Optical Disp.

g ‘

i
T
o
-
2
£ 15000 -
2 ¢ Jack Applied Force
= .{ * vs Optical Disp.
10000
Pullout Resistance, Pr
i Reported
B000 1
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1499
2000
[romy
S 1500
o * — Jack Applied Stress
B vs Digital Disp.
£ 1000
E
g
z 500 Overburden Stress, av
= Reported
0

0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

=]

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.07 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 01 — AUL _—"\“f‘ — - M = M""-“u’
. Tl{ v W"‘lm - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 2/17/2012 1:24:00 PM
Test Identification: TS43.13-S-L8-815°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 4,
Skew Angle, 8 (°): 15
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.60 607 12181 4.90 7.52
Load-Displacement Curve
14000
12000 — Load Cell Measured Force
n vs Digital Disp.
10000 — Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2 8000——
2 { + dJackApplied Force
! v5 Optical Disp.
4pp0—+-
I!' . Pullout Resistance, Pr
{ Reported
2000
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW TW ET
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
434 628 254 474 784 515 1.73 608
200
- b Jack Applied St
600 - - v?%igiﬁﬁ IIZJeisp.ress

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.08 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 f Reported
% 01 = - Instantaneous Strain Rate
0 'h. Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 2/13/2012 1:55:00 PM
Test Identification: TS43.16-S-L8-815°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 L
Skew Angle, 8 (°): 15
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 566 17268 4.70 11.44
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
g &
DI_-_ J. Load Cell Measured Force
E 'H}DDH——.II_ v5 Optical Disp.
h
=] ! Jack Applied Force
= ! ¢ v5 Optical Disp.
5000 ;': ¢ PulloutResistance, Pr
i Reported
ii === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: AJAJET
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 566

200

600 — - ——— Jack Applied Stress
vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 0.7% 1 125 15

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.05 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 % Dun
’ T U My VL W Uv 1\ e |nstantansous Strain Rate
0 ) N 1 ._}"l L Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 2/10/2012 4:17:00 PM
Test Identification: TS43.19-S-1L8-315°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 2, |
Skew Angle, 8 (°): 15
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 625 16178 4.90 9.70
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= ¢ vs Optical Disp.
5000 Pullout Resistance, Pr
Reported
. === Load-Disp. Trend
4L =
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW TW ET
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
506 830 581 568 998 697 1.60 625
£ |
Jack Applied St
500 s — Jsck apaisa Siess

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.07 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 - o Mm,\ﬁ_.’\ rﬂ!"L oo AUNM
’ v""‘-I"“‘""" Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 3/5/2012 4:02:00 PM
Test Identification: TS44.13-S-1L8-815°-212-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 80 |

Width, b (in.): 2 A,

Skew Angle, 8 (°): 15

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:.'ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.72 1509 13091 12.20 3.25

Load-Displacement Curve

| ;
12000 7 - Load Cell Measured Force
vs Digital Disp.
10000 Jack Applied Force
- vs Digital Disp.
=) F
T 3000 -
DI_-_ Ji Load Cell Measured Force
o ! i i
8 ny vs Optical Disp.
2 s000-+M
2 i + dJackApplied Force
! vs Optical Disp.
A000 1
Pullout Resistance, Pr
Reported
20001
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJET
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3189 4000 3435 3407 3589 3524 2.47 1509
4000
T Jack Applied St
— Jack Applied Stress
‘g 3000 vs Digital Disp.
g 2000 _ Average Earth Pressure
= & Cell Measured Stress
£ 1000
= Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.09 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z J!k Reported
_‘E 01 _ .u'.'-u P i - o, ‘JI’\M\ J"’Jlnl\
‘ll - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 3/2/2012 3:00:00 PM
Test Identification: TS44.16-S-L8-815°-212-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 4, |
Skew Angle, 8 (°): 15
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1574 20158 12.60 4.80
Load-Displacement Curve
25000
Load Cell Measured Force
20000 vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 15000
| -
o Load Cell Measured Force
E vs Optical Disp.
=
2 10000 + dJackApplied Force
vs Optical Disp.
I-"I Pullout Resistance, Pr
5000 ] Reported
.‘; === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: AJAJET
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1574
2000
=
& 1500 l
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0

0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

=]

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.06 0.07
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
.ﬁ . Preceding Strain Rate
E 0.z i Reported
"E 0.1 — *"‘\U—JﬁvuJIl]' /\_1 — T\m;—wfﬂl"\w :
’ Instantaneous Strain Rate
0 W Ww . Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 3/2/2012 1:43:00 PM
Test Identification: TS44.19-S-1L8-315°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 4,
Skew Angle, 8 (°): 15
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.71 1526 17480 11.80 4.30

Load-Displacement Curve

% ‘

Load Cell Measured Force
20000 e vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 15000 -
| .
o m LoadCell MeasuredForce
E vs Optical Disp.
5 .
2 10000 ._: + dJackApplied Force
vs Optical Disp.
a
Pullout Resistance, Pr
5000 Reported
. === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: AJAJET
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1526
2000
=
S 1500
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0

0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

=]

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.10 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z JI* Reported
_E 01 1'"\."“\ gl L«/V‘NMWNN ]n"lf‘"\’l
’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 2 2
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 47 39
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 47
Liquid Limit, LL (%): 23 #4 71 61
Plastic Limit, PL (%): 20 #10 80 73
Plasticity Index, Pl (%): 3 #40 85-100 89 84
Bar Linear Shrinkage, LS (%): 3 #200 94 91

TS44.19-5-L8-R15°-712-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
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Test Information Test Specimen Sketch
Test Date: 3/14/2012 2:46:00 PM P
Test Identification: TS45.13-S-L12-725-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.62 640 13281 5.30 5.19

Load-Displacement Curve

16000

14000

Load Cell Measured Force
vs Digital Disp.

12000

Jack Applied Force

10000 vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)
|

6000 Jack Applied Force
¢ vs Optical Disp.

o
! . Pullout Resistance, Pr
{ Reported
2000 ;-'
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
407 567 712 645 724 611 1.91 640
800
. Jack Applied St
600 = - v?%igiﬁﬁ IIZJeisp.ress

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_E 01 n it A l,_v-."L"“""""ﬁ " '.un.._J"H
.\__J“" — T II. v Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 3/14/2012 2:09:00 PM i
Test Identification: TS45.14-5-1L12-25-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 625 23271 5.10 9.31
Load-Displacement Curve
30000
5000 Lo aq {}ell I'-.-'I_easured Farce
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.
fis]
DI_-_ Load Cell Measured Force
E 15000 v5 Optical Disp.
=
2 + dJackApplied Force
10000 vs Optical Disp.
Pullout Resistance, Pr
5000 Reported
.‘: === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
449 633 662 751 1048 709 2.16 625
B |
Jack Applied St
&0 $ — Jzck sppisa sress

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_E 0.1 AR Ju"‘ln o Awg.".-’\a'w hfu"\a’ m"\-_‘a‘\ st
.r'r i VIIII'T,\" Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 3/14/2012 10:13:00 AM i
Test Identification: TS45.15-S-L12-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.61 597 22908 5.10 9.59
Load-Displacement Curve
30000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJET
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
510 610 762 831 1136 770 1.23 597
800
Jack Applied St
600 e - v?%igiﬁﬁ IIZJeisp.ress

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
B . sl f.r'""\ WA L
w 01 = —= = Y 1|r - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
MSE REINFORCEMENT PULLOUT TEST

TxDOT Research Project 0-6493: MSE Pullout

Test Specimen Sketch

Test Information

Test Date: 3/30/2012 11:56:00 AM P
Test Identification: TS46.13-S-L4-712-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0 b

Backfill Material
Ordinary Compaction (TxDOT Item 132.3.D.1)

Specification: TxDOT Item 423 - Type A
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.72 1459 6841 12.20 3.52
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
- Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ * m LoadCell MeasuredForce
E 4000 +—m v5 Optical Disp.
=
2 ! + dJackApplied Force
:-' v5 Optical Disp.
1]
2000 +— . Pullout Resistance, Pr
! Reported
: === Load-Disp. Trend
0
0 0.25 05 075 1 125 15

displacement(in.)

Comments Personnel
Tested: AJ AJ MN
Prepared: SBTW
Checked: WLPJ
Page 1 of 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1864 1676 1220 1670 1662 1618 1.12 1459
2000
T Jack Applied St
— Jack Applie ress
? 1500 — W 7 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Qwverburden Stress, ov
0 Reported
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.05 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
m
w 01 VRIS SRFEPY.SIVS \_HVI.MWM » |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 4/2/2012 10:30:00 AM i
Test Identification: TS46.14-S-L4-720-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.65 2490 11986 20.80 3.61
Load-Displacement Curve
16000
14000 Paninl AN
- "%  ___ LoadCell Measured Force
V.\/‘—*\. vs Digital Disp.

12000 Ll

Jack Applied Force

10000 = vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

.5.|}|}|]__= + +ackapplied Force
f v5 Optical Disp.

AD0D . Pullout Resistance, Pr
;. Reported
20001
=== Load-Disp. Trend
0
0 0.25 05 075 1 1.25 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2738 2812 2069 2610 2587 2563 1.03 2489
3000
E 2500 T g — Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.06 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
R P @ A Pt Pyl
’ —r Y / Instantaneous Strain Rate
0 .lrw Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 3/29/2012 2:55:00 PM i
Test Identification: TS46.19-S-L4-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 40
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 1480 9427 12.30 4.78
Load-Displacement Curve
12000

Load Cell Measured Force

1 vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

A0004 ¢ vs Optical Disp.
Pullout Resistance, Pr
2000 i, Reported
:: === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1986 1540 1193 1688 1618 1605 1.07 1480
2000
T Jack Applied St
— Jack Applie ress
? 1500 = » vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Qwverburden Stress, ov
0 Reported
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.05 0.06 0.07
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
.ﬁ . Preceding Strain Rate
E 02— Reported
_‘E 0.1 l'nﬂl"-\_f‘l A . M Pf\\ vN
: L.'.fvﬂ et b A n W " & |nstantaneous Strain Rate
o v Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 3/30/2012 1:15:00 PM P
Test Identification: TS46.20-5-L4-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 40
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 2448 12340 20.40 3.78
Load-Displacement Curve
14000
12000 — Load Cell Measured Force
vs Digital Disp.
10000 — Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ Load Cell Measured Force
o ' vs Optical Disp.
2 ;
2 6000 =
2 i + dJackApplied Force
! vs Optical Disp.
4000 3
| Pullout Resistance, Pr
{ Reported
2000 ]
.’: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJET
Prepared: SBTW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2769 2507 2040 2542 2418 2455 1.05 2448
2500 = - —
=
4 2000 — Jack Applied Stress
E' 1500 vs Digital Disp.
E- Awerage Earth Pressure
E 1000 T Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_E 0.1 Fan - . P L Vaie V.. H}'-u'ﬁl
A i B Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 4/30/2012 4:00:00 PM
Test Identification: TS47.13-S-L8-R30°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box
MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 €,
Skew Angle, 8 (°): 30
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.52 627 7722 5.20 4.62
Load-Displacement Curve
10000
Load Cell Measured Force
2000 v F= — vs Digital Disp.
[ |
Jack Applied Force
- h vs Digital Disp.
£ 5000
o / m LoadCellMeasuredForce
E / vs Optical Disp.
= !
2 4000 i + dJackApplied Force
i vs Optical Disp.
i . Pullout Resistance, Pr
2000 ; Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: AJAJET
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
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Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 2.37 627

200

. — b

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

200 QOverburden Stress, av
Reported
0
0 0.25 05 075 1 1.25 1.5
displacement{in.
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
o . .
" 0z i Preceding Strain Rate
c : Reported
E 01 s A r/‘k‘ L f\,—f\ z—“v"hl
w ’ - K s o |nstantaneous Strain Rate
o h, Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 4/18/2012 2:24:00 PM
Test Identification: TS47.14-S-1L8-R30°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 A,

Skew Angle, 8 (°): 30

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:.'ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 565 11164 4.70 7.40
Load-Displacement Curve
14000
i_“\_M

12000 e i

* Load Cell Measured Force
W’V‘. vs Digital Disp.
L vs

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJET
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: SBTW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2708 3009 2344 2271 2632 2593 1.03 565
3000
E 2500 — Jack Applied Stress
E’ 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 T - Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.07 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 01 P A=t uﬂ'l\.-' wah‘vﬁpM"‘ a 1r‘""-..-""“f'-"“"‘r
e v Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95
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Test Information Test Specimen Sketch

Test Date: 4/18/2012 1:11:00 PM
Test Identification: TS47.15-S-L8-330°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 4,
Skew Angle, 8 (°): 30
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 653 15914 5.30 9.14

Load-Displacement Curve

Load Cell Measured Force
vs Digital Disp.
15000
Jack Applied Force
vs Digital Disp.
™ Load Cell Measured Force
10000 ’, v5 Optical Disp.

" » JackApplied Force
; vs Optical Disp.

g ‘

pull force, Pr o)

E-'DDD——. Pullout Resistance, Pr
Reported
=== Load-Disp. Trend
0 J
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJET
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: SBTW
Checked: WL PJ
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Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
648 660 625 782 1016 746 1.12 614

200

. |
1

Jack Applied Stress
vs Digital Disp.

00

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.05 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
E 2 Al
w 01 WA T A "_”\'-/T’"‘\/V WAV T & |nstantansous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP/GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 3 4
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 49
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 58 57
Liquid Limit, LL (%): 23 #4 71 70
Plastic Limit, PL (%): 20 #10 82 80
Plasticity Index, Pl (%): 3 #40 85-100 91 89
Bar Linear Shrinkage, LS (%): 3 #200 96 95

TSA47.15-S-L8-R30°-Z5-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 5/11/2012 3:15:00 PM R
Test Identification: TS48.13-S-L12-7212-T T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 1478 24260 11.80 4.10

Load-Displacement Curve

g ‘

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force

pull force, Pr o)

15000 v5 Optical Disp.
+ +ackapplied Force
10000 L vs Optical Disp.
‘."
u
i Pullout Resistance, Pr
i Reparted
5000 Fport
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJ A) DH
Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.02 1478
2000
=
S 1500
o » — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.09 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 W I o Y e & - u.._n'-’hl FW N
’ i v Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/16/2012 8:43:00 AM P
Test Identification: TS48.14-S-1L12-220-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 2475 27795 19.80 2.81
Load-Displacement Curve
35000
30000 Load Cell Measured Force
vs Digital Disp.
25000 Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
£ 15000
2 + +ackapplied Force
vs Optical Disp.
10000
Pullout Resistance, Pr
Reported
i === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ

TS48.14-5-1L12-720-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 2475
3000
E 2500 41
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
B - . .
w 01 i T Y ¥ v “"’JI“"“""V""""""*f’"""'\'r‘""'““W TOTN T Instantaneous Strain Rate
o r"/ Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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Test Information Test Specimen Sketch
Test Date: 5/16/2012 9:21:00 AM P
Test Identification: TS48.15-5-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 40
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.67 4947 12297 39.60 1.86
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= ¢ vs Optical Disp.
5000 . Pullout Resistance, Pr
I Reported
' === Load-Disp. Trend
0 /
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 4947
G000
E — e | gy | | e e
o — Jack Applied Stress
g 4000 vs Digital Disp.
5
=
2 2000
z Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z {\JI‘L Reported
_‘E 01 [ hﬂm} Fl\"\. PN JIVAUH
. S - P B e R Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/14/2012 3:38:00 PM i
Test Identification: TS48.17-5-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

1225 passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , . Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 2484 23130 20.10 3.49
Load-Displacement Curve
30000
5000 Lo aq {}ell I'-.-'I_easured Farce
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.
fis]
DI_-_ Load Cell Measured Force
E 15000 v5 Optical Disp.
=
2 + dJackApplied Force
100004 vs Optical Disp.
H Pullout Resistance, Pr
5000 4 Reported
=== Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: TW TW DH
Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 2484
3000
E 2500 l
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.06 0.06 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
-E 0.1
’ o s Fip N Instantaneous Strain Rate
ol WY * Hepored
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/8/2012 2:04:00 PM P
Test Identification: TS48.18-5-L8-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, gl out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.73 604 16591 4.90 10.30
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= ¢ vs Optical Disp.
5000 —4— . Pullout Resistance, Pr
] Reported
i‘I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: TW TW ET
Prepared: T™W TW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
870 573 589 803 914 750 1.33 604
200

600 P — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.06 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
. LS LS .-J A - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 5/14/2012 2:29:00 PM P
Test Identification: TS48.19-5-18-720-B T’_
Test Facility: 12'x12'x4"' MSE Test Box '
MSE Reinforcement .
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 2482 30950 20.20 4.68
Load-Displacement Curve
35000

30000 Load Cell Measured Force
- vs Digital Disp.
25000 Jack Applied Force
vs Digital Disp.
20000
™ Load Cell Measured Force
vs Optical Disp.
| [

=
C
o
-
2
h
2 + dJackApplied Force
vs Optical Disp.
10000
. Pullout Resistance, Pr
Reported
000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: TW TW DH
Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 2482
3000
E 2500 l
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.03 0.03 0.03
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
B
w 01 :
Instantaneous Strain Rate
= =P —ryf| [ ] Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/22/2012 11:40:00 AM
Test Identification: TS49.13-S-L4.5-R30°-212-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45
Width, b (in.): 2 2, |
Skew Angle, 8 (°): 30 |
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.66 1499 8588 12.00 3.82
Load-Displacement Curve
10000
— Load Cell Measured Force
2000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 5000
o ] Load Cell Measured Force
E ‘:.- vs Optical Disp.
2
2 4000 —— + dJackApplied Force
.; v5 Optical Disp.
Pullout Resistance, Pr
2000 ] Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJ MN
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: T™W TW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1115 1547 1815 1737 1385 1520 1.19 1499
2000
T Jack Applied St
— Jack Applie ress
? 1500 S vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.09 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
E A Mt e Il ]f\ s =
»- - - -
% 01 K v Ll ey v “‘"]I Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/22/2012 10:16:00 AM
Test Identification: TS49.14-5-14.5-830°-Z12-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45
Width, b (in.): 2 iy :
Skew Angle, 8 (°): 30 |
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.66 1557 13148 12.30 5.63
Load-Displacement Curve
20000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJ MN
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1130 1514 1837 1752 1577 1562 1.11 1555
2000
[y
o 1500 ’ — — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
"E 0.1 — ‘_‘.h . Phn e, m.r’"'l
: R IR — T S Instantaneocus Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/22/2012 9:30:00 AM
Test Identification: TS49.15-S-L4.5-R30°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 4.5
Width, b (in.): 2 L
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.70 1511 9864 12.00 4.35
Load-Displacement Curve
14000
12000 — Load Cell Measured Force
L T vs Digital Disp.
(] Jﬂmﬂr
10000 e PO ___ JackApplied Force
. ;"‘_ﬁv‘ vs Digital Disp.
f=)
T 8000 S
o ’;'/"/-'/ @ LoadCell MeasuredForce
E * .‘q vs Optical Disp.
= 6000 7
2 I / + dJackApplied Force
I vs Optical Disp.
4000+
) e PulloutResistance, Pr
! Reported
20001~
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AJAJ MN
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. | Prepared: T™W TW
Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1144 1487 1829 1800 1663 1584 1.06 1511
2000
T Jack Applied St
— Jack Applie ress
‘g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.09 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z ,JL Reported
E o1 N, PORN 'NRPZN4 A VAL PN
’ ¥ N - W Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Test Information Test Specimen Sketch
Test Date: 5/28/2012 11:47:00 AM R
Test Identification: TS50.22-5-18-720-T T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 B

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TE)(-]_]_4-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4

. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further

Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 2468 23451 20.10 3.56

Load-Displacement Curve

5000 - Load Cell Measured Force
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.

g ‘

i
C
o . ™ Load Cell Measured Force
o 15000 . - vs Optical Disp.
2
h
2 W + JackaApplied Force
10000 ;,-’ vs Optical Disp.
/ Pullout Resistance, Pr
f Reparted
; eporte
.‘; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1577 2710 2576 2442 3182 2497 1.05 2468
Il
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
(1]
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.06 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 0.1 ot J‘\M"h‘n,-j\v‘v\,\mw""l.n' N m;% I
’ AT AR \J'LM - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/28/2012 12:52:00 PM i
Test Identification: TS50.23-5-L12-220-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, gl out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 2504 15085 20.40 1.51
Load-Displacement Curve
20000

Load Cell Measured Force
vs Digital Disp.

15000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)
|

Jack Applied Force

/ * s Optical Disp.

B000 o PulloutResistance, Pr
Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1608 2751 2667 2484 3216 2545 1.04 2504
d
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
(1]
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 —— [ ¥ MIrNW TN wﬂ‘h vf\ F, J\M it 2
’ _VJ A WA Vi | Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/25/2012 1:47:00 PM R
Test Identification: TS50.25-5-L4-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 40
Width, b (in.): 2 | |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.69 587 8975 4.70 11.47
Load-Displacement Curve
12000
10000 — Load Cell Measured Force

vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

A000 ¢ vs Optical Disp.
.
i Pullout Resistance, Pr
2000 Reported
=== Load-Disp. Trend
0 J
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.04 587

200

500 = = Jack Applied Stress
vs Digital Disp.

QOverburden Stress, av
Reported

overburden, av {psf)

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.07 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 0.1 AN M s
PN SN, 0 N O, Instantaneocus Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/28/2012 2:44:00 PM P
Test Identification: TS50.26-S-L12-Z40-B T’
Test Facility: 12'x12'x4" MSE Test Box |

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 12.0
Width, b (in.): 2 ||
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 4
. ; 3 K passes of a vibratory plate compactor according to
Maximum Dry Unit Weight, Yamax (PCf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 4956 29151 38.60 1.47
Load-Displacement Curve
35000
30000 — Load Cell Measured Force
vs Digital Disp.
25000 — Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2 150001
=] " Jack Applied Force
= |=. ¢ vs Optical Disp.
10000~
| . Pullout Resistance, Pr
i Reported
5000 —7
] === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Tested: AJAJ MN
Prepared: T™W TW
Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3615 5343 5142 4939 6115 5031 1.05 4967
£000

4

=
2 — Jack Applied Stress
‘E' ADDD vs Digital Disp.
E Awerage Earth Pressure
E 2000 Cell Measured Stress
o
3 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.06 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o —
’ 1y C— Instantaneous Strain Rate
. = MWW - Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GP-GM Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 4 1
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 49 43
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 57 52
Liquid Limit, LL (%): 23 #4 70 65
Plastic Limit, PL (%): 20 #10 80 74
Plasticity Index, Pl (%): 3 #40 85-100 89 83
Bar Linear Shrinkage, LS (%): 3 #200 95 90
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/15/2011 2:25:00 PM P
Test Identification: TS30.01-G-9x12-W20xW11-L12-75-T o [ORT
Test Facility: 12'x12'x4' MSE Test Box W
T
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ¢
Length, L. (ft): 12.0 | Number, N,: 12 | Number, N;: 3 J
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b

Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
Maximum Dry Unit Weight, Vama (PCf): 1225 passes of a vibratory plate compactor according to

) . specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% | consolidation.”

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
! . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.60 653 44122 5.40 1.88
Load-Displacement Curve
0000
| Load Cell Measured Force
AD000D vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 30000
o ﬂ m LoadCell MeasuredForce
E vs Optical Disp.
=
2 20000 7 + dJackApplied Force
H vs Optical Disp.
/ . Pullout Resistance, Pr
10000 :f Reported
i: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJRH DH
Prepared: T™W TW
Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1025 334 770 683 749 712 7.08 653
200
E 600 1 — Jack Applied Stress
g vs Digital Disp.
g 400 _ Average Earth Pressure
5 Cell Measured Stress
E 200
=] Owerburden Stress, av
o Reported
0 025 0.5 075 1 128 1.5

displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.11 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
c : Reported
= 0.1 oA JWMMM
E el d Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-le elongation skew angle .
g . f g . . ft g g skew rotation
(in.) (in.) (in.) (in.) (degrees)
0.03 -0.01 0.04 No Data 0.09 ccw
0.75
= 05 RT-LT Difference
; 075 \:-I—D{i:gl:ilti Disp.
5 - Imerence
E 0 il === vs Digital Disp.
E -025 C-LT Difference
£ vs Digital Disp.
5 -05
Differential Displacement
-0.75 for Skew Angle
0 0.25 05 075 1 1.25 15

displacement (in.}

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 6:13:13 AM P
Test Identification: TS30.02-G-9x12-W20xW11-L9-712-T LT T’_RT
Test Facility: 12'x12'x4' MSE Test Box S
|
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
Maximum Dry Unit Weight, Vama (PCf): 1225 passes of a vibratory plate compactor according to

) . specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% | consolidation.”

Pullout Test Results

Measured Calculated
inforcem Pull E j
Reinfo ce- ent Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.67 1418 44067 11.80 1.15
Load-Displacement Curve
0000
i — Load Cell Measured Force
20000 = i vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 30000
o m LoadCell MeasuredForce
E vs Optical Disp.
E .'I
2 20000 + dJackApplied Force
.". v5 Optical Disp.
." . Pullout Resistance, Pr
10000 ; Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Left longitudinal bar rupture beyond 0.75in. displacement. Digital displacement: Tested: AJYW DH
pullout and elongation undifferentiated. Prepared: ASTW
Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1429 782 1476 1202 1356 1249 3.97 1418
1600
= 1400 - )
£ — i
& 1000 '
E 800 _ Average Earth Pressure
5 600 Cell Measured Stress
E 400
o 200 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.07 0.09
05
T 04 Instantaneous Strain Rate
5 |’|| vs Digital Disp.
E 03
ﬁ 02 H L ] — Preceding Strain Rate
c . U Reported
& s r-"ﬂl R %fwmwme u lJ
W 0.1 = 7 =K .
— T - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-le elongation skew angle .
g . f g . . ft g g skew rotation

(in.) (in.) (in.) (in.) (degrees)

0.02 -0.02 0.04 No Data 0.06 ccw

0.75
£ 05 RT-LT Difference
= vs Digital Disp.
a 025 =
£ === RT-C Difference
= 0 —=— vs Digital Disp.
E -025 C-LT Difference
£ vs Digital Disp.
5 -05

Differential Displacement
-0.75 for Skew Angle
0 0.25 05 075 1 1.25 15

displacement (in.}

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 6:53:00 AM P
Test Identification: TS30.03-G-9x12-W20xW11-L9-25-T i) T’ RT
Test Facility: 12'x12'x4' MSE Test Box S

MSE Reinforcement

—

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars

Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3

Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
Maximum Dry Unit Weight, Vama (PCf): 1225 passes of a vibratory plate compactor according to

) . specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% | consolidation.”

Pullout Test Results

Measured Calculated
inforcem Pull E; j
Reinfo ce- ent Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 670 42099 5.60 2.33
Load-Displacement Curve
0000
:‘/W.% — Load Cell Measured Force
AD000D vs Digital Disp.
i .
— Jack Applied Force
- vs Digital Disp.
£ 30000 ;
o i m LoadCell MeasuredForce
E ; vs Optical Disp.
g
S 20000 F Jack Applied Force
= /| * s Optical Disp.
.-"I Pullout Resistance, Pr
10000 ] Reported
.‘; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AJYW DH
Prepared: ASTW
Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
814 495 844 717 746 723 6.90 670

200

600 L Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.09 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z i A r. Preceding Strain Rate
s ° e AT ] Reportes
. ¥ |||[ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-le elongation skew angle .
g . f g . . ft g g skew rotation
(in.) (in.) (in.) (in.) (degrees)
-0.15 -0.09 -0.06 No Data -0.49 cw
0.75
£ 05 RT-LT Difference
= 025 vs Digital Disp.
% 0 RT-C Difference
& —_— vs Digital Disp.
e — E————
5 025 “—”L“*_T_:: C-LT Difference
£ vs Digital Disp.
5 -05
Differential Displacement
-0.75 for Skew Angle
0 0.25 05 075 1 1.25 15

displacement (in.}

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 7/18/2011 7:36:00 AM P

Test Identification: TS30.04-G-9x12-W20xW11-L6-Z12-T i T’ﬁm

Test Facility: 12'x12'x4' MSE Test Box . __"{
.

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT

Length, L. (ft): 6.0 | Number, N: 6 Number, N;: 3 L1

Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5 -

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b

Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
Maximum Dry Unit Weight, Vama (PCf): 1225 passes of a vibratory plate compactor according to

) . specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% | consolidation.”

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
! . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1560 38854 13.00 1.38
Load-Displacement Curve
0000
Load Cell Measured Force
AD000D vs Digital Disp.
g Jack Applied Force
— oy vs Digital Disp.
£ 30000 7
o -/ m LoadCell MeasuredForce
o % 2 vs Optical Disp.
2 ;
=l s
S 20000 .- Jack Applied Force
= 14 ¢ vs Optical Disp.
f Pullout Resistance, Pr
10000—— Reported
=== Load-Disp. Trend
0 /
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Center longitudinal bar rupture beyond 0.75in. displacement. No incidental skew Tested: AJYW DH
data. Digital displacement: pullout and elongation undifferentiated. Prepared: ASTW
Checked: WL PJ

TS30.04-G-9x12-W20xW11-L6-Z12-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1485 1054 1468 1333 1448 1358 3.73 1560
2000
T J Jack Applied St
— Jack Applie ress
‘g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Qwverburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.08 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
c : Reported
E 0.1 MWWM
w ’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 8:17:00 AM P
Test Identification: TS30.05-G-9x12-W20xW11-L12-7Z5-M o [ORT
Test Facility: 12'x12'x4' MSE Test Box W
o
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ¢
Length, L. (ft): 12.0 | Number, N,: 12 | Number, N;: 3 J
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, Vamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”
Pullout Test Results
Measured Calculated
Reinforcement , , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.64 669 42504 5.60 1.77
Load-Displacement Curve
B0000
Load Cell Measured Force
AD000D vs Digital Disp.
Jack Applied Force
- _,-' vs Digital Disp.
£ 30000 7
= F
o f Load Cell Measured Force
E . v5 Optical Disp.
g Y
2 20000 ,-' + dJackApplied Force
] vs Optical Disp.
i Pullout Resistance, Pr
10000 i Reported
: === Load-Disp. Trend
0
0 0.25 05 075 1 125 15

displacement(in.)

Comments Personnel
Digital displacement: pullout and elongation undifferentiated. Tested: AS AJ YW
Prepared: ASTW
Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1287 681 701 993 818 896 7.09 669
1000
E 200 — Jack Applied Stress
g 500 P— vs Digital Disp.
=
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported

o 0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.10 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
= 0.z "w\_.lnLl\_,m Reported
% 01 o v W\M’\—»/A\“ﬁr“ﬂ‘-f‘ﬂ
’ T - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-le elongation skew angle .
g . f g . . ft g g skew rotation

(in.) (in.) (in.) (in.) (degrees)

0.02 0.00 0.02 No Data 0.06 ccw

0.75
£ 05 RT-LT Difference
= 025 vs Digital Disp.
% RT-C Difference
& 0 il vs Digital Disp.
E -025 C-LT Difference
£ vs Digital Disp.
= -05

Differential Displacement
-0.75 for Skew Angle
0 0.25 05 075 1 1.25 15

displacement (in.}

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 7/18/2011 8:48:00 AM P
Test Identification: TS30.06-G-9x12-W20xW11-L9-212-M i) T’ RT
Test Facility: 12'x12'x4' MSE Test Box S

MSE Reinforcement

—

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars

Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3

Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5

passes of a vibratory plate compactor according to

Maximum Dry Unit Weight, yamax (pcf): 122.5 specification such that “there is no evidence of further
Optimum Moisture Content, OMC (%): 6.6% consolidation.”

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Rupture 0.67 1424 45836 11.90 1.19
Load-Displacement Curve
I
- /}o
/ — Load Cell Measured Force
AD000D vs Digital Disp.
N
— Jack Applied Force
- vs Digital Disp.
= 30000 — W
i} ; @ LoadCell MeasuredForce
o v5 Optical Disp.
= m
z
2 20000 7 + dJackApplied Force
I.-' v5 Optical Disp.
.-" ¢ PulloutResistance, Pr
10000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Single bar rupture at 0.67in. Digital displacement: pullout and elongation Tested: AS AJ YW
undifferentiated. Prepared: ASTW
Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1794 1171 1741 1615 1670 1598 3.34 1424
2000
[rot
& ____ Jack Applied Stress
g 1500 ¥ ] vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported

o 0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.10 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
= 0.z Reported
L LSS 'l
’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-le elongation skew angle .
g . f g . . ft g g skew rotation
(in.) (in.) (in.) (in.) (degrees)
0.11 0.05 0.06 No Data 0.36 ccw
0.75
= 05 RT-LT Difference
; 075 \:-I—D{i:gl:ilti Disp.
o : - Imerence
E 0 = vs Digital Disp.
E -025 C-LT Difference
£ vs Digital Disp.
5 -05
Differential Displacement
-0.75 for Skew Angle
0 0.25 05 075 1 1.25 15

displacement (in.}

Backfill Material Properties

Unified Soil Classification, Pre-test/Post-test (ASTM D 2487): GW/GP Gradation (TEX-110-E) (% Retained)
Resistivity (TEX-129-E) (ohm-cm): 6670 Sieve Spec Pre-test  Post-test
Soil pH (TEX-128-E): 7.6 3in. 0 0 0
Shear Strength Properties (ASTM D 3080) 1.5in. 0 0
Cohesion, c (psf): 181 lin. 0 0
Internal Friction Angle, ¢ (deg.): 53 1/2in.  50-100 41 24
Atterberg Limits (TEX-104-E, TEX-105-E,TEX-106-E, TEX-107-E) 3/8in. 52 45
Liquid Limit, LL (%): 23 #4 71 62
Plastic Limit, PL (%): 20 #10 83 76
Plasticity Index, Pl (%): 3 #40 85-100 93 87
Bar Linear Shrinkage, LS (%): 3 #200 99 96
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 7/18/2011 9:14:00 AM P
Test Identification: TS30.07-G-9x12-W20xW11-L9-725-M LT T’_RT
Test Facility: 12'x12'x4' MSE Test Box S
|
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material
Specification: TxDOT Item 423 - Type A Ordinary Compaction (TxDOT Item 132.3.D.1)
Moisture Density Relationship (TEX-114-E) Backfill placed in 3.5in. loose lifts. Each lift compacted with 5
Maximum Dry Unit Weight, Vama (PCf): 1225 passes of a vibratory plate compactor according 