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Load cell
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UNIVERSAL TESTING MACHINE
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A & E = TENSILE STRENGTH AT BREAK
ELONGATION AT BREAK

B = TENSILE STRENGTH AT YIELD
ELONGATION AT YIELD

C = TENSILE STRESS AT BREAK
ELONGATION AT BREAK

D = TENSILE STRESS AT YIELD
ELONGATION AT YIELD
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Stress-Strain Curve

* i.e. stress-strain behavior of polymers

Strains — deformations >
1000% possible (for
metals, maximum strain
ca. 100% or less)

| | | | | | |
i Dbrittle polymer

Opg Of polymer ca. 10% that of metals

" plastic

elastic modulus
— less than metal

Strain

Adapted from Fig. 15.1,
Callister 7e.
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Tensile Response: Brittle & Plastic

Near Failure

Initial

aligned, networked
Cross- case
linked
case

60

c(MPa)

x brittle failure

onset of

necking plastic failure

¢unload/reload

i
S
- amorphous .
crystalline b crystalline
regions . :
case regions align
elongate

fibrillar

L~ structure

near
failure

crystalline
regions
slide

Stress-strain curves adapted from Fig. 15.1, Callister 7e. Inset figures along plastic response curve adapted from Figs. 15.12 & 15.13,
Callister 7e. (Figs. 15.12 & 15.13 are from J.M. Schultz, Polymer Materials Science, Prentice-Hall, Inc., 1974, pp. 500-501.)
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Tensile Response: Elastomer

c(MPa)

60 H} x brittle failure

l

l

. plastic failure
X

J I

initial: amorphous chains are
kinked, cross-linked.

4

6

Deformation
IS reversible!

e

8

A

final: chains

are straight,
still

cross-linked

« Compare to responses of other

polymers:
-- brittle response (aligned, crosslinked

& networked polymer)

-- plastic response (semi-crystalline
polymers)

Stress-strain curves adapted from Fig. 15.1, Callister 7e. Inset figures along elastomer curve (green) adapted from Fig. 15.15, Callister 7e.

(Fig. 15.15 is from Z.D. Jastrzebski, The Nature and Properties of Engineering Materials, 3rd ed., John Wiley and Sons, 1987.) ?{is k@ili
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INTERNATIONAL

la—  Original

L/ (0063 1n. )

D\

datnnaziinsiiensiezegluduuureinds daudiiunasay
(specimen) 14 lanwiaauu1asg unleaady 1iuw ASTM D638 (Tudu

Standard Test Method for
Tensile Properties of Plastics’

This standard is issued under the fixed designation D638; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.
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Speocimen Dimensions for Thickness, T, mm (in.)?

Lo = Simonci i 7 (0.28) or undar Over 7 to 14 (0.28 to 0.55), incl 4 (0.16) or under o
TYPES I, II, 111 & V mensions (sea drawings) Type | Type Il Type Il Type IV® Type VET ¢
W_Width of namow saction=F 13 (0.50) 6 (0.25) 19 {0.75) B(0.25) 1218 (0.125) £0.5 (=0.02)8-C
[—Length of narrow saction 57 (2.95) 57 (2.25) 57 (2.25) 33(1.30)  0.53(0.375) £0.5 (=0.02)°
_-\_i_A—_ T WO Width overall, min® 19 (0.75) 19 (0.75) 20 (1.13) 10 (0.75) +6.4(+0.25)
RO We _w wo WO—Width overall, min® .52 (0.375) +£3.18 [ +0.125)
LO—Length overall, min* 165 (6.5) 183 (7.2) 246 (0.7) 115 (4.5) B35 (2.5) no max (no max)
_yrg L— 3 ——1 \'[-— j— G—Gage length’ 50 (2.00) 50 (2.00) 50 (2.00) 7.62 (0.300) +0.95 (0.010)°
Lalndl G—Gage length’ 25 (1.00) +0.13 (+D.005)
L — DDistance between grips 115 {4.5) 135 (5.9) 115 [4.5) 85 (2.5) 25.4 (1.0) =5 (=0.2)
R—Radius of fillat 76 (3.00) 76 (2.00) 76 (2.00) 14 (0.56) 12.7 (0.5} =1 (=0.04)5
D RO Outer radius (Type IV) 25 (1.00) £1 (£0.04)




