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Installation Damage to Polypropylene Geotextiles 

INTRODUCTION 

Geotextiles have found widespread use in many civil engineering applications. As a result of 
damage to the geotextile during installation, creep-related phenomena, and chemical or biological 
degradation, the mechanical properties of the material (e.g., wide-width tensile strength, fatigue strength, 
burst strength, etc.) may be significantly different after placement than before construction. To calculate an 
allowable strength for use in design, engineers typically use partial factors of account for the uncertainty in 
the strength of the geotextile during the life of the structure: 

Tegowable = Tultirriate • c 
'inelegance • Fcreep • Feegradation 

where Tanowable  is the design strength, Taimate is the ultimate strength of the undamaged geotextile, 
is the partial factor of safety to account for installation damage, F crecp  is the partial factor of safety to 
account for creep potential, and Fde ersdation is the partial factor of safety to account for chemical and 
biological degradation. Because of the harsh construction environment, significant damage and strength 
loss may occur during installation. In the absence of information for a particular fabric, default factors of 
safety are used to determine the design strength. Significant savings are often possible if the default value 
can be reduced by using the results of tests on specific fabrics to establish actual factors of safety. 

This report presents the results of laboratory installation damage tests on woven polypropylene 
geotextiles (2044, 2006, and 2002) manufactured by Amoco Fabrics and Fibers Company. The three 
fabrics are all woven, fibrilated tape yarn (slit film) geotextiles (Baker, 1994). The nine laboratory 
installation damage tests performed as part of this study supplement an earlier series of field and laboratory 
installation damage tests performed by Rix et al. (1995). The two series of tests are intended to (a) compare 
strength loss observed in laboratory installation damage tests to that observed in field tests, (b) evaluate the 
relative severity of different backfill/subgrade conditions, and (c) compare the amount of installation 
damage measured under test conditions that simulate different end uses. The present test series adds to the 
variety of subgrade and backfill conditions used in the earlier tests. 

PRIOR INSTALLATION DAMAGE STUDIES 

A complete review of prior installation damage studies is presented in Rix et al. (1995). Of 
particular relevance to this supplemental study is a series of tests performed by Koerner et al. (1993). 
Koerner et al. (1993) assessed field installation damage to several polyester and polypropylene geotextiles 
for two different subgrade and backfill conditions. The results of tests performed on a woven slit film 
geotextile are summarized in Table 1 and indicate the percent strength retained ranged from 20 to 100 
percent with distinct differences between the stone/stone and sand/sand subgrade and backfill conditions. 
Two of the tests performed in this study are intended to reproduce to the stone/stone subgrade and backfill 
conditions used by Koerner et al. that resulted in the low percentage of strength retained by the geotextile. 

1 
(1) 
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Table 1 	Installation Damage Results from Koerner et al. (1993) 

Percentage of Strength 

Retained 

Geotextile Weight Direction Stone/Stone Sand/Sand 

Type (oz./yd2) 

Woven Slit Film 6.0-7.0 Warp 20 84 

(PP) Fill 26 100 

PET - Polyester 
PP - Polypropylene 

LABORATORY INSTALLATION DAMAGE TESTS 

In the two series of tests, laboratory installation damage tests were performed on 29 different 
combinations of geotextile, subgrade, and backfill as shown in Table 2. Nine of the 29 tests noted in Table 
2 were performed in the supplemental series of tests. Sections WI through W6 were intended to model 
wall-reinforcement applications; sections R1 through R17 were chosen to model roadway separation 
applications; sections E/SI and E/S2 were selected to model embankment and slope reinforcement 
applications; and sections K1 and K2 were chosen to reproduce the tests performed by Koerner et al. 
(1993). The six sections shaded in gray in Table 2 had identical geotextile/subgrade/backfill conditions as 
six sections constructed in the field. This allowed the validity of the laboratory testing procedure to the 
assessed. The comparison between laboratory and field tests is discussed by Rix et al. (1995). 

Soil Properties 

Several different soils have been used in the laboratory installation damage tests. A reddish-brown, 
silty sand (SM) with 5 percent fine gravel, 65 percent coarse to fine sand, and 30 percent fines was used as 
both the subgrade and backfill in many of the tests. The clay and mica contents in this residual soil vary 
depending on the degree of weathering and location. One of the other soils was a State of Georgia-approved 
Graded Aggregate Base (GAB). This soil is a gray, well graded gravel (GW) with 55 percent subrounded 
to subangular fine gravel, 40 percent coarse to fine sand and 5 percent fines. Two of the tests involved 
another well graded gravel (GW) with 65 percent angular fine gravel and 35 percent coarse to medium sand 
known as 'Washed 89."A blended, poorly graded gravel (GP) was used as both the subgrade and backfill 
in sections KI and K2. The grain size distribution of the gravel was selected to match the soil used by 
Koerner et al. (1993). Koerner et al. describe this material as a crushed stone; as such, it is presumed that 
the material is angular or subangular. 
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Table 2 Summary of Laboratory Test Sections 

Section Geotextile Subgrade Specified Backfill Specified Specified 

Subgrade Backfill Backfill 

Density Density Thickness 

(in.) 

W1 2044 GAB 95% std GAB 95% std 6 
W2 2044 GAB 95% std GAB 	95% std 12 

W2A* 2044 GAB 95% std GAB 95% std 12 
W3 2044 Washed 89 95% std Washed 89 95% std 6 
W4 2044 Washed 89 95% std Washed 89 95% std 12 
W5 2044 Silty Sand 95% std Silty Sand 95% std 6 
W6 2044 Silty Sand 95% std Silty Sand 95% std 12 
RI 2016 Silty Sand CBR = 5 GAB 95% mod 6 
R2 2016 Silty Sand CBR = 5 GAB 95% mod 12 
R3 2006 Silty Sand CBR = 5 GAB 95% mod 6 
R4 2006 Silty Sand CBR = 5 GAB 95% mod 12 
R5 2002 Silty Sand CBR = 5 GAB 95% mod 6 
R6 2002 Silty Sand CBR = 5 GAB 95% mod 12 
R7 2044 Silty Sand CBR = 2 GAB 95% std 6 
R8 2044 Silty Sand CBR = 2 GAB 95% std 12 
R9 2016 Silty Sand CBR = 2 GAB 95% std 6 

R10 2016 Silty Sand CBR = 2 GAB 95% std 12 
R11 2006 Silty Sand CBR = 2 GAB 95% std 6 
R12 2006 Silty Sand CBR = 2 GAB 95% std 12 
R13* 2002 Silty Sand CBR = 2 GAB 95% std 6 
R14* 2002 Silty Sand CBR = 2 GAB 95% mod 6 
R15* 2002 Silty Sand CBR = 5 GAB 95% std 6 

R15A* 2002 Silty Sand CBR = 5 GAB 95% std 12 
R16* 2006 Silty Sand CBR = 2 GAB 95% mod 6 
R17* 2006 Silty Sand CBR = 5 GAB 95% std 6 
E/S1 2006 Silty Sand 95% std Silty Sand 95% std 6 
E/S2 2006 Silty Sand 95% std Silty Sand 95% std 12 
Kl* 2006 GP 95-100% mod GP 95-100% mod 10 
K2* 2044 GP 95-100% mod GP 95-100% mod 10 

* denotes a test performed as part of the supplemental series 

A summary of the laboratory index tests performed on these materials is shown in Table 3. The 
grain size distribution curve for the poorly graded gravel is shown along with the grain size distribution of 
the gravel used by Koerner et al. (1993) in Figure 1. Because of the percentage of large particle sizes 
contained in the GP soil, it was not possible to perform a modified Proctor density test using 4-in. or 6-in. 
diameter molds. ASTM D1557-91 stipulates that the method applies only to soils with 70 percent or more 
passing the 3/4-in. (19.0-mm) sieve. The GP soil has only about 35 percent passing this sieve. 
Furthermore, although ASTM D4718-87 describes corrections to be used for soils containing oversize 
particles, the GP does not meet the requirements of that standard (Section 1.3). Vulcan Materials Company 
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uses large-diameter compaction molds to accommodate larger particle sizes. They reported (Brown, 
personal communication) that the maximum dry density of the GP soil from a modified Proctor test is 
approximately 102 pcf. Grain size distributions, standard and modified Proctor data, and CBR data for the 
other soils used in the original series of tests are presented in Rix et al. (1995). 

Table 3 	Summary of Index Tests on Soils Used in Laboratory Installation Damage Tests 

Test Silty GAB Washed GP 
Sand 89 

Standard Proctor (ASTM D698-91) X X X 
Modified Proctor (ASTM D1557-91) X X* 
CBR (ASTM D1883-87) X 
Grain Size (ASTM D422) X X X X 
* test performed by Vulcan Materials Company 
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Figure 1 	Grain Size Distributions of GP Soils Used by Koerner et al. (1993) and in This Study 

Test Procedures 

Laboratory installation damage tests were performed in a 4 ft by 4 ft square box approximately 7 
ft deep. The same box was employed for the original series of tests. Rix et al. (1995) describe the test box 
and procedures used to perform the laboratory installation damage tests. 

A summary of the percent compaction achieved in the supplemental laboratory installation damage 
tests is shown in Table 4. With the exception of the subgrade backfill in Sections K1 and K2, the desired 
compaction was obtained. The lower subgrade densities in Sections R13 through R17 correspond to the 



Section 

Subgrade Backfill 

Geotextile Soil 

Maximum 

Density 

(pct 

Actual 

Density 

(pct 

Percent 

Compaction Soil 

Maximum 

Density 

(pcfi 

Actual 

Density 

(pct 

W2A 2044 GAB 133.5 131.2 98.3% GAB 133.5 127.8 
R13 2002 Silty Sand 108.0 89.3 82.7% GAB 133.5 130.9 
R14 2002 Silty Sand 108.0 88.8 82.2% GAB 136.5 133.1 
R15 2002 Silty Sand 108.0 94.5 87.5% GAB 133.5 130.1 

R15A 2002 Silty Sand 108.0 98.3 91.0% GAB 133.5 130.1 
R16 2006 Silty Sand 108.0 88.3 81.8% GAB 136.5 132.4 
R17 2006 Silty Sand 108.0 99.1 91.8% GAB 133.5 129.4 
K1 2006 GP 102.0 82.6 :gib*: GP 102.0 85.8 
K2 2044 GP 102.0 78.6 ..- 7I I%:..::::' GP 102.0 88.6 

Installation D
am

ag
e
 to

 P
ly propylene

 G
eotextiles 

Percent 

Compaction 

95.7% 
98.1% 
97.5% 
97.5% 
97.5% 
97.0% 
96.9% 

Di.  

* Shaded areas denote sections that did not meet design specifications 

Table 4 Summary of Percent Compaction Achieved in Supplemental Installation Damage Tests 
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desired CBR values of 2 and 5. Appendix A contains the test summary sheets for the laboratory moisture-
density tests. We believe that the low percent compactions obtained in Sections K1 and K2 are attributable 
to two factors: 

• the inability of the nuclear moisture-density gauge to accurately measure the density of a soil composed 
of larger particles with very few fines and 

• the inability to compact a coarse, angular, poorly graded gravel using a relatively small pneumatic 
compactor such as the one used in this study. 

Since we were unable to achieve the desired compaction, we alternately compacted and tested the density of 
the subgrade and backfill in Sections K1 and K2 until no additional increase in the measured density was 
observed. 

STRENGTH TESTING OF GEOTEXTILES 

Test Procedures 

Wide width tensile tests (ASTM D 4595) and grab tensile tests (ASTM D 4632) were used to 
assess the damage incurred by the geotextile during installation. All strength testing was performed at the 
Amoco Fabrics and Fibers Company Research and Development Center. Rix et al. (1995) describe the 
strength testing program in more detail. 

Test Results 

A series of baseline tests were performed on control specimens from the same rolls used in the 
laboratory and the field testing. Specimens for lab and baseline tests were cut from the same sample roll. 
Either 10 (2002 and 2006) or 20 (2044) control specimens were tested to determine the baseline strengths. 
The baseline strength was defined as the mean peak load of the baseline specimens. Table 5 shows the 
baseline strengths and associated standard deviations for the materials tested in both the warp and the fill 
directions. 

Table 5 	Summary of Average Baseline Ultimate Strengths for the Test Geotextiles 

Wide Width Tensile 	 Grab Tensile 

	

Warp 	 Fill 	 Warp 	 Fill 
Geotextile 	 (lbs/in.) 	(lbs/in.) 	(lbs) 	 (Ibs) 

2002 154.8 (3.6) 171.9 (5.7) 261.0 (16.0) 225.0 (10.0) 
2006 242.5 (4.4) 250.8 (7.1) 376.0 (17.0) 335.0 (10.0) 
2044 465.5 (15.3) 438.0 (7.5) N/A N/A 

Standard deviations are given in parentheses 



Table 6 Installation Damage Test Results 

Section 	Geotextile Sub grade 	Backfill Back fill 
Thickness 

W1 2044 GAB 	GAB 6 in. 

W2 2044 GAB 	GAB 12 M. 

W2A 2044 GAB 	GAB 12 in. 

W3 2044 Washed 89 Washed 89 6 in. 

W4 2044 Washed 89 Washed 89 12 in. 

W5 	2044 	Silty Sand Silty Sand 	6 in 

W6 2044 Silty Sand Silty Sand 12 in 

E/S1 2006 Silty Sand Silty Sand 6 

E/S2 2006 Silty Sand Silty Sand 12 in 

K1 2006 GP 	GP 10 in. 

K2 2044 GP 	GP 10 in. 

Warp 87 86 
Fill 100 100 

Warp 98 86(91)* 
Fill 100 100(100) 

Warp 94 
Fill 100.0 

Warp 95 
Fill 100 

Warp 98 
Fill 100 

Warp 98 100 
Fill 100 100 

Warp 99 94 
Fill 100 100 

Warp 84 83 87 89 
Fill 94 99 99 100  

Warp 87 87 83 83 
Fill 97 97  100 100 

Warp 63 66 
Fill 70 76 

Warp 84 
Fill 93 

Percentage of Strength Retained  
Laboratory 	Field 

Width 
Grab Direction Wide 	 Grab Wide 

Width 

Installation Damage to Polypropylene Geotextiles 	 7 

Installation damage was assessed by a percent strength retained parameter, which is the ratio of the average 
peak strength of the exhumed specimens to the average baseline strength multiplied by 100 percent. Table 6 
summarizes the percent strength retained for all wide width tensile and grab tensile testing on the 2002, 
2006, 2016 and 2044 geotextiles for both the original and supplemental test series. Note that in some tests 
the strength measured for the installation damage specimens exceeded the baseline strength. The occurrence 
is attributed to normal variability in the strength of the geotextile and in the strength testing procedures. 
These tests are shown in Table 6 as having 100 percent retained strength. 

Tables 7 and 8 summarize the variability in the strength test results and in the percent strength retained for 
both wide-width (Table 7) and grab tensile (Table 8) tests. In most cases, the standard deviation of the 
percent strength retained is on the order of three to seven percent. The largest standard deviation is 11 
percent. 
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Table 6 Installation Damage Test Results (continued) 

Amoco Fabrics and Fibers Company 

Section 	Geotextile 	Subgrade Backfill Backfill 
Thickness 

Direction 

Percentage of Strength Retained 
Labo ratory Fi Id 

Wide 
Width 

Grab Wide 
Width 

Grab 

RI 2016 Silty Sand GAB 6 in. Warp 93 91 
Fill 85 87 

R2 2016 Silty Sand GAB 12 in. Warp 96 91 
Fill 93 97 

R3 2006 Silty Sand GAB 6 in. Warp 75 82 
Fill 86 96 

R4 2006 Silty Sand GAB 12 in. Warp 86 88 
Fill 94 94 

R5 2002 Silty Sand GAB 6 in. Warp 62 63 
Fill 75 86 

R6 2002 Silty Sand GAB 12 in. Warp 78 78 
Fill 92 100 

R7 2044 Silty Sand GAB 6 in. Warp 94 
Fill 100 

R8 2044 Silty Sand GAB 12 in. Warp 98 
Fill 100 

R9 2016 Silty Sand GAB 6 in. Warp 93 91 
Fill 90 92 

R10 2016 Silty Sand GAB 12 in. Warp 98 90 
Fill 95 97 

R11 2006 Silty Sand GAB 6 in. Warp 79 78 
Fill 94 94 

R12 2006 Silty Sand GAB 12 in. Warp 85 85 
Fill 94 90 

R13 2002 Silty Sand GAB 6 Warp 78 70 
Fill 86 89 

R14 2002 Silty Sand GAB 6 Warp 69 66 
Fill 84 83 

R15 2002 Silty Sand GAB 6 Warp 80 72 
Fill 91 94 

R15A 2002 Silty Sand GAB 12 Warp 81 79 
Fill 100 98 

R16 2006 Silty Sand GAB 6 Warp 75 70 
Fill 92 91 

R17 2006 Silty Sand GAB 6 Warp 72 76 
Fill 91 87 

* denotes results obtained from the "TLC" section 
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(a) Laboratory Installation Damage 

Section Geotertile 

Warp Fill 

Control Damaged Percent Retained Control Damaged Percent Retained 

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.) 2  

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.)' Mean Variance Std. Dev. 

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.)' 

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.) 2  Mean Variance Std. Dev. 

WI 2044 465.5 234.1 406.2 313.3 87% 0.23% 4.76% 438.0 56.3 445.8 372.5 102% 0.22% 4.74% 

W2 2044 465.5 234.1 454.4 86.5 98% 0.14% 3.78% 438.0 56.3 473.0 112.4 108% 0.09% 3.05% 

W2A 2044 465.5 234.1 439.0 134.6 94% 0.16% 3.98% 438.0 56.3 452.8 278.9 103% 0.18% 4.20% 

W3 2044 465.5 234.1 439.9 98.01 95% 0.14% 3.76% 438.0 56.3 453.4 361.0 104% 0.22% 4.69% 

W4 2044 465.5 234.1 454.2 134.56 98% 0.16% 4.06% 438.0 56.3 487.3 515.3 111% 0.30% 5.52% 
W5 2044 465.5 234.1 457.2 316.84 98% 0.25% 5.00% 438.0 56.3 495.7 272.3 113% 0.18% 4.24% 

W6 2044 465.5 234.1 459.4 324 99% 0.25% 5.05% 438.0 56.3 488.9 580.8 112% 0.34% 5.82% 

RI 2016 204.7 20.3 190.1 44.9 93% 0.15% 3.86% 283.0 75.7 241.5 75.7 85% 0.16% 4.04% 
R2 2016 204.7 20.3 195.6 51.8 96% 0.17% 4.10% 283.0 75.7 264.4 193.2 93% 0.32% 5.69% 

R.3 2006 242.5 19.4 182.6 179.6 75% 0.32% 5.69% 250.8 50.4 216.3 372.5 86% 0.65% 8.07% 
R4 2006 242.5 19.4 207.3 125.4 85% 0.24% 4.87% 250.8 50.4 236.1 16.0 94% 0.10% 3.11% 
R5 2002 154.8 13.0 95.7 136.9 62% 0.59% 7.69% 171.9 32.5 128.3 349.7 75% 1.24% 11.16% 
R6 2002 154.8 13.0 120.6 13.7 78% 0.09% 3.00% 171.9 32.5 158.3 38.4 92% 0.22% 4.73% 
R7 2044 465.5 234.1 437.6 222.0 94% 0.2096 4.45% 438.0 56.3 467.9 62.4 107% 0.07% 2.57% 
R8 2044 465.5 234.1 456.9 243.4 98% 0.22% 4.65% 438.0 56.3 490.9 77.4 112% 0.08% 2.78% 
R9 2016 204.7 20.3 189.3 10.2 92% 0.07% 2.56% 283.0 75.7 254.8 13.0 90% 0.09% 3.05% 

R 1 0 2016 204.7 20.3 199.8 29.2 98% 0.12% 3.40% 283.0 75.7 269.1 26.0 95% 0.12% 3.43% 
R11 2006 242.5 19.4 191.8 121.0 79% 0.23% 4.76% 250.8 50.4 235.7 98.0 94% 0.23% 4.76% 
R12 2006 242.5 19.4 206.7 193.2 85% 0.35% 5.94% 250.8 50.4 236.0 72.3 94% 0.19% 4.31% 
R13 2002 154.8 13.0 120.5 108.2 78% 0.48% 6.96% 171.9 32.5 147.1 156.3 86% 0.61% 7.81% 
R14 2002 154.8 13.0 106.5 125.4 69% 0.55% 7.41% 171.9 32.5 144.5 123.2 84% 0.49% 7.03% 
R15 2002 154.8 13.0 123.8 56.3 80% 0.27% 5.19% 171.9 32.5 156.1 84.6 91% 0.38% 6.14% 

R15A 2002 154.8 13.0 125.1 27.0 81% 0.15% 3.85% 171.9 32.5 174.6 6.3 102% 0.13% 3.67% 
R16 2006 242.5 19.4 181.6 201.6 75% 0.36% 6.01% 250.8 50.4 229.9 163.8 92% 0.33% 5.73% 
R17 2006 242.5 19.4 174.0 130.0 72% 0.24% 4.88% 250.8 50.4 227.3 104.0 91% 0.23% 4.81% 
E/S1 2006 242.5 19.4 204.5 18.5 84% 0.05% 2.34% 250.8 50.4 236.5 127.7 94% 0.27% 5.24% 
E/S2 2006 242.5 19.4 211.6 49.0 87% 0.11% 3.29% 250.8 50.4 243.6 43.6 97% 0.14% 3.81% 
K1 2006 242.5 19.4 153.7 36.0 63% 0.07% 2.73% 250.8 50.4 176.0 88.4 70% 0.18% 4.24% 
K2 2044 465.5 234.1 390.4 734.41 84% 0.41% 6.44% 438.0 56.3 406.8 1218.01 93% 0.66% 8.13% 

(b) Field Installation Damage 

Section Geotestile 

Warp Fill 
Control Damaged Percent Retained Control Damaged Percent Retained 

Mean 

Strength 

(lbs./tn.) 

Strength 

Variance 

(lbs./in.)' 

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.) 2  Mean Variance Std. Dev. 

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.) 2  

Mean 

Strength 

(lbs./in.) 

Strength 

Variance 

(lbs./in.)' Mean Variance Std. Dev. 

WI 2044 465.5 234.1 398.0 174.2 85% 0.16% 3.99% 438.0 56.3 440.6 445.2 101% 0.26% 5.12% 
W2 2044 465.5 234.1 400.9 299.3 86% 0.22% 4.67% 438.0 56.3 452.5 605.2 103% 0.35% 5.89% 

TLC 2044 465.5 234.1 425.4 552.3 91% 0.35% 5.87% 438.0 56.3 472.5 428.5 108% 0.26% 5.07% 
W5 2044 465.5 234.1 468.3 185.0 101% 0.19% 4.41% 438.0 56.3 504.9 151.3 115% 0.12% 3.43% 
W6 2044 465.5 234.1 435.5 954.8 94% 0.54% 7.32% 438.0 56.3 465.6 153.8 106% 0.11% 3.37% 

E/S1 2006 242.5 I9.4 211.5 51.8 87% 0.11% 3.36% 250.8 50.4 249.0 56.3 99% 0.17% 4.10% 
E/S2 2006 242.5 19.4 201.0 94.1 83% 0.18% 4.27% 250.8 50.4 258.5 161.3 103% 0.34% 5.84% 

Table 7 Summary of Variance and Standard Deviation of Measured Wide-Width Tensile Strengths and Percent Strength Retained for (a) Laboratory and (b) Field Sections 



(a) Laboratory Installation Damage 

Section Geotextile 

Warp Fill 

Control Damaged Percent Retained Control Damaged Percent Retained 

Mean 
Strength 

(lbs.) 

Strength 

Variance 

(lbs.) ' 

Mean 

Strength 

(lbs.) 

Strength 

Variance 

(lbs.) ' Mean Variance Std. Dev. 

Mean 

Strength 
(lbs.) 

Strength 

Variance 

(Tbs.) ' 

Mean 
Strength 

(Ibs.) 

Strength 
Variance 

(lbs.)' Mean Variance Std. Dev. 

R1 2016 326.0 361.0 294.9 185.0 90% 0.45% 6.72% 374.0 289.0 327.1 812.3 87% 0.74% 8.59% 

R2 2016 326.0 361.0 296.3 400.0 91% 0.66% 8.11% 374.0 289.0 362.4 98.0 97% 0.26% 5.14% 

R3 2006 376.0 289.0 309.8 761.8 82% 0.68% 8.23% 335.0 100.0 320.1 151.3 96% 0.22% 4.65% 

R4 2006 376.0 289.0 331.3 116.6 88% 0.24% 4.91% 335.0 100.0 315.5 408.0 94% 0.44% 6.65% 

R5 2002 261.0 256.0 164.6 219.0 63% 0.47% 6.86% 225.0 100.0 192.9 234.1 86% 0.61% 7.79% 

R6 2002 261.0 256.0 202.2 295.8 77% 0.66% 8.12% 225.0 100.0 228.2 67.2 101% 0.34% 5.80% 
R9 2016 326.0 361.0 297.2 408.0 91% 0.67% 8.16% 374.0 289.0 345.7 204.5 92% 0.32% 5.68% 

R10 2016 326.0 361.0 294.7 246.5 90% 0.51 % 7.14% 374.0 289.0 363.2 176.9 97% 0.32% 5.67% 
R 1 1 2006 376.0 289.0 292.9 176.9 78% 0.25% 4.99% 335.0 100.0 314.3 479.6 94% 0.51% 7.11% 
R12 2006 376.0 289.0 319.7 547.6 85% 0.54% 7.32% 335.0 100.0 302.3 252.8 90% 0.30% 5.46% 
R13 2002 261.0 256.0 182.8 39.7 70% 0.24% 4.93% 225.0 100.0 200.5 501.8 89% 1.15% 10.71% 
R14 2002 261.0 256.0 173.5 64.0 66% 0.26% 5.10% 225.0 100.0 187.4 408.0 83% 0.94% 9.71% 
R15 2002 261.0 256.0 187.8 376.4 72% 0.75% 8.64% 225.0 100.0 211.2 75.7 94% 0.32% 5.69% 

RI5A 2002 261.0 256.0 206.6 100.0 79% 0.38% 6.18% 225.0 100.0 220.4 84.6 98% 0.36% 5.97% 
R16 2006 376.0 289.0 262.7 561.7 70% 0.50% 7.05% 335.0 100.0 304.8 590.5 91% 0.60% 7.75% 
R17 2006 376.0 289.0 285.3 924.2 76% 0.77% 8.78% 335.0 100.0 291.6 213.2 87% 0.26% 5.07% 
E/S1 2006 376.0 289.0 311.9 130.0 83% 0.23% 4.82% 335.0 100.0 331.4 424.4 99% 0.47% 6.82% 
E/S2 2006 376.0 289.0 326.2 1115.6 87% 0.94% 9.71% 335.0 100.0 325.5 380.3 97% 0.42% 6.50% 
K1 2006 376.0 289.0 247.3 876.16 66% 0.71% 8.42% 335.0 100.0 253.3 870.25 76% 0.83% 9.09% 

(b) Field Installation Damage A
m

oco Fabric
s and  F

ibers C
om

pany 

Warp  
Control 	 Damaged 

Mean Strength Mean Strength 

Strength Variance Strength Variance 

(lbs.) (lbs.) 2  (Tbs.) (lbs.) ' 

376.0 	289.0 	334.0 	1369.0 
376.0 	289.0 	312.0 	400.0  

Control 
Mean 	Strength 

Strength 	Variance 

(lbs.) 	(lbs.) ' 

335.0 	100.0 
335.0 	100.0 

Damaged  
Mean Strength 

Strength Variance 

(lbs.) 	(lbs.)' 

345.0 	169.0 
340.0 	144.0  

Percent Retained 

Mean 
	

Variance Std. Dev. 

103% 
	

0.25% 	4.95% 
101% 
	

0.22% 	4.69% 

Fill 

Section Geotextile 

EIS1 
	

2006 
EJS2 
	

2006 

Percent Retained 

Mean 
	

Variance Std. Dev. 

89% 
	

1.13% 
	

10.63% 
83% 
	

0.42% 
	

6.51% 

Table 8 Summary of Variance and Standard Deviation of Measured Grab Tensile Strengths and Percent Strength Retained for (a) Laboratory and (b) Field Sections 



Installation Damage to Polypropylene Geotextiles 

SUMMARY OF RESULTS 

The results summarized in Table 6 reveal that the wide width and grab tests generally yielded 
similar retained. As a result, wide width and grab test results are averaged in the following discussions of 
the results for each geotextile. As in the original series of tests, the strength retained in the fill direction is 
generally greater than the strength retained in the warp direction. In the discussion below comparing the 
effects of different subgrade and backfill conditions, the reported strength retained is the average of the four 
individual values of the wide width and grab tensile tests in the warp and fill directions. 

The results obtained for Sections R13 through R17 allow a more thorough comparison of the 
influence of subgrade strength and backfill compactive effort on the percentage of strength retained. Table 
9 shows the percentage of strength retained for the 2002 geotextile with a silty sand subgrade and 6 in. of 
GAB backfill. The values indicate that a higher compactive effort results in more damage to the specimen. 
There is no clear distinction in percentage of strength retained for the two different subgrade conditions. 

Table 9 	Influence of Subgrade Strength and Backfill Compactive Effort on Percentage Strength 
Retained for 2002 

Percentage of Strength Retained 
Backfill: 95% of Standard 	Backfill: 95% of Modified 

Subgrade: 	 81% 	 76% 
CBR = 2 

Subgrade: 	 84% 	 72% 
CBR = 5 

Table 10 shows the test results for 2006, a heavier-weight geotextile. The different subgrade strengths and 
backfill compactive efforts do not have any statistically significant influence on the percentage of strength 
retained. 

Table 10 Influence of Subgrade Strength and Backfill Compactive Effort on Percentage Strength 
Retained for 2006 

Percentage of Strength Retained 
Backfill: 95% of Standard 	Backfill: 95% ofModified 

Subgrade: 	 86% 	 82% 
CBR = 2 

Subgrade: 	 82% 	 85% 
CBR = 5 

A comparison of Sections R15 and R15A yields additional information regarding the influence of 
backfill thickness on installation damage. In the original series of tests, thicker backfills caused less 
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installation damage, possibly as a result of improved load distribution. This trend is confirmed by Sections 
R15 and R15A. Section R15 with a 6-in. thick backfill experienced more damage (84% strength retained) 
vs. Section R15A with a 12-in. thick backfill (90% strength retained). 

Section W2A was performed to check the repeatability of results obtained on Section W2 in the 
original series of tests. Test results for the two sections are shown in Table 11. On the basis of the average 
values and the corresponding standard deviations, the tests appear to be repeatable. 

Table 11 Comparison of Percentage of Strength Retained for Sections W2 and W2A 

Percentage of Strength Retained 
Section 	Warp 	 Fill  

W2 	98% (3.8%) 	108% (3.1%) 
W2A 	94% (4.0% 	103% (4.2%) 

Note: Standard deviations are shown in parentheses 

Sections K1 and K2 were intended to reproduce test conditions used by Koerner et al. (1993) to 
test a woven, slit-film geotextile with a weight of 6.0 to 7.0 oz./yd 2 . Table 12 shows the comparison of the 
percentage strength retained for these two sections along the values obtained by Koerner et al. (1993). 
Clearly, the laboratory installation damage tests were unable to reproduce the field conditions present in the 
Koerner et al. (1993) study. There are several possible explanations including: 

• Placement and compaction of the subgrade and backfill differed substantially between the field and lab. 
This is a likely cause as evidenced by the inability to compact the course, angular GP material 
adequately in the lab tests. 

• Despite the similarity in grain size distributions, the GP material used by Koerner et al. may have 
differed from the GP used in this study. 

It is encouraging, however, that the heavier geotextile (2044) resulted in approximately 20% more strength 
retained than the lighter geotextile (2006). 

Table 12 Comparison of Percentage of Strength Retained for Sections K1 and K2 and Koerner et al. 
(1993) Results 

Percentage of Strength Retained 
Section Geotextile Warp Fill 

K1 2006 65% 73% 
K2 2044 84% 93% 

Koerner et al. 
(1993) 

6.0-7.0 
oz./yd2 

20% 26% 
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CONCLUSIONS 

Taken together, the original and supplemental test series have provided an opportunity to quantify 
installation damage on four geotextiles under a variety of subgrade and backfill conditions. Both laboratory 
and field tests were performed. Results of these tests indicate the following trends: 

• for a given geotextile, subgrade and backfill soils with larger, more angular particles result in 
greater installation damage, 

• for a given subgrade and backfill combination, lighter weight geotextiles experience more 
installation damage, 

• based on a limited number of tests, higher compactive effort in the backfill appears to result in 
more installation damage for lightweight geotextiles, 

• based on a limited number of tests, subgrade strength does not appear to influence installation 
damage, 

• thicker backfills result in less installation damage, possibly because of improved load distribution 
resulting in reduced stress on the geotextile, 

• three of the four geotextiles (2002, 2006, and 2044) retained more strength in the fill direction than 
in the warp direction, 

• laboratory installation damage tests provide a reasonable simulation of the damage sustained by a 
geotextile under field construction procedures, and 

• specimens subjected to field installation damage tests should be exhumed carefully to minimize 
additional damage (e.g., foot traffic) not related to construction. 
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Appendix A - Laboratory Density Measurements 



LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: K1 
Date: 6/16/95 Geotextile Type: 2006 

Moisture Standard Count: 3588 Su bgrade: 6" Crushed Stone (GP) 

Density Standard Count: 6023 Overburden: 10 " Crushed Stone (GP) 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (PO (pcf) (%) (pcj) (X%) 

SUBGRADE 

A(1) BACKSCATTER 3446 82.7 272 1.70 2.1% 81.0 ** 

A(2) BACKSCATTER 3512 81.3 262 1.57 2.0% 79.8 ** 

B(1) 3196 88.1 273 1.71 2.0% 86.4 ** BACKSCA I FER 
B(2) BACKSCATTER 3279 86.3 234 1.22 1.4% 85.0 ** 

C(1) BACKSCATTER 3493 81.7 243 1.34 1.7% 80.4 ** 

C(2) BACKSCATTER 3439 82.8 250 1.42 1.7% 81.4 ** 

D(1) BACKSCATTER 3520 81.2 263 1.59 2.0% 79.6 ** 

D(2) 3165 88.8 257 1.51 1.7% 87.3 ** BACKSCA11 ER 
Average Dry Unit Weight (pci): 	 82.6 

	* * 

OVERBURDEN 

A(1) BACKSCATTER 3398 83.7 192 0.70 0.8% 83.0 ** 

A(2) BACKSCATTER 3322 85.3 198 0.78 0.9% 84.6 ** 

BO ) BACKSCATTER 3692 77.8 170 0.43 0.6% 77.4 ** 

B(2) BACKSCATTER 3263 86.6 193 0.71 0.8% 85.9 ** 

C(1) BACKSCATTER 3008 92.5 171 0.44 0.5% 92.1 ** 

C(2) BACKSCATTER 3000 92.7 202 0.83 0.9% 91.9 ** 

D(1) BACKSCATTER 3254 86.8 194 0.73 0 8% 86.1 ** 

D(2) BACKSCATTER 3264 86.6 212 0.95 1.1% 85.6 ** 

Average Dry Unit Weight (pcf): 	 85.8 
	** 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: Iti2 

Date: 6/16/95 Geotextile Type: 2044 

Moisture Standard Count: 3588 Subgrade: 6" Crushed Stone (GP) 

Density Standard Count: 6023 Overburden: 10 " Crushed Stone (GP) 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (pc1) (Pc.fi (%) (pcfi (%) 

SUBGRADE 

A(1) BACKSCATTER 3377 84.1 272 1.70 2.1% 82.4 ** 

A(2) 3357 84.6 254 1.47 1.8% 83.1 4.* BACKSCA I I ER 
B(1) BACKSCATTER 3767 76.4 253 1.46 2.0% 74.9 5* 

B(2) BACKSCATTER 3969 72.7 229 1.16 1.6% 71.5 ** 

C(1) BACKSCATTER 3406 83.5 227 1.14 1.4% 82.4 ** 

C(2) BACKSCATTER 3365 84.4 249 1.41 1.7% 83.0 st 

D(1)  BACKSCATTER 3594 79.7 280 1.80 2.3% 77.9 ** 

D(2) BACKSCATTER 3863 74.6 249 1.41 1.9% 73.2 ** 

Average Dry Unit Weight (pet): 	 78.6 
	* 5 

OVERBURDEN 

A(1) BACKSCATTER 2924 94.6 196 0.75 0.8% 93.9 ** 

A(2) BACKSCATTER 3035 91.9 207 0.89 1.0% 91.0 ** 

B(1) BACKSCATTER 3225 87.5 187 0.64 0.7% 86.8 ** 

B(2) BACKSCATTER 3185 88.4 203 0.84 1.0% 87.5 ** 

C(1) BACKSCATTER 3632 78.9 182 0.58 0.7% 78.4 ** 

C(2) BACKSCATTER 3183 88.4 147 0.14 0.2% 88.3 *4. 

D(1) BACKSCATTER 3135 89.5 180 0.55 0.6% 89.0 ** 

D(2) BACKSCATTER 2923 94.6 188 0.65 0.7% 94.0 ** 

Average Dry Unit Weight (pct): 
	

88.6 
	* 5 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: R-13 

Date: 06/05/95 Geotextile Type: 2002 

Moisture Standard Count: 3563 Subgrade: 12" Silty Sand CBR = 2 

Density Standard Count: 6070 Overburden: 6" GAB 95% std. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (pc1) (pci) (M) 6,4 (°o) 

SUBGRADE 

A 6 8640 105.1 1423 16.2 18.2% 88.9 82.3% 
C 6 8438 106.3 1469 16.7 18.6% 89.6 83.0% 

Average Dry Unit Weight (per): 	 89.3 	82.6% 

OVERBURDEN 

D BACKSCATTER 1702 138.0 650 6.46 4.9% 131.5 98.5% 
B BACKSCAllER 1754 135.4 540 5.08 3.9% 130.3 97.6% 

Average Dry Unit Weight (pet): 	 130.9 	98.1% 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: R-14 

Date: 06/05/95 Geotextile Type: 2002 

Moisture Standard Count: 3563 Subgrade: 12" Silty Sand CBR = 2 

Density Standard Count: 6070 Overburden: 6" GAB 95% mod. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standards 

(in.) (Pc/) (PO (%) (pci) (°) 

SUBGRADE 

B 6 8315 107.2 1511 17.26 19.2% 89.9 83.3% 
D 6 8740 104.5 1471 16.76 19.1% 87.7 81.2% 

Average Dry Unit Weight (pcf): 	 88.8 	82.3% 

OVERBURDEN 

B BACKSCATTER 1664 139.9 694 7.01 5.3% 132.9 97.4% 
D BACKSCATTER 1660 140.1 680 6.83 5.1% 133.3 97.6% 

Average Dry Unit Weight (pcf): 	 133.1 	97.5% 

* Percent of Modified was used for overburden calculations 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: R-15 

Date: 06/06/95 Geotextile Type: 2002 

Moisture Standard Count: 3595 Subgrade: 12" Silty Sand CBR = 5 

Density Standard Count: 6080 Overburden: 6" GAB 95% std. 

Test 

Location 

Test 

Penetration 

(in.) 

Density 

Reading 

Wet Unit 

Weight 

(PO 

Moisture 

Reading 

Moisture 

Weight 

(pcfi 

Moisture 

Content 

(DA) 

Dry Unit 

Weight 

(c.fi 

Percent 

Standard 

(%) 

SUBGRADE 

A 
C 

6 
6 

8123 
7657 

108.5 
111.7 

1481 
1300 

16.70 
14.47 

18.2% 
14.9% 

91.8 
97.2 

85.0% 
90.0% 

Average Dry Unit Weight (pct): 	 94.5 	87.5% 

OVERBURDEN 

C 
D 

BACKSCATTER 
BACKSCATTER 

1786 
1740 

134.0 
136.2 

579 
506 

5.51 
4.6 

4.3% 
3.5% 

128.5 
131.6 

96.3% 
98.6% 

Average Dry Unit Weight (pct): 	 130.1 	97.4% 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: Botch 

Date: 06/02/95 Geotextile Type: 2002 

Moisture Standard Count: 3563 Subgrade: 12" Silty Sand CBR = ? 

Density Standard Count: 6050 Overburden: 12" GAB 95% std. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (pc') (Pg.) (%) (pcj) (°A5) 

SUBGRADE 

B 6 6523 120.0 1966 22.97 23.7% 97.1 89.9% 
D 6 5976 124.7 2145 25.21 25.3% 99.5 92.1% 

Average Dry Unit Weight (pct): 	 98.3 	91.0% 

OVERBURDEN 

A BACKSCATTER 1772 134.3 550 4.96 3.8% 129.3 96.9% 
C BACKSCATTER 1757 135.0 470 4.2 3.2% 130.8 98.0% 

Average Dry Unit Weight (pci): 	 130.1 	97.4% 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: R-16 

Date: 06/06/95 Geotextile Type: 2006 

Moisture Standard Count: 3595 Subgrade: 12" Silty Sand CBR = 2 

Density Standard Count: 6080 Overburden: 6" GAB 95% mod. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standards 

(in.) (PO (pcfi (°) (poi) (%) 

SUBGRADE 

B 6 8641 105.2 1515 17.31 19.7% 87.9 81.4% 
D 6 8467 106.3 1527 17.5 19.7% 88.8 82.2% 

Average Dry Unit Weight (pcf): 	 88.3 	81.8% 

OVERBURDEN 

D BACKSCATTER 1634 141.7 754 7.68 5.7% 134.0 98.2% 
B BACKSCATTER 1726 136.9 625 6.08 4.6% 130.8 95.8% 

Average Dry Unit Weight (pcf): 	 132.4 	97.0% 

• Percent of Modified was used for overburden calculations 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: R-17 
Date: 06/02/95 Geotextile Type: 2006 
Moisture Standard Count: 3585 Subgrade: 12 -  Silty Sand CBR = 5 

Density Standard Count: 6042 Overburden: 6" GAB 95% std. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (pcj) (PO (°%) (pc)9 r4) 

SUBGRADE 

D 6 5934 125.0 2121 24.75 24.7% 100.2 92.8% 
B 6 6508 120.1 1910 22.12 22.6% 98.0 90.7% 

Average Dry Unit Weight (pct): 	 99.1 	91.8% 

OVERBURDEN•* 

A BACKSCATTER 1791 133.3 417 3.54 2.7% 129.8 97.2% 
C BACKSCATTER 1811 132.4 403 3.36 2.6% 129.0 96.6% 

Average Dry Unit Weight (pet): 	 129.4 	96.9% 

** These Measurements were taken on June 4 , 1995 using a MSC of 3363 and a DSC of 6048 
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LABORATORY MOISTURE - DENSITY RESULTS 

Project: Amoco Textiles Test No.: W-2A 

Date: 06/12/95 Geolextile Type: 2044 

Moisture Standard Count: 3609 Subgrade: 6" GAB 95•/. std. 

Density Standard Count: 6041 Overburden: 12" GAB 95/. std. 

Test Test Density Wet Unit Moisture Moisture Moisture Dry Unit Percent 

Location Penetration Reading Weight Reading Weight Content Weight Standard 

(in.) (PO (pcf) (°%) (P) (%) 

SUBGRADE 

D 6 1751 135.7 572 5.42 4.2% 130.3 97.6% 

C 6 1733 136.6 494 4.45 3.40/u 132.2 99.0% 

Average Dry Unit Weight (pct): 	 131.2 	98.3% 

OVERBURDEN 

D BACKSCATTER 1801 132.8 513 4.66 3.6% 128.1 96.0% 

B BACKSCATTER 1800 132.8 562 5.27 4.1% 127.5 95.5% 

Average Dry Unit Weight (pcf): 	 127.8 	95.8% 

Page 1 



Appendix B - Wide Width and Grab Tensile Test Results 



Fata.: 3Ftigs1 

EISLIFIENT Mira 
'!TEAL TEETISE LAIURATIC 

AIDE riST8 I LOA; e 2:. 52. 102. :52. 
NSTRON MOIli 4505 - TITT ETHOS A: 

''roprielarr - Sc ie Nalttilleo 1k :DETAEtEE 

IES1 	 Tensile 

Operator nate: JCR 

Stole Ideptification: 9522298 
Interface Tale: 4500 Series 
Machine Paroteters of test: 

Little Rate iatsfseci: 	25.00 
Crosshead Speed 	i: 	.404  

:Etre' :Orr-it:
Sres 21 idiDditEi Naier 	ESJAB 3fEIR4 

Teel site: 17 Ala 1995 

SilDie TYIf: 	ASTI 

(2 : 	50 
Tetteratare idea. Si: 	73 

STYLE/EPE NUMBER: 	2844  - V20 
P 7 

 
LA) OBER: 	352'000 

0IRECT1BN: 	WARP 
DESCRIPTION: 	3E3REIA - E2H 0UI0i1127 17.17 
OMENTS: 

Di ten.ifins : 

Eatfile 
didin 	iin 	 3.4400 
thickness ilai 	 .10000 
Spec OideE lefi Lin: 	4.0000 
Grip distance usi 4.0000 

aot of 8 stecitens. 0 eicludea. 

Speciien 

Simile 
hien'. 

(sr) 

Peak 
Load 

ilbsiin 

Strait 
it 
Peak Load 

(2: Nuther 
 

Load 
1 22 

Eloaqatioa 
fibs/in) 

Load 
8 5Z 

Elptqatiot 
ilbslit) 

Laid 
8 	10Z 

Eloadatiop 
tlaslin) 

Load 
i 152 

Elonoatiot 
flbfilin) 

Load 
8 20Z 

floatation 
(lbsjin) 

1 
2 
5 
4 
5 
6 

4 e,ri: 

Standard 
Deviation: 

r,aac 	- 
2.00 t 	Sdv: 	 

nean • 
2.00 t Sdv: 

.0000 

.0000 

.0000 

.0000 

.0090 
nevi  

.000 

.0CD0 

.0000 

Ahnn  

454.7 
450.7 
458.7 
425.4 
4 55.8 
449.2 . 

424.1 
430.5 

.13c. 

1..0 

41.8 

467.2 

,:: 	1.  
27.02 
24.68 
24.05 
24.25 
74.28 
22.55 
22.50 

2 1 .c 2  

2.03 

70.8 9  

29.00 

S 

4.955 
5.868 
5.455 
8.809 

12.660 
8.121 

18.040 
26.880 

11.520 

7.676 

-4.029 

26.680 

51.27 
42.37
27.42 
49.33 
57.41 
47.29 
68.03 
85.96 

51.45 

18.0 9  

14.28 

97.01 

142.7 
115.9 
131.5 
167.6 
1 7 4.8 
165.7 
186.2 
210.0  

146. 4  

25.1 

2:0.2 

254.5 
268.1 
255.5 
287.0 
295.1 
280.8 
301.1 
317.2 

:R:. 

22.1 

222.1 

224.7 

366.1  

392.2  

347.1 
568.1 

521.1 
591.2 
375.8 

404.2 

571.2 

16.0 

342.2 

414.2 

. 	 . . 



anz Fitua 0111 FTJEZ :2F;ria 

tia IVERIEWT 
FITETCAL TEITIZ UMW 

diBE WIFE 	JAB i Z. St. 100. 1St. MG 200 

1WS-9801i 11,80EL 4505 - TETI FMB; 41 

.%rourletary - Sc On Raipiainen Is :onflifice 

Test tyee: 	Tensile 

Operator eine: 

Sipple Identification: 952229F 

Interface Type: 4500 Series 

Rachine Parateters of test: 

Sable gate iptsiser3: 	25.00 

Srossbead Sneed(ioiric i: 	.44  

Iestrn* :aro -oration 

Seraec II kutasaied Riterlais TH11150 EfETE1 

Test gate: 17 ill 1995 

Saute Type: 	ASIA 

fluidity ( Z 3: 	50 

Tetteratore (den. F): 	73 

STTLEIEPR WUK8ER: 	2044 - 112A 

T LA0 CMBE: 	95222000 

DIRECTION: 	FILL 

DESCRI9T21k: 	0E-DR6-211 Tin )llgOILITT STUY 

DflME4TS: 

Salle 

Wioth iin) 	 8.400 

Thickness tin) 	 .1004 

SPE nanne lee (in) 	4.0440 

brio distance (ial 	4.404 

Out of '8 specisens. 0 eicluied. 

Sainle 

Weiatit 

Specitee 

kuiner 	nisyl 

Peak 

Load 

(lbslin) 

Strain 

at 

Peak Load 
!,, ki6 

Loan 

4 2Z 

Eloneation 

(lOslie) 

Load 

i 50 

Elocution 

(lbslin) 

Lou 

4 100 

Elongation 

(lbslin) 

Load 

4 150 

Eloonatine 

(lbslio) 

Laid 

4 200 

Finned:inn 

(lbs;in) 

.0000 402.5 21.00 97.8 9  1 9 2.2 325.0 427.5 479.4 

.0000 448.7 20.17 55.44 150.5 200.4 394.0 4 46.0 

: 	.0000 450.7 20.50 98.75 122.9 314.9 412.0 450.1 
4 	.0000 462.9 25.83 5.01 i:L5 274.8 370.7 442.2 
S 	.440 448.4 25.1 7  4 2.45. 132.9 269.0 372.1 433.: 

c 	.040 459.0 26.50 91.92 186.0 317.4 409.6 44 7 . 4  
7 	.1000 428.5 23.15 72.12 160.0 295.2 301.4 420.0 

S 	.0000 435.5 26.28 67.2 143.9 291.5 301.1 424.0 

Mea?: 	.0540 452.8 2:.50 70.0 9  164.1 29 7 .8 374.6 .. 44 .1 

Standard 

0evi:tinn: 	.400 14.7 2.70 29.45 22.4 20.7  

2.00 	1 	Sdv: 	.0000 417.3 18.19 29.50 119.0 7r: 
L..J..

7  355.0 407.: 

2.0n t Sdv: 	.0000 480.3 2S. 9 7 rim 20 9 .3 329.4 434 .: 491.. 



;AU TART,: ;a1Gt TARS MEPItti 

2T....a-ARCE 	1J 	Li  

HTSIC.P. ,z7STIE LAMITIET 

V LOAD 4 2Z. 5.2. 10Z. 	28Z 

IRSTRON NIEL 4505 - TES -T METHOD 41 

roarleiary - Ts Ice laittalaea In Z.atieiteac 

TEE: IYaE: 	THE:IE 	 lastrat Corparatite 

Series II 	Matra 

Operator sane: JCF 	 Tes: lata: 15 free 19'95 

Satple Identification: 9522231 	 ;aisle Tye: 	USA 

Intertice Type: 4500 Series 

Mactine Parateters of test: 

Sitole Rate iptsiseci: 	25.00 	 Rutidity ( Z ): 	50 

:lrussnead Steed iinitio ): 	.400 	 Testerittre iden. F): 	73 

STYLEfF.98 HUMBER: 	2002-R15 

P 7LA1( NICER: 	95122000 

DIRETION: 	OUP 

DESCRIPTION: 	GEBBIA TECH DURIJILI7 8713T 

Ditensions: 

Little 

aidth 	 8.0000 

ickes iiDi 	 .10000 

Stec time let in 	4.0000 

brie distance (it) 	4.0000 

Out el 	6 	specieens. 0 	excluded. 

Staple Peak Strain Load Load Loan Load Load 

ielaht Load at ! 2Z ! 5Z ! 10Z 0 	15 020: 

SBECAED Peak Load Elottation Elmatiot Elm:tato': Elotqation Eloodation 

Raper 	OSY (l1)5/in) (Z) (lbs/i0 (lbs/in) (ltsii1) (lbslial (lbs/in) 

.0000 109.5 12.05 3.8.25 66.33 102.6 85.52 48.92 

. .0000 128.2 15.60 30.24 59.59 100. 7  127.40 74.61 
7 .0000 107.1 11.52 37.69 66.18 101.7 70.00 25.75 

.0000 119.5 13.60 32.42 61.25 101.3 117.50 65.45 

. ' .0000 125.1 14.40 37.52 66.50 105.5 122.90 68.01 

6 .0000 152.5 14.88 "'C 	"41 
J4..17 55.5 2 5. 184 518 1.0 68.35 

lean: .0000 120.5 11.68 7C 	 '7 ,‘ 
J4. ji 64.19 105.2 109.20 58.52 

Stin'aft: 

1e':.; : .0000 10.4 1.61 5.27 3.01 Z. 25.27 18.22 

Mean 	- 

2.00 	Edv: 	.0000 99.0 10.46 ...8./5 51.20 98.0 50.63 22.08 

Mein 	t 

2.00 	Sov: 	.0110 141.2 16.39 41.85 70.19 106.1 159.70 94.97 

Csf uf Var: ---------- 	8.60 	11.76 	9.25 	4.67 	2.49 	23.15 	31. 14 



IAOCZ 	44 FIBERS MEW; 

farii tip 'F+1 	1€ 

311TSICAL.771.16 LABIRATTIRT 

WIDE WIDTH d LDhD F Zt. 5,t. let. 152. AX0 

IkSTROk NEE 4505 - TFST !EMI 41 

Proprietary - To Be Raiotaiten It :atteesce 

Test type: 
	

Tetsile 
	

1151711 :arinrauot 

Series II kaotitte lateriAls Tesuit Syron 
Operator name: ;Lk 
	

Test late: 15 Aid I9?5 

Sttple Identification: 952223F 	 Sonic Type: 	STN 
Inter ace Type: 4500 Series 

Machine Paraketers of test: 

Sallie Rate (pts/secl: 	25.00 	 Buwidity ( Z 	50 

2Jossnead Sneed iiputia ): 	.400 	 Tetterittre (den. F(: 	75 

STYLE/PR NUMBER: 	2002-R13 

P T LA5 OUR: 	95222004 

DIRE:TION: 	FILL 

DESZRIPTION: 	OF.RijA TECH DURAilLIT IT Oil 

Ditensions: 

Eat 
Width Lin) 	 B.000 

Thickness (in) 	 .1000 

Spec nape len (ini 	4.0000 

Grio distance (in) 	4.0000 

Out of 0 SIRC1105. 0 eicladet. 

Satple 

Weight 
Soeciten 

kutoer(osy) 

Peak 
Load 

fibs/in) 

Strain 
at 
Peak Load 

(ZI 

Load 
i 2Z 

Elonnatiot 

(Ihsfin) 

Load 
1 5Z 

Elongation 

(lbsiie) 

Load 
f in 

Elottation 

flbslin) 

'Aid 
i 15Z 

Eloneatiop 

ilbsiin) 

Load 
n 20Z 

Elopoatiot 

(lbsiin) 

1 	.0000 163.1 9 . 7 50 83.92 122.9 161.70 40.15 
2 	.0000 
, 
J 	.0000 

150.1 

118. 7  

9.925 

9.050 

59.72 

88.59 

101.0 

105.7 

149.80 

118.30 

5 4 .61 

62.11 11.04 
t 	.0000 159.9 10.550 61.65 103.4 15 7 .70 .1:.'5 14.1; 

5 	.0000 136.2 Lon 62.03 102.3 73.33 45.5 

6 	.0000 134.4 8.625 71.38 110.6 4 3 .01 3E.': 

neap: 	.0000 147.1 9.42' 6 7 .55 107.7 110.30 -13.11 

Standerii 

Deviation: 	.0000 

near. 	- 

U.S .181 9.06 5.2 42.03 

.10 	$ 	495': 	.0211 122.1 7.561 45.43 91.3 21.92 

Mean 

2.00 	t Sdv: 	.0000 172.0 10.950 35.66 124.0 114.00 66.75 

.e, 	of 	Yaf: 	 5.46 51.2i; 13.41 7.61 g.71 



AK-ra) 	itia 
2.:7-7-412:2 	K.' IfE.27. Sal 

1!TEC 	31 LILLIIT8R ,  

WIDE ERIN W La} 22. 	15Z. 
INSTDON MODEL 4505 - HET EMU 41 
Frourletiry - To Tie Mantilla lb :4111-ditia 

Test tYDE: 	Tensile 

Onerator Bile: ;C; 

Ins -T 	of-tuition 
3frikE 22 ilatiiii 	Testis .i. YEIN 
Teo: LIE 15 Ann 1995 

Single Identification: 9522241 	 Sian T .ipe: 	kl7111. 
Interface Type: 4500 Series 
Machine Pirateters of test: 

Satple Rate (stsisec): 	25.00 	 Hai:illy (< 1: 	50 
Crosshead Sueed ininic 1: 	.440 	 Teeseritare (den. F): 	73 

STYLE:En MDR: 	2002 414 
F I LAD WEBER: 	75222040 
DIRECTION: 	WARP 
DESCRIPTION: 	KOREA TECH 	STD31 

Dimensions: 
Saiple 

Width (in1 	 a  AM:-  
Thickness In) 	.10004 
Spec gauge leo (in) 	4.0044 
Grid distance (in) 	4.0004 

0tit of 6 soecinens. 0 excluded. 

Satnle 
Weight 

Sseciten 
Nutber 	rosy) 

Peak 
Load 

ilbs/in1 

Strain 
at 
Fein Lead 

(Z1 

Load 
a 7: 

Eionnation 
(lisin) 

:Dag 
i 5. 

Elonoitia 
Idslin) 

Load 
! 10Z 

Emeation 
1.hsiin) 

Load 
1 15: 

Elongation 
(14s/in) 

Load 
0 20Z 

Elonhation 
(lbsiin) 

.0000 111.60 14.08 26.66 55:71 7 6.51 105.60 37.78 
2 .0000 109.90 12.48 26.:0 55.29 95.79 100.20 48.30 

.0000 119.10 13.22 31.15 60.63 101. 40 107.70 36.57 
4 	.0000 92.65 12.55 13.43 46.55 34.33 45,74 21.04 

.0000 92.65 10.58 17.02 55.53 S9 . 7 9 44.02 32.54 

.0000 113.40 15.65 2 0 .30 45.o3 92.16 112.20 30.18 

Kean: 	.0000 106.50 13.09 24.75 53.92 85.61 34.41 

Standard 
Deviation: 	.0000 11.20 1.71 5.93 31.74 9.05 

Mean 	- 
2.00 t Sdv: 	.0000 14.15 7.63 15.55 4.5.33 11.43 22.14 16.31 

Mean 
2.00 t 5dv: 	.0000 128.90 16.50 34.36 105.30 149.10 52.50 

Cof of War: 	 10.51 13.02 12.84 6.40 37.07 26.29 



	

ACC 	AN1 =1-66-R6 :DIIPAN-f 
HEHAECH Ki E7ELMENT EJTEE 
78TE211,1. 7lE01-7.8; _A1GATOV 

NIOE tIDTN I LOAD 	2Z. 	10Z. 1574. A2 20: 
:CRON MODEL 4505 - 7-EST METHOD 4 1 
Proprieury - 	if MaittAinee la :BEtifta 

Test :Y5f: 	Tosie 	 Carper:tat 
Series 15 Atializeti 	 Srsies ..04  

Operator nate: JCR 	 Tfii htk: 	s Ato 1595 

Sato:: identification: 952224F 	 Sallie TYR: 	ASTX 
IfitErfice TYGE: 450G Series 

Miciipe Pirateiers of test: 
little Rate (ptsisec): 	25.00 	 Z ): 	50 
lrossnead Speed fititin i: 	.400 	 Tetteratire idea. n: 	73 

STTLEIEPR NUMBER: 	2002 -R14 
9 T LAD HUGER: 	9522000 

DIRE:TION: 	FILL 
DESCRIPTION: 	GEOREA TECH DURADILIT-f 6-730! 
COMMENTS: 

Diteasions: 

Vieth 	if,) 

Ttickness (la) 
Spec pane let (ii0 
8ria distance 	16O 

Out of 6 55Ei1lersi. 6 eicluded. 

Settle 
Veinht 

Nutter 	iosy) 

Peak 
Load 

flbsiit, 

:trill 

it 
Po ik Load 

1: 
Speciten 

 
:Dia 

! 2: 
Eloppatios 

'.113siiki 

Load 

@ 52 
Elpeditiot 

(lbsiin) 

Load 
! 102 

Elotaition 
(Itslin) 

Load 
i 	152 

Elonoation 
ilbslin) 

Load 
@ 202 

Eloppatiot 
flbslin) 

1 	.0000 157.2 12.330 35.81 79.12 141.10 54.61 26.12 
2 	.0000 14 7 .5 10.500 5 5 .76 101.50 148.50 36.21 13.59 

.0000 148.7 9.000 65.49 106.10 144.40 32.04 

.0000 131.6 6.725 55.20 96.00 68.85 41.0a 

.0000 149.6 7 .225 02.55 103.60 133.90 45.3 7  10.07 
6 	.0000 130.0 7 .1 7 5 55.65 95.65 125.10 25.00 

144.5 Meia: 

	

.0600 '-'. 7 42 55.74 97.03 127.00 35.0' 

Stinaird 
Deviation: 	.0000 11.1 1.3C6 1C.54 9.71 79.66 10.47 

Mean 	- 
LOC 10.000 122.4 7.325 2 5_07 77.60 67.61 16.14 

Mean + 
2.00 	1 SOv: 	.0000 166.6 12.560 76.02 116.50 166.50 60.01 

Co f of Vir: 	 7.65 17 	14  10.56 10.01 26.77. 



I ;c3s: 	9 712E6E 33!690(1 

Pr7PARZli 
 

AS E;ELIFENT 51781 
PFDTE2:ALE5TiILAHRATR7 

17113 d10TH i _DAD P 	 15:. 	2DZ 
Ef3kUDE 4 505 - 7-237 !E7HUD 4 1 

PrepraetarY - 	ie 	ih Coof:teiscp 

TEE: t .foe: 	Te5Ei.e 
	

isstro2 3orporitioa 
Striee 11 	t 	tee Siterlails 	SYETH 

Operator Pate: JCR 
	

TESi 	tf: 15 Atio 1995 

Sdie Idefitificition: 7" 7 1 	 Sallie Type: 	0ETT1 
Interlace Type: 4500 Series 
Mace Parateters of test: 

'Lamle Rate iptsisec1: 	25.14 	 Mulidity ( Z 1: 	50 
Crosshead Speed isii 	I: 	.400 	 Telperature de. F): 	73 

SITLEIEPR 08E2: 	2002 -R15 RETE:T 
P 1 LAS NUMBER: 	95222000 
DIRECTIN: 	PARE 

6E5R81A TECH DURAiLLITT ETW 

Sipple 
iidth 	 3.0000 
Thickhess 	 .10000 
Sdec owe len 1:51 	 4.0000 
1T:rip dintaoce 	io) 	4.0000 

Out of 6 specitehs. 0 elcluded. 

	

Saddle 	Peak 	Straip 	Load 	Load 	Load 	Load 	Load 

	

eioht 	Lead 	at 	! 2Z 	! 5Z 	! 10Z 	! 152 	! 20Z 
Spec:ion 	 Peak Lui Eloodatioo Elm-Jo:tin Elopoatiop Elonnation 81Di:dation 
kfider 	(osy 	(lbsiiP) 	(.Z 	(its/in) 	(lhs/iP1 	[lbsiid) 	(ibs/in) 	ilishol 

.5000 114.3 14.08 24.1 7  53.72 9 6.10 108.50 40.17 
2 L 4A1',A  122.1 14.65 23.46 52.56 94.55 121.20 46.24 
5 .050 119.1 11.00 22.54 51.06 92.75 119.70 55.50 
4 .0000 121.6 12.55 34.25 64.52 1016.00 86.70 49.27 
5 .0005 155.3 16.1: 29.15 58.56 100.10 130.30 107.50 
6 .0070 152.5 16.80 24.60 55.69 9 5.94 126.76 76.34 

Aeaa: .0000 123.8 14.87 	26.55 55.68 97.58 115.40 62.50 

Standard 
Deviation: .0070 7.5 1.51 4.53 5.71 ;. -19 15.92 25.30 

- 

2.00 	t 	Sdv: 	.0000 106.2 11.25 17.27 45.67 38.00 85.56 11.89 

KED"' 	4 
2.00 t 	Sdv: 	.0000 138.7 17.88 55.39 65.70 167.20 147.50 115 .08 

Eef of Vat': 	 6.05 10.15 17.20 8.99  4.91 15.80 40.49 



- 	-.7 
IE5t11 5 2artaritad 

Sere 1-1 	Rite!":ilE Tee:i5i Eysleo 

Te=1 hitt: 15 in,  199: 

Sala YPO 	458 

Fluidity i 	1: 	50 

ioirauoro tdep. 

7 es7 7yne: 

Doeritor nine: JCR 

Soule Identification: 952226F 

Interface Type: 4500 Series 

Machine Paraveters of test: 

3itnie Rite (ptsisec): 	25.00 

2russneid Seek finitio ): 	.404 

	

ABUCE 741E: 	97..H.915 2:11F414' 

	

EEZERCEd2 	EJ01E:Ec. -11; 

=m-:::k_ -E:-214; _Al3RA C41' 

IIDTH V L0 	0 :Z. 5Z. 10Z. 15Z. A4 :011 

NETRON KODEI 4505 - 77:137. VETO 41 

;7onr:Kir. - To Fie hointainet II :ontoetce 

57.1.11EPR 
	

2002 -R15 RETEST 

7 Lf9 4UMBER: 
	

75122000 

3IRE2TION: 
	

Fla 

DEKRIPTIN: 
	

8528914 7529 

Sainie 

lidtb iin) 	 .0000 

itliCklie53 	fin) 	 .10000 

Soot gauge lee (iol 
	

4.0000 

Grio distance iin) 
	

4.0000 

Out of 6 soecioens. 0 eiclonei. 

Sioole 	Peak 
	

Etriin 

ieiiutt 	Lead 
	

it 
Soeciten 
	

Peak Leap 

Nueber 	fosy) 	Clbs/in) 
	■ Z;  

Laid 	Load 	Laid 	Laid 	Laid 
5: 	1 19 	# 15:  

Eioepatioo Eloogation Elotgition Elongaten Elonditioa 

(Ieslin) 	ilbslia) 	(Itslin) 	(lbslin 	;lbstin 

.0000 153.; 1G.&33 49.07 91.34 148.5 5:.3(3 19.33 

.0000 153.6 11.300 51.90 94.01 150.0 54.45 20.51 

.0000 146.2 10.750 45.08 87.38 143.4 64.12 40.0: 

.0000 173.6 63.94 105.80 161.6 42.80 24.19 

.0000 155.4 3.525 71.5 112.80 152.1 50.20 11.5: 

6 	.0000 154.6 10.530 53.17 101.00 152.3 61.40 25.07 

hean: 	.0000 156.1 10.840 54.30 99.80 151.3 57.7: 23.47 

Standard 

DiVi3tiOrs: 9.2 

Nean 	- 

2.00 t 	Olio: 	.0000 

hein 

137.8 9.:36 7 6 . 32 12:3.3 4i,.1= 

2.09 t 	Siv: 	.0000 174.5 12.280 7 4.7 -  117.30 

Cot of Yar: 	 5.87 : 7 .55 9.43 2.37 



	

AE1:11 	:7E)Ei0 
EaulThEasJ 11EVE2ERT cETEi 
?TfEI:11. 	L00 TT 

iTIE CITY i LBA) 4 22. 	10Z. 152.. 	202 
IRSTRGii NUE 4505 - : 6775-7 MIMI 41 
Prnerietari - 70 1e Militiliei In :0Efile1171 

Test 
	

Tensile 
	

iestrue 24oreoritiou 
Series IX iftetraitle giteriiis Testing GYEal 

Dgcrater site: ;C2 
	

Tent lit 	15 Aeg 1595 

Sitele ideetificatiou 952225i 	 Salle iyee: 	AST 
Interface Type: 4500 Series 
Kicilee Pariteters c. test: 

Sienle gate 	ts/sec): 	25.G0 	 Rueidity (Z 1: 	50 
CrosEnead Speed (ieitin is 	.404 	 Testeratere idel. 9): 	73 

ETV 	WEER: 	2002 415 
9 7 LA) WINER: 	15222000 
DIRE:710W: 	WARP 
D:67477IGN : 	3E0R3IA TEN 011:4111.1 717 
38MKEN73: 

eidte 	(it) B.0040 
Thickness 	(in) .10000 
See: gauge 	1E5 	(lei 4.0440 
6T15 	distance 	(in) 4.0000 

Out af 	6 	specitens. 

Sainie 
Weight 

Seecisen 
Nueber 	(asy) 

0 eicluded. 

Peak 
Load 

(lbsiin) 

Strain 
at 
Peak Load 

(2) 

Laid 
4. 	22 

Elonnation 
)leslin) 

Laid 
4 52 

Einegatioe 
(lbsiin) 

Load 
4 	102 

Elongation 
lbsfin) 

1.5i0 

4 152 
Daintier' 

(14s/in) 

Loan 
4 202 

Elongation 
(14s/in) 

.0000 121.0 12.15 21.300 50.32 72.74 124.4 115.30 

.0000 122.6 14.55 21.560 50.93 93.90 111.4 82.88 
- .0000 121.6 13.85 32.480 60.90 100.40 119.5 53.94 
4 .0000 119.3 16.23 5.201 33.43 79.48 115.6 73.38 
. 
, 
o 

.0000 

.0000 
132.1 
124.0 

18.32 
17.48 

22.260 
14.050 

50.53 
41.80 

92.34 
53.36 

123.0 
11 5 .6 

129.21 
113.50 

.0000 125.1 16.26 Aean: 

 

17.470 47.95 90.12 119.6 14.62 

Stiodgrq 
Deviation: .0000 5.2 1.75 9.1:7 9.36 7.52 3.6 25.71 

NEirl 	- 
2.001 	Sdt: 	.0000 114.6 12.77 1.197 29.23 75.37 112.:  

2.00 	1 	100: .0000 135.6 19.76 37.750 66.71 105.50 126.1 152.40 

Cot 	of 	Oar: ---------- 4.18 10.74 46.5: :9.50 3.32 3.05 :0.55 



	

ACCT FitIE:: 	=2:Sil-kS 
RESEAED 1 EVL5P5.-Eir( 

ill)EtflhJ 	L80 9 ZZ. 5Z. 10Z. 15Z. 44 20: 
INSTRON AWL 4505 - TEii EMU 41 
=. rrierietar,+ - To '6f 	itaie 14 [lontiletc9 

TEEt 7YDE: 	Tensile 	 lestroi :.ar-noratian 
ierie9 II AtiAiiet iiTErliiE Testinn SYSIft 1.)4 

Ceeratur me: ;CR 	 Tes1 kite: 15 ific 1995 

Saaeie Identification: 952225F 	 ;angle Tyne: 	ASP! 
latertice Type: 4500 Series 

Paraieters of test: 
3atole kite intsisec): 	25.00 	 Hutinity ( Z ): 	50 
rosshead Speed (initin i: 	.40 	 Tetneritire ideo. F): 	73 

3717 "EPR MBE: 	2002 -915 
P I 16OBER: 	75222000 
DIRETiDN: 	FiLL 
3E3C2: 7 TION: 	HORSIA TECH 1863111 - ' 77 LS- 
CMEN-:: 

Vidtg 	(in) 
Thimess 	tio) 
See: Few lee (in) 
&rip distance 	(in) 

Get of 	6 soecinens. 	Ieicladeg. 

	

Satole 	Peak 

	

leinet 	Load 
Sneciten 
Noteer 	105 	(lbsfin) 

3.000 
.1000 
4.0000 
4.0000 

Strain 
at 
Peak Load 

''' 

Loao 
92: 

21onoation 
l'us11-0 

Laid 
9 5Z 

Elonoatioa 
(lbsfin) 

Ind 
i 10Z 

Eloggation 
(lOsfin) 

Loan 
9 15Z 

Elongation 
ileslin) 

Load 
i 20Z 
Eloloation 
(lbs/in) 

.0000 176.9 12.43 58.:! 101.0 159.4 63.95 31.19 

.0000 171.1 11.23 63.52 106.6 163.7 48.83 20.99 
7 	.0000 171.9 11.52 60.01 112.0 160.9 54.79 
4 	.0000 175.6 12.09 :1.93 104.2 163.2 73.21 29.84 

.0000 176.0 I: 	c- c - .!: 109.5 166.2 52.70 10.85 

.0000 176.1 11.30 6 - .6; 109.3 166.3 55.12 23.58 

174.6 11.75 qan: 

	

.0390 105.4 163.3 52.77 

Stif;:;ird 

:, E.V15111-J5: 2.5 - ,.s 2.S 

- 
2.00 	1 	Sd1^ : 	.0000 165.7 10.83 73.2 157.7 41.17 

Near 
2.00 1 	66t: 	.0000 179.5 12.63 70.72 112.7 166.8 76.36 

Cof of 	if 	 1.40 :.94 3.45 1.70 14.77 



06038 7 Aii:: 	:IEEE :OKF#4'1 

ZEFARCII 	WEIEJNIEENT ZENTEW 

2ETEIT.k.. 	LABRATEr 

WIFE WIDTH Y LOAD ! 	5Z. !OZ. 15Z. r SZ 

INETRON AUL 4505 - iLS) NETTO 41 

Profit:in,  - To it 	 :8 :05tiie5ta" 

Test t ,mit: 	Tensile 	 :orterating 

ier:ts :; otosetta Materials 0ts:iaa 

°aerator aide::Ci 	 7 tit Haze: 17 Ago 19 9 5 

Soule Idettificatiou 9522274 	 Sault 41E: AETA 

Interface Type: 4500 Series 

Machine Parageters of test: 

Salle Rate fatsisec): 	25.00 	 Hosinitv f Z ): 	50 

Crossiead Sotta fioAlia 1: 	.400 	 Tolerator: idea. Fi: 	73 

STYLE/En NUMBER: 	2006 - R16 

9 T L48 Min: 	9222000 

DIRECTION: 	WARP 

DENMAN: 	GEM:A TEA ALRAIIETY FTTIDT 

COMMENTS: 

Ditensias: 

Sault 

Width its 	 8.0000 

Thickness fin) 	 .10000 

Spec lam lea fia) 	4.0000 

Grin distance iial 	4.0000 

Out of 6 soeuseas. 0 ticloded. 

Sault 

Weight 

Specian 

Nurber 	Tosy) 

Peak 

Load 

(lbsiin) 

at 

Peak Load 

14I 

Load 

0 2Z 

Eloagatioa 

flbslin) 

Load 

! 5: 

Elooatioa 

flbs/i51 

Load 

! 	102 

Eloagition 

rlosii51 

Load 

! 152 

Elongation 

flbslio) 

Load 

! 20: 

Elotgatioo 

flislia) 

.0000 194.4 19.53 7.125 :7.00 :06.2 165.6 1E0.20 

2 	.0000 183.4 15.58 16.670 50.69 12E.: 180.4 93.13 

3 	.0000 185.5 17.30 13.690 51.42 120.5 174.8 78.60 

4 	.00:0 :57.4 15.65 12.470 47.73 111.6 154.0 64.81 

.0000 174.0 18.05 ir  42.27 106.4 158.1 57.74 

6 	.0000 195.2 19.79 11.130 44. 9 1 109.2 162.5 195.20 

Mean: 	.0000 191.6 17.61 12.010 47.11 113.7 165.9 113.00 

Standard 

Deviation: 	.0000 14.2 1.87 7 	1,90 10.0 62.2: 

Mean 

2.00 t Sdv: 	.0000 153.2 13.94 5.647 22.36 90.0 - 11.50 

Mean + 

2.00 1 Sdv: 	.0000 210.1 21.42 18.370 61.86 131.4 186.0 2:7.40 

Cof of ► ar: 7.83 10.58 26.49 15.05 7.71 0.05 55.09 



;118118 F48£1: 1; TIERS :43/FEW 
RETARDi f 8 EVEL2PMEN7 :EKTET) 
PHTEICAL TETIM; LARai4TN.' 

WIDE WIDTH i LOAF 	:t. 5Z. 10t. 15E.: 	2r0Z 
MERU ADEL 4505 - TEET ME-HUD 41 
Proprietar -Y - Ts Be Milltilit• 	:CieilEta; 

Test typt: 	Tensile 	 :TrieritiOS 

Series LX 	teiitei Materials Testing Eyst 1.;14 
Operator me: da 	 Test lite: 17 Amp 1 1995 

Sipple Identification: 452227 	 Sault Type: 	ASTN 
Interface Type: 4500 Series 
Machine Parameters of test: 

Salle Rate iotsiseci: 	25.00 	 ( Z ): 	50 
Crosshead Speed (iniain ); 	.400 	 Teineratare (den. F1: 	73 

STILE:EPP WUNDER: 	2000 - 8!10 
P T LIJ NUMBER: 	95222000 
DIRECTION: 	Fill 
DI:SCRIPT:OW: 	EOSGI% =CH DURAii 	S7i; 
COMMEWTS: 

DifEREiGR5: 

Hai:._ 

Width (ill 	 8.0000 
Thickness fin) 	 .10000 
Spec naioe leg iia) 	4.0000 
Grin distance (in) 	4.0000 

Out of 6 specimens. 0 excluded. 

Saddle 
Weight 

Specinen 
Nunber 	(osy( 

Peak 
Load 

(lbsiin) 

Strain 
it 
Peal: 	Load 

t 

Load 
0 :t 

Elongation 
(nisi:0 

Loan 
0 5Z 

Elongation 
(Ihslia) 

Load 
0 10Z 

Elosnation 
(lhslin1 

Load 
0 	151 

Elongation 
fibs/in} 

Load 
0 20Z 

Elongation 
(lbsiin) 

.0000 222.9 20.73 2.00 3.690 39.58 137.20 215.10 
2 a 	.0000 249.0 14.02 44.090 107.300 200.00 110.80 06.74 
3 	.0000 212.4 11.47 46.420 108.000 195.60 95.6 4  0.01 
4 	.0000 2718.5 11. 4 5 04.14 143.600 226.30 6 1 .2' 
5 	.0000 227.1 41 	.-  "5.470 135.400 218.00 84.14 
6 	.0000 220.2 13.65 39.060 103.600 194.30 108.20 56.70 

Mean: 	.0000 229.9 12.58 48.?!0 100.400 179.00 100.20 

Standard 
Deviation: 	.0000 12.8 :.:16 50.140 0.50 2.Fi 

Mean - 
2.08 1 Sdv: 	.0000 204.2 6.25 -8.353 .115 7; :2  50.17 

Mean 
2.00 1 	Sdy: 	.0000 255.5 20.90 wilti: 200.700 318.00 150.10 

Cot of War: 	 5.58 76.09 5 r 41.94 38.8 2 



Teoi :ype: 

aerator nate: 320 

4111C2 Fga::.71-8EiSWL 
REHAR5AU 11.E11:941a7 
ETYSI:Al -61-ETti _AirtiATZT 

4IDE t:DT8 	LOAi 0 2:. 5:. 10:. 15Z. 441 20: 
1B8EL 4505 - TET METHOD dl 

- To 8e KilFZiihEE -J1 EGfittlEtCE 

7e5EilE 	 InsIrut 1.or5oratiat 
Series 21 4e1i1atel 	Testitu Systet 1.04 
TEE: Jitt: 17 Aug 10?-5 

Saaole Identification: 952228i 	 Sattle Tyle: 	45111 
Interface Type: 4500 Series 
Kactine Parateters of test: 

Stole Rate lots/sec): 	25.00 	 Hiiditv( 	is 	50 
:rassaead Speed finisia h 	.400 	 7etterattre (deo. Fi: 	73 

STYLEIEPR NUKBER: 	2006 - RI7 
= I LAD 4il1ER: 	952 72000 
DIREBTIBN: 	IARP 
DESCRIPTION: 	SEGRE14 TECH 	ILIT a-Tur 
COMMENTS: 

Width 	1CJ 

Faiciness 	fin) 
Spec oauoe 	lee 	fini 

Sii5it 
8.0000 
.10000 

4.0004 
inc 	distauce 	in1 4.0000 

But o 	6 specilens. 	0 excluded. 

Satple 	Peak Strait Load Load !oat Load Load 
Veiunt 	Load at 0 2: 0 5: 0 10Z 0 	15: 0 20: 

SOEClien Peak !Aid Eloloation Elonuatice Elotoation Elondatiol Elongation 
Nutter (es y 	hits/in) (:•; hits/l0 flbsiin) finsfin1 (Insin (111s/i0 

.0000 	192.5 19.70 14.53 51.19 116.0 168.2 186.50 

.0000 	183.2 1133 15.57 52.48 110. 9  167.4 167.60 

.0000 	168.9 18.17 10.04 41.43 105.5 154.3 65.20 
4 .0000 	163. 0  16.65 15.58 51.42 114.5 157.8 47.0 7  

.0000 	165.5 1'.7E 16.51 55.34 11 0 . 4  160.5 73.36 
C .0000 	167.7 16.38 17.57 56.00 116.3 162.8 75.16 

1:an: .0000 	174.0 17.78 14.95 51.31 115.1 10..0 106.70 

Stail6dA 

Devle, tion: .0000 	11.4 1.20 2.60 5.24 5.0 5.4 56.51 

Meari 	- 
2.00 

	

id .0000 	151.2 tr 	'A 
1,?..17 9.74 40.63 105.1 151.0 -5.30 

Neon 
2.00 	1 	0dv: 	.0000 	176.7 20.18 20.15 61.'? 125.1 172.7 219.40 

Cot of Oar: 	 6.54 6. 17.40 10.21 4.34 1.3 52.10 



;ME: 	Pri1; 71E3: 22ir; 
RE3-ERC1 SM WEETZIPMENT LT..s77:27 
9 '7iTE13AL 7E3-771N8 LA3GRAT315: 

WIDE WIFE 8 LCD e 2Z. 5Z. :OZ. :5Z. 
ENST384 laDEL 4505 - 7F1T MEHDD 41 
Proerietir7 - To 8e Main:a:nen 1n 3ogfEnetc -E 

Test tyne: 	THEIIE 	 Curnorition 
Eerie 	Anteiatel literii1E "estint iffETIff 1.04  

Oneritor gate: ;CR 	 Test Lite: 17 41c 1995 

Saieie Identification: 952228F 
Interface Tyne: 4500 Series 
Machine Pewter: of test: 

Sitnie Rite (ntsisec1: 	25.00 
r:Hsi-lead See (ininin 1: 	.440 

Eagle Type: 	AETE 

Hariaitv ( Z 1: 	50 
Teener:tire Idea. F1: 

STYLEIEPR OBER: 	2006 - R17 
P T L41 OBER: 	95212004 
DIREETIDN: 

 
7IL 1  

RESCEPTIDN: 	EFARGIA TECH DUR;i821:217 
COMMEWTS: 

DisensiEns: 
Sainle 

dicta 	ILJ 	 8.0000 
Thickness (in) 	 .10040 
Spec Pape len (in; 	4.0000 
Grip distance fin; 	4.0000 

Out of 	6 soeciiens, 

Smile 

0 eicluded. 

Peak Strain Lai; Laid Load Load Load 
Weioht Load at ! 2Z e 5Z ! 10Z ! 	15Z .51 	20Z 

Specigen Feat Lade EL:h 	d111:11 :inanition Elongation Eloonatign Elongation 
Wager 	iosY) (lbslin1 (1.• (lOsiin1 (Ihslial ilislin) (1Gsl1n) ilbsfin) 

1 	.0000 238.2 13.44 56.1; 115.6 203.6 72.61 50.09 
.0000 226.1 11.83 53.06 114.5 245.0 86.25 47.20 
.0000 238.5 12.64 67.12 127. 213.6 82.46 4 4.20 

4 	.0000 223.1 12.22 47.40 283.6 07.75 2 7 .61 
5 	.0000 211.4 12.15 :8.44 101.2 190.3 113.50 31.81 
6 	.0000 226.6 13.05 40.83 145.4 196.6 120.70 '1.11 

Mean: 	.0000 22 7 .3 12.56 50.67 112: 201.6 94.64 4 4 .90 

Standard 
Devidtian: 	.4444 14.2 .53 14.64 7.9 20.45 15.18 

Mean - 
2.00 0 Sdv: 	.0000 247.0 11.37 29.41 94.5 185.8 54.55 1 4 .62 

Mean 	+ 
2.00 1 Sdv: 	.0000 247.7 13.73 21.33 130.4 217.4 134.20 75.34 

Cof Ef 	 4.48 	4.6 	 '.97 	3.72 	21.18 	33.-= 



iitaa FUEL ;la rJ04447: ,arkiR 
	 AN; 	 6011t1 

TE1TA'; LIKEATIC 

VIII ILITH r L840 ! 21. 	 20: 

DISTRON ➢EL 4505 - TEST OHO 41 

Proprietary - To Re halo -trunk In Casfitesce 

Test type: 	Tensile 	 Iosirit LOTIOTTUN 

Series II bgtpaatei lateriols Te5Illi 

Dperator aloe: JCR 	 TEET hit: 16 Apt 1995 

Sasnle Ideotificition: 9522211 

Isterfice Type: 4500 Series 

Victite Parameters of test: 

Sample Rate (gts/sec): 	25.00 

:rossiead Speed (iliail ): 	.400 

Stolle Trot: 4ST1 

Holiiity ( Z ): 	50 

Tager:tore ideo. FI: 	73 

STTLEIEPR HUM 	2006 - 11 

P T L41 MEL 	15222000 

IIRECTI011: 

1ES11 5  (is) 	

.10044 

: : 	 Mitil 81A TECH 	iLITT FT03 1 

MARTS: 

DilEhEi3OhE: 

Svailie  

emt  Vidtt lip) 

Spec gagoe leg (iol 	4.0000 

brio distince (in) 	

8.0040 

4.0040 

of 6 soecioegs, 0 eiciaded. 

Nutter 	

Sable 

	

(05Y) 	

Peak Strain Load 

! 2: 	

Load Load 

8 10Z 	

Load Load 

	

Weight 	Load 	at 	 4 5: 	 0 152 8 202 

Specinea 

(lbs/inl 

Peat Load Eionoation Elongatios Eloogatioo Elongation Eloogation 

ffl 	(lbs/in1 	(llyslini 	Ilgsfis) 	(lbs/io) 	ilbslin) 

1 .0000 163.9 16.54 16.46 54.34 111.3 160.5 69.24 
2 .0000 155.1 15.83 11.22 46.22 103.7 150.3 104.00 

3 .0000 152.4 17.05 13.63 48.10 100.1 146.5 137.80 

.0000 

. 0000 

146.0 

154.2 

13.75 

16.00 

21.12 

14.04 

65.54 

50.81 

121.6 

133.6 

142.7 
151.3 

0.51 

73.30  
c. .0000 150.4 15.30 16.56 52.05 112.4 148.5 87.81 

Kea: .0000 153.7 15.8 7  lc. 	c 5i.:C 111.! 150.0 90.28 

Standarc 

Deviation: .6100 6.0 1.35 L.c ,  D.i: r.....; 6.0 26.02 

?leap 	- 

2.00 	t .0000 141.7 13.16 71=.31 r 138.0 36.51 

0,EaD 	4  

2.00 t Sdv: 	.0400 165.6 18.58 66.65 124.8 161.9 844.00 

Cof 	of 	Var. : 	 3.8E 8.22 28.65 1:38 1 .68 3.99 21.78 



Ma' FOR:: ,IS .977',EPc 31E94111.  
7aFELIIPENT "SITS 

NITS: Usk TETI* lit/RAMC 

KITE  A LOAD e 2Z. 5a. 10Z. 15 --Z. AIR ZS: 
ASTRGN NOEL 4501 - TEST IETIOJ 41 

Proarietary - is it Raintaiset la Gan±iteace 

TeiZ ZYnti: 	Tensile 	 Iastran Cor0irati0i 
Serim 	tratoutd Itatrials Testita iY51151 1.ia 

Orteraior tate: .928 	 Test MP: 16 ka 1975 

Saaoie identification: 952221F 

Interface Tyne: 4500 Series 
Aacniee Parateters of test: 

Satole Rate fats/sect: 	25.00 

Grossnead Steed iieiaie 	3400 

Sault Trite: 	ASIA 

Hotidity 	Z ): 	50 
Tetteritare idea. F): 	73 

SITLEIEPE WADER: 	2006 - 11 

P 7 LAB $0119E3: 	95222000 

3 71EITION: 	FILL 
DEcTRITTInk: 	SEGRGIA TECH DRAELITT SUIT 
GOMAENTS: 

SaiLlE 

bidtk (so) 
	

8.0040 
Thicitess (in) 	 .10000 
Spec mu leg (in) 
	

4.0004 
Sri; distance (in) 
	

4.0000 

Get of 6 soeciteos. 0 excluded. 

Saiale 
beiobt 

Soecizen 
)giber 	(osy) 

Peak 
Load 

(lbs/in) 

:train 
at 

Peak Load 
(Z) 

Load 
! 22 

Eloteation 
(lbs/lo) 

Load 
€ 5: 

Outstation 
(lbs/in) 

Loan 
f 10Z 

Elotsatiot 
(ns/in) 

Load 
R 152 

Elongation 
(lbslit) 

Load 
A 20; 
Elaanaticc 
(lbslio) 

.0000 182.7 10.280 34.86 96.46 179.8 104.50 

.0000 170.6 10.500 28.13 05.77 164.8 112.40 61.13 

.0000 186.0 10.200 59.41 117.40 185.1 92.83 46.61 

.0000 160.0 10.100 :77.42 94.75 160.0 93.82 36.33 

.0020 181.2 9 .625 72.45 125.00 1 7 9.8 65.73 17.3 9  

.0000 174.5 10.180 45.55 100.90 166.1 86.25 50.03 

Kean: 	.0000 176.0 10.340 45.97 103.50 172.6 93.44 

S.dgjdr.: 

DEqiitign: 	.0000 9.4 .534 16.74 15.07 10.2 16.31 

:Mean 	- 
2.00 	t Sdv: 	.0000 

tear, 	t 

157.2 9.350 12.43 73.37 152.1 60.82 

2.00 t 	3dv: 	.0000 194.7 11.550 79.45 135.70 153.1 126.00 

5.54 0ef 

 

of 4.07 56.47 14.56 5.95 17.45 



ktOLL 'I? IT. 0i •A88 CAPUT 
=R1511 ANA 1011111EIT alirra 

PETEDIL tE T  1 1.4111P64TERZT 

1268 iIDTH Y LOAD 	2:. 	10Z. 15:. AND 20: 
IhSTRON 101E1 4505 - SCE! RETRO) 41 
Proprietary - To iE Raisiaise4 in Lteffatesce 

Test IYDE: 	Tessiis 

Operator iiiE: JCR 

IiiTTO4 Carsoratinn 
Series a ktmitto 1aterials Tesline 3,-sfet 1.N 
Test Date: :7 41. 1995 

Silsie Idestification: 9522221 	 3issIe TYDE: 	ETA 
Interface Type: 4500 Series 
Hictise %rasters of test: 

iitole Rate (ntsiseci: 	25.00 	 Rusidity 	i: 	50 
:r55Staig Speed Tin/Din 	.400 	 Teaterattre ides. F): 	75 

STTLETEPR NUMER: 	2044 - 12 
P T LA3 OUR: 	45222000 
DIECTION: 	TARP' 
DESCRIPTION: 	KOREA TECH DURAIILITT MDT 
CIMEHTS: 

YidtG 	tip) 
Siatie 
8.000 

Thickness 	(iii .10000 

Spec gauge 	len 	(inl 4.0044 
Eris 	distance 	(iii 4.000 

Ott of B specinens. 0 excluded. 

Satole 	Peak 
Weight 	Load 

S5EfiiE5 

koliier 	(osy) 	albs/in) 

.0000 	336.0 

.0000 	430.5 

.0000 	391.4 

1111  

sti , dare 
Deviatio: 

Near. 

Heari 
2.00 1 Sov: .0000 	444.5 

2.00 0 Sdv: .0000 

8 

.0000 	410.0 

.0000 	341.4 

.0000 	395.5 

.0000 	384.7 

.0000 	376.4 

.0C0c 590.4 

536.2 

fn 	27.1 

-1 77 510 5 

 

Strain 
at 
Peak Loag 

(Z) 

Load 
i 22 

Elossation 
ilhsiint 

Load 
f 	57. 

Elongation 
albs/is) 

Load 
! 102 

Elosaation 
Itslinl 

Load 
1 	I52 

Elongation 
flgslin) 

bid 

! 20Z 
Elopqatios 
fibs/in) 

14.75 
20.68 
24.53 
23.75 
23.05 
21.22 
71.17 
20.70 

21.86 

1 1: 

75.430 
5.256 
5.513 
5.166 
5.45c 

15.010 
13.120 
12.980 

1;.204 

84.61 
22.04 
39.37 
38.43 
46.0 4 

 65.28 
60.26 
59.50 

51.76 

10.19 

13.57 

90.15 

209.1 
125.2 
152.0 
150.6 
160.: 

173.2 
 

1:6.3 

75.4 

.1, 	1 

2:7.7 

318.2 
245.4 
267.1 
264.1 
2 7 6.2 
244.5 
294.2 
291.2 

232.0 

22.3 

237 .5 

526.5 

3393. 53 
363.7 
365.7 
364.8 
383.3 
379.5 
368.3 

368.5 

l'.6 

333.2 

463.6 



	

5431:: 	22ff;At 
LESEAta AkD )EWELPIEtr ZEKEI 

HIEILAL -EEINi _ADORATir 

SIDE 1ITh 	LOAD 82Z. 5Z. 10t. 15.Z. 411, 20: 
:ws 	EDE 4505 - TEST PEED 41 
Prourletary - Ta if Naiuxie is Eat:let:le 

Test 1YH: 	Twile 	 lastrat 2erriuc, 
Series 21 Actestet Laeritis Testate Systet 1.04 

Oteritor Riff: JCR 	 Test Date: 17 kit 1995 

SUOIE iaestifiution: 952222F 	 Susie Type: 	S10. 
Interface Type: 4500 Series 
Ractite ?armlets of test: 

SAIDIP Rate iptsisecl: 	.1Y at 	 (ittiditY ( Z 	50 
:rosstead Speed (ititit 1: 	.400 	 Imeralure (des. F): 	73 

STILE ,TPR WISER: 	2044 - 12 
P 1  LAD 11E1: 	95222040 
DliEZT:ON: 	FILL 
DESUIPTIN: 	HUG: TECH 3URAELL7.7 ST118' 
COMKNTS: 

Ifl qr. 

 

Sittl0 
Midtt (iol 	 B.0440 
Thickness (in) 	 .10000 
Sees oatoe lee (in) 	4.0000 
Sri, distance (it) 	4.0000 

Out of 	8 wallets. 

Satole 
Veioht 

Specitet 
Walter 	(osy) 

0 eiciaded. 

Peak 
Load 

(lts/in) 

Strait 
at 
?fik Las 

(11 

Laaa 
0 21 

Siotsation 
lbsiin) 

Load 
8 5Z 

Elostatiot 
(lbs/it) 

Load 
0 101 

Elmatiot 
(1Sslin) 

load 
i 151 

Elotoatiot 
his/m) 

Load 

0 201 
Eloeoatioe 
(lbs/is) 

.0000 394.2 17.2: 2 -... 4 5 99.35 24 7 .2 363.5 247.5 
2 .0000 420.9 18.35 28.4: 114.00 258.1 372.2 193.1 
.3 .0000 433.7 1 7 ..65 4 9.58 150.50 275.5 4:7.5 212.6 
1  .0000 338.0 14.91 - 1.23 167.30 305.7 387.5 203.0 

.0000 454.0 1 7 . 4 8 7 5 .04  173.44 320.2 42 5 .2 165.6 
6 .0000 137.0 16.81 E1.21 178.90 318.5 42).1 158.7 

.0000 353.4 1.E.21 21.55 95.37 242.6 341.5 20 7 . 7  

.0000 373.5 16.28 35.56 120.20 262.4 363.5 251.6 

.0000 406.8 1E.34 z7.22 130.30 75 ' 	7. 3E5.7 215.0 

Statd2rd 
Dsvi 	ti on : 

hit( - 

.0000 34.5 1.1E 24.71 35.13 32.2 30.0  

2.00 t Sdv: 	.0000 337.0 14.62 -.21 67.99 216.9 324.0 217.3 

Ileat 	- 
:.000 	Sdi: 	.0000 46.7 1 5 .2E =8.6 4  202.50  



kMOLI FMB: ANI F7JETS 

rUEARCE ifff IfELOPETIT Cara 
PHTSI:11 TEETI1E LAPRATORT 

;rib TFEEEE TE51 StRIBOTh MO? Wailills 

ASTI! Rethoi M632 

es 7yee: 
	

Telsile 	 issuot :users:in 

Series 	AtailitRO 	 e-siies 	:.:1  
Operator sale: JCR 
	

ieii late: 2i Ass 1 495 

Sissle Idestificition: 95222631 	 .stile type. 	AS 

Interface Type: 4500 Series 

Maciime Parateters of test: 

Satle Rate (ptsiset. ): 	25.00 
	

Nutidity ( 	): 	55 

Erfissiead Soeed (isilis ): 12.004 
	

Teraeriture idea. F): 

P.T. LA9 1: 	?5222000 

SAMPLE I9: 	STILE 2902, SAMPLE II: 

9ESCRIPTION: 	EEDRGIA TECH MAKI:ITT 31117 

TEST ERECTION: 	PARP 

COMMENTS: 	 GRAB TENSILE TEE: 

Sipple 

Stith (in) 	 4.0004 

Thicioess (is) 	 .10000 

Spec saime lea (le) 	3.0000 

Grip distance lip) 	 3.0400 

Out of 6 soemerts. 0 elciudEo. 

	

Actsil 	DItisate 

	

keisit 	Streseth 	at 

Seecisen 	 Mai.Lose 

Nosier 	oziss.rd 	(16s) 

.0400 

.0000 

1E7.9 

197.7 

17.37 

18.07 

3 .0t4t0 192.1 17,40 

4 .0000 189,2 17.50 

5 .0000 173.1 19.17 

6 .0000 177.5 18.00 

Neap: .0000 182.9 17.92 

St2fidare 

D2V1,1:10fi: t.3 

Cof 	of Var: 3.45 7 	n1 
j.01 



• ;AEC :ACV: 	37:6Ei.. 
F.W_LOPEir -TATE; 

ICT 7. Ur!. TETA jafiTUTT:•;: 

Grate 7EtEliE Test 	Etretpti Not tiorsaints 
A$TW Metiloo 0462 

Test type: 	Tensile 

Operator RiAE: JCR 

Sitole Identification: 452226,7 
interface Type: 4500 Series 
chine Paraaeters of test: 

Sitole Rate fptsisec): 	25.00 
Crosshead Speed 	is 12.000 

ioslroa :or-strata 
Series 	AstisareW Wateriiis Testing Intel 1.:4 

EE: iite: 21 Ait 1 1195 

iatple Tfre: AST1 

Autidity 	1: 	55 
Teoperatare (cep. F1: 

P.T. LA) 1: 	n212000 
SAMPLE I): 	FILE 2002. SAFE 12 
IESCRIPTION: 	GHEE; TEE 911RAH.Z7 :Tar 
TEST DIRETION: 	Fill 
COIIMENTS: 	GRAB TENSILE TEST 

SAIRiE 

Width (inl 	 4.0400 
Thickness (in) 	.10000 
Spec time lee (in! 	2.0000 
Grip distance (in ■ 	3.0044 

Out of 6 speciriens, 0 excluded. 

Specinee 
Nuttier 

4ctail 
iemnt 

oilswa 

Ultipate 
Strenath 

1;D5i 

Einop. 
at 

LI.Loaa 

1 

C 

MEAR: 

Standart  
Diviatin: 

Cof of Yar: 	 

.0000 

. 00G 

.•0 00 

.04000 

. 000 

.0:00 

'17 	2 

160.S 
1;3'L0 

200.5 

12.33 
14.2: 
11.97 

4 7 

14.07 

13.4 

. 



;E:clunedt .0000 

AZ =1-3E32 1APANI 
F',ES.Eii;::ri 	11FIEJIT :ENTER 

T2iiT11L 

Tenslie TEE: - Strewn tot 4urtill:ec 
4STA Aethon D46:2 

Tes1 

Operator hale: :JCR 

Sadie Identification: 9522284N 
Interlace Type: 4500 Series 
Aachine Paraieters of test: 

Sadie Rate ptsisec): 
Crosstead Speed finitin 	12 w  

IDE:7-01 Cortorptop 
Series II Antaatee RiTerials TH:ihe iystet 
Test Di ta: :1 Ate 1995 

Sallie Type: 	ASiM 

Atifidity ( 	I: 	55 
Teiteratore ides. F): 	75 

P.T. LAB 1: 
SAMPLE ID: 
DESCRIPTION: 
TEST DIRECTION: 
COMAENTS: 

95222000 
STvLE 2002. sArFL ,  iI 1  
8EORS:n TER DURni:1_2"' T7C1' 
'PARE 
;RAP TENE:1 7  TES - 

Width 	fin) 
Thickness 	:inI 
Spec time len lin) 
&rip distance 

	

Out of 7 specitens. 	1 erciuded. 

ic:til 
tei ntt 

SDECilefi 

Nutner 	KIELD  

(litigate 	t Elonu. 
Strength 	at 

Mag.Load 
(11s) 

	

175.5000 
	

16.600 

	

171.6000 
	

18.030 

	

188.7000 
	

17.630 

	

168.3000 
	

15.400 

	

167.4000 
	

17.470 

	

169.3000 
	

17.330 

	

.2790 
	

6.800 

	

173.5000 	17.080 

I■ eviv‘ien: .n00 3.0060 

4.62 	5.5= 



A-M8C: 	:E 
REaga 46 ETENTEC 17J47-E 
PBTE::AL 72 7.B 

irip 	- Eirenutn 	t kraal:1m 
AiT6 Neinoe .14652 

Tes: 	 "E'f!E:1i. 
	 1iiiron :orporiuop 

	

:X atiaie 	t1 Tes-ttpaeei 
Operator AW: JCE 
	

7H: LIE: 21 hi ! In:. 

Sipple Identification: 9522254F 
	

Sipple Typo: 	AST% 
Interface Type: 4500 Series 
Rac4die Parileters of test: 

Sitele Rate ipts/seE): 	25.08 
	

Hatidity ( 	): 	55 
:rossheid Speed iipiain j: 12.040 

	
Tepperature (dm FI: 	7( 

P.T. LAB d: 	?5:22000 
SAMPLE ID: 	ETTLE 2082. SAPLE 11 4  
DESCRIPTION: 	KOREA TECH DIRAilLT7 ST 
TEST DTRECT:DN: 	FILL 
C2MIENTE: 	88:AF TENS:LE TEET 

7)13EE151:E: 

SallE 

ihdth L:nj 	 4.0000 
ThicineEs iin) 	 .100V 
Eoec dime len fin) 	5.0004 
SriD diStiDEE lin; 	 :MC4 

let o -F 6 soecilens. 	0 excluded. 

Seediel 
*Per 

Attn: 
hit: 

02/54.1q 

Ultiraie 
Streattn 

iinsj 

al 
al.Loid 

1 .0840 222.5 14.4: 
2  .oam 164,4 11.S0 
3 .0-000 195.9 15.40 
4 ' 	 175.1 
5 .CO 123.4 11.9: 
6 .0000 15. : 12.9: 

Men: .0800 187.4 4n 	1: 

Standard 
Deviatiot: 

lof of Var: 

.8000 



:OFF44, 

REEEARE2 	ISTVEJW*DiT 

PHTSI:AL -EETIne _iBORATGV 

;fa Tr7117.7ie  Tar7 - ."=trenoth OcI korsiiilet 

;ETMPe ne6 D;61.: 

ins:ron :Oriffitieh 

Series ii AtiBiiIPO Miter:Ls Tes._ine Sysle* 

3peratu Rile: JCR 
	

iiTII 21 Mc 1995 

Sinai: Identification: 9522266111 	 Susie Type: 	AS TI 

Interface Type: 4500 Series 

Rictine Pariaeters of test: 

Sainte Rite (pts/sec): 	25.00 	 Honitity ( Z ): 	55 

:rossneid Sneed (iniall 	12.00 	 Tenierattre (den. F): 	71 

•.:. AB t: 	95222000 

SAMPLE_ II: 	STILE 2002. SAMPLE ilt (RE-TEST) 

DESCRIPTION: 	GEORGIA TECH BURABILI7 :TUtT 

TEST 0IRE:3:0)(: 	'ARP 

COMMEWS: 	 GRAB TENSILE TEST 

Ditensiofts: 

Sallie 

iidth 	in 	 4.0000 

Thickness 	(in) 	 .10000 

Soec pinoe len (ini 	3.0000 

Grip distance (i01 	3.0000 

Out of 6 SPECileAS. 0 eicluded. 

Soecilet 

Maher 

A:Inil 

keinat 

azIst.yd 

Ultisite 

Streuotn 

(lbs) 

Z Elan. 

at 

Mii.Load 

(Z) 

1 .0000 189.5 18.27 

2 .0000 155.6 15.97 

.1000 183.5 20.00 

4 .0000 185.1 17.70 

.00:: 214.1 19.23 

6 .0000 199.4 18.63 

Mean: .0000 187.8 IQ 	=r- 

Standard 

.0Q0 1.3C 

Eof of Var: 10.35 



4AGU 	Ah% 	 ERE. SIiK; 

REEEARCF, AND Err:ARENT .1.37 1TER. 

PRE.:1:ALTELASURATORt 

brae Te5511E TEEI - Strength Not kortalliec 

ASTM Method 114632 

Test the: 	Tensile 	 :5S- 2f; :L!")Vitin 

	

Autk4 	trijj Tutu 

Operator nate: jCR 	 Te.t 	and 

Stale Identification: 9522266F 	 TfW 	ASTM 

Interlace Type: 4500 SerieE 

Machine Parageters of test: 

Sagele Rate (ats/sec): 	25.00 	 Hgaigitr ( 	): 

Crosshead Speeh (initin ): 12.000 	 Telaeritgre idea. F: 

P.T. 	 95222000 

SAMPLE 	 STILE 2002. SAMPLE II: fRE-TES7( 

DESCRIPTION: 	E0RI TEH DURARIL:7 STOP 

TEST ERECTION: 	FILL 

COMMENTS: 	 NAP TENSILE TEST 

Digensions: 

EaDIE 

Vidth (in 	 4.0000 

Thickness (inl 	 .10000 

Spec gam len (isi 	3.0000 

Grip distance fj1 	 3.0000 

Out ef 	speciaens. 0 elcInded. 

	

tctaa1 	Oltiaite 	: 

	

Weight 	Strewn 	it 

Speciaen 	 Ril.L2e3 

Nuiber 	azisn.y4 	111s. 

1 

2 

3 

4 

.0000 

.0000 

.0000 

.0000 

.0000 

213.1 

197.3 

214.4 

204.1  

217.1 

13.20 

13.00 

!, 	 n7 
1...., 

6 .0000 21C.)  

Kean: .0000 211.2 17 7 

Standard 

Deviation: .0i5  

Cof of Var: 4.13 1.4S 



EEL-cP 	'FiEFENT 

91TEI:Ai TEETIN6 ....ABORA7BP* 

Grit :ensile Test - itreletA 	oriii:re! 

ASIN lethop i46:2 

:c:f5Or172211 

Eer:es II Aelasilen 	7esIirti 

TEE: laIe: 21 nu 

7eEl t -fpe: 
	

TQFC, ,.e  

Operator name: ;:?, 

Sante Identification: 9522285 
	

iAC TYTf: 	AETN 
Interface Type: 4500 Series 

KiCP Parateters of test: 

Sainte Rate (pisisec): 	25.0D 
	

Holiiity ( 	): 	55 

Crosshead Sneed (ininin 	12.000 
	

T.:opera:tire ideo. F): 	75 

F.T. LAB I: 

SAFE ID: 

DEGCRIFTION: 

TEST DIRECTION: 

ZONMENTS: 

Ditensions: 

952_22000 

STTLE 2002. EAKPLE R15 

GEORGIA TEIN DRAB -IL:7T STM 

WARP 

GRAB TENSILE TUT 

Sapsle 

Width 	(ia) 
	

4. 
Thickness 	iin) 	 .10000 

50eC MOE len (in: 
	

:.0000 

Grip distance fin) 
	

:.0000 

	

Out of 6 specitens. 	eicluded. 

Speciten 

coil 

Veitit 

Ultinate 

Strepoth 

(IbE 

E:Dit. 

it 

Na:.Lsid 

1 .000: 20.69 

2 .0000 222.0 14.5: 

.0000 208.5 19.37 

4 .000: 199.9 13.4: 

213.4 21.17 

6 200.4 19.6: 

Nean: .0000 206.6 :1.02 

P.irtd-3rd 

1 0.0 

4.22 



]ar4ki 

;NS FlailFlit7 :INTER 

D4T:I2:41 7EE-TINE LiRgRAIGU 

r- 	Tensile Test - Etrenutn NvT tortili:eu 

ASTH onto ;4632 

Test 
	

- ens:le 
	

:251r04 :BrINTiti02 

Series II Mitpsitet 	 iy5Iki l.04 

Oteritor liSE: 
	

Tes Mel 21 tita 1915 

Satnle identification: 95222S5F 	 Sault Type: 	aSTN 

Interlace Type: 4500 Series 

Hittite Pariteters of test: 

Little Rate (gisiseci: 	25.00 	 Hutidity ( Z ): 	55 

3rnesheid Speen (:111n 1: 12.000 	 Tetteritare (dee. F): • 	75 

F.7. -AB I: 	9 5222000 

SAHPLI 	 STILE 2002. 'AKE 1l5 

DESCRIP'ION: 	GEORGIA TEN 	 EMT 

TEST DIRECTION: 	Pill 

COMKENTS: 	 PAP TENSILE TEST 

tigth 	Lir 

Satole 

4.0000 

Ihicuess 	tin' .10000 

Sae: 	flitIOE 	len 	!in) 3.0000 
r: 	oistince 	(in 3.0000 

But of 6 speciteus. 0 eicluged. 

àueber

Sneciten 

actual 

teigut 

ailso.yd 

Ultitite 

Strength 

iS, 

Z Elul.. 

it 

Rix.Load 

;Z1 

1 .0000 230.9 14.10 

2 .0000 209.? 12.97 

3 MA I  212.2 13.13 

; nvA  217.2 13.30 

4 .000:1  231.4 14.03 

6 .0000 220.6 13.47 

Mean: .0000 220.4 13.50 

Standard 

Deviation: .0000 3.2 .47 

Cef of Var: 4.15 3.4E 



AMCE: 
REIEARC1.. Aka 	PtEp- 
pHYS2ZAL 	JE 

t;fit Teasaie Test - Strenatio Not Noraiiiiet 
ASTM Method 1,462 

tee: 	TEnslie 	 :estrm :ornoritton 
IX Arriliatif; Adter :.:i 	:w -E - et 

Operitor pipe: JI1B 	 - .1.E", Bite: 	:1 At: : 77 5 

Sipple IdePtification: 9522267i 
Ieterfice Type: 4500 Series 
Richile Piriseters oi test: 

Sipple Rite (pts/sec): 	25.00 
Crnssheid Speed (ilimin  

:dile Type: 	AETM 

( 	): 	55 
Tepperatire jdep. F): 

95222000 
SAMPLE ID: 	STYLE 2006. SAMPLE i16 
DESCRIPTION: 	GEORGIA TEEM DURABIL7 
TEST DIRECTION: 	1ARP 
CHEFS: 	GRAB TERSILE TEET 

Ditensiais: 
SibBiE• 

Width (ip) 	 4.DODO 
Thickness (in) 	 .10000 
Spec aim lee (in) 	:.0000 
Grip distance (in) 	:.0000 

Out of 6 specilens. 0 eicludeP. 

Specipep 
Wupber 

acIpal 
iEigtt 

Etipate 
Strenuth 

ribs; 

Eli*. 

it 
Ma:.Loid 

(t) 

1 ....: A' C' 293.2 17.67 
2 .0000 275.4 17.97 
3 .0000 270.6 17.97 
4 .0000 26G.2 17.77 

254.6 16.77 
6 .11011 233.6 19.52 

Neao: .0000 262.7 16.97 

Standar:• 
Deviation: .0100 271.7 

Cof 	of 	Vir: 	 7.0:; 4.36 



4,CCt; 	;ria FITIRS : 1311IqW 

P-F:Lit"RCE fia EVELPIEKT r:ENTE; 
PHT53AL TEETJ Laird,TZF:r 

;ri: TEBEI1E Teel - :,:r?fiCh Et Mriui 

45TM !!ET,D0 

7?E7. 	 TeesIde 	 125735 Caroorilios 

Series I. Auttliiike ta1eriii5 TEi1150 ;t41 

PJBErii5r nape: jC0 	 Test Date: n 

Sainte Identification: 95222B7E 	 :Able Type: 	AST! 

Interface Type: 4500 Series 

%chine Parateters of test: 

Sadie Rate ntsisec): 	25.00 	 Audidity ( 	55 

Cros5nead SDeed 1161110 	12.040 	 Tetperature idep. 

P.T. LAB I: 	91:22000 

SAMPLE I): 	STYLE 2006. SAMPLE B16 

DESCRIPTION: 	KOREA 7E1.'0 DURABILITY STUN 

TEST DIRECTION: 	FILL  

COMMENTS: 	 GRAB TENSILE TEST 

Dipensloos: 

Sidafie 

Pidth 	ri 4.0000 

ThickneEs .10000 

Soec 	OillqE 	len 	fin: 3.0000 

Grid 	distance 	i 3.3000 

Out of o SillEf5. t excluded. 

Specideo 

Nother 

Actual 

Neiabt 

alisa.yd 

Ultisate 

Streeath 

les 

it 

Max.Load 

1 .0000 311.3 13.13 

2 .0000 319.5 13.40 

3 .0000 297.0 13.37 

4 .0000 340.4 17 	1 7  

1 .0000 271.3 12..i..7 

.0000 207.0 12.53 

Mean: .0000 304.0 13.13 

Standard 

Deviation: .4000 24.3 .44 

Cot of Vif: ---------- :.C7 



AS2 zsrgi 7:8ERS :DAPAr 
REEEARLE 	iEVEAFEN■ iTEi. 

_AIGRAT01 1  

oral Tensile Test - Etre5t 	a1 Wormiiizes 
letnen P632 

:s: tee: 	Tetsile As:rot Carhorianh 
ieresL 	tsiten 	Riteriiis 7esui 	tei AA 

Operator filiE: JCR 	 Wite: 21 kg 

Siahle Identification: 9522268V 
	

'Ulla Type: 	ASTI 
Interface Type: 4500 Series 
Machine Pariheters of test: 

Simple Rite (ptsisec): 	25.00 
	

ittiiity ( 	): 	55 
Crossneid Speed finials I: 12.040 

	
7etterittre ides. F,: 	75 

P.:. 'AB I: 	952:2000 
SAMPLE ID: 	STTLE 2006. SAMPLE i17 
DESCEPTION1 	GEORGIA TECH DHABI= E.71131 
TEST DIRECTION: 	PAU 
COMMENTS: 	GRAD TENSILE TEE: 

3ite5Eions: 

Sitnie 
Width (is) 	 4.0000 
Thickness 	(II 	 .10000 
Spec him 1eh (ih) 	3.0000 
Orin distance lihi 	3.0000 

Out of 6 specimens. 0 eicluded. 

Speciieh 
Nohher 

Actail 
Weight 

alish.yd 

Ultilite 
Strength 

(Its 

: Eloan. 
it 

1 .0000 264.1 21.53 
... 2 .0000 289.1 22.27 
3 .0000 311.3 22.13 

.0008 a 286.9 20.50 

.0000 321.6 21.72 
6 .0000 238.7 17.20 

Mein: .0000 285.3 20.S7 

Stindiri 
Devid;1D6: .0000 30.4 1.31 

Cot of 	Vir: ---------- 10.67 9.15 



T35-R5 3iirr' 

7.1:71a5FTEir 

7:7:4; IAINATDV 

TECE:1E TEE: - StrEfititt, 

4ET!', letnog D4:2 

T EE: 7vEE: 	Tenslie 

iNErE:Or nate: jCF 

Eagle Identification: 25222G8F 

Interlace Tyne: 450n Series 

Michie Firileters of test: 

	

tole Rite Igtsieech 	5.2 

:r5ssnein Seeee :iuigin ): 

:sr Cartoratio, 

Series IX Agtomitel Aiteriiis TEET:A ifEtEi 1.)4 

Test Ditt: 21 tat 192'5 

Satgle Type: CM 

Hegidity ( 	): 	55 

Teigeriture (deg. F): 

P.I. LAD f: 	25221000 

SO.PLI ID: 	STILE 2006. SAIF: il7 

DESCRIPTION: 	KOREA TECH DURADILIT7 STUD 

TEST DIRECTION: 	FP 

CONfENTS: 	 GRAD TENSILE TEST 

DikEOE:Cr:E: 

ir 

ThIcinesE (110 

Sne gaune len (in 

'Erie distance 	(in 

Gut of 0 sneciteus. 0 eiclunet. 

Nntner 	OIEL.YO 	(is 

Acinal 	Ultigite 	Z Elong. 

'eight 	Strength 	at 
SDECIPTI 	 Ma:.Load 

• 	295.7 
.0000 	222.5 	

12.47 
L 	 12.37 

12.2: 
4 	.1000 	224.4  
5 	.):00 	272.0 	12.27 
o 	.000 	314.5 	13.13 

leap: 	.0000 	271.6 	12.51 

StsdirJ 
Deq3Eti.3n: 	.000 

et Vir: LOT 

 

 

5.03 	2.7: 

 



aflC FORin 4* FURS :0F4M■ 
ETEItEN 	DEVEJPEENI 

',4f7E-121.1. 	AMAIN - 

Gran Tensile Test 	itrenetn 4e7  

AST I Retion D4632 

Test 7Yiie: 	Tehsile 	 ItstrIt :ortoratiot 

Series 11 Autotaiet 	 istet L. 

Operator nisei ja 	 Test Lite: 21 Afit 1?” 

Satole Identification: 5,7_22Sili 
	

Settle Trte: 	ASTI 

Itterface Tyne: 4500 Series 

Machipe Parateters of test: 

:3:tole Rite ihtsisec1: 
	

Ruti6it7 ( Z 1: 	55 

Crosshein Sneed (111/115 	12.000 
	

Tetteratare (deo. F): 	75 

P.T. LAD I: 	''5227.:00 

SAMPLE ID: 	ETT 1 = 2006. SAW: L 

DESCRIPTION: 	GEORGIA TECM DURAIIL:7! STOD1 

TEST DIRECTION: 	VARF 

COMMENTS: 	 GRAD TENS TES' 

Vidth 	(in, 

:atple 

4.0000 

Thicuess 	(in1 .100e0 

Spec 	canoe 	len 	1101 3.0000 

Grip 	distance 	(ini 3.0000 

Out of 6 specioens. 0 ell:Innen. 

Speciten 

Wither 

Actual 

deitit 

cist.rd 

Ultilate 

Strehoth 

(Its) 

Z Elam 

it 

Max.load 

(ti 

1 .0000 279:8 20.70 

, .0000 276.0 18.77 

3 .0000 227.6 17.17 

1 .0000 258.: 20.1: 

5 .0000 2:8.9 22.67 

.0000 203.4 23.77 

.00C,0 +  

■ 1'.J 2057 . 

St6ndird 

Deviatiee: .0000 19 2.44 

Col: 	of  



4EBSE TAKI2S Agi 	:WAr, 

EESEAEM 4KI 	 LEN" 

4ETE:UL TEE:NE _ANiATTC 

Sr- a Tpni1 we - Strehoin Oat otirtaitzto 

AST I Ietboo 

Test type: 
	

ensiie 	 IlEirii :pritrition 
Se.rie 	Ititbit:telt Kitertils Testisa SYSIEI 1.14 

Operator nate: 5:E 
	

Test Litt: 21 Ato 1415 

Smile Ideatificition: 957221F 
	

Siiiif Type: 	ASTN 

interface Type: 4500 Series 

ctLiue Paraseters of test: 

Satole Rate (otsisec:: 	25.00 
	

Hatiiity ( Z : 	55 

:r1550EiC :oeeo finitin ): 12.000 
	

Tetteritore idea. F): 	7" 

P.T. LAB I: 	15222000 

SAMPLE ID: 	SITU 2006. SAMPLE 11 

DESCRIPTION: 	SEROIA TEI1 DUIJL1J 3TEIT 

7EST 	 1L 

;RAE, TENSILE TE:-. 

Ditensions: 

Width 	(in) 

Thickness 	(in) 

Spec sue lee in 

Grit distatce 	fin) 

Out of 6 soecitens. 0 eicluded. 

Soecitea 

Nuzber 

Acttil 

ueieit 

ozisa.rd 

111titate 

Streeeth 

(lbs) 

t 

it 

.Lead 

(Z) 

285.3 14.87 

2 .0000 225.1 13.40 

3 .0000 264.0 12.40 

; .0000 252.5 13.77 

a .0000 280.6 13.47 

.0000 712.5 17.37 

13.51 

Statoard 

Deviitiet: .0000 27.5 .81 

Cot et :or: 1).6; 6.4 7  
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