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Abstract

This research studies the mechanical properties of polyester polymer concrete under
compressive and flexural loads by varying the mix proportions for searching the optimal proportion,
which provides the high strength and good workability. Moreover the effects of each composition
on the mechanical behavior and properties of polymer concrete have been studied. Those are resin
content, fineness modulus of fine aggregate, coarse aggregate content and glass fiber content. The
cylindrical and beam specimens were prepared according to ASTM standard for the compression
and the flexural tests, respectively. The preparing and curing of specimens were performed under
room temperature and atmospheric pressure. The specimens were curing for 7 days before testing.
Based on the test results, it is seen that the optimal proportion of the polymer concrete without
coarse aggregate is the ratio between resin and sand of 1 : 4.6 by weight (or 1 : 3.3 by volume),
which provides the average compressive strength of 75.8 MPa. The optimal proportion of the
polymer concrete with coarse aggregate is the ratio between resin, sand and crushed rock of 1 : 3.7 :
3.7 by weight (or 1 : 2.6 : 2.1 by volume), which provides the average compressive strength of 80.6
MPa. The compressive and flexural strengths are mainly controlled by the varying resin content.
The optimal resin content is varying from 12 to 18 percent which depends on the amount of coarse
aggregate in the mix composition. The fineness modulus of fine aggregate has no influence on the
compressive strength but it enhances the flexural strength, significantly. The stiffness and
compressive strength are obviously increasing by admixing the coarse aggregate at the optimal
content. The glass fiber increases the ductility of polymer concrete but they reduce the molding

ability which drops off slightly the compressive and flexural strengths.
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Polymer resin

v

Thermosetting

¢ Y

v

v

Thermoplastic

v

Polyester Epoxy Vinyl Ester Polypropylene Polystyrene PVC
~ a J a Aa o A ! Y
51N 2.4 Uszanveaneawesisgunieuiinnlylununeaing
{ o a 4 a
3NN 22 uauiaveusEulsznnmes luniia (Weatherhead, 1980)

Resin Polyester Epoxy Vinyl ester

Tension strength (MPa) 35-108 55-130 73-81

Modulus of elasticity (GPa) 2.1-4.1 2.8-4.1 3.0-3.5
Density (g/cms) 1.12-1.32 1.20-1.30 1.10-1.46

a ¢ A
23 noaleaInNeILIyu
0]
a o a J A A a o A Y 4 ' _CI:_O_
NOALDHIADINDALNDILTHU AD W@ﬁLuﬂiﬂﬂﬁzﬂﬂﬂﬂﬁﬂlaﬁlﬂﬂiﬂyj

g’/ 1 1 é’ é [ 4 aan a 4 % ] .
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a J a 1 I a a d a a A %
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a 4 a a 1A @ a 14 a a 1A %
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Tagn laelianvazilusFumallidmaseosu o uazioimvoaneame 15w%¥u (degree of
. . o a { o [ I~
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A U a J =
A1519% 3.1 @IUl5ZnoUVINEAWOTABUNIA

Constituents Details
Unsaturated polyester resin, Commercial name:
Resin
ESTAR R289TP(N), Isophthalate type
Methyl Ethyl Ketone Peroxide (MEKPO) with 1% by
Catalyst
weight
Promoter Cobalt napthenate
Natural sand, crushed lime stone (maximum size 10
Aggregate
mm) and chopped glass fiber (Iength 3 — 4 mm)

A a 4 a J a
31]1’1 3.2 NOADHIMNDINDALNDILTHUINAN
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4 I 4
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AU+ N319 115399 f/=18 MPa
f/=25 MPa 3 G1-240
f/=32 MPa 3 G1-320
12% 6 G2B12
14% 6 G2B14
N3 lugaanINaziden 3.20 . 16% 6 G2B16
15909
(aggregate B) 18% 6 G2B18
20% 6 G2B20
22% 6 G2B22
. - 12% 6 G3A12
N3 lugaanNazDen 2.99 s
115900 18% 6 G3A18
(aggregate A)
22% 6 G3A22
. - 12% 6 G3B12
N3 lugdanuaziven 3.20 \
115909 18% 6 G3BI8
(aggregate B)
22% 6 G3B22
3 . 12% 6 G3C12
n318 lugaanNazIven 3.40 5
15909 18% 6 G3C18
(aggregate C)
22% 6 G3C22
N30 (aggregate B) 75% UazHiy 25% 113909 12% 6 G4B75R12
8% 6 G4B50R8
N30 (aggregate B) 50% UazHiy 50% 13909 12% 6 G4B50R12
18% 6 G4B50R 18
N30 (aggregate B) 25% Uaziiy 75% 13909 12% 6 G4B25R12
N30 (aggregate B) 50% 1 50% taz 1du
louda 1% Tasimiinvesneawes 115999 12% 6 G5B50F1
AOUNIATIN
N30 (aggregate B) 50% AU 50% Loy 1§U
loufa 2% Tasimiinvesneames 113469 12% 6 G5B50F2

20




Q13197 3.2 MSNATBLLALINUIUAIDE (71D)

PBnansdulag .
. o $1um v
Uszianminasiu MInaaey HntinsInves Lo, L
o . (F0En3) fa0eng
NoaINeINBUNIA
N30 (aggregate B) 50% AU 50% LAY 1§U
loud 3% Tasimiinveaneames 115999 12% 6 G5B50F3
ABUATATIN
3 . 12% 3 G6A12
n31eTugaanuaziden 2.99 .
1I3NA 18% 3 G6A18
(aggregate A)
22% 3 G6A22
3 . 12% 3 G6B12
n310 Tugaanuaziden 3.20 5
1396A 18% 3 G6B18
(aggregate B)
22% 3 G6B22
) . 12% 3 G6C12
n310 Tugaanuazidon 3.40 5
13909 18% 3 G6C18
(aggregate C)
22% 3 G6C22
N30 (aggregate B) 50% AU 50% LAy 1§U
loud 1% Tasimiinveanedmos 13909 12% 3 G7B50F1
ABUATATIN
N30 (aggregate B) 50% 1 50% 1az 1du
Toud 2% Tasimiinveanoamos 1IIAA 12% 3 G7B50F2
ABUNINTIN
N30 (aggregate B) 50% 1 50% 1az 1du
loud 3% Tasimiinveanedmos 139AA 12% 3 G7B50F3
ADUATATIN
SIUNUIUYANIVEN 174
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3.1.2 W38N
= ~ 9 = dy 9 1 a o a [ [
yrasazeanlglumsdn it laun nI1esITUFIRNBUADNUIY 9319
= = J a ~Aq Y a s E=) 4 ~ ) g ~
uATYau Fuiluniaiivazdeanlslumsnandosanauaamudaounialasnalydlunun
[ @ = dy ~ Y 2 o 9 o 9 g Y A
Tandaunsnsauaznun Indines naregminndeinnuazeiaaletilszih uazeuniai
Y )
gaungil 110£5 peruraFed nasnniutniiaavaie 19 ludiunauas 11 urasiunerw
d' YA A d' EY = dy T W a a
nlgaenuiuua vinalagavesuiasdunaunlslumsAneiiminy 10 Jades vuanag
= d' Y = dy 9 [ YA 1 Y o 1Y
yoawrasmazdean g lumsanuiilldagnilsuInlivinanazuanaesnudiuau 3 uuuauaag
§ 3
Tuz17 3.3 Taswrasowazidea A B waz ¢ Hvwanazilulawuasgiu BS 882 (1992)
AMFVUIAIIMVUVUNAIBVUIA (all-in aggregate) udazdadiunazliallugaaniuaziooai

v o o w A A J Y Y o &
LANANNAY 7B 2.99 3.20 uag 3.34 muaay 1@ulen 1 Snaumaniludulouna (glass fiber) AadY

Tagtivnannuen lszrang 3 09 4 Taawes awdalugilin 3.4

100 . — T T —
| —m— Aggregate A ; i
80 -- @ -- Aggregate B ,’ii
| &~ Aggregate C l n
,a I..
8\/ -
T 60 -
[
= 4
-
o
o 40 -
(<5}
D- -
20 -

Gradation size (mm)

319 3.3 MINILNBVUIAYDINIATINALIDIANVUIANAZAN 9)
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1 9
g1 3.4 1idnloudadadu

32 mMInAgeugMaNAveIa IUNAN
a ¢ A
321 WoAMBIIIHY
' U ' %} v
) 3TEANBAIAZHUINHUD

(% a s Aa v o A aaa a J a
ﬂWEI’HaQ"lﬂﬂﬂ'liN’ﬁll‘l/\lﬁlmllE]ili%uﬂﬂﬁ’)ﬁﬂﬂgﬂiﬂ'l NOAUUDILIYU

A 1 o '

@ a J A I J o
TLIIUNDAN ma‘mﬁ@mamﬂammmwaamanmuﬂisqﬂm%?mmﬂﬁaumm%mumwaﬂTﬂﬂ

§

‘ﬁ‘lmﬂmmmmgm ASTM C191 (2008)

]

V) MAISFVLTION
o v o a S a < o A Y o v w
N1SNATOUNIAIDAVBINOALNOTITFUUYIN BN IHNT1UN 18999
[ o o w ] v o 1 % (] a 14
UszasuazmsannMainueiguuveiaalszaiu ninadou lneraod 19 19No a1
9 [
Fu NIINTTUONVINAFUAIUFUINATN 25 HadmuAT g4 50 Haamas 1IniunsUudIee1eh
PIGUN 1 7 14 LA 28 TU MIWAIAYU NINATOUAAITANINDIYUVA 9] MIUNIATFIU ASTM
€579 (2001)
322 105INATDUAAZNIATINTEND
wAa g dl o = =)
AUANTANUFIUVDINIATINNIINMITNAa VN 3 Uszan Av AW
1 ] 1 90’ (%3 1 % 1 o o
DTUNILTIN HUIWUIMUD LAZANUNUMUABMITUAT NITNATOUHIAIINDITUNIZTIN
MUVINTIIU ASTM C128 (2007) M5 VNIaTINazBeAay ASTM C127 (2007) d1151UNIA

v %I Y o 9 [
FIVNYIU MINATBUNINUWUIHUNVDINIATIUMATINUIATIIU ASTM C29 (2009) A1MIU
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UIAIIWNOIVITNATOUANUNUNTUADNITIATABFINIAWUIATIIU ASTM  C131 (2006)

WATIWVIAEAND 1-1/2 117)
33 MIAsuNAILNg
MIIATIUAI0819NTZINIMLINTIIU ASTM C579 (2001) 1ag ASTM C580

o o 9 (% % o o w o 1 a 4 1 3
(2002) F1HTUMTTULTIOALALNTTUUTIAAAINAINY AIDENDAINDIABUNTALLINEDNTIY 2
UL 7D AIDENNTINTLUONTIUSUNAADUAITTUUTION HAZAIDEMVUAUFINTUMTTULT
Y v
AR YUIAVDIAIDENNATDUNG 2 HUVUAAIAIFUN 3.5 LUVHARA S UAIDINNTINTEVINLAY

o { a & R 0 {
uu‘umummﬂTamﬁuﬂmm NITAAGNUUUNADNN 2 Lm‘ummugﬂﬁ 3.6

50 mm —

S
£ G
o IS )
S £ I

o

Te)

50 mm
Cylindrical Beam

71U 3.5 YUIAAIPENNATDUTINTUMINATOUMAITUUITIDAUAZTIAA

(2) LUVHADNTINTZUDN (b) HUVYADATU

A 1 o 1 a 4 =
5UN 3.6 UUUHADAIDINNOALNDTADUNIA

Y
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34 MsSnaasumena
3.4 MSNATIUMSISUNIION
AINATIUAISISULTIDAVOINOTIUBIAoUNTa Tua1uITol

s A v

a a 4 v v ' o
pilszasAioAnyIMgAnssunnaveIneaesnounianialdusida ou'laun masgega

QQ

ANUUNII 1azIUuuumIIie MINaaauINMILNIAIFIN ASTM C 579 (2001) method C

a

) @ @ 1 { ' 4 a
?ﬂ‘l’ii‘lﬁllu'WWITEJEJN“I/Iﬂﬁ"E'JiJ‘VI3\‘]ﬂ§'$°ﬂ’0ﬂ‘ﬁﬁﬂlu1@Lﬁuﬂ']uﬁuﬂﬂa%‘] 50 HaaLtua g Uazgy 100

d‘awd 1

fadwas aaauianenavesidameldussnasaiiaule 18un wieussiindagangy (stess
at proportional limit) 119005915280 (ultimate stress) HtazANMMIASEATIHIIONTI5ATE S
(strain at ultimate stress) NARaMsAnEITssdu B IMsALNRdss s s A e aduluniate
32,1 uifdmedwedisduiledudsuliisenzfiamsneduazannsawanndidnld
wnnndesaz 90 u 1 5u uaiienedmessdunaunasmdmswamasaEundiie
91g1Y 7 T i msnageufdssaziiletudiedldeny 7 5u
3.42 MINAAOUMIIVUITING

1119991070915 Ad LIS 09 o NATOU MBI ULTIAIVDIRI0E19N 03
wesneunIa @Tﬂi’mm?{i’ﬂﬁammimﬂﬁaumi%’mmﬁmmummmmmgm ASTM (580
(2002) @IBENNATDVILHVUIANIIAA 50x50 AANAT 817 304 HAAWAT MINATBUNTT LT

] [ 1 =) @

Me1gly 7 U BWAINUNITNAGBUNITTUUIIOA T2HH1IVBIPATOITUININY 254

EQ
=,

4 g 1 '
aawas minussynnszihnnananau guaniannavesidgneldussaanauls Iaun

Z)

WUIBITIAAGIFA (flexural strength) 1A TUAAAIANGUYDINITTULTIAA

H 9
gﬂﬁ 3.7 ﬂ?i@]ﬂ@]ﬂﬁ?ﬂﬂ]ﬂ?‘l@ﬁlhﬂ%ﬂ@‘L!ﬂ%@]ﬁ?”mi‘]_lﬂ”li%ﬂﬁ@llﬂ”liS‘LILLiQﬂﬂ
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UNN 4

a d
HWaMINaaoaulazIAINTHiNG

A X a ¢ A
4.1 Qmauumﬁugmmmmaiamaazwamaammswu

¥
va A

viaswazideanazulIasmreuilflunisnaaeuliauduiaiuguuaag

a3
= [V

v A H
MU 4.1 wodleamesweames sFullquaniaiuguuaaInumsei 4.2 woames

L)

a 4 o A aan o A aan J I 4 a ¥ o ' o
sFuenauATuRNTe (SunadiGulfnie 1 nesidudveusdu lasiimin) wzneddlu

1w a d A A 1 4 a a [
a1 2042 N ixEJxna1ﬂemﬂlmwaamﬂmcﬁu%LwﬁmﬁaWﬁuwaam@ﬂwuﬂumaim

k4
L2

A15199 4.1 ﬂmﬁnmﬁugmmmmasm

Aggregate type
Description
Fine (< 5 mm) Coarse (< 10 mm)
Specific gravity 2.65 2.70
Bulk unit weight (kg/m3) 1,670 1,560
Ratio of abrasion (%) - 20.7

{ A ¥ a a A o <
A15197 4.2 ﬂmﬁumﬁugmmmwaam@iﬂ,i%u (WANAFDUIINUIEN 13 1OU NITUNDH

@lszmst Ine))

Description Values
Liquid properties
- Viscosity (poise) 4.0
Solid properties
- Compressive strength (MPa) 137.3
- Modulus of Elasticity (GPa) 4.0
- Flexural strength (MPa) and Modulus of elasticity 117.7,3.4
(GPa)
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v

Y o o 1 a a < [ { 4 ]
MINAUIMEITAAINOIgUNVBIND AN IS T UNTLEARIgUT 4.1 1ipo1gLn

Y v
dadowwﬂjw o v w [

NNVUUNTAIDA

v
A 1A

A a A [ a J a A 49! 3 Y
ZAYLAZNIANDANNNAIANYUUDINDALNDITLTFULINNUVULIANUDY I@]EJ?J?TIL y

= Y Y %

ANIOD1Y1Y 7 TU FIT0ANABINUNANIIIVEVD Vipulanandan and Paul (1993) Tasliiidaien

v A ] A

o A @ 1w 2 3 J ' { A 3
Uszdoh 7 T mny 132.5 wnzthania uenviniuazmiu ldmiteussninaganguinuay
pe T ULaZEUAIN Tasla 1w 106.5 wnzihamaieniguy 7 Jusuniy minagargull

1 Y A [ d' 1 1 ~ d' o o w [ é =3 1 a 2=
A lnaneanune1giun1g 9 ANATEANAGI9A1TA8TUAAINININUNTIVOINOAINDS
9 [ 9 ] A 1 91 a 4 A A 1 A X 1
uur Tluanaudndesnueiglunion1vna1n I wedwesaounsalnNuuNs ANLIY 11ie
% o { a S A <3 4 1 [ 1 Y o 1 4
MMUNIRAGUBINDAWBTITFUUUIND YUY 28 TUINMINATOVTAUNIAY 1.19 NTUABYNUIAN

CHUAINAT

175 T T I T T 0.10
150 - 4 0.09
.______’_.__————-k —

125 =
= 7008 E
é 100 L O/o————& =
s - 0.07 é
8 BF =
& 4006 S
Nr o Ultimate stress »

o5 | © Stress at propotional limit ~ ——— Trendline 4 0.05

v Strain at ultimate stress
0 ' ' ' ' ' 0.04
0 5 10 15 20 25 30

Curing time (days)

{ o o v w ' a J a [
Eﬂﬁ 4.1 ATTNAUINTAIDANTUDIYUVUVDINDALND ILTYULLUN
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oYV v a d Jd d = Y 1 Y a
42  MAPAUAZNGANIINVRIYRIANAUATINUANDUNIA (AIDLI9019D4)
421  HAMINATOUMAITUNIINADNGIZAVDINOUNIA
VINHAVBININATDUUITINATAUNIADUNTANTINTLUBAANNIATFIU
A Ag Y av E] <3
ASTM (39 - 96 118z ASTM C469 - 94 Tagasunianlyluanivei]unsuniananads veq
a o a o 4 @ 1 o v o w w @
UHIRAaNuaiazIagnea3 191 (CPAC) MAISULTINASADONUUY 18 25 AT 32 1WNY
haaia wamsnaaeuasuandluasen 4.3 MMUILHITINABAGIZAIRGY 19.26 26.03 1AL
32.02 nzihama waglinives lugaadangumanminy 20.50 24.28 uag 27.75 nnzihdnia
o v { o 4 1 1 o 1 v v
aua1a TagNna naaInNUFNITI21HI19NUIBUTINABALAAININIATEANADA AILAA

Tuzin 4.2

{ o v o o 2 2. %
Gl'lfﬂilﬁ 4.3 Naﬂ'lfl"l/]@ﬁ@ﬂﬂ'lﬁ\ﬁ‘ﬂl!i\?ﬂ@ﬂ@qqq@ﬂlﬂﬂﬂ@ﬁﬁllﬁu@%muﬁﬂﬂuﬂ%G]

L, Massunsanadagga, Tugdatiangu, E,
OGN No.
(MPa) (GPa)
1 18.95 20.15
2 19.13 20.62
Ci8
3 19.69 20.72
1nae 19.26 20.50
1 26.55 23.99
2 25.90 24.18
C25
3 25.64 24.65
1nae 26.03 24.28
1 32.33 27.51
2 32.19 27.67
C32
3 31.53 28.06
1nae 32.02 27.75

28
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s r ]
2 30 _
4 el 1| © C18-1
g B 3 | - ci82
2 0l | = c18-3
=z L 5 1| - 2541
§ 15 | & — —A— C25'2
8 1| = 253
E 101 1| o c32-1
© 5[ Il 322
1l & c32-3
éd L1 | 1 L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Compressive Strain, (mm/mm)

5UN 42 anuduriusszrineinonswazMANUATEAYDINDURNTA

34
32
30
28
26
24
22
20
18

16 PR N R IR AT B
18 20 22 24 26 28 30

o C180
A €250
-m- C320
— ACL Eq.

Y

}

Modulus of Elasticity, (GPa)

._.
o
)
[\
w
~
w
(@)}

Compressive Strength, (MPa)

v v

31U 43 anuduiusszrnelugdatanguuasmmaiTuuNAsAgIgAUINRUNTA

oA misusinasageganay lugaadanguidiuinla :nn1snageuun

QU Q QU

= [ [ v o 1 A o Y 1 o A (] =3
L‘LEEJ‘]JL‘VIEJ‘Uﬂ°1Jf"l’J”IiJﬁ‘JJW‘L!‘ﬁ@NﬂaTJ‘VIﬂTL!’JEL!llﬂmﬂﬁiJf‘ﬂiﬁWﬂWINﬂﬁﬁﬂﬂﬁquﬂl@ﬁﬂ@l‘lﬂiﬁ ACI

9 ]
(E, =0.043w° [f) wunanuduiusnaaesinm Indinestusananslugili 4.3

Tuar1uveadANAULZAITIIA WUADUATANANITIVALIDIINUTINADALALLUTUR DU
Y
saunuTagseouaninuesdiogenouniand 3 ngquiiyy 5ol - 60L] AuuuInuveIdiodIs
[ ~ & 1 ~ I o A wa A [ A %
nadou awaaslugli 4.4 ssaugannaeunsailuiagiiiguauian limileunusinga
é v é &l % g’/ =S dl =) d%’ dl 1 a U % 1 %3
wiie lgadnganilaluiivvesiag sawnusadeamuinaduiauvesiidudia sz nieing
) v Y 9
HAZAI0619NATOVILDININNITVIIBAINIA UG FInauoand 2 dungasnaintagsinld

H Y H
annzvesmieusinauluiaguasunlacy
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a o a d = % (Y] (Y] (Y]
4.3 ‘Wqmﬂiiﬁl‘ﬂ'ﬂﬂ"llﬂ\‘lW@E’I!N'ﬂﬁﬂﬂuﬂiﬂﬂ‘lfﬂ(ﬂﬂ]iﬁﬂ!liﬁf’)ﬂ!!ﬁglﬁﬂﬂﬂ
a [ [ @ @ 1 a 14
fl]']ﬂNﬁﬂ']i"l/lﬂﬁ'ﬂﬂwq@ﬂﬁii]ﬂ']iﬁ‘ﬂl!ﬁﬂ@ﬂ‘l/]'J]lTJﬂl@ﬂ@ﬁ@ﬂTQW@alﬂﬂﬁﬂﬂuﬂdﬁﬂ
[ 1 1 a I ] U
aunsoagdIdemununimasgda 4.5 Tasauisoutianganssueon 1y 3 929 laun 29
] 1 <3 2 ] 1
ﬁwqmﬁumq (linear elastic) BV UAIGANNIAT A (strain hardening) HAZHFINDDUAIIN
o a [ [ a 4
NITUANTNIRWIZYA (localization softening) Wﬁ]@]ﬂiii]ﬂ']ﬁﬁﬂllﬁﬁﬂﬂﬂlﬂﬂwaﬁLilﬂﬁﬂﬂuﬂdi@]ﬂi‘ghﬂ
o o @ ' a 2 ' 7
AuwanisnaaeuIagulig (brittle material) Iaena 1l ualinnunssamavuuinnilesa
s 4 =~ a 9 A ' a A ' A 2 Y o a =
Llauﬂ“ﬂmuﬂﬂﬂuﬂiﬁﬂﬂ@] FIUTUATI AD Glf'NWf]ﬁﬂiﬁilﬂﬂu?ﬂllﬁﬂ!WNﬂlu!LﬁT}ﬁﬂlﬂﬂﬂTi!ﬁﬂg‘]J
P}
!,W]ﬁTJJ']3ﬂﬂaﬂﬁuQ"ﬁfﬂwLﬂﬂulﬁlﬂu‘ﬁﬁ']ﬂaﬂﬂufJﬂlli\‘laﬂ Wﬂﬁﬂﬁiﬂ‘b’?ﬂﬁjﬂi\‘lﬁ%ﬁ\‘l@klﬂ'lﬂﬂ“ﬂ“

3 3 ' a

o a l < A“! ] a { o 1
ae qmmﬁaumu “]f’NlLﬂN"’UUﬁ’JEJﬂ’JHJLﬂdiEJﬂ ﬁ@ Glf’J\‘]‘Wi]@]ﬂiill‘ﬁ’)ﬁﬂiﬂ‘ﬁu’)ﬂuiﬂil”Iﬂl,ﬂuﬂ’ﬂ
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ANMNIATEAKIONTIAE3UUUIINI0E NITNATOUNDANBIADUNIAILUFIWIIVUAIY

anuasealinglunamsnadeudinInguarzlianyusuana N U Fad IWNAUYDITAE

A a dy a ~ Y 1 o o a 14 A =g
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=
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plane) A 11/MaI91NANUIUTIZITA FINUIBUTIVZAAAIDINFANY 5811 $II0DUAIIN
MILANHNIRNIZYA MaIUeIA108197M69A951 1AMAI9AFIgAVDHUIOITI (residual strength)
a ' @ 1 a oa a a 4
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aounsanmelaussanetuieId lagnsanuduiussgninusansgdinnaaiu (P) nazms
{ [ { o o o v J
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Stress

Load

31
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N

pl

(a) Hard and Brittle

(b) Soft and Ductile

Residual strength

gpl &

linear Strain Localizasion
hardening

Strain

A a @ 9 o Aa 4 =~
gﬂﬂ 4.5 Wf]@'Iﬂﬁ3ll1/]'thJﬂWﬂiﬂLlﬁ\i@ﬂm@QW@aluﬂﬁﬂﬂu‘ﬂﬁ@l

(a) Brittle

[

(b) Ductile

\4

u

Deflection

a o @ a 4
4.6 ‘Wf]@']ﬂﬁiiﬂ/l’lhlﬂﬂiﬂclg]}ui\‘iﬂﬂllﬂﬂﬂ?l&ﬂl@ﬁ?‘l@ﬁlﬂ@ﬁﬂﬂuﬂ%@
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Sample No.
SAMPLE ID| Properties X SD
1 2 3 4 5 6

o, MPa) | 60.21 60.88 56.60 56.18 52.32 53.08 56.54 3.22

G2B12 oy (MPa) | 40.75 45.85 45.85 43.30 41.77 40.75 43.05 2.16
g, (mm/mm)| 0.0133 | 0.0113 | 0.0132 | 0.0132 | 0.0161 | 0.0131 | 0.0134 | 0.0014

o, (MPa) | 70.78 71.03 75.81 76.15 71.45 72.46 72.95 2.21

G2B14 oy (MPa) | 55,02 58.58 65.21 60.11 50.94 61.13 58.50 4.54
g, (mm/mm)| 0.0118 | 0.0116 | 0.0118 | 0.0115 | 0.0119 | 0.0119 | 0.0118 | 0.0002

o, MPa) | 77.07 74.98 77.58 68.18 80.01 75.31 75.52 3.67

G2B14 o, (MPa) | 66.23 62.15 60.11 61.13 61.13 61.13 61.98 1.99
g, (mm/mm)| 0.0142 | 0.0135 | 0.0141 | 0.0120 | 0.0118 | 0.0139 | 0.0133 | 0.0010

o, (MPa) | 78.50 77.24 75.23 76.32 73.63 74.47 75.90 1.65

G2B14 o, (MPa) | 61.13 61.13 56.04 60.11 56.04 56.04 58.41 2.40
g, (mm/mm)| 0.0141 | 0.0142 | 0.0157 | 0.0147 | 0.0150 | 0.0124 | 0.0144 | 0.0010

o, MPa) | 73.13 75.81 73.89 75.81 75.90 72.37 74.49 1.42

G2B14 oy, (MPa) | 50.94 50.94 50.94 52.47 60.11 40.75 51.03 5.63
g, (mm/mm)| 0.0176 | 0.0181 | 0.0174 | 0.0166 | 0.0148 | 0.0163 | 0.0168 | 0.0011

o, (MPa) | 69.35 73.55 70.28 71.32 72.20 71.45 71.36 1.34

G2B14 oy, (MPa) | 56.04 50.94 45.85 50.94 50.94 50.94 50.94 2.94
g, (mm/mm)| 0.0184 | 0.0169 | 0.0199 | 0.0182 | 0.0178 | 0.0184 | 0.0183 | 0.0009
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A3 0.2 ANTANNNAFIHSUANEINAVDIVUIANIATINALIDIANDAIEIDN

Sample No.
SAMPLE ID| Properties X SD
1 2 3 4 5 6
o, (MPa) | 54.23 n/a 46.94 | 5675 | 50.71 | 4727 | 5118 | 3.84
G3A12 | o, (MPa) | 3056 n/a 3820 | 4838 | 35.65 | 35.65 | 37.69 | 5.90
g, (mm/mm)| 0.0119 | n/a | 0.0116 | 0.0127 | 0.0131 | 0.0135 | 0.0126 | 0.0007
o, (MPa) | 78.14 | 77.64 | 79.15 | 7420 | 78.14 | 77.89 | 77.53 1.56
G3A18 | o, (MPa) | 6213 | 61.12 | 61.12 | 60.10 | 66.21 | 6621 | 6281 | 2.47
&, (mm/mm)| 0.0157 | 0.0159 | 0.0160 | 0.0149 | 0.0164 | 0.0153 | 0.0157 | 0.0005
o, MPa) | 73.10 | 73.94 | 7151 | 7327 | 74.62 | 7436 | 7347 | 1.03
G3A22 | o, (MPa) | 56.02 | 56.02 | 56.02 | 57.04 | 5755 | 5093 | 5560 | 2.17
&, (mm/mm)| 0.0186 | 0.0189 | 0.0173 | 0.0180 | 0.0181 | 0.0188 | 0.0183 | 0.0006
o, (MPa) | 60.19 | 60.86 | 56.58 | 56.17 | 52.30 | 53.07 | 56.53 | 3.22
G3B12 | o, (MPa) | 4074 | 4584 | 4584 | 4329 | 4176 | 40.74 | 43.04 | 2.16
&, (mm/mm)| 0.0128 | 0.0109 | 0.0129 | 0.0132 | 0.0158 | 0.0127 | 0.0131 | 0.0014
o, (MPa) | 7848 | 7722 | 7521 | 7630 | 73.61 | 7445 | 7588 1.65
G3BI8 | o, (MPa) | 61.12 | 61.12 | 56.02 | 60.10 | 56.02 | 56.02 | 5840 | 2.40
&, (mm/mm)| 0.0148 | 0.0139 | 0.0160 | 0.0141 | 0.0148 | 0.0132 | 0.0145 | 0.0009
o, (MPa) | 69.34 | 73.53 | 7026 | 7130 | 72.18 | 7143 | 7134 | 133
G3B22 | o, (MPa) | 56.02 | 5093 | 4584 | 5093 | 5093 | 50.93 | 5093 | 2.94
&, (mm/mm)| 0.0201 | 0.0161 | 0.0209 | 0.0193 | 0.0184 | 0.0183 | 0.0189 | 0.0015
o, (MPa) | 59.02 | 52.89 | 4953 | 57.17 | 52.98 | 5943 | 5517 | 3.62
G3C12 | o, (MPa) | 4584 | 40.74 | 3565 | 4838 | 40.74 | 4584 | 4287 | 427
&, (mm/mm)| 0.0112 | 0.0132 | 0.0116 | 0.0114 | 0.0140 | 0.0122 | 0.0123 | 0.0010
o, MPa) | 7781 | 7747 | 78.65 | 7831 | 7747 | 7437 | 7734 | 1.40
G3C18 | o, (MPa) | 61.12 | 5093 | 61.12 | 60.10 | 61.12 | 61.12 | 5925 | 3.74
&, (mm/mm)| 0.0158 | 0.0148 | 0.0140 | 0.0132 | 0.0149 | 0.0144 | 0.0145 | 0.0008
o, MPa) | 7034 | 72.69 | 70.76 | 7236 | 71.52 | 71.94 | 71.60 | 0.83
G3C22 | o, (MPa) | 61.12 | 56.02 | 56.02 | 61.12 | 61.12 | 60.10 | 5925 | 231
&, (mm/mm)| 0.0170 | 0.0185 | 0.0193 | 0.0205 | 0.0175 | 0.0199 | 0.0188 | 0.0012
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AT NN 1.3 auianenadmMsuANEINaYeIlTIAUNIATINNIILADIAIOA

Sample No.
SAMPLE ID| Properties X SD
1 2 3 4 5 6

o, (MPa) | 31.58 | 36.61 | 42.57 | 4291 | 4224 | 27.80 | 37.28 5.88

G4B75R12 | o (MPa) | 2801 | 33.10 | 37.8 | 3820 | 36.67 | 2546 | 33.10 4.82
&, (mm/mm)| 0.0100 | 0.0075 | 0.0097 | 0.0137 | 0.0087 | 0.0093 | 0.0098 | 0.0019

o, (MPa) | 39.13 | 51.81 | 4694 | 56.84 | 4551 54.83 | 49.18 6.01

G4B50R8 | o, (MPa) | 3820 | 41.76 | 40.74 | 5093 | 4329 | 4838 | 43.88 4.41
&, (mm/mm)| 0.0077 | 0.0068 | 0.0063 | 0.0073 | 0.0072 | 0.0074 | 0.0071 | 0.0005

o, (MPa) | 82.08 | 79.57 | 7639 | 81.25 | 83.59 | 80.4l 80.55 2.25

G4B50R12 | o (MPa) | 7130 | 7130 | 63.66 | 7130 | 71.30 | 63.66 | 68.75 | 3.60
&, (mm/mm)| 0.0097 | 0.0105 | 0.0101 | 0.0089 | 0.0094 | 0.0093 | 0.0097 | 0.0005

o, (MPa) | 69.00 | 69.68 | 6623 | 67.75 | 68.84 | 72.61 69.02 1.95

G4B50R18 | o, (MPa) | 5093 | 5857 | 57.04 | 5093 | 57.04 | 61.12 | 55.94 3.79
&, (mm/mm)| 0.0100 | 0.0113 | 0.0107 | 0.0111 | 0.0109 | 0.0104 | 0.0107 | 0.0004

o, (MPa) | 69.51 | 7051 | 7077 | 72.86 | 7244 | 6523 | 70.22 2.51

G4B25R12 | o, (MPa) | 61.12 61.12 61.12 | 61.12 | 61.12 56.02 60.27 1.90
&, (mm/mm)| 0.0108 | 0.0106 | 0.0107 | 0.0098 | 0.0104 | 0.0097 | 0.0103 | 0.0004
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Sample No.
SAMPLE ID| Properties

SD

x|

1 2 3 4 5 6

o, (MPa) 72.52 73.70 67.66 66.82 67.24 74.45 70.40 3.22

G5B50F1 | o, (MPa) | 60.10 | 61.12 | 61.12 | 56.02 | 56.02 | 61.12 | 5925 | 231

g, (mm/mm)| 0.0111 | 0.0112 | 0.0133 | 0.0115 | 0.0113 | 0.0115 | 0.0117 | 0.0008

o, (MPa) 72.94 71.85 74.54 75.79 74.54 n/a 73.93 1.38

G5B50F2 | o, (MPa) | 61.12 | 5093 | 61.12 | 61.12 | 65.19 n/a 59.89 | 4.75

&, (mm/mm)| 0.0132 | 0.0148 | 0.0132 | 0.0130 | 0.0126 n/a 0.0134 | 0.0008

o, (MPa) 63.97 60.19 73.20 64.14 63.80 64.30 64.93 3.96

G5B50F3 | o, (MPa) | 56.02 | 4584 | 66.21 | 58.57 | 4584 | 5857 | 5517 | 7.30

&, (mm/mm)| 0.0139 | 0.0129 | 0.0159 | 0.0112 | 0.0146 | 0.0138 | 0.0137 | 0.0014
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AN 1.5 ANUTANNNAA IS UANYINAVBIVUIANIATINALIDIAADIAINA

Sample No.
SAMPLE ID Properties X SD
1 2 3

S (MPa) 17.10 16.09 n/a 16.60 n/a

G6A12 E, (GPa) 7.57 7.52 7.98 7.69 0.21
S (MPa) 22.13 21.12 19.11 20.79 1.25

G6A18 E, (GPa) 6.67 9.55 11.38 9.20 1.94
S (MPa) 18.11 14.57 19.60 17.42 2.11

G6A22 E, (GPa) 7.07 7.65 7.72 7.48 0.29
S (MPa) 17.10 16.09 n/a 16.60 n/a

G6B12 E, (GPa) 7.89 8.11 n/a 8.00 n/a
S (MPa) 19.11 n/a 19.11 19.11 n/a

G6B18 E, (GPa) 8.32 n/a 8.46 8.39 n/a
S (MPa) n/a 28.65 27.65 28.15 n/a

G6B22 E, (GPa) n/a 8.65 7.13 7.89 n/a
S (MPa) 16.58 15.58 16.09 16.08 0.41

G6C12 E, (GPa) 10.82 11.45 11.47 11.25 0.30
S (MPa) 13.08 19.60 n/a 16.34 n/a

G6C18 E, (GPa) 7.01 10.31 n/a 8.66 n/a
S (MPa) 15.09 16.09 17.59 16.26 1.03

G6C22 E, (GPa) 7.65 7.60 7.60 7.61 0.02
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3190 n.6 andananadmsuanymaveSuanduleaatidinn

Sample No.
SAMPLE ID Properties X SD
1 2 3
S (MPa) 15.09 15.09 14.57 14.91 0.24
G7B50F1
E, (GPa) 6.92 8.10 7.57 7.53 0.48
S (MPa) 11.06 11.55 13.08 11.90 0.86
G7B50F2
E, (GPa) 7.42 6.98 7.01 7.14 0.20
S (MPa) 11.55 13.08 9.05 11.23 1.66
G7B50F3
E, (GPa) 8.47 8.10 7.72 8.10 0.31
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