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1. Introduction 

Anthropomorphic test devices (ATDs) have been in use for automotive crash 

studies since the 1970s. Although automotive ATDs have evolved significantly 

since that time, they were designed primarily to address frontal and side impact 

conditions at automotive vehicle representative speeds and therefore do not address 

vertical loading rates of interest to the military to simulate underbody blasts (UBBs) 

generated from mines or improvised explosive devices. Information on early 

designs of ATDs for automotive uses can be found elsewhere.1–3 

The Warrior Injury Assessment Manikin (WIAMan) project was commissioned in 

2010 by the Department of Defense to provide an instrumented ATD specifically 

designed for UBB test environments. The WIAMan ATD must demonstrate 

biofidelity with respect to kinematics and kinetics, provide reproducible responses, 

and exhibit durability after numerous exposures in a vehicle subjected to severe 

UBB loading conditions. The WIAMan is the first ATD of this type, designed 

specifically for the UBB test condition. 

To address the anthropometry and biofidelic response required for UBB conditions, 

the WIAMan ATD design concept includes numerous polymeric parts. The 

material compliance of the polymers will better simulate a human response to UBB 

than existing ATDs used for automotive crash test applications. The WIAMan 

project is not performing research and development of new polymeric materials but 

rather seeks to understand the properties of commercially available materials over 

a broad range of strain rates to enable the optimal selection of materials for this 

application.  

This report discusses the mechanical properties of 8 commercial polymers that are 

used in key components in the WIAMan ATD Technology Demonstrator (TD). 

Components fabricated from these polymers are designed to align with the critical 

load path when the ATD is in a normal seated posture and exposed to underbody 

accelerative loading. The WIAMan TD is the first whole body iteration of the 

WIAMan design and thus represents a relatively early stage in a multiyear program, 

with final production planned in 2021.  

This report will focus on the material properties. Fabrication and testing of the 

actual components and the modeling of the material or component responses is 

beyond the scope of this report. However, successful design, fabrication, and 

modeling are dependent on comprehensive material characterization. This report 

serves as a comprehensive material property guide for these 8 commercial polymers 

that have been tested in tension and compression over a large range of strain rates. 
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2. Experiments 

Knowledge of the physical properties of materials is essential to the design, 

fabrication, modeling, and performance of products made from them. Polymers are 

a broad class of materials with diverse properties that can range from liquid-like 

gels to very-high-modulus plastics. Their physical properties are attributed to many 

factors including endless variations in the chemistry and molecular weight of the 

base polymer as well as formulating constituents. Their properties are also highly 

dependent on how the material was fabricated, how the test specimens were formed, 

test sample dimensions, ambient conditions such as temperature, and the strain rate 

used for testing.4 

The tests discussed in this report were performed by Veryst Engineering LLC, 

Needham Heights, Massachusetts, which is a leading testing laboratory for 

characterization of materials that exhibit complex nonlinear viscoelastic behavior. 

Veryst also provides service in material modeling and nonlinear simulation. The 

test protocols were customized for the WIAMan program specifically for the 

development of material models for modeling and simulation work. The custom 

test methods were designed to capture the nonlinear strain-rate-dependent response 

of the materials characterized. The specific details of each customized test are 

described in the following sections. 

2.1 Materials 

Of the 8 materials discussed in this report, 6 are 2-part polyurethanes, one material 

is a thermoplastic acetyl resin with the tradename of Delrin (a registered trademark 

of DuPont), and the other is a custom-formulated vulcanized elastomer. The 

polyurethanes and the Delrin are commercially available. The custom-formulated 

rubber can be reproduced with the composition provided in Appendix A. The 8 

materials are listed in Table 1. 
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Table 1 WIAMan technology demonstrator polymers 

Commercial 

designation 

Material 

supplier 
Material type 

Density 

(gm/cm3) 
Durometer ATD component 

Proflex 30 Mouldlife UK 2-part 

polyurethane 

elastomer 

NA 29 Shore A Pelvis flesh 

XE 1031 Polymed Ltd UK 2-part 

polyurethane 

elastomer 

NA 33 Shore A Foot flesh 

F-130 A/B BJB Enterprises 2-part 

polyurethane 

elastomer 

1.05 31 Shore A Upper torso, leg, 

and arm flesh 

Butyl rubber SACO/RDAbbott 

rubber 

formulation ID no. 

XL-10216-E-1 

Custom-

compounded 

vulcanized 

elastomer 

1.46 75 Shore A Compliant 

elements in spine 

and tibia 

FD-70 BJB Enterprises 2-part semi-rigid 

polyurethane 

elastomer 

1.21 68 Shore D Foot plate 

Rencast 6425 Huntsman 2-part rigid 

polyurethane 

1.18 67 Shore D Coccyx 

TC 892 BJB Enterprises 2-part rigid 

polyurethane 

1.16 79 Shore D Pelvic bone 

Delrin Stock material, 

numerous suppliers 

Rigid 

thermoplastic 

(acetyl resin) 

1.41 81 Shore D Calcaneus cap 

 

The materials in Table 1 are arranged by their durometer category (Shore A or 

Shore D). The 6 polyurethanes are all thermosets formed by mixing 2 liquid 

components (referred to as parts A and B) according to the manufacturer directions 

and pouring the mixture into a mold to shape and cure the polymers. Polyurethanes 

are very versatile polymers due to variations in their base chemistry, crosslinking 

agent, and ratio of their 2 components, making them amenable to properties that 

can range widely from very soft and flexible elastomers to rigid plastics. The 

WIAMan ATD design required such diversity in polymer properties to meet 

dynamic response properties of human tissue such as low-durometer flexible flesh 

and high-stiffness bone. Delrin is a highly crystalline engineering thermoplastic 

used for applications that require high stiffness and strength needed for applications 

to replace metal parts. The custom-formulated vulcanized elastomer is used for 

numerous compliant elements in the WIAMan to provide flexibility and damping 

in parts of the spine and legs. The anatomical parts for each material are shown in 

Table 1. Manufacturing data sheets for each commercial material can be found in 

Appendix B. 
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2.2 Test Methods 

2.2.1 Durometer 

Hardness of polymers is defined as a measure of resistance of the material to 

indentation without puncturing the material. The hardness value is dependent on 

several factors including the indenter geometry, degree of indentation, and time of 

indentation.5 A CHECK-LINE Shore A durometer and Rex Durometer Shore D 

durometer were used for the measurements of the 8 polymers. Measurements were 

taken in accordance with ASTM D-2240-05 (Type A and Type D).6 The durometers 

of the 8 materials are shown in Table 1. 

2.2.2 Monotonic Tensile  

Monotonic tensile tests were performed at 3 engineering strain rates (0.01s-1,  

0.10s-1, and 1.0s-1) on either an Admet 2608 electromechanical test machine or an 

Instron 8800 servo-hydraulic test machine depending on the load capacity required 

for each test. The tests were controlled using crosshead displacement. Strain was 

measured using digital image correlation (DIC) on the gauge section of the 

specimen. A Point Grey Gazelle Camera was used for image acquisition. Specimen 

geometry conformed to ASTM D638 Type IV7 for engineering strain rates of  

0.01 s-1 and 0.10 s-1 while Type V geometry was used for tests run at 1.0-s-1 

engineering strain rate. Tensile specimens were stamped or waterjet cut from 

molded sheets. Sheet thickness was measured for each specimen and varied 

between 2.03 and 5.08 mm depending on the material. Cross-sectional area was 

calculated for each specimen tested. 

2.2.3 Monotonic Compression 

Monotonic compression tests were performed on the same test machines as used 

for the monotonic tensile tests. Specimens were strained to approximately 50% 

using crosshead-controlled displacement. An Epsilon Technology axial 

extensometer was used to measure strain. Cylindrical samples were used for 

compression testing. The low-durometer (Shore A) material compression 

specimens were prepared by stacking molded cylindrical compression “buttons” 2 

high to reduce friction effects and improving the aspect ratio (height/diameter). 

Cylindrical specimens of the butyl rubber were cut from sheets and stacked 3 high. 

Compression samples for the high-durometer (Shore D) materials were prepared by 

cutting 10.16-mm-diameter rods to the desired cylinder height (H). For all test 

geometries, a lubricant such as 3-in-1 multipurpose oil or Krytox performance 

lubricant (GPL207) was used between the specimen and the plates to reduce 

friction. Compression sample dimensions varied for each material but were 



 

Approved for public release; distribution is unlimited. 

5 

generally in the following ranges: soft polyurethanes diameter (D) = 8.1 mm, 

stacked height (SH) = 9.5 mm; butyl rubber D = 11.2 mm, SH = 7.3 mm; and rigid 

polyurethanes and Delrin D = 9 mm, H = 9 mm. Monotonic uniaxial compression 

tests were conducted at 0.01 s-1, 0.10 s-1, and 1.0 s-1 engineering strain rates. 

2.2.4 Cyclic Tension 

Cyclic tension tests were performed using the same test machines and sample 

geometries described in Section 2.2.2. Engineering strain rates used for the cyclic 

tension tests were 0.0033 s-1, 0.033 s-1, and 0.33 s-1. Cyclic testing included a 

load/hold/unload condition. A 10-s hold segment was performed following each 

loading segment and a 5-s hold segment followed each unloading segment to 

measure stress relaxation. The sample was unloaded to a force of 0.5 N during each 

cycle. 

2.2.5 Cyclic Compression 

Cyclic compression tests were performed using the same test machines and sample 

geometries described in Section 2.2.3. The specimens were tested at 0.01 s-1,  

0.1 s-1, and 1.0 s-1 engineering strain rates with the exception of TC 892, which was 

tested at 0.01 s-1, 0.1 s-1, and 0.5 s-1 engineering strain rates. Cyclic compression 

tests included load/hold/unload cycles that varied with each material depending on 

properties measured in the monotonic tests. A typical compression cycle involved 

compression of the specimen to approximately 10% strain, hold 10 s, unload to  

0.5 N, compression to approximately 30% strain, hold 10 s, unload to 0.5 N, 

compression to approximately 40% strain, hold 10 s, unload to 0.5 N, compression 

to approximately 50% strain, hold 10 s, and unload to 0.5 N. 

2.2.6 High-Rate-Tension Drop Tower 

High-rate-tension tests were performed on the Veryst Engineering custom-built 

drop tower using custom tension fixtures. The details of the equipment and setup 

are proprietary and therefore are not discussed here. The test procedure involved 

coating the test specimen with speckled spray paint and loading the specimen into 

the tension grips. A weighted sled was raised to a height corresponding to the 

desired strain rate. The drop height was determined based on preliminary testing, 

equating drop height to strain rate for each material. The test commenced when the 

sled was released and allowed to fall, striking the test fixture, which loaded the 

specimen to large strains or to failure depending on the elastic or ductile nature of 

the material. The high-speed camera (Photron FastCam mini UX100) was focused 

on the speckle pattern, and the engineering strain was calculated using DIC. Sample 

geometry conformed to ASTM D638 Type V.7 Tests were performed at 3 
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engineering strain rates per material that ranged between 30 s-1 and 400 s-1. Each 

material strains differently based on its material stiffness. Therefore, the strain rates 

varied with each material, unlike the slower rate testing, which was controlled by 

crosshead displacement. The specific strain rates for each material and test are 

shown in Appendix C. 

2.2.7 High-Rate-Compression Drop Tower 

High-rate-compression tests were performed on the same equipment as for the  

high-rate-tension tests. The compression specimen was placed on the platens of the 

compression drop tower fixture. The crosshead was raised to a height 

corresponding to the desired strain rate. The test was initiated when the sled was 

released. The top platen came into contact with specimen, causing compression of 

the specimen, and the compressive force was measured using a load cell under the 

bottom platen. Strain was measured from the movement of fiducial markers on the 

platens using the Photron FastCam mini UX100 high-speed camera. Compression 

specimens and dimensions were prepared as described for the monotonic 

compression test specimens (Section 2.2.3) with the exception that the rigid  

(Shore D) material test specimens were cylinders with dimensions of D = 6 mm 

and H = 6 mm. Tests were performed at 2 engineering strain rates that varied per 

material (approximately 50 s-1 and 150 s-1) as discussed in Section 2.2.6. 

2.2.8 Split Hopkinson Pressure Bar (SHPB) 

The high-rate-compression tests using SHPB were performed on a Veryst 

Engineering custom-designed and -built instrument. The test method used a gas gun 

that fired a striker bar into a 90-inch-long aluminum incident bar to induce a stress 

wave (“incident wave”) that travels the length of the bar and transmits the stress 

wave into the test specimen placed between the incident bar and the transmitted 

bar. At the bar/sample interface, a portion of the energy is transmitted to the sample 

and the rest is reflected (“reflected wave”). The transmitted wave travels through 

the specimen, inducing deformation, and into the transmitted bar. The reflected 

wave travels back up the incident bar. Strain caused by the stress waves was 

measured by strain gauges placed on the bars. Stress and strain were calculated 

from the amplitudes of the incident, transmitted, and reflected waves. Using 

properties of the aluminum bars and other data recorded during the test, properties 

of the tested material was calculated at high strain rates. SHPB was used to measure 

compression properties of the 4 Shore D materials at 2 engineering strain rates of 

approximately 500 s-1 and 1000 s-1. Cylindrical test specimens were used with 

dimensions of D = 6 mm and H = 6 mm. 
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2.2.9 Failure Tests 

Specimen failure was characterized in tensile mode and used to specify a stress-, 

strain-, or energy-based failure condition. Failure tests were performed on the 

Admet 2608 electromechanical test machine at an engineering strain rate of  

0.01 s-1. The Shore A materials were tested using sample geometry in accordance 

with ASTM D624 Type C.8 The Shore D materials were tested in tensile mode but 

using the sample geometry specified in ASTM D5379.9 The force at failure and the 

crosshead displacement were recorded as well as full-field strain fields using DIC 

to observe local and global strain measurements. 

3. Results and Discussion 

The soft (Shore A)-durometer polyurethanes and the butyl rubber were tested in 

tension at 3 monotonic strain rates and 3 high strain rates. Due to the ductility of 

the soft materials, the ultimate tensile stress and strain at failure was only obtained 

for the monotonic strain rates. The stress strain curves tested at a strain rate of  

0.1 s-1 for the 3 polyurethanes at similar durometer (~30 Shore A) are shown in  

Fig. 1. The stress strain curves show that these materials exhibit similar tensile 

behavior. Although the strain at failure was not recorded, it was noted by the test 

engineer that these materials exhibited high extensions, typically greater than 

500%. 

 

Fig. 1 Tensile properties of Shore A polyurethanes at 0.1 s-1 strain rate 

The effect of increasing strain rate on the tensile properties for XE 1031 is shown 

in Fig. 2. The tensile response to strain rate for this material was very similar to the 

response measured for the other 2 soft polyurethane flesh materials. The low-

durometer polyurethane material exhibited a slight but discernable strain rate 

dependence. 
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Fig. 2 Tensile properties of XE 1031 at quasi-static and high strain rates 

Figure 3 shows the tensile properties of the 3 soft polyurethanes (Proflex 30,  

XE 1031, and F-130) at a low and high strain rates. Butyl rubber (75 Shore A) is 

also plotted to show the significant difference in the tensile properties of these 2 

classes of elastomers. The butyl rubber exhibited much greater tensile strength and 

much higher strain rate dependence than the other Shore A polymers tested. The 

higher stiffness of the butyl rubber is required for the components where it is used 

in the WIAMan TD (spine- and leg-compliant elements) to enable the torso and 

head to stay in an upright posture when seated and provide damping properties in 

UBB test conditions. 

 

Fig. 3 Tensile properties of Shore A polyurethanes and butyl rubber at low and high strain 

rates 
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The tensile properties of the Shore D polyurethanes are shown in Fig. 4. The tests 

for the Shore D polymers were taken to failure and the plots show their distinct 

differences in failure stress and failure strain. While the ultimate tensile strength of 

the polymers are roughly grouped according to their durometer (Delrin and TC 892 

have durometers of approximately 80 Shore D; Rencast 6425 and FD-70 have 

durometers of approximately 68 Shore D), all 4 polymers vary distinctly in failure 

strain, a measure of ductility. TC 892 (pelvic bone) had the lowest strain to failure 

of all the materials tested and exhibited brittle failure. FD-70 (used for the foot 

plate) showed very high ductility. Durometer is a useful measurement to rank 

hardness of various polymers but does not correlate well with specific properties 

and should not be used as a key metric for design or manufacturing as is 

demonstrated by the stress strain behavior of these polymers.6 

 

Fig. 4 Tensile properties of Shore D polymers at 0.1-s-1 strain rate 

Compression properties of the Shore A and Shore D polymers at an engineering 

strain rate of 0.1 s-1 are shown in Figs. 5 and 6. Compression tests were performed 

to approximately 50% strain, and therefore differences in material ductility were 

not apparent as in the tensile data. However, the trends in compressive strength 

were similar to the trends in tensile strength. The significant difference in the 

compressive strength of the 80 Shore D durometer polymers compared with the  

68 Shore D durometer polymers was readily seen in the data, and the high 

compressive strength of Delrin at 50% strain was noteworthy. 
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Fig. 5 Compression properties of Shore A polyurethanes at 0.1-s-1 strain rate 

 

Fig. 6 Compression properties of Shore D polymers tested at 0.1-s-1 strain rate 

Figures 7 and 8 show the effect of strain rate on the tensile and compression 

properties of Rencast 6425. The data indicate that this polymer was highly strain 

rate dependent. At the lower monotonic strain rates there was a slight but 

pronounced increase in strength with increasing strain rate; however, there was a 

significant jump in material response when the strain is increased from 1.0 s-1 to 

50 s-1. This relationship was seen in all of the Shore D polymers. 
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Fig. 7 Tensile properties of Rencast 6425 as a function of engineering strain rate 

 

Fig. 8 Compression properties of Rencast 6425 as a function of engineering strain rate 

Figure 9 shows the overall strain rate effects of all 8 polymers in tension and 

compression. Butyl 75A exhibited the greatest strain rate dependence of the Shore 

A polymers as seen in the increasing tensile and compressive response with respect 

to increasing strain rate. Similar conclusions were found in an earlier study of butyl 

rubber (unspecified formulation) used in the Hybrid III ATD neck component.10 

The Shore A polyurethanes showed a greater strain rate sensitivity in compression 

than in tension. The Shore D materials showed significant strain rate sensitivity, 

which is typical for rigid thermosets and thermoplastics of this type. 
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Fig. 9 Strain rate effects on Shore A and Shore D polymers in tension and compression 

Cyclic tension and compression tests were performed on the 8 materials. Strains for 

the cyclic testing were selected from various regions of the stress strain curve, such 

as the linear region, close to the yield point, and after the yield point. The cyclic 

tests included a complete unloading cycle that provided information about 

hysteresis and permanent set of the 8 materials.11 Figures 10 and 11 show the cyclic 

data in tension (0.33 s-1) and compression (0.1 s-1), respectively, for 2 Shore A 

materials and 2 Shore D materials representing all 8 durometers.  

 

Fig. 10 Cyclic tension at 0.33-s-1 engineering strain rate 
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Fig. 11 Cyclic compression at 0.1 s-1 engineering strain rate 

The material response of the 4 materials followed similar trends in both cyclic 

tension and cyclic compression. XE 1031, the softest polyurethane, exhibited low 

hysteresis and low permanent set, as expected, for an unfilled polyurethane 

elastomer in that durometer range (approximately 30 Shore A). All of the flesh 

materials (XE 10310, Proflex 30, and FD-130) behaved similarly; however, the 3 

materials varied slightly in hysteresis. 

Butyl 75A (a carbon-black-filled vulcanized rubber) showed greater hysteresis, as 

seen by the larger hysteresis loops resulting from the test cycles. This material 

response was typical for filled elastomers. Filler such as carbon black can 

significantly affect material stiffness and hysteresis, increasing both properties with 

increasing levels of filler.12,13 

The Shore D polyurethanes FD-70 and TC-892 exhibited much higher strength than 

the low-durometer materials, as expected, based on the monotonic test results.  

FD-70 showed very high ductility in the monotonic testing, which was 

demonstrated in the cyclic testing by high hysteresis in both tension and 

compression. TC 892 exhibited high stiffness and low strain at failure in the 

monotonic tests, which correlated to low hysteresis as a result of cyclic tension 

because the cyclic tests had to be performed in the linear region of the stress strain 

curve to avoid fracture during the test. However, TC 892 did exhibit significant 

hysteresis in compression at strains beyond the linear range. Delrin (not shown) 

performed similarly to TC 892 but exhibited much higher stresses (approximately 

30% higher in tension and 100% or higher in compression). 
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Tensile and compression properties at an engineering strain rate of 0.01 s-1 for all 8 

materials are shown in Table 2, which compares the 8 materials at a quasi-static 

strain rate that better correlates to typical crosshead speeds of similar tests 

performed in accordance with standardized test methods. In this regard, the table 

serves as a general reference for comparison with other commercial material 

properties typically shown in manufacturer data sheets. General trends in 

compression and tensile strength were observed with respect to durometer. Strain 

to failure does not correlate well with durometer, as discussed earlier. The failure 

tests (tear test for Shore A polymers and tensile using v-notch shear specimen for 

Shore D polymers) are shown in the table as well as the crosshead displacement 

recorded at failure.  

Table 2 Mechanical properties at 0.01-s-1 engineering strain rate 

 
Proflex 

30 
XE 1031 

F-130 

A/B 

Butyl 

75A 
FD-70 

Rencast 

6425 
TC 892 Delrin 

Durometer 29 

Shore A 

33 

Shore A 

31 

Shore A 

70 

Shore A 

68 

Shore D 

67 

Shore D 

79 

Shore D 

81 

Shore D 

Density (g/cm3) NA NA 1.05 1.46 1.21 1.18 1.16 1.41 

Tensile strength 

at failure (MPa) 

1.56 1.81 1.71 5.98 33.6 24 40.3 52.8 

Strain at failure 

(%) 

>500 200–600 400–950 300–500 258 96 9.1 64 

Tensile stress at 

100% modulus 

(MPa) 

0.57 0.633 0.625 1.67 . . . . . . . . . . . . 

Tear strength 

(Die C) 

(N/mm) 

5.3 

 

(21.5 N) 

6.1 

 

(24.7 N) 

10.1 

 

(25.6 N) 

34.57 

 

(70.1 N) 

. . . . . . . . . . . . 

Failure test using 

v-notch specimen 

(N) 

. . . . . . . . . . . . 1041 3400 1178 2220 

Crosshead 

displacement at 

failure during tear 

and v-notch 

failure tests (mm) 

43–44 36–46 90–105 90–135 13–14 7–9 4–5 2–3 

Yield strength 

(MPa) 

. . . . . . . . . . . . 18 18 47 61 

Young’s modulus 

(MPa) 

. . . . . . . . . . . . 485 426 1850 2530 

Compression 

strength (MPa) at 

50% strain (%) 

1.47 1.66 1.28 3.8 

(47% 

strain) 

53.7 73.9 102.2 245.4 
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High strain rate compression using SHPB was performed on the Shore D polymers.  

Tests were performed at 2 strain rates for each material. The lower strain rate varied 

per material between 500 s-1 and 700 s-1. The higher strain rate (1000 s-1) was used 

for all 4 materials. SHPB data for the 4 polymers is shown in Fig. 12. These data 

indicate that FD-70 showed the greatest rate dependence in the SHPB tests, while 

the TC 892 response did not change as a result of the increased strain rate for this 

method. 

Tensile and compression data for all 8 materials are presented in tabular format in 

Appendix C. Appendix D shows the stress strain curves in tension and compression 

for each material. 

 
Fig. 12 SHPB compression strength for Shore D polymers 

4. Summary and Conclusions 

This reports details mechanical testing of 8 candidate polymers used in the 

WIAMan Technology Demonstrator. The purpose of this material investigation 

was to gain quantitative information of the commercial materials for their unique 

application in the first of its kind ATD designed for UBB test events and to inform 

the finite element analysis model development. The test results provide a 

comprehensive assessment of the material performance in tension and compression 

over a broad range of engineering strain rates. This report also serves as a reference 

for future material development and to aid selection of materials for similar 

components and applications. 

The 3 Shore A polyurethanes performed similarly in the tensile tests, showing only 

a slight degree of strain rate dependence. They demonstrated behavior expected for 

soft elastomers such as low hysteresis during cyclic tests and generally low values 
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in tensile strength with high elongations. The Shore A polyurethanes showed a 

greater degree of strain rate dependence in compression especially at strain rates 

greater than 1 s-1. Butyl 75A rubber, which was very different in chemistry and 

composition than the polyurethanes, exhibited very high strain rate sensitivity in 

both tension and compression, which is primarily due to the level of carbon black 

used in the formulations (the polyurethanes discussed in this report are unfilled 

elastomers).  

The Shore D polyurethanes exhibited significant differences in their material 

response to the loading conditions. TC 892 was stronger than the other 2 Shore D 

polyurethanes in both tension and compression and exhibited very low ultimate 

strain and brittle failure. Rencast 6425 and FD-70 showed similar strength in 

tension and compression, but FD-70 exhibited much greater elongation and highly 

ductile failure, demonstrating how materials of similar durometer can vary 

tremendously in performance. All of the Shore D polymers showed strain rate 

sensitivity and high hysteresis when deformed beyond their yield point. Delrin, an 

acetyl resin, showed the highest compressive strength at all engineering strain rates 

tested. 

The mechanical behavior of the 8 commercial materials demonstrate the diversity 

of properties needed to meet the requirements of the novel WIAMan ATD.  

5. Future Work 

Further development and testing of the WIAMan ATD may result in changes to the 

materials used for specific anatomical components. System-level ATD tests may 

reveal a need to modify materials to achieve a specific modulus, ultimate strain, or 

other factors to meet durability requirements or performance corridors. New 

materials will undergo similar testing as described in this report. Materials selected 

for the final WIAMan ATD will undergo a series of ASTM tests to define all 

material properties necessary to define material requirements and will become part 

of the WIAMan technical data package. 
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Appendix A. Butyl Formulations and Test Report  

                                                 
 This appendix appears in its original form, without editorial change. 
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Butyl Rubber Compound Formulation, SACO Research/R.D. Abbott 

Formulation ID 

XL-10216-E-

1 

XL-10216-E-

2 

XL-10216-E-

3 

Test Date 7/31/15 7/31/15 7/31/15 

Cure 15min@330F 15min@330F 15min@330F 

        

Test Results       

Tensile Strength (psi) 840 933 829 

Elongation % 542 596 456 

Durometer, Shore A 75 70 79 

Modulus @ 25% 195 175 234 

Modulus @ 50% 228 206 274 

Modulus @ 100% 313 278 367 

    

Formulation Ingredients       

Butyl 101-3 (Base) 100.00 100.00 100.00 

Calcium Carbonate (Non-reinforcing 

Filler) 100.00 100.00 100.00 

Carbon Black N550 (Reinforcing Filler) 78.00 66.00 92.00 

Carbon Black N990 (Reinforcing Filler) 25.00 25.00 25.00 

Zinc (Activator) 4.00 4.00 4.00 

Stearic Acid (Processing Aid) 1.00 1.00 1.00 

MBTS (Accelerant) 2.00 2.00 2.00 

TMTD (Accelerant) 1.00 1.00 1.00 

Sulfur (Curative) 0.50 0.50 0.50 

Aflux 12 (Processing Aid) 1.00 1.00 1.00 

Rhenofit OCD (Antioxidant) 1.00 1.00 1.00 
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Appendix B. Manufacturer Data Sheets  

                                                 
 This appendix appears in its original form, without editorial change. 
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Appendix C. Tensile and Compression Properties

                                                 
 This appendix appears in its original form, without editorial change. 
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Tensile Properties: Proflex 30, Polyurethane Elastomer, Pelvis Flesh (Mouldlife, UK) 

 

Tensile  

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 90 s-1 200 s-1 300 s-1  

Failure Stress 

(MPa) 

ASTM D 638  

1.56 + 0.18 

 

ASTM D 

638 

Type IV 

2.06 + 

0.31 

 

ASTM 

D 638 

Type IV 

2.15 + 

0.19 

 

ASTM D 

638 

Type V 

 

Failure stress and strain 

was not recorded due to 

the high ductility of the 

material. 

4.2 

Failure Strain 

(%) 

ASTM D 638  

>500 * >500* >500* 950 

* Samples stretched beyond digital camera range thus ultimate strain at break was not recorded 

Tensile Stress @ 

100% Strain 

(MPa) 

0.57 0.60 0.66 0.62 0.64 0.64  

 ASTM D 638 Type V 

using custom built drop 

tower 

 

Tensile Stress @ 

200% Strain 

(MPa) 

1.02 1.13 1.29  

Not recorded 

 

Tear Strength 

ASTMD 624 

(Die C)  

(N/mm) 

5.3    85 

This is likely a 

typo n the data 

sheet, 8.5 

N/mm is more 

realistic for 

this material. 

Durometer 

(Shore A) 

29 measured 30 data sheet 

 

Some voids were noticed in the die cut specimen cross-sections. Samples with voids were not used. 

High strain rate data exhibited high scatter due to the softness of the material. 

This material exhibits a weak strain rate dependence. 
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Tensile Properties:  XE 1031, Polyurethane Elastomer, Foot Flesh (Polymed LTD, UK) 

 

Property 

 

Strain Rate 

Per Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 30 s-1 100 s-1 275 

s-1 

 

Failure Stress 

(MPa) 

ASTM D 638  

1.81+ 

0.15 

 

ASTM D 

638 Type 

IV 

2.11+ 

0.30 

 

ASTM D 

638 

Type IV 

3.52+ 

0.49 

 

ASTM D 

638 Type 

V 

 

Failure stress and 

strain was not recorded 

due to the high 

ductility of the 

material. 

2.95 

Failure Strain 

(%) 

ASTM D 638  

200-600* 

 

 

200-

600* 

200-600* 945 

* Samples stretched beyond digital camera range thus ultimate strain at break was not recorded 

Tensile Stress  

@ 100% Strain 

(MPa) 

0.633 0.716 0.838 0.963 0.946 1.02  

 ASTM D 638 Type V 

using custom built 

drop tower 

 

Tensile Stress  

@ 200% Strain 

(MPa) 

1.05 1.19 1.38  Not recorded  

Tear Strength 

ASTMD 624 

(Die C)  

(N/mm) 

6.1    7.24 

Durometer 

(Shore A) 

33 measured 35 data sheet 

 

Some voids were noticed in the die cut specimen cross-sections. Samples with voids were not 

used. High strain rate data exhibited high scatter due to the softness of the material. The noise is 

caused by the low force in the soft specimens. This material exhibits a weak strain rate 

dependence, but a slightly greater strain rate dependence compared to Proflex30. 
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Tensile Properties:  FD70, Hard Polyurethane Elastomer, Foot Plate (BJB Enterprises) 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 75 s-1 125 s-1 400 s-1  

Young’s 

Modulus (MPa) 

485 525 598 551 491 450 839 

ASTMD 412 

Failure Stress 

(MPa) 

ASTM D 638  

33.6 

 

ASTM D 

638 Type 

IV 

29.4 

 

ASTM D 

638 Type 

IV 

31.5 

 

ASTM D 

638 Type 

V 

33.1 36.1 39.7 31.9 

 

ASTMD 412 

ASTM D 638 Type V 

using custom built drop tower 

Failure Strain 

(%) 

ASTM D 638  

 

258 

 

251 

 

264 

 

194 

 

199 

 

198 

 

300 

 

ASTMD 412 

Tensile Strength 

@ Yield (MPa) 

18 23 26 35.2 37.5 42.5  

Failure Test 

(tensile test to 

failure using V-

notch specimen 

(N) 

 

1041* 

 

Highly 

ductile 

failure 

  

 

Tear Strength  Not tested 130.9 

ASTMD 624 

Durometer 

(Shore D) 

68 Measured 70+5  

data sheets 

Some voids were noticed in the die cut specimen cross-sections. Samples with voids were not used. 

Yield stress increases with strain rate. Strongly strain rate dependent. E’ trends decrease with strain rate unlike 

slower strain rates. This may be due to test instrumentation differences (i.e. drop tower vs. MTS/crosshead 

displacement method). 
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Tensile Properties: Delrin, Rigid Thermoplastic (Acetyl Resin), Calcaneus Cap 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 50 s-1 100 s-1 200 s-1  

Young’s 

Modulus 

(GPa) 

2.53 2.56 2.69 2.30 2.83 2.97 2.80 

 

Failure Stress 

(MPa) 

ASTM D 638  

52.8 

 

ASTM D 

638 Type 

IV 

58.4 

 

ASTM D 

638 Type 

IV 

64 

 

ASTM D 

638 Type 

V 

75.7 79.5 80.7  

ASTM D 638 Type V 

Using custom drop tower 

Failure Strain 

(%) 

ASTM D 638  

 

64 

 

49 

 

36 

 

13 

 

11 

 

11 

 

30 

Tensile 

Strength @ 

Yield (MPa) 

 

61 

 

65 

 

67 

 

75.6 

 

77.6 

 

83.0 

 

67 

Failure Test 

(tensile test to 

failure using 

V-notch 

specimen (N) 

 

3400 

 

Brittle 

Failure 

  

 

Tear Strength  Not tested   

Durometer 

(Shore D) 

 

81 measured 

81  

data sheet 

Strongly strain rate dependant. 
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Tensile Properties: F-130 A/B, Polyurethane Elastomer, Flesh (BJB Enterprises) 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 25 s-1 75 s-1 225 s-1  

Failure Stress 

(MPa) 

ASTM D 638  

1.71 + 

0.13 

 

ASTM D 

638 Type 

IV 

2.13 + 

0.07 

 

ASTM D 

638 Type 

IV 

2.30 + 

0.06 

 

ASTM D 

638 Type 

V 

 

 

 

Failure stress and strain was 

not recorded due to the high 

ductility of the material. 

2.75  

Failure Strain 

(%) 

ASTM D 638  

 

400-950 * 

*Samples stretched beyond digital 

camera range thus ultimate strain at 

break was not recorded 

 

800 

Tensile 

Stress @ 

100% Strain 

(MPa) 

0.625 0.724 0.746 0.910 0.962 1.03  

 ASTM D 638 Type IV  

(type V specimens too soft 

for these tests) 

 used custom built drop 

tower 

 

Tensile 

Stress @ 

200% Strain 

(MPa) 

1.03 1.19 1.27  Not recorded  

Tear Strength 

ASTMD 624 

(Die C)  

(N/mm) 

10.1    11.2 

Durometer 

(Shore A) 

31 measured 30 data sheet 

 

No voids were noticed in the samples. High rate tests exhibit oscillations due to material softness that 

causes elastic waves to reflect within the material. Weak strain rate dependence similar to XE 1031. 
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Tensile Properties:  Butyl Rubber Custom Compound,  

Compliant Elements in Spine and Legs (SACO Research/ RD Abbott) 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 50 s-1 100 s-1 200 s-1  

Failure Stress 

(MPa) 

ASTM D 638  

5.98+ 

0.03 

 

ASTM D 

638 Type 

IV 

6.34+  

0.1 

 

ASTM D 

638 Type 

IV 

5.98+ 

0.01 

 

ASTM D 

638 Type 

V 

 

 

 

Failure stress and strain 

was not recorded due to 

the high ductility of the 

material. 

5.79  

Failure Strain 

(%) 

ASTM D 638  

 

350-500 * 

*Samples stretched beyond digital 

camera range thus ultimate strain 

at break was not recorded 

 

542 

Tensile Stress 

@ 100% 

Strain (MPa) 

1.67 1.74 2.73 3.06 3.28 4.25 2.15 

Tensile Stress 

@ 200% 

Strain 

(MPa) 

3.05 3.37 4.04 Not Recorded  

Yield Stress 

(MPa) 

0.992 1.26 1.86 3.83 4.25 6.49  

Tear Strength 

ASTMD 624 

(Die C)  

(N/mm) 

34.57     

Durometer 

(Shore A) 

70 measured 75 data sheet 

70 measured 

No voids were noticed in the samples. High rate data exhibits oscillations due to softness similar to 

other soft materials. Yield stress is strongly rate dependent. Material exhibits softening after yield 

point in high rate tests that may be the result of increased temperature due to energy dissipation. 
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Tensile Properties:  Rencast 6425, Hard Polyurethane, Tail Bone (Huntsman) 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 50 s-1 140 s-1 300 s-1  

Young’s 

Modulus 

(MPa) 

426 485 535 777 934 1137  

Failure Stress 

(MPa) 

ASTM D 638  

24 

 

ASTM D 

638 Type 

IV 

26 

 

ASTM D 

638 Type 

IV 

30 

 

ASTM D 

638 Type 

V 

36 41 40 30-35 

 

ISO 527-2 

ASTM D 638 Type V 

Using custom built drop tower 

Failure Strain 

(%) 

ASTM D 638  

 

96 

 

 

 

87 

 

80 

 

67 

 

62 

  

63 

 

130-170 

 

ISO 527-2 

 

Tensile 

Strength @ 

Yield (MPa) 

18 21 26 40 43 49  

Failure Test 

(tensile test to 

failure using 

V-notch 

specimen (N) 

 

1178 

 

  

 

Tear Strength  Not 

tested 

  

Durometer 

(Shore D) 

67  

measured 

60-65 

Some voids were noticed in the die cut specimen cross-sections. Samples with voids were not used. 
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Tensile Properties:  TC 892, Rigid Polyurethane, Pelvic Bone (BJB Enterprises) 

 

Property 

 

Strain Rate 

Per 

Product/Mfg 

Data Sheet 

 0.01 s-1 0.10 s-1 1.0 s-1 30 s-1 80 s-1 150 s-1  

Young’s 

Modulus 

(GPa) 

1.85 1.96 1.98 2.08 2.54 2.70 1.6 

ASTM D 

638 

Failure Stress 

(MPa) 

ASTM D 638  

40.3 

 

ASTM D 

638 Type 

IV 

53.3 

 

ASTM D 

638 Type 

IV 

61.3 

 

ASTM D 

638 Type 

V 

80.5 83.4 86.8 52.4 

ASTM D 

638 

 
ASTM D 638 Type V 

using custom built drop tower 

Failure Strain 

(%) 

ASTM D 638  

 

9.1 

 

5.5 

 

4.1 

 

5.0 

  

4.9 

 

4.9 

 

10 

ASTM D 

638 

Tensile 

Strength @ 

Yield (MPa) 

47.8 54.5 59.0 n/a n/a n/a  

Failure Test 

(tensile test to 

failure using 

V-notch 

specimen (N) 

 

2220 

 

Very 

Brittle 

Failure 

      

 

Tear Strength  Not 

tested 

  

Durometer 

(Shore D) 

79 

measured 

80 + 2 

No voids were noticed in the specimens. Due to acceleration limits of the material and low strain to failure, a 

maximum strain rate of 150 s-1 was the highest strain rate tested. 
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Compression Properties:  Proflex 30, Polyurethane Elastomer, Pelvis Flesh (Mouldlife, UK) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 50 150 225 400 625 750 950 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

1.47 

 

1.46 

 

1.61 

 

1.52 

 

1.63 

 

1.75 

 

1.94 

 

2.00 

 

2.03 

 

2.32 

MAX strain 

of test (%) 

50 50 50 

 

82 91 90 87 87 86 85 

Compression 

Strength @ 

Max Strain 

of Test 

 

1.47 

 

1.46 

 

1.61 

 

31 

 

76 

 

70 

 

70 

 

68 

 

74 

 

66 

Modulus at 

initial part of 

curve (MPa) 

 

1.38 

 

1.47 

 

 

1.56 

 

1.72 

 

1.91 

 

1.92 

 

2.33 

 

2.21 

 

 

n/a 

 

2.66 

Durometer 

(Shore A) 

 

29 

 
Compression Properties:  XE 1031, Polyurethane Elastomer, Foot Flesh (Polymed 

LTD, UK) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 60 150 600 950 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

1.66 

 

1.77 

 

1.80 

 

2.94 

 

 

3.40 

 

4.05 

 

4.29 

MAX strain 

of test (%) 

50 50 50 83 80 82 77 

Compression 

Strength @ 

Max Strain of 

Test 

 

1.66 

 

1.77 

 

1.80 

 

28.5 

 

24 

 

43.8 

 

27.9 

Modulus at 

initial part of 

curve (MPa) 

 

1.79 

 

2.07 

 

2.27 

 

n/a 

 

n/a 

 

4.42 

 

4.95 

Durometer 

(Shore A) 

33 
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Compression Properties:  FD70, Hard Polyurethane Elastomer, Foot Plate (BJB 

Enterprises) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 50 150 500 1000 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

53.7 

 

62.4 

 

76.8 

 

n/a 

 

105.8 

 

n/a 

 

n/a 

MAX strain 

of test (%) 

50 50 50 38 67 8.2 16 

Compression 

Strength @ 

Max Strain of 

Test 

 

53.7 

 

62.4 

 

76.8 

 

69.0 

 

163.9 

 

49.4 

 

69.4 

Modulus at 

initial part of 

curve (MPa) 

 

432.3 

 

520.0 

 

591.1 

 

743.3 

 

749.5 

 

n/a 

 

n/a 

Durometer 

(Shore D) 

 

68 

50 s-1 and 150 s-1 tests performed on custom drop tower.  

500 s-1 and 1000 s-1 performed using Split Hopkinson Pressure Bar (SHPB). 

 
Compression Properties:  Delrin, Rigid Thermoplastic (Acetyl Resin), Calcaneus Cap 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 40 150 500 600 1000 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

245.4 

 

230.1 

 

n/a 

 

n/a 

 

238.1 

 

256.3 

 

n/a 

 

n/a 

MAX strain 

of test (%) 

50 50 45 15 66 82 10 15 

Compression 

Strength @ 

Max Strain of 

Test 

 

245.4 

 

230.1 

 

219.6 

 

151.0 

 

286.2 

 

497.5 

 

158.0 

 

176.1 

Modulus at 

initial part of 

curve (MPa) 

 

2941 

 

2737 

 

2741 

 

2686 

 

2820 

 

n/a 

 

> 10K 

 

> 10K 

Durometer 

(Shore D) 

 

81 

 

40 s-1 and 150 s-1 tests performed on custom drop tower.  

600 s-1 and 1000 s-1 performed using Split Hopkinson Pressure Bar (SHPB) 

 

 



 

Approved for public release; distribution is unlimited. 

68 

Compression Properties:  F-130 A/B, Polyurethane Elastomer, Flesh (BJB Enterprises) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 75 160 500 850 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

1.28 

 

1.39 

 

1.62 

 

2.26 

 

2.55 

 

3.36 

 

3.43 

MAX strain of 

test (%) 

50 50 52 86 84 88 83 

Compression 

Strength @ 

Max Strain of 

Test 

 

1.28 

 

1.39 

 

1.83 

 

40.8 

 

33.6 

 

65.1 

 

47.85 

Modulus at 

initial part of 

curve (MPa) 

 

1.22 

 

1.28 

 

1.38 

 

n/a 

 

n/a 

 

13.1 

 

31.2 

Durometer 

(Shore A) 

 

31 

75 s-1, 160 s- , 500 s-1 and 850 s-1 tests performed on custom drop tower.  Weak strain rate 

dependence at lower strain rates. Strong strain dependence at high strain rates (>75 s-1). 

 

 
Compression Properties:  Butyl Rubber Custom Compound, Compliant Elements in Spine and 

Legs (Abbott Rubber) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 50 150 500 850 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

n/a 

 

n/a 

 

7.8 

 

n/a 

 

46.4 

 

76.2 

 

84.1 

MAX strain 

of test (%) 

47 47 53 31 63 65 64 

Compression 

Strength @ 

Max Strain of 

Test 

 

3.8 

 

5.0 

 

8.9 

 

13.5 

 

49.1 

 

110.7 

 

127.0 

Modulus at 

initial part of 

curve (MPa) 

 

14.9 

 

16.4 

 

15.2 

 

123.3 

 

185.8 

 

337.3 

 

n/a 

Durometer 

(Shore A) 

70 

Strain rates > 50 s-1 were performed on custom drop tower.  Weak strain rate dependence at 

slower strain rates. Strong strain dependence at high strain rates (>50 s-1). 
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Compression Properties:  Rencast 6425, Hard Polyurethane, Tail Bone (Huntsman) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 50 160 700 1100 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

73.9 

 

80.2 

 

91.2 

 

n/a 

 

134.7 

 

n/a 

 

n/a 

MAX strain 

of test (%) 

50 50 50 33 61 10 17 

Compression 

Strength @ 

Max Strain of 

Test 

 

73.9 

 

80.2 

 

91.2 

 

73.7 

 

171.7 

 

69.5 

 

80.8 

Modulus at 

initial part of 

curve (MPa) 

445.7 502.1 509.8 802.2 859.5 >6000 >11000 

Durometer 

(Shore D) 

67 

Strain rates of 50 s-1 and 160 s-1 were performed on custom drop tower. Strain rates of 700 s-1 

and 1100 s-1 were performed using a Split Hopkinson Pressure Bar (SHPB). Rencast 6425 

exhibits strong strain dependence at high strain rates (>50 s-1). 

 

 
Compression Properties: TC 892, Rigid Polyurethane, Pelvic Bone (BJB Enterprises) 

Property Strain Rate (s-1) 

 0.01 0.10 1.0 50 190 550 1000 

Compression 

Strength @ 

50% Strain 

(MPa) 

 

102.2 

 

98.2 

 

120.0 

 

n/a 

 

163.5 

 

n/a 

 

n/a 

MAX strain 

of test (%) 

50 50 51 23 52 8.0 14 

Compression 

Strength @ 

Max Strain of 

Test 

 

102.2 

 

98.2 

 

117.0 

 

87.0 

 

173.5 

 

117.5 

 

116.9 

Modulus at 

initial part of 

curve (MPa) 

 

1950.1 

 

1847.2 

 

1887.5 

 

2283.7 

 

2317.4 

 

>5000 

 

>4000 

Durometer 

(Shore D) 

79 

Strain rates of 50 s-1 and 190 s-1 were performed on custom drop tower. Strain rates of 550 s-1 

and 1000 s-1 were performed using a Split Hopkinson Pressure Bar (SHPB). TC 892 exhibits 

strong strain dependence at high strain rates (>50 s-1). 
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Appendix D. Experiment Data 



Proflex 30 Tension 

 

 

 

Cyclic Tension Strain History 
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Proflex 30 Cyclic Tension 
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Proflex 30 High Rate Tension 

 

 

Strain History 

 

High Rate  

Tension 
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Proflex 30 All Tension Data 

 

  

75



Proflex 30 Compression 

 

Cyclic 

Compression 

76



Proflex 30 High Rate Compression 

 

All Compression Data 
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XE 1031 Tension 

 

  

Cyclic 

Tension 

Strain 

History 
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XE 1031 

 

 

Cyclic Tension 

Results 
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XE 1031 High Rate Tension 

 

 

Strain History 

Results 
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XE 1031  

 

Compression 

 

All Tension Data 
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XE 1031 

 

 

Cyclic 

Compression 

High Rate 

Compression 
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XE 1031 

All Compression Data 
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F-130 

 

 

 

Tension 

Cyclic Tension 

Strain History 

 

 

Strain History 
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F-130 

 

 

Cyclic 

Tension 

Results 
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F-130 

 

 

High Rate 

Tension 

Strain History 

High Rate 

Tension 

Results 
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F-130 

 

 

All Tension 

Data 

Compression 

87



F-130 

 

 

Cyclic 

Compression 

High Rate 

Compression 

88



F-130- All Compression Data  
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Butyl 75A 

 

 

Tension 

Cyclic 

Tension 

Strain 

History 
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Butyl 75A 

 

 

 

 

Cyclic 

Tension 

Results 
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Butyl 75A 

 

 

 

High Rate 

Tension 

Strain 

History 

High Rate 

Tension 

Results 

92



Butyl 75A  

 

 

All 

Tension 

Data 

Slow Rate 

Compression 

93



Butyl 75A 

 

 

Cyclic 

Compression 

Cyclic 

Compression 

5 minute 

hold 

segments 

94



Butyl 75A 

 

 

High Rate 

Compression 

All 

Compression 

Data 
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FD-70 

 

 

Tension 

Cyclic 

Tension 

Strain 

History 

96



FD-70 

 

 

Cyclic 

Tension 

Results 

97



FD-70 

 

 

High Rate 

Tension 

Strain History 

High Rate 

Tension 

Results 

98



FD-70 

 

 

All  

Tension 

Data 

Slow Rate 

Compression 

99



FD-70 

 

 

Cyclic 

Compression 

High Rate 

Compression 
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FD-70 

 

 

 

 

 

 

 

 

 

All Compression Data 
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Rencast 6425 

 

 

Slow Rate 

Tension 

Cyclic 

Tension 

Strain 

History 
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Rencast 6425 

 

 

Cyclic 

Tension 

Results 

103



Rencast 6425 

 

 

High Rate 

Tension 

Strain 

History 

High Rate 

Tension 

Results 
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Rencast 6425 

 

 

All  

Tension  

Data 

Slow Rate 

Compression 

105



Rencast 6425 

 

 

Cyclic 

Compression 

High Rate 

Compression 
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Rencast 6425                              

 

 

 

 

 

 

 

 

All Compression Data 
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TC 892 

 

 

Slow 

Rate 

Tension 

Cyclic 

Tension 

Strain 

History 
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TC 892 

 

 

Cyclic 

Tension 

Results 
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TC 892 

 

 

High 

Rate 

Tension 

Strain 

History 

High 

Rate 

Tension 

Results 

110



TC 892 

 

 

All 

Tension 

Data 

Slow Rate 

Compression 

111



TC 892 

 

 

Cyclic 

Compression 

High Rate 

Compression 

112



TC 892 

 

 

 

 

 

 

 

All Compression Data 
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Delrin 

 

 

Tension 

Cyclic 

Tension 

Strain 

History 
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Delrin 

 

 

Cyclic 

Tension 

Results 

115



Delrin 

 

 

High 

Rate 

Tension 

Strain 

History 

High 

Rate 

Tension 

Results 
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Delrin 

 

 

All 

Tension 

Data 

Slow Rate 

Compression 

117



Delrin 

 

 

 

Cyclic 

Compression 

Results 

High Rate 

Compression  
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Delrin  

 

 

 

 

 

 

 

All Compression Data 
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List of Symbols, Abbreviations, and Acronyms 

ATD anthropomorphic test device 

D diameter 

DIC digital image correlation 

H height 

SH stacked height 

SHPB Split Hopkinson Pressure Bar 

TD Technology Demonstrator 

UBB underbody blast 

WIAMan Warrior Injury Assessment Manikin 
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