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Research Name The study of the qualification of polymer mixed glass fiber for the material

of the wirdwheel produced the electrie current.

Researcher Name  Asst. Prof. Rampueng Jaroenyot
Mr. Suttisan Anuntaratanachai
Mr. Pipat Sujittamakul
Major Field Industrial ~ Engineering
Budgets Year 2015
ABSTRACT

This research studied the attrition of wind turbine blades for.electricity generation caused
by the harsh friction of dust in the wind with the wind speed that resulted.in the damage of wind
turbine blades and body and the high'maintenance and repair expenses.

From the problems above, the project organizer created the substitute material for glass
fiber-reinforced polyester by using glass fiber-reinforced epoxy wrapped with ceramic-reinforced
epoxy to strengthen the wind turbine blades surface. The test pieces were made in 70:30, 60:40
and 50:50 ratio respectively and those were tested for tensile strength, flexural strength, hardness
and attrition resistance. Materials propertiestwere compared and the most suitable material quality
was selected to make the wind turbine blades for electricity generation.

Results indicated that glass fiber-reinforced polyester wrapped with ceramic fiber-
reinforced epoxy at 70:30 compositions contained the best mechanical properties. It resisted
tensile strength at 98 MPa and resisted tensile strength at 195 MPa. Its hardness was 105 HRL. It
was the compositions that the cluster of polymer and fiber were tight so the hardness and strength
were very high and was able to resist the attrition from the dust in the wind at 0.28% by weight.
Therefore, it was the best suitable material for making the wind turbine blades for electricity

generation.
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aIufi2s  Audnvuznanaieuvgitevenedwesuaria
Material Specific Tensile Tensile Yield Elongation
Gravity Modulus Strength Strength at Break

[GPa(ksi)] [GPa(ksi)] [GPa(ksi)] (%)

Polyetylene 0.917- 0.17-0.28 8.3-31.4 9.0-14.5 100-650

(low density) 0.932 (25-41) (1.2-4.55) (1.3-2.1)

Polyetylene 0.952- 1.06-1.09 22.1-31.0 26.2-33.1 10-1200

(high density) 0.965 (155-158) (3.2-4.5) (3.8-4.8)

Polevinylchoride 1.30-1.53  2.4-4.1 40.7-51.7 40.7-44.8 40-80
(350-600) (5.9-7.5) (5.9-6.5)

Polytetrafluoroethlene  2.14-2.20  0:40-0.55 20.7-34.5 ¢ 200-400
(58-80) (3.0-5.0)

Polypropylene 0.90-091  1.14-1.55 31-41.4 31.0-37.2 100-600
(165-225) (4.5-6.0) (4.5-5.4)

Polytetrafluoroethlene  2.14-2.20 | 0.40-0.55 20.7-34.5 - 200-400
(58-80) (3.0-5.0)

Polystyrene 1.04-1.05  2.28-3.28 35.9-51.7 - 1.2-2.5
(330-475) (5.2-7.5)

Polymethyl 1.17-1.20  2.24-3.24 48.3-72.4 53.8-73.1 2.0-5.5

methacrylate (325-470) (7.0-10.5) (7.8-10.6)

Polyester (PET) 1.29-1.40 2.8-4.1 48.3-72.4 59.3 30-300
(400-600) (7.0-10.5) (8.6)

Polycarbonate 1.20 2.38 62.8-72.4 62.1 110-150
(345) (9.1-10.5) (9.0)
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Components AR-glass C-glass E-glass S-glass
510, 622 65 552 65
Zr0; 16.7 - - -
TiO, 0.1 i} ) )

Fez0s 0.09 0.3 0.3 .
B20s - 5 7.3 .
CaO 5.2 14 18.7 -
MgO 0.16 3 3.3 10
Na,O 14.3 8.5 0.3 -
K,O 0.4 ) 0.2 -
LiO, . C . .
F2 - - 0.3 -

Composition of Glass Fibres[ Wt%]
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Maximum Use of Temperatures (°C )

Fiber Oxidizing Non-oxidizing Atmosphere Melting
Type Temperature ( °C)
Al;05 1,540 1,600 2,040
Al;05-5i0; 1,300 1.300 1.760
Al;05-5i0,°8,0; 1,427 1.427 1740
Sic 1.800 1.800 2,690

SizN, 1,300 1,800 1,900
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Major Holdings Ltd.

TECHNICAL DATA SHEET. EPOXY RESIN BE-333

BE-333 is a liquid. unmodified bisphenol A-cpichlorohydrin cpoxide resin which is light straw-color has
medium viscosity. BE-333 is one of the most standard liquid resin which can be cured with amine, anhydride,
polyamide, or other hardeners depending upon desired and properties. The products have excellent chemical
MWWMWW&&MMWMWMMBBBSMM
cured at room or elevated temperatures depending upon choice of hardener.

SPECIFICATION ,
Weight per Epoxy Equivalent (W P E) 182-192
Viscositv, Brookfield, cps, 25 °C 11,000 — 15,000
Color, (APHA) <30

Specific Gravi ty 1.15-1.18
Nonvolatile %wt 99,7 min
Chlorine,Hydrolyzable,ppm <1,000

APPLICATION

Protective Coating

Casting potting & Encapsulation for Electrical Components
Laminating

Tooling

Civil Engineering

Adhesive

PACKAGE
220 kgs net weight in new iron drum.

STORAGE
BE-333 should be stored in dry codifissig away from the resin may have a storage life of at least one year.

The information herein and otherwise supplied o users is based on our general experience and, where applicable, on the results of lest an samples
dgpmtmnﬁs:ﬂw Huowever, because of the many factors which are outside knowledge and conirel, which can effect the use of these products, users
may rely on their own judgment and we cannot accept liability for any infury, loss or damage resulting from reliance upon such information.
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(DIN 3219, at 500 1/5; 23°C)

Amine Value:
(DIN 16945 /5.6)

300 - 350 mg KOH/g

Iodine Colour Number: <
(DIN 6162)

Not continually determined:

2.

ic Viscosity: 80 - 100 mPa.s
(DIN 3219, at 500 1/s; 25°C)
%)O'C: 1.00 approx. g/em’

Demn

Flash point ("C) >96 °C

(DIN 2719, Fensky — Martens)
STORAGE STABILITY

At temperatures up to 25 Cswragesublhtypacked

in original containers amounts to at least 365 days.

SAFETY AT WORK AND ENVIRONMENTAL PROTECTION

deners, the rules and regulations established by local
authorities should be observed. A Material Safety Data

Sheet is available on request.
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Classification Temp (T)

Warking Temp (T) £1080 i1 1200 £1350

Colar Purg White Pure Whits Pure White Pue While

Busk Density (Kp/m3) 180-220 190-220 120-220 190-220
Permanent Linear Shrinkage(%) 950TK24ns3 8 1OOCKMRE3S  1200TX24R53 5 1360TXKMNE3 5

0.07(400C) 0.07(@00T) 0.083(400T) 0 DEA00T)
Themnal Conducthvily (wim k) (128K/m3) 0.0%4007T) 0.09(400C) 0.088(400C)  0.087(400T)
0.1XB00T) 0.12B00T) 0.110BO0T)  0.100800T)

Organic Content] %) 0 8 a a
Tervsile Strength {128Kg/m3) (zMpa) 0.50 065 0.70 0.75
& 303 4545 47-43 52-58 38-40
Chemical Composition (%) AL203+5102 97 a3 o9 -
Iro2 = = - 1617
MaiStre(%) 4
Length 1 0000 - 600000
Sze(mm) width 610 & 1220
Thickress0.50 -8, AS CUSIMETS reqUINeTsEnts
Package Cartons

Centifcate 15 00012000, 15014001-2000
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Wery 70:30
Speed Gauge Length  Temperature Humidity Tensile Strength
e mm./min. mm. °c % N/mm?
1 2 50 23 46 783
2 2 50 23 46 780
3 2 50 23 46 785

1 a 4 v !
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WETY 60:40
Speed Gauge Length  Temperature Humidity Tensile Strength
e mm./min. mi. °C % N/mm?
1 2 50 23 46 625
2 2 50 23 46 618
3 2 50 23 46 622

AT U3 Llﬁﬂﬁwﬁﬂﬁ'ﬂﬂﬁﬂ‘Uﬂ13ﬂu§iﬂlliﬂa\ﬁ/\|ﬂalﬂﬁm®§ﬂﬁﬂLﬁjuﬁl‘c’lll'ﬁ)ﬂ A1

Wl 50:50
Speed Gauge Length  Temperature Humidity Tensile Strength
o mm./min. mm. °C % N/mm?
1 2 50 23 46 550
2 2 50 23 46 540
3 2 50 23 46 547
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AT N U4 meNams‘wmﬁmmi‘numm@mqawamaﬁmamamﬁuiﬂuﬁ/’a DATITHIU Wl

70:30
Speed Span Temperature ~ Humidity Flexural Strength
e mm./min. mm. °c % N/mm?
1 4.56 150 23 51 125
2 4.56 150 23 51 122
3 4.56 150 23 51 128

' @ a J v '
AT N US L!ﬁ'ﬂQWﬁﬂTﬁ‘ﬂﬂﬁﬁ)“ﬂﬂTi‘VI’L!G]E)LLi\'i@@Q@Wﬂﬁl@ﬁlﬁﬂiﬂﬁm&juiﬂllf% DATITIU WU

60:40
Speed Span Temperature Humidity Flexural Strength
e mm./min. mm. °C % N/mm?
1 4.56 150 23 51 100
2 4.56 150 23 51 96
3 4.56 150 23 51 98

1 o a 4 1% J
ATTN V6 L!ﬁ'ﬂ\‘]N’dﬂTi‘ﬂﬂﬁ@‘Uf‘ﬂﬁﬂuﬂ@uiﬁﬂﬂQ@Wf)ﬁl@ﬁl@@iﬂﬁm&luiﬂuf% DATITIU WU

50:50
Speed Span Temperature Humidity Flexural Strength
e mm./min. mm. °C % N/mm?
1 4.56 150 23 51 84
2 4.56 150 23 51 89
3 4.56 150 23 51 88
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Farce M Curve for Product Code: $msd wu F0-30
10000
3000
s000
Fooo
000
5000
4000
3000
2000
1000
o]

oo 04 08 12 16 20 24 28 32 3B 40
Exrtension rm

Batch Reference Max Force Max Stress Ext at Max Ext at Brk
Width
N MPa % % mm  mm

70:30 - 1 8430 38.47 2497 2.497 12.50- _18.00
70:30 -2 9150 39.25 2.783 2.783 ( 12.60  18.50
70:30 - 3 8160 37.47 2.546 ~2.546 12.50 17.90

n 3 3 3 3 3 3
Mean 8580 37.73 2.609 2.609 12.533 18.133
Median 8430 37.47 2.546 2.546 12.50 18.00
Std. Dev. 511.76 1.4106 0.1526 0.1526 0.0576 0.3215
Range 990 2.78 0.285 0.285 0.10  0.60

Maximum 9150 39.25 2783 2783 12.60 18.50

Minimum 8160 36.47 2.497 2497 12.50 17.90

Thickness
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Force
10000
5000
2000
7000
EO00
5000
4000
3000
2000
1000
1]

r Curve for Product Code: 3imsd wu 60-40

1
I I | | | I
i peteies Y i e e s e T

P | 1

oo 04 08 12 16 20 24 28 32 36 40

Fstenzinn mm

Batch Reference Max Force Max Stress Ext at Max Ext at
Thickness Width

N MPa % % mm =~ mm
60:40 - 1 7664  33.14 2.337 2.337. 12.50 18.50
60:40 -2 8750  38.89 2.650-..2.650 12.50 18.00
60:40 - 3 9680  41.55(-2.546 2.546 12.50 18.20

N 3 3 3 3 3 3

Mean 8698 38.19 2.511 2.511 12.500 18.233
Median 8750  38.89 2.546 2.546 12.50 18.20
Std. Dev. 1009.0 4.7423 0.1594 0.1594 0 0.2517
Range 2016  9.41 0.313 0.313 0 0.50
Maximum 9680  42.55 2.650 2.650 12.50 18.50
Minimum 7664 33,14 2.337 2337 12.50 18.00

Brk
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Force M Curve For Product Code: sin 53 wu G060

[ e St e £ 2= L
750 f---r===p===} '

:
L A St R St "~ o o S
RS e i o i B ey g
I k ] [ | I 1

4500 gl g B s
n [ | | 1

E L e B i SN e
WD f-——r-—-r - FeT-r---m---ra--r---
2250 i i i ___::.___;_JI__;____:
& 1 Y
poil et R N o B

0 il o i i

oo o4 08 172 18 20 24 28 32 36 40
Extension mm

Batch Reference Max Force Max Stress Ext at Max Ext at Brk Thickness
Width

N MPa % % mm mm
50:50-1 7455 32.77 2904 ( 2904 12.50 18.20
50:50-2 6060 32.77 2.452- 2452 12.00 18.20
50:50-3 5085 22.23+ 1930 1.930 12.50 18.30

N 3 3 3 3 3

Mean 6200 27.58 2.429 2429 12.333 18.233
Median 6060 27.75 2452 2452 12.50 18.20
Std. Dev. 1191.2 52718 0.4874 0.4874 0.2887 0.0577
Range 2370 10.54 0974 0974 050 0.10

Maximum 7455 32.77 2904 2904 12.50 18.30

Minimum 5085 2223 1930 1.930 12.00 18.20



120

ﬂ]i‘i’lﬂﬁﬂﬂﬁ1ﬂ'c)13~l!!"l¢iﬂ

H 1 o < { a Y] 1
MINN V10 LAAINAMINATOUNINUABLITInAONoNTHaudU oI 1n DA31aIU 70:30

Force M Curwe for Product Code: 40054 b HO-50
FEO0
B7AD
E000
R2E0
4500 i
3750 { -
o0 f---o
2250
1500

750

oo o4 08 12 16 20 zZ4 28 32 36 40
Estersion mm

Batch Flex Strength Flex Mod Thick Width
MPa MPa mm mm
bean-1 46.46 5399 9.60  12.80
bean-2 51.03 6369 9.60 13.00

bean-3 59.73 6882 9.40  12.90

n 3 3 3 3
Mean 56.75 6217 9.533 12.900
Median 59.4 6369 9.60 12.90
Std. Dev. 22.269 753.16 0.1154 0.1001
Range 443 1483 020 0.20

Maximum 77.6 6882  9.60 13.00

Minimum 333 5399 940 12.80
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Force M Curve for Product: sinsd wuny3a

B L B e e e e et e 2 e S P i e
B7S t---F---r---r---f---p---p---p---p--=p---,
B e bewmbime b b bws beou b Lo b
625 [ ---bo-bobdembamdl L L L
i o s L e e s s s
et eI b el e bl
L e A e Y E T R TRy
225 SRS i.__ | S SgSs :.__ i.__ i.__ Erenkbeenkermin]
150 2 ." ----------------
75 B e e e e e e H e e e

; |

000 o078 180 225 300 375 450 525 EO0 EBVS VRO
Extension mm

Batch Flex Strength  Flex Mod Thick Width
MPa MPa mm mm
bean 3 -1 36.21 4520 9.60  13.00
bean 3 - 2 34.53 4310 9.60. " 13.00
bean 3 -3 3435 4287 19.60  13.00
n 3 3 3 3
Mean 68.08 4372  9.600 13.000
Median 68.6 4310 9.60  13.00
Std. Dev. 1.4022 12820 O 0

Range 2.6 233 0 0

Maximum 69.1 4520 9.60  13.00

= Y

FHNAUITU
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T30 918U 60:40
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Minimum 66.5 4287 9.60  13.00

MSN V12 UAAINANTNATDUNMINUABIIINADWONTHANAU BN dNTIAIU 50:50

Force M Curve for Product $insd sunys
e e R e e e e e e i
g SRR EEE EER PR PR R REE PR PR P
e d L i et M Demeldr G
i SR S B B R SR
e e e
i G T S EEELREEE, B EERL R RRE PR SR |
R e T L
L3N 7 2 e A i = B s T
]

0oo0 075 180 225 300 375 450 525 BO0 EBYS Y60
Estenzion mm

Batch Flex Strength Flex Mod Thick Width

MPa | MPa mm mm

bean 2 - 1 2731 3409 9.60  13.00
bean 2 -2 29.31 3677 9.60--. 1270
bean 2 - 3 31.29 3846 9.60 ~ 12:80
n 3 3 3 3
Mean 58.13 3644 9.600 12.833
Median 58.8 3677 9.60 12.80
Std. Dev. 3.1868 220.14 0 0.1528
Range 6.3 437 0 0.30

Maximum 60.9 3846 9.60  13.00

Minimum 54.6 3409 9.60 12.70
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Force M Curve for Product Code: $insd 4 n 5 (2]

L e S
00 oo oo
32000 bbb
2015 [ S
24000 I . 2523763

20000 --——I----I-___I.___E-___:. o

16000 S s e

12000 R RRR R EEETEEET RS

8000

aonn LT
0 ! ! ! ! ! N !

000 075 160 225 300 375 480 525 EBOOD B75 760
Extension mrm

Batch Reference Max Force Max Stress Ext at Max Ext at Brk Thickness

Width

N MPa % % mm mm

#2376 -1 22425 93.5 4507 43507 19.00 12.62

#2376-2 22775 95:0\ ~4.246 4.246 19.00 12.62

#2376 -3 25120 104.8 5.146 5.146 19.00 12.62
n 3 3 3 3 3 3
Mean 23440 97.76 4.633 4.633 19.000 12.620
Median 22775 95.0 4507 4.507 19.00 12.62
Std. Dev. 1465.4 6.1115 0.4631 0.4631 O 0
Range 2695 11.2 0900 0.900 O 0

Maximum 25120 104.8 5.146 5.146 19.00 12.62

Minimum 22425 935 4246 4246 19.00 12.62
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Force
25000

22800 1

20000
17500
15000
12500

10000
h00 1

5000

2800 1

0

M Curve for Product Code: $insd wu n 4
1 1 1 1 1 1 1 ] 1 1
1 1 1 1 1 1 1 ] 1 1
I e e R R R e e e |
1 1 1 1 1 1 1 ] 1 1
R T I NV NN M S N B R |
1 1 1 1 1 1 1
1 1 1 1 1 1 5'23?5-? 1
r-—-—-r-—-=-Fr—-=-=-Fr=-=-=-F=-=-=-F=-=-- 4A-F-F-F-==-F=-=-=1
1 1 1 1 1 1 1 ] 1 1
T R S A A YYD TR I R
1 1 1 1 1 m 1 1 1 1 1
1 1 1 1 1 m 1 1 ] 1 1
I i S T et [ R [ A I A —
1 1 1 1 1 m 1 1 ] 1 1
1 1 1 1 1 m 1 1 ] 1 1
TTTrT T Tr T T T UrE T TrTTTrTmmrTrTrT T Tr T T T
1 1 1 1 1 " 1 1 1 1 1
- — =L L= £ e 1 e e i —
1 1 1 1 1 m 1 1 ] 1 1
1 1 1 1 1 m 1 1 ] 1 1
== =-F - -_———-F=-=-=-F-=-=-F=-=-=-F=-4H4I-F-F=-F-=-=F=-==1
1 1 1 1 1 1 m 1 1 ] 1 1
1 1 1 1 1 m 1 1 ] 1 1
P ol il il il el el Tl el il ettt el
1 1 1 1 1 1 m 1 1 ] 1 1

0oo 075 150 225% 300 375 450 55 GO0 BYS VA0

Batch Reference Max Force

Thickness Width

N MPa
#2375-1 15680 65.2
#2375-2 20025, 83.3
#2375-3 18660 77.6

n 3
Mean 18122  75.40
Median 18660 77.6
Std. Dev. 2222.0 9.245
Range 4345  18.1

Maximum 20025 83.3

Minimum 15680 65.2

E=tenzion mm

Max Stress Extat Max

% % mm mm
3991 4357 19.00 12.65
4.748 4.878 19.00 12.65
4278 4304 19.00 12.65
3 3 3 3
4.339 4.513 19.000 12.650
4.278 4.357 19.00 12.65
0.3819 03174 0 0
0.757 0574 0 0
4.748 4.878 19.00 12.65
3991 4304 19.00 12.65

Brk
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‘orce M Curve for Product Code: ginnsd n 6
RN + = = = F = = = F = = = e e e e e e e e = = R
oo | | | | | | bt LT
J?EDD r--~-~r-——~r~-~~-~~"r~~"~“r~=-~"~"r=~""r~-, &A-""~"r=-——=r=-=—7"1
I B S R i~ ol s KIS el
L S Y (L R
I e e e e
T
A T R L
I:I } 1

Qo0 075 150 225 300 375 450 525 BO0 EBVS VA0
Extengion rmm

Batch Reference Max Force Max Stress Ext at Max Extat Brk Thickness

N MPa % % mm mm
#2377-1 20350 84.5 4461 4461 19.007 12.68

#2377-2 24100 100.0 4.989 4989 19.00 12.68

#2377 -3 16160 67.1  3.617 3617 19.00 12.68
Mean 20203 83.86-4.356 4.356 19.000 12.680
Median 20350 84.5 4461 4461 19.00 12.68
Std. Dev. 3972.0 16.487 0.6919 0.6919 0 0
Range 7940 33.0 1.372 1372 0 0

Maximum 24100 100.0 4.989 4989 19.00 12.68

Minimum 16160 67.1  3.617 3.617 19.00 12.68
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Y aa A Y a Y 1
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Force
2A00

2250 1
2000 1
1750
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500 1
280t
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M Curve for Product; 358 dunys
1 1 1 1 I 1 I 1 1 1
1 1 1 1 I 1 I 1 1 1
--Tr--°Tr--°Tr-TTr-TTroTTrTTTrTTTrTTTrTT T
1 1 1 1 1 I 1 1 1
I e ~ L R N I e —
1 1 1 1 I 1 I 1 1 1
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-—-——F—-——-F-=-=-F-- 5 [l -——-—F-—-—-Fr—-—-—-F-—-=-F-=--1
1 1 1 1 I 1 1 1
1 1 1 ] 1 ] 1 1 1
it el el o g ol sl [ o Il el el el et
1 1 1 U 1 I 1 1 1
i i - | IR U e A |
1 1 1 I 1 1 1
1 1 1 1 I 1 I 1 1 1
- TTr--- r Tr---r-°--°r |- r b i e B |
1 (] 1 1 I 1 I 1 1 1
L - - L - ==L _-L---L U P ERE R I R ——
1 1 1 1 I 1 I 1 1 1
1 1 1 1 I 1 1 1 1
- -—F=-=-=F=-=-=F=-=-=F=-=- - - —F=-=-=F=-==1
1 1 1 I -

- ____'____'____'____'____'____'____'____EBEH‘DEEFE-
1 1 1 1 ] 1 ] 1 1 1

1 1 1 1 1 1 1 1 1 hul’ﬂl:lf

no o8 16 24 32 40 48 HE B4 FZ2 80
Extenzion mm

Flex Strength ~ Flex Mod Thick Width

MPa MPa mm mm

number6-1  218.6 7714 12.60 ~9.50
number 6-2  183.4 7422  12:60 “9.50
number 6-3 1824 7213 12760 9.50
n 3 3 3 3
Mean 194.78 7450 12.600 9.500
Median 183.4 7422 12.60 9.50
Std. Dev. 20.591 251.80 0 0
Range 36.2 501 0 0
Maximum 218.6 7714 12.60 9.50
Minimum 182.4 7213 12.60 9.50
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Force M Curve for Product; simsd wunis
2500
2280
2000
1750
1500
1250
1000

7h0
500
250

no o5 10 15 20 2% 30 35 40 45 &0
Eutension mm

Batch Flex Strength ~ Flex Mod Thick ~Width
MPa MPa mm mm

number 5-1  204.2 7450 12.70 © 9.60

number 5-2 1713 6564 12.70. 9.60

number 5-3 1950 7326 12.70 9.60

n 3 3 3 3

Mean 190.13 7113  12.700 9.600
Median 195.0 7326 12.70 9.60
Std. Dev. 16.968 479.55 0 0
Range 329 885 0 0

Maximum 204.2 7450 12.70 9.60

Minimum 171.3 6564 12.70 9.60
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Faorce M Curve for Product: 3imsd wuny3
L i
LI R 7= C AR
S
1200 f---F---F---f---f---prare Tk o)
00 boooioo oL
g0 t---r--- _p- - umperd- g
o |
L e A e e el e S
0 ! ! ! ! ! ! ! ! !

po os 1o 18 20 25 30 35 40 45 AOD
Extenzion mm

Batch Flex Strength  Flex Mod Thick Width
MPa MPa mm mm

number 4 - 1 1545 6511 12.70 9.50

number4-2  131.0 5604 12.70 ~9.50

number 4 - 3 141.0 6031 12:70 "9.50

n 3 3 33
Mean 142.14 6049  12.700 9.500
Median 141.0 6031 12,70 9.50
Std. Dev. 11.791 453.78 0 0
Range 235 907 0 0
Maximum 1545 6511 12,70 9.50

Minimum 131.0 5604 12.70 9.50
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a3 AMUAI(HRL) X
U Fud 1 Fudi 2 Fuis Fudi 4 $udt 5

1| 2| 3 1 2 | 3 1| o2 | s 1| 2| 3 1|2 | 3
7030 | 82 | 76 | 79 | 85 | 83 | 78 | 79 | 80 | 77 | 72 | 78 | so | 81 | 82 | 79 | 79
60:40 75 73 72 73 70 73 76 77 74 73 76 69 70 69 71 73
50:50 | 65 | 60 | 62 | 60 | 59 | 58 | 64 | 61 | 61 | 64 | 64 | 60 | 65 | 59 | 62 | 62
ﬂ’lilﬂﬁ V20 Llﬁ@\ﬁwaﬂ'ﬁ‘ﬂﬂﬁ@ﬂﬂ'ﬂﬂllﬁﬂ m@ﬂ%ﬁ@ﬂ%ﬂﬁul%ﬂiﬂl%i’lﬁﬂ
9031 ANV IHRL) %
U Fudi 1 Fudi 2 Fuin Fuit 4 Fuii s

1| 2| 3 1 2 | 3 1 2 | 3 1| 2 43 1|2 | 3
70:30 | 106 | 106 | 105 | 104 | 102 | 106 | 104 | 105 | 105 | 104 | 106 {.106~| 104 | 105 | 105 | 105
60:40 | 88 | 89 | 85 | 86 | 85 | 85T ps6 | 88 | 86 | 87 | & (.88 | 87 | 88 | 89 | 87
50:50 | 68 | 68 | 69 | 68 | 671/ 69} 68 | 68 | 68 | 67 [~660| 67 | 67 | 68 | 69 | 68
M3 V21 UEAAINAMINATDUANNITY vogwoae mae I wawuduloudiuiuudae
Sitonanaudulowsiin
a3 AMAI(HRL) X
U Fui 1 Fudi 2 Fuins Fudi 4 Fuit 5

1|2 | 3 1 2 [\3 1| o2 | s 1| 2| 3 1|2 | 3
70:30 | 106 | 107 | 105 | 102 | 105 105 | 104 | 106 | 108 | 104 | 102 | 106 | 102 | 109 | 108 | 105
60:40 96 92 93 95 96 95 94 93 93 96 93 90 94 92 92 94
50:50 91 89 89 92 91 91 92 92 93 92 93 89 89 90 90 91
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Standard Test Method for
Tenslie Properties of Plastice'
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4.1 Dyfnitiors—Defimiions of tems appiying o this et
obod sppoet i Toeminclogy D 883 wnd Amex:A2. -
4, Elpaificuscs xnd Use .. Lo
41 Thi et mothod i designed 1o prodace tenslls pinperty
ol for e comirol snd apecification of plestic materials. These
ﬁ-ﬂﬂhﬂdﬂm-ilt
shoomch o cvoiopamcas. Fox my matersls, dhoen 13 be 3
speciatin et e th o f i st oo, It vidh
plocodenil muodifications thet take precedeace when

:ﬁmhnﬂmii“nw ;

o that msbeclal Defom vy i el vasiod.
Tbis 1 i Clusification D 4000 Hits the ASTM merists
piandads ot commondly edlit -

42 Tl propertes may vary wii specisien pesparafioa
il wilh apood and covimement of ineting, Codeequenity,
whess peeciac compacaiive toaslts aze desied, Shese fhctons
et b careliafly comtentied,

421 B i roalioed tht n miniecisl canaot b wsled withont
oo toaing fhe aethod of propanation of the mejerial. Feece,
when comphrative ey of meleciely per 96 ase datined, the
ekt cues it be cnencieed 0 epwace that all ramples a0
puipiind ix sty the sama waty, snloss the el M 0 inchede
o elios of smmple propeation. Similirty, i relbeve. par-
04 or compuisons wilkia sy gives serles of specimens,
e it bis taben 1o necaive the mucioem degeoe of lfir-

thowe of this et method. s casis of mch d ‘W
sellible sathmaion of fho Nenkt of mofidons cas be iiads for
mout plastics. This scnsltivity 1o raie of siraioing s cavios:
macet mecowsiinion ioning over & beoad oud-teee wouls (ckodk
ling hopact s cooey) s renge of caviccmensndal oonditions 1f
tenally propestés ae 5 mullco or onplasering deslgn. por
Yo S--ue the calvioncn of n i chtic: lask s
ey other ok ekeisl sl I sy oiekd) &0 -
md“hh'ﬂ-ﬂiplﬂpﬁ

dallabon i ot "o o "ty of m pleatic how
oo peckonely “The wmact simer-siran chunciuiotin of e
immieriads ion bighly dopinboit oo ik Buvkrt i i o ngplionion of
s, i, pesvions hiskry of apiciinie, o, Bowons, s
il cmcven o plantio, debeciinid 3 s ot mane,
st wbys ahow 5 Mo vglon, ok Jow pluata, il wimighe o
g ot i of e curve pecsnls calciotion of am shane

® o ok I B WL |,
W ity S i Mabnal Bundinle Tvio, 35 W 430 K,
s, Mt ek, Y 100A. - T !

odels of the wenadly dalssd frpe. Sach 5 conrney d ekl ¥ fa

sty e cid degesdienies o Hins, Seraptiadue, sl aizlar fickern
v iz,

44 Polston's Rotlo—TWhen wodaciel teeails frwve i applind
io & ol the polid shostohes in the dinction of fhe applisd
fiosce (i), bot it a0 contracis in hoth disemsions aiersl
o the applied foece, I the ol i hosogensots and
and the wuterlal remeios elawtic wnder the action of e
foros, th el pivaln bevrs & constut i o el
i, This, congtue, cofled Peinson's tafe, in dafed i fin
megative mfic of the trestvecss (nagadivel) o axi] sraln wnder
bl g,

441 Polsson’y natio is used for the deslgn of Muciures
wrbich 4 diasesinod] chagen eabtiog from the appli
o Sores meeid o be takes b acotuat and in ihe of
the gencralteed theory of alasticity v stmactonsl mmalyuia.

W 6=Th ooy of e desecwioation of Poleoe's pide B
nally Buiod by o acounoy of the aietein sk baaEow
bocummn tha povoentage arvicy i e mceonene o nanilly

* o b o el endes naasmrnly, B itk it e

iy by moaamad, iy mocuianry & LW Aconcenly e sela
walne o tha clbation e o the cecmmtors: A, e gl e
ik of e apdiad Ioadhe newed ik be incorn nccomiRly.

5, Appecwion

5] Teting Mackine—A wating mackioe of fe consianl-
rutz-of-cmuthid-miverens type dad compeising omatziadly
e fellowing:

511 Pind Messber—A fuod of caentlally etatiomary
mkabor carrying o grip.

512 Movabls Membrr—A momble member cacylng &

#ooad pip.

8,13 Cripe—Culpy i boking e fon pociions botween
tho fiod member and e movbln momber of the iesiing
toacisng o be alther the fiuad or self-aligning type,

S11 Fund pripe o righlly sttwched 10 the fed wnd
movebis ineesbons of the tasing machine, Whes fhis typo of
i b e eorens cave should bt o e e e et
specions s nvoried and 0 that e Joag s of B
oot pecknen cobvides with the anedion of pal Gircagh the

5133 Self-sligning grips aee attached 1o the fxod and
macrvaislo et of fhe fouting mackins i soch & mwser thet
they will move frealy foko aligument s 000 % sy Joud s
appiind 0 tha the Jong s of o teat specimmcn will colnclde
with fhoiienetion of e spplied pall lwough f cosler Hes of
the grip sesexably. The apocimens shoakd bo aligmed ds per-
foctly ax poselble with the dimotion of pall s that 50 foby
snotion that ey indece lippigs will accer In the gripe; thers
o it 0 the ot of msaaligument elf-aliguing pripw will
sccommpdes,

5183 mu#ﬁ:ﬂ:t 'hﬂ
ilippags relave io the ke
(et emticza that meo deoply soowed or scrmaiod with & patiors
skzalinr io Ghowe of & cosse sagle-cat s, serrafioes showt 24
men (0 ) spert snd aboot 1.5 mm (0406 i) decp, hive
beca fomd foe most. thermoplastion. Finar sem
fioen Jevs boen fowd 10 bo mom for s
plastics, gach w8, (s Shacoscfing materials. Tho sections
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thoud bo kept cloan sad shup, Broskiog In e gripe ey
oocur a8 ties, eves when deep semations or sbeaded specimen
wwefaces e wsed; other becholques mast bo waed In choss cams,
Othet tochmicguzs that have been foand useful, particolarly with
smoo-fhced grips, e sboxding et portion of the serics of
{he wecimen that wikl be i e grips, end iterposing thin
pleces of sbeasive cloth, sbossive paper, or plasto, or bber-
couted fabrio, commonly called hosplal sbeeding, detwesn the
wpocimen snd the grip sfice, No, 80 double-sided abeasive
pager has boen focad effsctive in sy cases. An open-asth
ek, In which the thomde a0 conted with shrasive, bt slso
boen effective, Redasing the crom-sections] seea of the speci-

* mem may o b ffctve, Th e o spechl ypes of g

sotsetiones neceasary 10 dlimineic dippage sl bresings i tho
[ r

.14 Drive Machaniam—A drivo mochesiom f buparting
10 fie movable member & el controlled veloclty with
rospect 10 the shwSonacy member, with this volockty (o be
mgeted st ipecifiod In Section 8, .

515 Lond Ificar~A mitshle Joad{pdicating mechs-
slsm capable of showlag tho total tenello oad carried by the
tos! spociencn whon held by the grips. This mechanism shall bo
ousenthally fine of fnertia lag at the ipecified ree of leeting snd
chall indlcain tho Joad with m wcumcy of £1% of the
indicated valos, or betier. The scomncy of the ioating mchios
sball be vexiflod in scoondaace with Practions B 4.

Mo ‘F-Expecience s shows fhet mamy outing mackines now in wo
0 lncapeble of mleteluleg iconmey fr o8 long m o pariody hotwec
Inapetion seoommweded Ju Practions K4, Honce, 1 s mooesended fhat
oich michlos o siediod individeally nd vakiod s ofben s ey bo
found mocossery, i frogpenly will bo secessacy o peckocn fhis feaction
.

515 The fixed mesmber, movable member, deivo mochy- plasics

slam, and grips shall be coatracied of ech materials snd
ach propoxtions thet the fotal et Jongitadingl stoaln of the
pyvem conetibeind by (hese pacts doss not exosed 1% of the
uhﬂﬂhmTﬁahu
specionen ot any theo dering the toat sed of say Joud wp 10 the
taed capacity of the madchien. L

5,17 Croeabeed Kuswnsion Indicator—A ratsblo exiealon
infloniog mechunion capable of e mont of
chango I tho mpanation of o grips, Ot s, crombosd
‘movenent. This mochasiem shall bo ceseatielly five of inectial
g & o apacied 1o of weting and il indions e
coombesd movemest with s sccueacy of £10% of e
Indicaied valoe, '

52 Extoxsion Indicaior (cxtensometer)—-A suitable imstre-
meat shall bo wed for dotermining fho distoce betwees two
dosigoaind potnts withia tho page kagth of the kel ipociasca =
fhe speciamen Js stoedchod, For eftwes pacposss, the exiensons-
clor mat bo et ot the full page leagth of tho apocimen,
showe jn Fig. 1, &t i dosicable, but nct emonisl, thet s
fsstrement sstomatioally recond this dlstence, or mey chage i
i, a0 a fmction of o Joad 0n the foxt apocimen of of the
chapecd tioo fiom the st of the foet, o bofk, X ouly fhe Jaser
i cbtuimed, Joad iene datt mont a0 Do takon, This lnstrement

shall bo coatilly five of lnertia ot tho apocified apend of

WM“&W&MM
pertodically verified In acooedence with Practics B 83,

521 Modubus-ofBlasticlry Meanrements—For modalny,
of-¢laatiity morssroments, 13 exteosometor With & Moy
stzaln oomr of 0.0002 mov/imm (a/ln.) that swiomtically g
contimeossly reconds shall b waed. An exiensceter clastideg
by Pactis B8 o folfling da iy
classification within the ange of bae for modube measuy.
monts mects this requirennt.

522 LowExtension Messuremenis—For ehagationn.
yiold mnd low-txeesion measureencats (nominally 20 % o
loss), the sanse above exiensomeder, atieemsted to 20 % cxien.
hon, may be ueed, In wxy case, the exteasometer rysien ry
moct ot loast Claes C (Poaetion B 85) roqolroments, which
inchede & fxad srain cxvor of 0,001 wosia or £10% of te
Indicated stran, whichever is grestac.

503 HighBrimsion Maoncremeats—For making mes.
sumsments of tloagasions greater e ) %, measucing tech.
niues with ecror o preater than 110 % of the messarod valoy
-

ooeplable.

524 Poisson's Ratlo—~Bl-uxial extonsometer o atial and
tnamvens extensometers capeble of roonding axial strein aed
trengvense strain sauultencovaly, The extsascotery shal be

of mearuring the chaogs in strains with an aooumacy of
1% of the relevant valno or better.

Now B-Stezin gagee cat bo vied 0 iezeative mehod o meson
wlel 1nd iaancr stalag howweer, peoper techalames for mostieg
theoln pogee w0 conoll 90 obialnlng acooeets deta. Coumek st page

s b v md eng o hon il e

5.3 Micrometers—Saltabls microrottry for moasaring the
widd sod thickaens of the test epecimen 10 sa Jncromeatsl
dlacrioaination of ot Joast 0,025 mm (0,001 bn.) should be waed,
Al width and thickness messrements of rigd sd semirigd
'y be easured with a oo mkcrometer with raichet,
A tuitable Jnstrument for mesnering the tickness of sondghl
st spocinens sbell hevee (1) & contact meascring prossars of
25 £ 25k (3.6 2 036 pel), (2) « movable clrcular contact
foot 6,35 = 0,025 men (0.250 % 0,001 in.) in clametes, and (1)
& lower fixad savil Jarge cacngh 10 extond beyoad the contact
foot in all divections sod being pacallel to the contact oot
within 0,005 men (0.0002 tn.) over the eatizo foct e Flatnom
of the foot end servil shall conform to Teat Mothod D 5347,

$3.1 An optionsl instroment equipped with & circaler 0o
tact foot 15,68 £ 0.08 e (0,625  0.00 Ju.) in dlasseter b
recommended for thickness meascring of procoss smples of
Laeger apeciznns of Jeast 15,88 men o mirmom width,

6 Tost Bipocmens

61 Shoet, Plen, and Molded Plostier.

6.1 Righd nd Somirigid Plaarica~Tho et spociznen shal
couform 10 the dmensioos shown jn Fig. 1 The Type |
tpeciana Is o proforred specimen nod shall bo wed whero
suficlent rasecial beving 8 Gicknoss of 72 (028 i) or low
s svallble, Tho Type 1T spockoen ey be wed when &
material does w0t break o the parzow soction with tho prefecred
Type I ocimen, Tho Typo V shall bo uwed whe
ouly limitod roweral bevicg o of4en ()6 ) o
oo s ovalable for ovaluaton, or whees & lago muber of

“ cna—
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fross-
seiid). The Type I pecinen st b o o — —
materisls with 2 thickness of grester s 7 mm (028 80, but

oot moe than 4 (55 .. WL

612 Nonrigid Plasties-~The test specimen shall conform B0l

1o the dimengions showe in Fig. 1, The Type IV specien shall
Yo s for dcatinng mevitipld platics with » Sicknass of 4 e
{0.16 in.) e loaa. The Type I apecimen miur be wed for ofl
muaterials with & dhickness grester than 7 mm (0,28 i) but not

meoee fhen 14 mom (0.5 in).
+ 813 Rewjorced Composlies—Tha test specimen for rein-
shiall coafiom o the dimensions of the Type T specises chown
mPg L

614 Prepencton—Test specimns shall be pripard by
- mchining operstions, o s colting, from materials in sheet,
i, iksh, o e o, Mnterials thicker than 14 mem (025
In.) must be machined to 04 mm L35 i) for we &2 Type I
specimens. Specimens cac also be pecpared by’ melding the
] i b e,

Viurmm 5ot pesainn s showen s o o ety wach me s
dhoth, SMC, sl HMC laminaies, oy wpesioen tpos dhoukd be
‘amsidered o emne breakagy withis the papn leayh of the ipecisrs, 1
tnmdaed by 73,

P 10—When peepaiag specime S sevisln eomphain L
ke e a5 o s, e s

]
will ke afgeificandly weskesed by celting o x b, maliing in lower
ity g, ok atiog o pechsen i i dinetion othee than
iy
e prepeisy fhen specimens poegured by mackiniag o die-cuiting
Trermse o v ceipwiniom nbwond, Tiels wlfecl my by e prsgwnsd
it ekt il i Rehc)

6.2 Rigid Taba—The ttet epecirite for igid tabea sall be
a2 thown in Fig. 2. The length, L, shall be-aa shown in the table
in Fig. 2. A groowe shall b machined s G cotiid of the
pocimen i the conter of itk Jength s chat the: wall aection alter
mackininy bl bo 60 % of the oigima] sonital wall (bick-
, b, Ths groove shall consint of & atralght soction 7.1 mm
{225 in.) b Jegth with = raclis of 76 s (3 in.) of eich enil
Jising it 6 the oobbie dimein, Sicel of brem plogs baving
diameteny woch thet hey will it mugly inside the mbo snd
harving i lenngth oqual 5 the il jaor leaggth phus 25 mm (1 i)
sl be placed fn the mds of the speciness o prevest
crughing. They casl be located coavenitly in e mbe by
sopening and eepporiing them on 4 teeaded meh] md.
Dietatle of pltige sl teat smacambly e shiowerr i iy 2

63 Rigld Bocty—The test specimien fioc dgid vod aball be as
v 0 i 3, The lempth, £, shall be s shown I e talile
in Fig. 3, A proove shall be mackina] emond the gpecimen ot
il ceacier of ity Jength a0 dhat the dismeier of the dmachined
potion hiall b 60 % oo the oiginal senival Bametee. Thin
geoorve sl comaiat of & sboeight section 57.2 i (225 4n.) in
e with o i o 76 st (3 k- ench- o Jokeing: it
the outelde dismetss.

64 All suctnoss of the specinen #all be fres of vislblo
flams, sermiches, or bmperfoction. Wik It by coiié ti-
chiskny operations shul] be cansfinly resnorved with a fios e o
wonsive, i the fled warficed bl thea be moothed with

abousive papor (Mo, (6 oe ), The fnlsbieg sending srokes

Eg

z-l-Bg-l 2| B3

e Machina I
h) B ok
Crgral Normisl
i " Dluar
1 o, i,
{200k
.
89 mm, min.
(350n)
DMEMEING OF AOC SPECHENS
ool =17 11

W 1A BT mpam W
O KDME W »
L) OTUD) WS M
A A
el m m ©
= a5 ] ¥n
w4 - o
AT - @
miff  WTEW§ AW fiag)
MAHW  MDING  NAONEN  ABOA
Wil WAQHR O 8ME
30 TARMD A g
mAm  Mopus it o

* P ol Jowem grealer” it 9 i (1L ), ol o] il bl b
rcrempy Ly e e ﬂ‘ﬂﬂ““ﬂl&ﬂ'ﬁw
Wi pemie e T o L 0 ) et
;-:--m-&u’ L

lﬂi“

shall be ad i cirmction, pacallel. 1 the dowg, it of ihe et
apecimen, All fash shall be remrved from & mokled

taking grest tame tot o distorh e mokded b
mackisg 3 endervoty et would exeeed e
dimensioeal showm i P 1 ehall be cnspuiely
aviided, Cire il 2150 be taken o wwld other pomcn

machiniay oo,
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63 I i ¥ necessary t0 phate pape muks on the specimes,
thia ahal] b dome wih n w, crupom o T ink s will nct
inct tho dnaeclal being taied. Clage sarks shell ot be

ihiod, ponched, ot improee o e apecium.

6.6 When teting mateixls hat are suspected of misotmogy,
duplicats sets of west specimms shall be having thelr -
long wvee respeeively pacallel with, and noml to, the

1. Nar of Tost Specimens :

7.1 Tt ot Jowat v pecimens for ach nampils in the
of lsotropic materisly, .

72 Test tem wpecimens, five nomal to, md five pemallel
with, the principle axis of ssisotropy, St csch smmpls in he
taao of amisolmyie mulerisls.

7.3 Discand spocimens tat break &t some: S, or that beesk
ouiside of the hamow crom-ectional st section (A 1,
dimenalns L"), wad niaks rebeits, tislens ch S constlinse
o vaclalle ta be siudiad.

s Thiwe which showr atypleal or conveminiad] st
patiorns dhenld be jecied, it the effects of tee theldeal sonk
cottints 5 varithls 16 b sed.

& Spesd of Tesiing

8.1 Sped of testing shall bo the relaiive rate of motion of
fho gripa or fest fxmres deving the teat. The rafe of motion of
the deiven grip or finture when the tosting caching b romming
e may he e, 1 can b shown thal the resaling wpeed f
deating i withun the limity of vadstion ilowed.

8.2 Chooss he spoed of tesing from Tible 1. Deterine
s chosen speed o eaing by te specontion o he ekl
eing e, o by agrooment betwean fhose concemed. Wien
the spood is ot specificd, wws the Jowest speed ibown in Table
1 o he specimen goometry befng wied, which fives ophee
within ¥4 1o S-muin teading fima,

8.3 Modolos delormmations miy be madi i the wpeed
slestod for b other tmmalle propertes whem fho reconder

responss 1ad resolation s adeguate.
TABLE 1 Doaignetions for Seed of Teatig”
L.
- Symed ol Tovig,
Cobakn® BdonTor Ul o :::

Modatesiighd LI b - BQDEIS%
i L

;hx;:
:
W Inlﬂi
DYziok
500 (0 £ 1%
] 108 & 5%
HEE %
HERsEL

— X R 0%
W0 = 0%

W lﬂi“ﬂl
500 ) £ 0%
Tl e g n Y o 5 il o B aacenn
e g D
" 03 o el
e e et
_Mﬂ‘--m’“ﬂhﬁmg
o ot Yl wirmirs i dhegrn. ¥

ﬁ;?.-ﬂ-—l.gﬂ:ai— e E

A ke s it
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£ pess-om

B4 Prainon’s rikio detaivions il b sk 2t O e
ipeed et fo mochlsdoleminions,

8, Condithsaing _

0.1 Conditlombg-Coodifion the toat speciwns ot 3 =
PC (AL IOT)ad 30 £ 5 % relative amidity for not less
than 40 b pefor b0 test i acoondnce with Procedure A of
+ Practien ) 518, noles otberwise specified by contnict or e
Televant ASTM asierial Refirence pee-tei cou-
ditionlng, t0°setfie Gragreements, shall apply tolerances of
$1C (18T mnd £2 % relative bamicily.

92 Tert Comditlons—Coninct the ks 23 £ 2°C (T3A £
36T aod 8 & 5% solaiive bty e olerwie
ﬁﬂh}'uﬂﬂlhﬂhﬂ-ﬂﬂﬂﬂﬂiﬁ-
: Rafererce tosting confitions, i setle dizgrecments,
shall apply toloances of £1°C (15'F).and £2% melsihe
Dot .

16, Frocudors

1001 Mloasams the widdh mnd dhicknons of rigid i apecl-
u&ulﬁuﬁMIumlﬂ!
room (0,001 )t poveral polats along e sarrow sectos.
Misasare the fhiikwess of nonipid spocimess (prodoced by &
Type IV die) in the some manmcy with the tri dial
micoometee, Taks the widkh of fis specimen a8 the distanco
betwess: (e catting odges of the do in te sarow scction.
Massers the dimeter of rod specimens, and the inelde and
cutelde dismetens of tabe specisves, o fhe ncareet 0,025 mm
{0001 i) ut ki of fwen poinks 90" apart; malis thess
meanmestet slong the proave for speciment 10 boasrucied.
Ui gl et tobe mpecimes, u shown i Fig. 2

TRaLE2 mﬂhglﬁmﬁm

Wm § & L b

L
O i i
MH

(10
(T
eak-inkoiond polatr

§9§ES
§8530
LT
§REEE

102 Placo the spocianc in the pripe of e weting mackise,
takiag coro bo align the loog wxs of he specimen and e grips
with mn imagioary line jolsing the poiess of attachoasct of the

in the machiee. The bitwac the: sady of the
szlecer, when miing ft specinens, abafl be m
indioated in g, 1. On fobo s sod apecimens, o location for
the gripy shall be m:ﬁﬂm&m
ipiph evealy ind o L]
alippage of e specisen duing the tex, bot 20t 1 the polnt
whers the specieen woukd be crashed

103 Attac he extension dicetr, When modus b being
dotermied, & Clase B-1 or betier exsemsmeter s roquired (e
521 ;

[3icxjalen of oombacialy. by ciegonined foomn e kg o e
Epuuu;nﬂn:m'm Soom
ﬂ.i}:ﬂ:—'q‘ﬁinhh-\lh“
ol ¢ dongation,

1031 Polspw’s Rarlo Determingion:

103,11 When Poirson's ratio by datermined, the wpeed of
testing and the Joad range af which it Iy detormined shall be iy
same a8 those psed for modulus of sesicity.

103,12 Attach the trssverss striin messoring dovice. The
branvise atriin dmbuing devico ot

410 |
EER|e
EER|F

103,13 Maks soasneous mmserments of load sed
gty asd meoed the duin The praclics of e vilos of
Poisson's ratlo will depead on the mumber of duts poiuts of
arisd and imamavere st tikes.

104 Sot ihe speedd of tesfing ik the peoper i & scuired in
Section 8, wnd it he maching,

105 Recond the losd-sxiession corve of e wpecimen,

106 Record the load and extension ut the yizhd point (if e
exiats) o the Joad and extesion et the moment of ropiore,

Mo 14— it dealed i msarors hoth modsbia s fiflom propas
e (plald o bomek, o botk]), it may be secemary, in the cess of highly
exbomuiile maticil, bo e o ndependent irwti. The bigh mugnilication
Exnonsse poceally Tyed in delecmin 0 1 e el poind
gy oot b sionbie fhr hewie fvolving high K allwsdl v
et tachd 6 e apecimem, the amiemscmcier oo be promiindy
damaged A beowh rangs Incremel et o il rilo oo
oy b saeche] whem imich maieclle ane inkeen i0 oo,

1. Calcalatien

111 Too compentation shall be made in accondence with
Angex A1, uléss it can be shown daat the toe region of the
curee i oot e i e iskeap of slack, sesting of the
spociman, or ofer artifact, but ratber is an xuthentic maderial

THROX,

112 Tenslle Stremgth—Calcalaie the tznalle sirengih by
dividing the maximam load in newlons (or pounds-fnece) by
e orlpinel misimom cross-scctional arce of the specimen in
aquare: metres (or scare faches). Foxpreas the rowultin puscals
{or poundsfores per aquer indl) sod mpon ¥ 1 Swe
eignifiexnt fygares up tensile sirtagth ot yield or tenlle srengrh
4 bresk, whichever torm s apylicaile, When & nowminal yiekd
o brvak Joad lens fhoa the nsaximenn 14 preasd and dpplicabis,
{t may be desinabla o to caloulate, in  simlar manner, the
comesponding innelle stess ot yield or temilo shiees af bresk
ancl et i o theee sipaificant fipees (320 Nowe AL1).
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§Foe-on . T

113 Edomjpiion vabies are valid md sre reportnd in casss
where mmiformity of deformation within the spocimen gage
Jeogth

' e
thall be caloalated whessver possible, However, fir materisls
whiors 10 propertinaality is cvideot, the secmt valoa shall be
ealealuted, Dvew the tungee a8 direcied in AL3 snd Fig, AL2,
1o mack off the dasignated siruin from the yield point whers
e et tine oos throngh aar strmss, The stress 1o be uaed
in the caleulation is then determined by dividing the load-

. extenion corve by the oclglsal aversge cross-sections] ares of

-S-Axlal Siraln, Ea

,,r—-”ﬁ:r.:;.m. Bt

_ Absolute Strain, E

i L] []

Applled Load, P

L. 4 Plok of Siealos Versos: Load Jor Dulerminaion of Polssoe's Rallo

113.] Percent Flongation—Peccent aloegation is the
Mhummu the originad specimen gage
capeesaed a3 8 poroent: Pervent elongation i calcalaied

esing the apparaios described bn 5.2,

11311 Parcent Elomgarion & Hald—Caleulate the percent
clongation xt yiekd by reading the ettensicn (chaage In pape
lengih) it the yield poii. Divide thi smiemsinn by the ariginal
e g md iy b

Paronit Elompation ot Break—Caleulsie the per-

mm':ﬂmiﬁniﬁ;ww-
& pemcent, Mﬂnﬁh“whqﬂu
doscribed in 5.0.7.
1LA21 Nowdnal sivain af break—-Calcalus the noosine
simin ot bevak by roading the cxiension {thangs in grip
e fhe poiat of rapéare. Divide thit axtantion by the
eiginad prip sopanation and maltiply by 100, .
114 Modules of Blasicity—Culculate the modubes of elis-
ity by extending the Hitial Bucar portion of fhe ok
exension corve and dividing the diffreeoce in o com-
(™ of section on fhis straight e by the
mmqmwhﬁmmmm

- sl e compuied ssing the Avarags indtial cros-sectionsl e

of the st spocimens in the caloulationd. The romik shall be
tipreaand In prscals @mhm per e dncd) and
Repuried 10 fheee significent fgares,

113 Sevant Modifio—-At u designaied piraln, this shall be
caloghuesd by dividing the commeposding wress (noosina) by
e desigaaied traln. Elaotic moduies vaoes ars pevfeaable and

e specimen,
IIEM:M—TMﬂhllﬂhhhi#hh
antil extonsometer, and the trnsverss sirwin, o, indicated by
the transvesno etemsometens, ae plodied apingt the applisd
load, P, a8 thown in Fig, 4. A ursighk Boo Js drawn theough
each set of paints, and the slopes, de, / P mnd de, / 4P, of these
e e chtermiined. Poisacn’s rafio, |1, I then calemilaind 2

=] W,/ i) ' m

wheze:
= chings i tnmsvene i,
:: = chinge i il stes, md
&P = changs in applied load;
& .
p = <)1) @
1160 The eois Mt sy be intredoced by drswing o

" 117 Pox each iegied of e, calenbin the aridhmetic maan
of ll vaboos cbtined 1nd epot 25 the “vernge vale® foe
the partiorlar peoparty In question. -

ik mhmmm:m
6 epat | o twn sigoificant dgwes:

== BT} @
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8 = momber of d
R = ritimuetle mean of the set of cbecrvaions.
113 See Amex Al fos informiation on 100 compensation,

mihnnm:'uvﬁuu
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HE Qo oae

A ornle arangh ] abongalion al bossk ek chisi 1 Lseslsiomrd
m”-q:-uuunm-h

o ol W cuminr micion of e et be, oy fecalle

gty ol yheld v wom ogrockanto e e b it cone b o it

{nbelcinast of § ki pud, ey mw ganecally ecorrarunded b spediionian
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]

M B8, L s
Olasiooadpipioss 48 0H 5 a0 A
oy omrkne Pyl WO L0 AN AW
il a2 &F W AN s
Clbmaismbnd Wi 17 8% fm Wy

L LTI TR T T
Sionls prengh and skongelon o braek wekiey cbisiond Kr rsisiroe)

el ‘il K] ST by raciing

Tl [T —T—.
“ﬁ g 8 B "
o T T TR T T
LorE L - I TR TN T
UWFE & W #d ‘0 s @y
UDFE 20 o M2 T W gng,
LLOPE ] TR T T
UFE & M0 89 Wb e sy
o B4 WA CIE M TN
oeE P WM i o m_uu_,;"
12, Report
1.1 Bepost the Infhewasion:
u,ummwmnmmmm
ing type, source, masmifctwiee’s cods mumbers, form, principal
dimensioos, previons sy, eic,

12.1.2 Modhod of preparing teat
1013 Type of tast speciomes: snd dimensions,
214 Confithoning procedem: wad,
LLLS Atmospheric conditions in st moss,

o
ﬂllmﬁudwm.lhdph
of messering tncholoms and caloslations eoploved busiead of »

wizimam Can-C extersoeneter fyviem,

140

™~

1219 Tenuils
e mﬁuﬂumm‘m”

12L10 Temsile stress at i aplicahly
mmﬂmmm

[FAA1] I‘mmmnmghﬁ,wm
Hirain o beesk, of a8 applicabds,

s dviton, o nis oy

mnmummmum
deviaton,

12113 Dele of teat, and
121,14 Revision due of Test Mathod [ 638,

by

mwmmxmwmmﬂﬂ
thickiess, Bach tset result waa based on five individny
Mﬁﬁmﬁ Bach Liboratory obtalnied two test pesally fie

TABLE § Tone Tiod Elcmgaion, for Eigh Labortoeies, Eght

Valmwe Expavenes] 1y Prcact Unks

i B,
R Seage B r R

Lorg I T I T T T
Lovs B W @ W e
UFE @ W7 F i is
UFE = # 18 @ 48 g
LibE B W W o 1 i
LUFE 0 52 19 28 MM 7m
HOPE T W oW T
HOPE I T B T

B

;
[
I
;
§
|

ot Vo I i Ly

Epmened in pal _
hish @ & s F R
LOFE -] ] 23 T 4 Ny
LDRE & T s Hal a4 ey
LD o &N 4 M0 W gy
LDPE a 40 A MAF B 4
LEPE & MW M) M0 e s
LiFe U T

1312 In Thbles 2-10, for the materisly indieated, and for
teat resetie that derived from tsating fve spacimen:

= Sapposing dan i svalebi fom ASTM Hiowmarcrs. Roquest KRATH:
HELY o 300 ool bl s 01§90 ot 19 s s
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TABLE 10 Tonsile Braak Blongetion, for Mine Lihomioriss, it
M-t s

)

ma
1

esssss|T§
sEcine

8
T

|§55855) §

15121 § ir the within-lsboratney sumderd devintion of
o avernge; [, 253 8, (See 13.1.23 foe application of 1)
13122 5 i the between-Isbomiory sisadeed deviatioa of
it avenge, [p = 253 5 (See 13.1.2.4 for appication of 1)
14123 Repetability—In comparing two test reelty for
the o malerial, cblained by the sine cpensior nsing the
e exuipeneal o e sne day, those test serills should b

Judgad ot quivalent i they difer by more s the J, vl -

o ot el and comcition.
13424 Reproducibility=—in e et el foe
e arue e, itained by ifferon operators wsing dif

w o different diys, those i maulty should be
a0l ecuivieat if ey differ by more than the [, valus
hﬂuﬂﬂmﬂmﬂhmm?ﬁu
Taboestories or betwosn dilferent equipmet within the saine
Tabocsiory) .

1125 Any judgmeed bn acoordence with 13129 amd
13,124 will bave an approcieds 95 % (0.05) nﬂnliit]rd
betng oomect.

13024 Oher formnistions muy give someohat differnt
il

13127 For fher informating on the mehodclogy wed In
s section, me Practice B 0L,

131,28 The precixion of this iest method i very dependont
uipen the tnifematy of specimen pepamiion, standand pesc-
ticee o which ara covernd in iber docoments,

133 Blar—Thene sre no recogaized standanks o which to
T i et of bl Sor thin fest mesthod,

Hm

14.1 modukas of ehaticity; percent clougaton; plasticr;
troxilr. properties, tengle srength

ANNEXES
AL TOE COMPENEATION

All hngﬂwlm-mmﬁﬁl.ljlhu
ot mgion, AC, that dos nol epensent & propecty of the

f !

i 1 fzcin

Morm 1 —Soms et recouters plot the e g of s gragh.
P90 A1 Ml il Hookon Paglon .

Mknu-ﬂumﬂbrmhwdﬂltﬂ
afignmes or wating of the specimen. Tn cxder 9 obiyin coreect
vatues of pach parsmeters a3 modulss, sinn, and offied yiskd
pokat; this wtifact mmst be compenaied for to- give the
conected st ot on fhe itrain or exieation kxis,

AL2 Tn the cae of & maleria] exhibifing 2 mgion of
Hookeen (fimoar) behavior (Fig. ALL), & costimestion of the
Hoear (CIF) ogion of the curve s consirucied drough fhe
sero-iveis i, Thin intemsection (B) b the comecied 2o
pimin poiat from which pll ariensions or sindns mst be
mesired, incinding the yield offet (BE), ¥ applicablz. The
elastic modlon can be detarmined by dividing the sireet ot say.
polt aboug the line €T (or ity exiension) by the sinie of e
e poist (mawsired fiom Poit B, defined a8 zro-sinn),

ALY In the case of a material it docs mot extihiz wny
Bneas region (Pig. A12), the same kind of ioe comection of the
sero-siraln peint can be mada by constrocting w tangent to the
il dope ot the nflection peist (7). This it exieaded o
intecect the sirain axis of Poisl 5', the comecied sero-smin
it Urag ot B'a 000t e st oty i ()
o o v i e chivided] by the siradn o that point io gbsin
& wecant puodabug (ddope of Line B' 7). For those materials
with s Knear region, sy sttt i s the lisgeat thoogh
the inflecion point as & basis for detemination of an offiet
iekd point may result in maconpiakis e

141
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L

i

“ Wom |—Boos chart sevanery plat the mimer i of s gragh,
o IAGL AL Maleriel with Mo Hoolsen Reglon

AL DENINETSONS OF TERMS AND SYMBOLS RELATING T0 TENSION TESTING OF MASTICE

o o g iy e i
capable of rusteining sy permiecl
upos comgplets velease of the sresn, i s expressed in fome per
i area, uually poonds-fome per square inch (megpmcals)

© Mot AR —hdessrnd vabnes of proportions] it and cavic Rl

viry sty with the seasitviey s soeurany of e tewing oquipurnt
cetridelry of feadlng, the acalo i which the. soroes st Sagenss 4
ploid, el i focons. oy, il e ly gt
LE ot

22 elomgotion—ho incroams in length produced in the
P bugh of e et specimen by s-imeile bod. & in
whm-mmmmh
nown & ickemion. )

* Kem dﬂﬁ-ﬂﬁhﬂh
“ﬂ#mh'_i“iﬂ
o of mmierial Wm##-*d
i ety e et of yekd pol. Thi o i o esbley
oot will imconniat e e imph hotwem e gage
ﬂﬂ' falam.

K13 gogeengh—the g gl of B ok of e
mﬁuu%m#hm

ALd oty of elastctty-— i ratlo of ﬂlﬁlﬁﬂj
comesponding sirain below hﬂﬂpﬂﬂhﬁ
ih b foere
mwﬂ ] m. {ﬁ;:.lhmi el Mo
b or Boumg's modlu).

hm—mmﬂ-iw#ﬂﬁﬂﬂ
S i Bocke's e Seoughont the siesiic raige bl deviais themion
—p— Hbﬁilﬂtﬂh-ﬁ-ﬂﬁm
ol e gl o e pirwen sy curen 8 o sl 1 vl i i
o mocole o ikaeficly, Biec the ecoincn of 1 e puipertionsd i

i plasfic i ekl e propeety f apyling Mt e “maodcs of
el 1 devibe B sl o Ky of & plastc haa hoa
sy quovicond, The cxact shoss-sioin charachioies of plain
Hﬂ-q“mtﬂnuﬂjm
amgeralant, peoviond apecimen bakry, ok Floweviz, med o
el if 1 achlieary patn: sl deeanee on i, dempernmere, aa
ot oo am: vealioed.

A2S  peckiig—the localized mduction B oo mectioe
wihich may oceer in 4 meeriel wder teniils e,

ALf offiet yield seengh—tho sess ot which the stmin
exceeds by  spacificd amaoust (the offiet) an exteaion of the
iuitinl propoctiondl pation of the sies-stin cores. It 4
encpenised in fhece par it aces, wwely magapiaceli {poonds-
force pex acuare inch].

o A24—This moseerneni b woeial Jor materins whoee s
s e i e e gt o peacond v, The olfid il
g c20 bo dectved from 1 e aizale carve i Al (g, A1)

D o siala sl Yy o OUM w1 e il olfe.
Do (M angia it il gt o preticn of the wross-rinin

“M.thhﬂpﬂhﬁi-hﬂm'ﬂ
g Ilﬂdu:ﬁ ot "ot yickd o, The
The s r
lﬂhihﬁuh-ﬂuwﬁm
Jemgh i conjaction: with e Mg valee, Pl 0.1 % alfet yed
wnagh ... WP (pal), or yiokd svagsh ot 01 % ot . MPs ()

ALT percens ekwegasion—the clongation of & beal specimen
expueend w8 8 perczat of the gage length,
ALY parcey elongeion ot break ond plekd:

K18\ pervent shompation af break-—he partn elongation
st the memment, of rupture of the test specimes.
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FIGL AL Offeat Yiekd Birmnpi

" A2 percent alongation at yinkd~the percsat congation
o the meoment the yiek] poimt (A221) i efteinad n e st

——

A28 percent reduction of arest {nominal)—the diffrence
hetween the original cross-sectional aves messued uf the polot
of riptors afer bresking and after all reiraction has coamed,
axpronsed a8 & pervent of the origha] arsa.

ALLD peseemt rechetion of arer (rrwe)—the diffvence
between the arigind exoar-sectonal atea of the test gpicinen
wad e iy covii el ared within (he: g boiad-
i3 poviling o the moment of mplor, apreeed o L
perestage: of the orkpinal ares.

AL proporfional lsli—the prosiost simes which &
mierad b5 capabies of pastaining withoat ay devision from
popentioaality of stross o stexis (Hooke"s law). I I expeemed
hh&ﬂmﬂwwp
L p

r
AL1Y raie of doading—-the changs it b Jod castiol
by the gpocionn per it i, 1t capeeasod I forcs por wnkk
e, minally nowines pee mimte, The el
cae o owding can be cacalated fiven the fnifd dhogo of e
knd verus e dlagries.

ALDS e of sivalniep—tho change in tesalle sicein por
Wit ti. 1 i escprensed either a8 strase o it time, wanaly
ficies por medre (faches per inch) per mimois, o percent
et paion per unit e, ovoally perrect elongation per pile.
The el raie of sirainiog oo be cakalaied from the il
tepe of e lemedle sérain varmue timo diages

Kooy A0 5.The il e of sokeing b syaceymone with fhe ol
Exaibnal Ecrvommt dividod by the it dsmcy betwors croeoads
Ouly i mnchine i compinen e of combhend mrromont s whes te
s b 4 vl dufighaal coves aeotios, el 5ot ek dows, ™
LT

ALI4 roe of sinessing fromsimalj-the chatgs. in wnalle

hml:ﬁﬂhnkmdhhﬁpll
8 per v i, wscally megapucile (poends-foree per

#quare inch) per minmte, The initial rats of strmacing cam be

exlenbuind drom the lnlral akope of the tensdle stresy {pomsina)
vermg time disgram,

. Vi ALf—Ti imitinl rale off stosssinig i dsbermninedd i iy macmer

s cely owied iyl sgnifiennce, 1 dos, Mowews, tomghly desceibe
e ok i i which the mitiel sirei (nominal) caried by de et
apuecimen n applied, . [n affcin] oy e ity e fow chanioterivties
ofthe e belog s he el s s o of e e
hm 1 hovw 4 posive valoe 1f the coouanctioes] aes

ALIS secoet modulos—he. o of sivss (ominal) fo

conresponding sinin xt wry specified point on the sirets-srin .

curye, 1 i expreitad in foroe par it anva, unally mogpes-
cals (poosdseforce pex aquare inch), and roposted topeihes with
the apecified strems o stain.

Bt AL 7—Theis mekmgresicek 2 wecally cangloryod i plece of moda-
o of ety o s caes of musherkals wiows st siraln ingraim des
oot desponateae: proguortiomality of w0 simdn.

B Ty r——
of e st specimen, that i, e chengs in leagth per mnit of
exigimal lengih, § i exmeased & a dimensioniess rifio.

ALYEA movatnal strut af breah--tho strain a the moewet
of rupture relafive to the original grip sepanation.

ALIT tensile strength (ncesinalj—the mciian tasae
ey (nowieal) Eaaiingd by the specimen dadng 4 tasion
st When the maciswiis dteds oooon it the yisd point
(A221), it shall be desigriated teneile stmngth af yiekd, When
the Mt s oo i bessk, B ahall be designaind
e srngth & beak '

ALIS veulle senss (nominal)~he tenalle Joad per unit
wta of samimen, gl crom section, wiiin e pige
boumsdaries, carried by the test specimen af iy given moment,
B is cxpoised in force per it area, wmally mogipexcals
{poondeforce per aquare inch).

W ALThe cupoatien, of lemaile prepenies b torm of e

i eiienl crom setion i et fversally wed n prcie. B

o conc of meleril exisibising igh avieeabllity o necking, o bolt
(AL 15), o] pwit calenbutions wa) i e eheatiegiel boyond, the
yiald poil (A1) dow tr oo e pocoction s oo seoiional wes
S onince. U poot cirmmaiiniest [ ey b onlenble 10 exponti e
i peopercies por me of s provaling omen sotios. Thess
ragsacsiat o callod o damalle prepention (fhat b, e ienaile pioai, o).

AL1Y terile sesrstngin cerve—a diagrm fn which
valies of ool stress e plokied an ondinates againat come-
sponding valers of teeile sodn o abechiza,

AL o st (poe Fig. AL2) In defined bry the foliow-
oy oquation for o
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#-J:M-hu, (ALY

where:

if = novemest of sengation when the dEstnce hetwes
fhe jage marks ks I,

L, = orgical distanes bhotwian page marks, md
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