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ABSTRACT

Structural Insulated Panels (SIP) is a good material in building and housing construction
with the good properties such as heat insulation, load absorption, strength, durability and low
construction cost. Due to the lack of research on SIP slabs in Thailand, the flexural performance of
SIP slabs with or without GFRP (Glass Fiber Reinforced Polymer) strengthening were studied in
this research

In this research, it has to strengthen the GFRP to the mat SIP with the test four samples for
two way slab is the size of a full scale SIP wide 1.2 m and 2.0 m with a thickness of 0.10 m and
0.14 m is different and the five sample strength for one way slab, 1.2 m wide and 2.4 m long
reinforced and non-reinforced GFRP were tested under uniformly distributed loading till failure.

The test results indicated that, two-way SIP slabs in thickness of 0.10 m could bear load of
225 kg/m2 under service limit, which met the requirements for residential and light commercial
buildings. For slab in thickness of 0.14 m, the load bearing capacity increased to 365 kg/mz. And the
test results of one way SIP slabs showed that CFRP strengthen SIP slabs can carry more load than
that of slabs strengthened GFRP. Pasting GFRP between form core and fiber cement board facing of

SIP slabs was a feasible method to improve the flexural performance of SIP panel slabs.

Keywords: structural insulated panel, one way slabs, two way slabs, glass fiber reinforced

polymer, flexural performance, strengthen
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M519h 2.4 AaautinvesasuenIvliweiju KNC125

Model No. anvazidy KNC 125
Weave Yarn twill
Count Of Yarn (TEX) warp 3K
fill 3K
Density warp 12.5
(Picks/Inch) fill 12.0
Tensile Strength warp 216.7 kgt/25mm
fill 224.4 kgt/25mm
Width (mm) 1,350 (-0, +5 mm)
Thickness (mm) 0.22 +0.01
Weigth (g/sqm) 200+ 10
Roll Length (m) 50
Testing Method According To ksl 2513
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3197 2.5 Aaauiavesniielondizu KNA 206-AC

Model No. anyavIdu KNA 206-AC
Weave Leno
Yarn warp (A1U81) 135Tex (ecg 37 1/0)
fill (AUUDU) 330 Tex
Yarn Count warp (ﬁ’mﬁu) 6 (ﬁwuamﬁ’u/ﬁa)
(Ea Per Inch) fill (A1UUDY) 6(%"1mun,€r’u/fra)

Tensile Strength

kY A
warp (AUYU)

66 kg (Min) 115904

(Per Inch)

fill (@1UUDU)

66 kg (Min) 115904

Bursting Strength (Per Cm’)

14 kg (Min)

Width (mm)

1,000 (M¥1A19)

Roll Length (m)

' 9
45 (ANUYINDUIN)

Thickness (mm)

0.37 (ANUHUT)

Weight (g/sqm) 145 (Vn1n)
Coating Material Acrylic Modified Resin
Color Blue/White
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M3191 2.6 MINATOUMITUVUTIAAVOULLHY 3D [17]

Thickness Type of Cement P Max. Deflection
Specimen
(cm) Shotcrete Content (kg) (mm)
Slab-1 16 Manual 300 kg/rn3 2000 80
Slab-2 16 Manual 300 kg/rn3 1900 40
Slab-3 16 Manual 300 kg/m3 1800 80
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1 6,905.50 32.88
2 7,002.60 33.35
3 7,177.28 34.18
Average 7,078.83 33.71
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No. Load (kg) Flexibility (cm) Stress (ksc)
1 481.26 2.87 28.87
2 492.75 2.91 29.56
3 505.62 3.76 30.34
Average 493.21 3.18 29.59
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v Yy
A15199 4.8 HANTNAADIMAITVUTIAAVOITUAIDY SI-14-BT

No. Load (kg) Flexibility (cm) Stress (ksc)
1 521.92 3.62 15.97
2 515.04 2.94 15.76
3 519.74 3.13 15.91
Average 518.90 3.23 15.88

v Y
15199 4.9 HANITNAADIMAITULTIAAVOIFUAIDEI GF-10-BT

No. Load (kg) Flexibility (cm) Stress (ksc)
1 512.63 3.18 30.75
2 514.68 3.49 30.88
3 513.97 3.23 30.84
Average 513.76 3.30 30.83
AT 4.10 HANITNAABIFIT IS VNS IRAVDIFURIOEI GF-14-BT
No. Load (kg) Flexibility (cm) Stress (ksc)
1 689.04 447 21.09
2 686.02 431 21.00
3 690.26 451 21.15
Average 688.44 4.43 21.09
AT 411 HANTNAABIIS ISV IRAVDIFURIDEN CF-10-BT
No. Load (kg) Flexibility (cm) Stress (ksc)
1 544.59 4.82 21.09
2 411.01 4.65 21.00
3 462.39 4.98 21.15
Average 472.66 4.82 21.09
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MmN 4.12 agdwanisnaaeuMaITunsIaa

Specimen SI-10-BT GF-10-BT SI-14-BT GF-14-BT CF-10-BT
Load (kg) 49321 513.76 518.90 688.44 544.59
Deflection (cm) 3.18 3.30 3.23 4.43 3.65
Modulus of
29.59 30.83 15.88 21.09 32.68
Rapture (ksc)

o

MINMIAV09F UM SIP a3 unuIulenda (GERP) 111999100155 UMEIAA LaAIfd
5UM 4.11, 4.13 wag 4.14 vag sP @ liaSuauaulonds iesnnmssumasaa uaasaagla

4.10 g 4.12

LG8

H : Y
Eﬂﬁ 4.11 'dﬂ‘]f:lﬂ!$ﬂ'li'J‘]JG]Lﬁ@\i‘ﬂ'lﬂlli\iﬂﬂm@\ﬂfuﬁﬂﬂﬂ'lﬂ GF-10-BT
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v ! y
gﬂﬁ 4.12 ANHULMIIVALLDINLTIAAVDIFUAIDET SI-14-BT

i 1] v
5UM 4.14 dnBEMINTAINDINNITIAAYEIFUAIBDEN CF-10-BT

3 =

Snumzmsiiazmansuandanuunlsizata Brash Tension) Huviinunszsii
5282 L/3 Aip uand 1R uS nafitaeneuiiotanuseie 11nmsei 4.12 wifiu'léan GE-10-BT
1AZGF-14-BT 5uu3918gaga 513.76 kg 1102 688.44 kg Feuns14u1nn SI-10-BT uaz
SI-14-BT 493.21 kg 1482 518.90 kg tHavnmsasuauiumuisloudinsizaivienuivlondi

1 [ o Y a a oua 9 [ o o w 9 xg 1 g’/ a
“]5’3fJ‘i‘lJLliﬂa\ﬁ\‘lﬂﬂﬁlﬂﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂ’J13Jﬁ1ﬂ1iﬂiﬂﬂ1a\1ﬂﬂqﬂu1ﬂﬂ]uﬁ’3u CF-10-BT Hulasy
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EY ) ! Y
a1 CFRP 115 uns e 1dgaga 544.59 kg Fagana1mnalod1ailosaind CFRP Wuia3us1831

a wa 9

= YA o Y a 1 a 9y v A W "o o Y 9 !
Lliﬂﬂﬂhlﬂm/]ﬂ‘mﬂﬂﬂﬁ’mﬁ‘lﬂuazUhJLﬂﬂﬂﬁLWIﬂiTJLL‘U‘U‘V]u‘lﬂ‘lﬂuiﬂ !mﬂﬁmli\‘lhlﬂ‘l.l@ﬂﬂ’ﬂ

GF-14-BT 11109910 TWunTanunnunnnd g 4 1. ¥281un1s5uuss uamanmsuaninuuy

[ @

~ 1A A A A ~ A = ) 1
UN u{lﬂiﬂﬂhlllllﬂ'ﬁﬂﬂ‘ﬂi'ﬂllﬂj1lllﬂuE]']l‘ﬂllf]“ CF-10-BT Gﬁﬂﬂaﬂﬂﬂﬂﬂ’)?

[
< [ A

4.3 HAMINATDUMAIZVINHUNUUVIANNMAIVBINY SIP (Two Way Slab)

9
o @ o

msnageuaNuaInga lumssumauihminuuufumas (Full-Scale Loading Test)
Vo4 SIP (Two Way Slab) U119 Y1IANFI 120 %3, 819 200 3. W1 10 . azvIanig
120 %31, 917 200 3. M1 14 3. 0@ tazia3y GFRP Tagnanminuuunsnszaeiiazsun
Az 175 kg ADAT1NATLAZITINTIANIG INIAD tazSasmsdanadave s mnding 17 16

= g‘/ %’ Y] 1 dy a va A a [ 9!& A 9
mwmmnumuﬂqqqﬂummuwmmumwiawqﬂmmﬂﬂaumw%mwaﬂ"lﬂmm

A3

9 v A
AT NUVDYAAIY
o w w 2 o 3 o w ] y o
43.1 ﬂﬁg‘ll'JUﬂ'lﬁﬂﬂﬁ@ﬂﬂ?ﬁﬁﬁﬂu’]ﬁuﬂLLUUL@NﬂTan@QLLWU‘ﬁu SIP UL DY

NNATUATTN
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M3197 4.13 MINATOUMAITVIIMIAVBWHUNY SI-10-FT Two Way Slab

Y
190D UHnse1veuHuNY SIP
(kg/m?)
v 9
175 | - 5% Load fu tsunulu
9
FLUY UHUNUTUUTITDIN
(Two Way Slab) 11115 10462
Yon11 2.53 U,
Q‘ %} v 3 % 1 A o
350 | - iiviinautazdaa Inadn
14 5.42 wu.
Y ao' o A dy 4‘ =
950 | -lrhminiiiuaniEoaaauda

& 1 1 [
UIUN 950 Kg’JﬂﬂWﬂﬁIﬂWl’J

14 14.95 1.
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M3197 4.13 MINAaeUMaISVINHUAVOWHUNY SI-10-FT Two Way Slab (¢19)

UInn P
=S 1 aan ]
510021909 (710) ) UfAservomuNY SIP
(kg/m=)
Y ¥ ) 3 A =3
1250 | - IhhminmiuiuiEesgde
1250 kg JaA1s Inada1d
19.67 WU.
= 1 90‘ v d‘
1700 | - U3 Ineanimingegai

Q

1700 kg Taszazms Inada la

23.70 U, 1 ITMIWIVD
1 da’ 1 &l %
TN YA TR IR AR CA TS TIUER
#04N14 (Two Way Slab) 9
Y ’o’ Y] A'l
Wgan1s 1imiin 1tieeainen
INABUATIBNINYINT 1WIAOU
1 &' Y~ g‘/ (%
nnuruiiu lAonnegusessy

A J A
IFuFUTNg Ton
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M3197 4.14 MINATOUMAITVIIMIAVOWHUNY SI-14-FT Two Way Slab

Y
. 1IN . 2
P ALGEIGER UnIe1ve Uy SIP
(kg/m?)
2 7] o A
175 | - (54719 LOAD nu spivia Ty
) j‘ [
FEUU URNUNUT UL ITDIN
(Two Way Slab) A1115 1A9A7
Yo8ni 2.37 wy.
Q’ %’ v 3 % 1 A
800 | - iNANMIRYUIAZ AR TNY
d'l1d 7.79 wa.
Y scl @ A dg! 4‘ =
1700 | - I miniuynis g9 au g

b4
o g

111N 1700 NA. 1AAINIS5 104

o Y =
ﬁ31ﬂ14701ﬂiﬂﬂﬂq9ﬂ15

nagay
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M3197 4.15 MINATOUMAITVIIMIAVOWHUNY GF-10-FT Two Way Slab

Y
R
= aan ] c&’
P ALGEIGEL X UnIeveHuNY SIP
(kg/m*®)
Y %’ o A g d' =
500 | -l¥iimdnivauSesgauna
500 AN, 3A13 10914 6.13
1.
51901 o A zg A s
950 | -lihwminminiuiGesgnas
Y
FUIUDI 950 AA. AT 1A
d'1d 11.04 w.
L, | v, 4
1700 | - UM Inemuimiingage

Q

[ ' o 9
1700 1. ’JﬂfiZEJZﬂﬁiIﬂ\W]’J]lﬂ

18.53 130, 1&1 1 TNITHV04
. & e
il us g Uy uHUNUSY

HIITDINN (Two Way Slab)
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M3197 4.16 MINATOUMAITVIIMIAVBWHUNY GF-14-FT Two Way Slab

WINUD
= aan ] c&’
518821969 5 URATO1vOUHUNY SIP
(kg/m=)
Y %’ o A g d' =1
1250 | -lihmindivuuisesaias
FUIUDI 1250 NN, TAAINT
Treda 14 8.91 uu.
1700

D.

1 90’ v
- Ims Tngannihmingagan

Q

1700 An.3A328zmMT Inaaa'ld

11.64 3. 19 1ITNTHIV04
A N
TN YRR TR I A A TRV R ICR

#9INN (Two Way Slab)

o U \ o &l 1
43.2 ﬂlTMﬁMWHﬁigﬁDWQ Load NU Deflection UBIWU SIP L!,‘]J‘]J@]N‘]]lﬁ}ﬂﬁﬂﬁ

NATOUMNAIITINN 4.17 wazgii 4.15
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v 4
519N 4.17 Waﬂﬁﬂﬂﬁ'ﬂﬂﬂ?WNﬁNWHﬁ%%ﬁ')N Load AU Deflection GUENLLWU“W’L!

(Two Way Slab)

Deflection(mm)

2
Load (kg) ~ Load (kg/m) GF-14-FT SI-14-FT GF-10-FT SI-10-FT

0 0 0 0 0 0
420 175 1.63 2.37 2.05 2.53
840 350 2.87 3.91 4.15 5.42
1200 500 4.28 5.24 6.13 8.29
1560 650 5.36 6.75 7.92 10.77
1920 800 6.18 7.79 9.79 12.76
2280 950 7.04 8.79 11.04 14.55
2640 1100 7.95 9.77 12.19 17.59
3000 1250 8.91 11.44 13.72 19.67
3360 1400 9.81 12.15 15.26 21.23
3720 1550 10.68 13.32 16.87 22.35
4080 1700 11.64 14.70 18.53 23.70
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1800
".
1600
.‘-
1400 o
g
1200
S 1000
)
=
= 800
=]
=
600 - o= GF-14FT
- @ - SI-14-FT
400
—A— GF-10-FT
200 W SI-10-FT
0 T T } } T T T I
0.00 5.00 10.00 15.00 20.00 25.00
L/360 Deflection(mm)

v ¥
51 4.15 AMUFURUTIZ1I19 Load 111 Deflection Y9 ILAUNY (Two Way Slab)

o v J J 2 v @ 1w ' ¥ H] %] 1
i]'lﬂﬂi'W\Iﬂ'J']llf’fiJWu'ﬁﬁ&’“ﬂ'J'NuWWuﬂﬂ‘]Jﬂ'ﬁTﬂ\W]'JGUE]QLLWHﬁu3ZUU SIP N3 4 9119871
dy @ A - @ ¥ o Y= 2 < Y1 1 dy A
HUUNUADININ Llﬁﬂ\?ﬂﬂgﬂ‘ﬂ 4.15 uuﬁ?ﬂ?iﬂiﬂuTﬁl‘lﬂllﬂﬂﬁ 1700 kg/m %mullmmwuwmn
a Y = 1 @ 4 a o %’ @ 1 Y d' 1w
Lﬁiuﬁlﬁlllﬂj GFRP llﬂ1ﬂ'l§1ﬂ\°l§°’]'313l}'ﬂfl Lﬁﬂﬂﬂﬂ'ﬁﬁﬂu'lﬁuﬂﬂ'lﬁjﬂ\‘l@?ﬂ L/360 Ti%’f]lfﬂ'lﬂﬂ 3 Uy,
g’/ 1 dsl a 9 ~ o 1 a <3 Y [ dy
UU HWNUNU SIP Lﬁillﬂu')uclfluﬂj GFRP muﬁa‘umﬂuﬂmmuﬂﬂmzmullmmwuwu SIP
a Y g’; [ %} v 9 1 ] aa nmy Aa Y
mmauauimma GFRP uu%3’ﬁ’lll’liﬂiﬂu??‘fuﬂllﬂiJ']ﬂﬂ'J'lLLNuﬂﬂﬁWUlﬂJhlﬂlﬁiuﬂu'luclﬂllﬂﬂ
Y H 9 1
ﬂi$n1m%®ﬂaz 32 415U uwuﬁu SIP NYiU1 14 4. Ll,az‘%)aﬂag 11 ﬁmimmuﬁu SIP ﬁ‘mn
A ' a v A o q Vo ¥ o yy ]
10 %Y. AUNITNNN 4.19 LLﬁﬂ\?’JWﬂ'liLﬁiiJﬂu'Juclﬂllﬂ'J GFRP NNﬁT]'IIWiUHWWHﬂllﬂﬂJ'Iﬂ"Uu
d’ = 9 g-‘/ |l dy =) ! 7 g v
manﬁ'Emmﬂuclumummwmuuﬂamwm"uamwuwu SIP 3¢ UWANDNITIUUIIUD
Y ' v A v X A ] o 3 o Y ' 9 9 [ v X
AVYLBUNU ABDLNUNU SIP ’1/]1’71.!']ﬂ'J'lﬂﬂ%i‘]JLl']ﬁuﬂulﬂiﬂﬂﬂ'ﬂﬂig1]1&!5?]81'(33 9 ANNTULNUNU
a 1 a 9 ) [ 1 &’ a 1 a
HUT 14 HU. Lﬁ'illllazlllllﬁill GFRP 1azio8azll aMHIULNUWUHUT 10 ¥, Lﬁ'illl!agblill'ﬁﬁll

1w <] '
GFRP a3 1N9AD (Deflection) ﬂ‘ljl}’fJfJﬂ’N
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3 v o J [ 1 { {
ﬂ]’iNﬁ 4.18 NANITHIANUTUNUDTIEYINE Load NU Deflection ﬂlamwuﬁu (Two Way Slab) i

L/360 %139 3.00 1.

ITEM Deflection(mm) L/360= 3.00 mm
GF-14-FT SI-14-FT GF-10-FT SI-10-FT
Load (kg) 875 595 610 540
Load (kg/mz) 365 248 254 225

{ [ v J 1 o v ¥ @
flﬂﬂ@]'li'l\iﬁ 4.18 WaNITHIANUTUNUTILHIIN Load N1 Deflection mamwuﬁmmmu
A G ! o A ] dy a A 1 a 3
UIITINNN L/360 1150 igﬂgfﬂijﬂ\?ﬁ'}‘ﬂ 3.00 yu. LLW‘H‘W‘LlLL‘]J‘]JLﬁiuﬂﬁ@llﬂlﬁiﬂﬁ'lu'liﬂiﬂ
o Y Y 1 L g g 6 ¥ @
u’lﬁuﬂﬂiinﬂﬂihlﬂh'lﬂﬂﬂ'l 150 kg/m2 G?%\‘ILﬂull'l@]iﬁTL!61]HG]WGlUﬂTﬁ@@ﬂLLUUu'IWHﬂUiiT!ﬂi]ﬁ

{ o o Y 9 o {
NNy 15338y 1Ia WoIdIW MNNYNIENT WAV 6

d' = 9 1Y %’ LY 1 a ] dy d'
M9 4.19 1WSeuNeusesazvoIMISUHIRENIAL FHAVD N LY (Two Way Slab) 7

L/360 1139 3.00 W.

GF-14-FT 01 GF-10-FT N1 GF-14-FT 01 SI-14-FT A1
SI-14-FT SI-10-FT GF-10-FT SI-10-FT
32% 11% 30% 9%

{ ~ 9 @ 2 o ' { ' 1 f
iﬂﬂ@lﬁNﬁ 4.19 Lﬂ%ﬁmm&mi@ﬂﬁ%ﬂl@ﬁﬂﬁi’ﬂu1ﬁ ﬂﬂlﬂﬂllwuﬁu SIP W11 LLNHWA‘L! SIP

9
o Y

d' =Y ] a = 1 % ) d‘d 1 [
‘I/]ﬂﬂﬁlllllﬁill GFRP Mﬂ’Zﬂll‘ViuWJ’ENI‘V\ING]'NﬂuLLWLlW‘LWIiJﬂ'ﬂiJ’Viu'lI’V\liJiﬂﬂﬂ'ﬂﬂzﬁJUWWHﬂ

ke

¥
A

] Y £ H H 1
LWM%’H%JE]EJ’Q$ 9 mmmuﬁu SIP a3y GFRP AU I w1 UUA NN HATAY

@ o o A 49! 9 ! dy A ' dy A
WU'IIWII 14 ¥, WSTUHINUMUNNNINVUIDIDE 30 GU?)QLLWHWUV]NIV\ISJ 10 U, LAUNUNUAIY

4 H
A A

T W a o 3 o [ ] =Y [l
Wi Ty 10 @, iduESy GERP sgsuihmiinunandwruiui a5y GFRP agiovaz 11
1 ) &’ d‘d 1 % =Y 3 So} £ 1 ) j‘ d' ) =)
dyuuruiuRianunu Ty 14 9. sdueEy GERP sgsuihmiinunndwsuiui lia5y
1 ' a 1 g 2\// 1 (3 %} o 3 1
GFRP 0g308az 32 uaaanvinidsy GERP lunwuiiy SIP duvzsieldsuiminunauTagl
aounuanuruved unazsi 14 lideudeszezvesnnugavesios i)
o 5 1 % 1 g U 1
43.2 AWAUWNUTIZNIN Load M Strain YBIHUNY (Two Way Slab) n153aA1nsta

% 1 &l 1 a 1 QU 4 !
HAAIVDULNUWY SIP L‘]J‘]J@]NC]blLl‘1/]f’ﬁ/lNll@%)i‘ﬂﬂ"ﬁﬁﬂﬂﬂ@nﬂﬂuﬁﬂﬂclu@ni"ﬁﬁ 4.20-4.23
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J J

v Y v
15190 4.20 ANUFUNUFITZHIN Load AU Strain ﬂlmlmuﬁu (Two Way Slab) ﬁmmaﬁ'muu

RUUAUMUFY (Cho2)

Strain x10”

Load (kg/mz)

GF 14 FT SI 14 FT GF 10 FT SI10FT

0 0.00 0.00 0.00 0.00

175 -12.56 -45.41 -37.74 -76.41
350 -45.41 -74.40 -81.13 -152.83
500 -61.84 -108.21 -120.75 -224.53
650 -66.67 -140.10 -166.09 -270.81
800 -83.43 -174.88 -197.17 -333.96
950 -101.23 -208.70 -225.47 -364.09
1100 -120.17 -230.92 -268.87 -396.22
1250 -134.82 -254.11 -294.34 -432.02
1400 -156.36 -282.13 -328.36 -463.32
1550 -176.25 -309.18 -346.17 -490.56
1700 -190.15 -344.93 -364.15 -503.72
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nipneMNUNAT (kg/md)
0 200 400 600 800 1000 1200 1400 1600 1800

0
. \‘I—--l..\_‘.~~
-100 g N .
& —-.
= =200 - -
N
g S \\*
'€ -300 .. T~
;'-7_: - & GF-14-FTuu ...
& - & = SI-14-FTUY s
.= -400 ' ..
& e
—&—GF-10-FTvu | Ty ...
500 - SI-10-FTUY dood B .
m < Direction Strain Gage Top & Bottom
-600 XY

! o v J 1 Y L 1 ¥ v 9
gﬂﬁ 4.16 ANVFNIUTILHIN Load AU Strain VBLHUNY (Two Way Slab) Nana MU

AUURDMIUFY (Ch02)

Y %% o J v ] 4 .
ﬂ]‘iNﬁ 4.21 ANUAUNUTIEHIN Load N Strain ﬂjamwuﬁu (Two Way Slab) ﬁmmqﬁ'm‘uu

NUVUIUA VAU (ChO3)

Strain x10™

Load (kg/mz)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT
0 0.00 0.00 0.00 0.00
175 -8.49 -28.00 -8.43 -39.53
350 -19.81 -34.78 -22.64 -55.92
500 -27.36 -46.00 -29.25 -62.82
650 -37.00 -55.00 -45.28 -74.38
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4 1

v Y v
519N 4.21 ANUFUNUTTLHII1 Load AU Strain SIJE’J\‘]LLNLlﬁLl (Two Way Slab) ﬁ\iﬂﬁ']\i

MuUBUNUVURFUAIUE1I (ChO3) (71D)

Load (kg/mz) Strain x10”

GF-14 FT SI-14-FT GF-10-FT SI-10-FT
800 -45.00 -65.00 -53.77 -82.56
950 -63.00 -75.00 -64.15 -84.71
1100 -72.00 -85.00 -80.19 -96.01
1250 -83.00 -92.00 -90.57 -102.81
1400 -89.62 -98.00 -101.89 -109.84
1550 -93.40 -100.00 -106.60 -113.57
1700 -98.11 -105.00 -110.38 -115.72

rnAe M3 1AT (ke/m?)
0 200 400 600 800 1000 1200 1400 1600 1800
0
-®- GF-14-FT YU
=20 \l
n¥-s - - SE14-FTUU
< 40 .. L .
S S —&— GF-10-FTUU
% . ~
- ... Z
% -0 T T ™ @ SI-10-FTUY
e
& L
Z-80 | g
z
e [ R TR e
........... '.,
-120 — Direction Strain Gage Top & Bottorri
L
-140

4 o U 1 L ) j’ X
510 4.17 AMUFURUTIZHIN Load H Strain YOWKUNY (Two Way Slab) Nanaad 1y

AUINUFUAIUB1I (ChO3)
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3 o o o 1 @ 1 -4 . 1
ﬂ]’iNﬁ 4.22 ANUAUNUTICHIN Load NV Strain GUEN!LWUﬁu (Two Way Slab) ﬁmanﬁ’maw

RuuUAUMUFY (Cho1)

Strain x10”

Load (kg/mz)
GF 14 FT SI 14 FT GF 10 FT SI10FT
0 0.00 0.00 0.00 0.00

175 8.49 19.32 28.02 45.28
350 16.98 48.85 63.77 89.62
500 32.08 82.41 101.25 137.73
650 50.00 117.09 142.03 183.07
800 78.24 142.63 160.26 213.21
950 95.28 170.03 195.26 243.39
1100 107.55 192.17 210.73 282.07
1250 127.36 222.17 250.73 312.26
1400 149.06 250.26 280.28 345.28
1550 177.36 280.87 323.98 365.09
1700 218.87 310.07 350.21 384.96
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500

400

(x10°)

=

- B GF-14-FT aW
- ¢ -SI-14-FTa 9
300 —A— GF-10-FTa N

@ S-10-FTAN

lf/—’ Direction Strain Gage Top & Bottor]

200

AMAININIUA

v

100

600

& 800 1000 1200 1400 1600 1800
NHINADMTIANAS (kg/mD)

v 9 v
51 4.18 AMUFURUT Load 1 Strain YOIMHUNY (Two Way Slab) U3 IMNINAIMHY

fuarnvuIuMUaY (Chol)

$ [ v J 1 Y . ] 4 . 9 [
ﬂ"li"lﬂﬁ 4.23 ANVUTNNUDIIEYIIN Load NV Strain mamwuﬁu (Two Way Slab) 'ﬁqnawmuaw

NUVUIUA VAU (ChOO)

Strain x10”°

Load (kg/mz)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT
0 0.00 0.00 0.00 0.00
175 1.89 8.49 19.32 28.02
350 3.77 16.98 30.06 35.47
500 5.66 32.08 50.57 53.79
650 13.21 50.00 67.06 71.06
800 16.04 78.24 97.82 105.82
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3 v v 1 @ 1 -4 . '
ﬂ]’iNﬁ 4.23 ANUAUNUTICHIN Load NV Strain GUEN!LWLlﬁLl (Two Way Slab) ﬁmanﬁ’mmq

AUUFVAIUB1Y (Ch00) (71D)

Strain x10°

Load (kg/mz)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT
950 17.92 95.28 110.91 120.35
1100 22.64 107.55 139.98 147.98
1250 30.19 127.36 150.83 170.85
1400 3491 149.06 180.47 185.63
1550 44.34 177.36 201.94 220.82
1700 56.60 218.87 250.03 258.03
500 ' [ e Direction Strain Gage Top & Bottom
—— GF-14-FT a13
400 - ¢ - SI-14-FT 219
=
! 300 —&— GF-10-FT 819
& .
UE @+ SI-10-FT 219 o
3 200 °
e
=
& 100
0 I
0 200 400 600 800 1000 1200 1400 1600 1800
ﬁ1ﬁﬁlﬂﬁi’0ﬂ1‘ﬂ\‘i!3~lﬂi (kg/mz)

v 9
sif 4.19 ANUFUWUTTLNI Load fU Strain (Ch03) YBIUHUNY (Two Way Slab)

= Y oA v
INDANATHUHATNNUYUIUNUATUHYTI

&9



MI1N 4.24 ANUFUWUTILHIN Load A Strain YBUHUNY (Two Way Slab)il L/360 =

3.00 mm 71 149103 Interpolated Data

ITEM Deflection(mm) L/360= 3.00 mm
GF-14-FT SI-14-FT GF-10-FT SI-10-FT
Load (kg) 875 595 610 540
Load (kg/mz) 365 248 254 225
Strain (x10*) MUVUNVUIUND
y 2 -92.33 -128.62 -154 -236.87
MUY
Strain (x10*) MUANNVUIUND
g 2 86.76 104.37 131.16 149.82
Muau
Strain(x10™*) MUVUNVIIUNY
v -54 -51.7 -41.01 -65.9
MUy
Strain (x10°) MuANNVUIUNY
v 16.98 43 .43 45.1 40.36
MUY
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MI1N 4.25 ANUFUWUTILHI Load A Strain YBUHUNY (Two Way Slab)il L/360 =

3.00 mm MgUTEHNUTI VAU 1E5 1 GFRP NANUHUUASINULAZANNHTU

AN
ITEM v meusznnuasunuly | % Meuszvnaasuiu luasy
@33 GFRP N1AMNHU GFRP NANUHUIANNY
AN
GF-14-FT 01 | GF-10-FT U | GF-14-FT nU | SI-14-FT nu
SI-14-FT SI-10-FT GF-10-FT SI-10-FT
. 6, ¥ A
Strain (x10 ) AMUVUN
vy 2 39% 54% 67% 84%
VIUA VAU TY
Strain (x10°) fua199
vy 2 20% 14% 51% 44%
VINUAVAUTY
Strain (x10™) MUVUN
. Y 4% 61% 24% 27%
VIUATA LY
Strain (x10) @1ua19n
. 156% -11% 166% 7%
VUUAUAUY

433 ’imiwﬁﬂam{%uﬁuﬁﬁwmsﬁﬂmﬁwmLwiuwgusluumﬁﬁmwmc]mﬂminﬁ
420- 423 HN1IUIMNITANA (Strain Gauge)  NAAAMMUIVINVOIAMHUS MUY
dhmfneumganssums i HHUIU VARG8T 48R AL SI-14-FT Hadinnn sy
GF-14-FT 04 39% Wi SI-10-FT ©a@IuInn ey GF-10-FT 04 54% taasnaaieloudisae
suusanntunazilfuduiiuiiaiu GERP 1himadafevas tazfinsanmnisdana (Stain)
A NeHuid a1 Wenrduiiusuhmineziammumgnssuvesmsuusuia
159A9 LR SI-14-FT 958AA20NNIWAHY GF-14-FT 88 20% uaziiy SI-10-FT 8ad111nn71
UHY GF-10-FT 8¢ 14% uaashmnolenfiaosuus anniuaziiiastesaunass 20%

91590107 Stain Gauge NAAAMULIEIVOIALAIRINUUAIAIIIT 4.21 1o 423

4 E4 ) ¥ a v % ) Q LI ] o o 1
Lﬁ@iTJHTHHﬂllwuﬁuW’Jﬁ?l‘lﬂuﬂgﬁﬂ@n%1ﬂlliﬁﬂﬂ UWNW  SI-14-FT ’ﬁﬂ@]’)l‘lhﬁ1ﬂﬂuﬂﬂ!mu
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GF-14-FT 1fig4 4% usiu SI-10-FT 921Ad NI WHY GE-10-FT g 61% naasnaiaieloun?
Frofunsanntunazih iradaiooaunasia 29.50% uayinsena1u Stain Gauge fiAaA1
wnenveHuindauilefuthminzdadeenauusefia uky SE14-FT wiadauinnis
WU GF-14-FT 9gDa 156% UMY SI-10-FT 928ad2110n 1k GF-10-FT 11% uaainaiiiale

Y 9 dg! o YN v Y
UNFILT VLT INTULaz T IgaR1oead

—— GF-14-FT 819~ ¢ = SI-14-FT 819 —&— GF-10-FT a13---@- SI-10-FT 219

300 - B GF-14-FT U¥ - ¢ =SI-14-FTU¥ —A— GF-10-FTUY ---#-- SI-10-FTU#

250

Direction Strain Gage Top & Bottom .. +

200

150

(x10®)

100 Tensile Strain

=

50

ANITNINIEA

-100

-150

Compressive Strain
0 500 1000 1500 2000
MHNNeMTIANAS (kg/mD)

51N 4.20 ANUFUWUTIENI Load AU Strain MUUUHAZAIUEN JUNANINUUIUATUE1IVD

U

MR (Two Way Slab)
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500 - =M -GF-14-FTUu —& GF-14-FTaq == SI-14-FTUU

—#- SI-14-FTa 1 —s— GF-10-FTU} —&— GF-10-FTa14

400 -

300 -

200 -

100 -

(x107%)

=

-100
-200

AINNNLIAIEA

-300
-400

-500

-600 | Compressive Strain NN M N UNAI(kg/m?)
0 175 350 500 650 800 950 1100 1250 1400 1550 1700

Y v o U @ \ Y Y ! a Y ¥
E‘]Jﬁ 4.21 ANVUFTUNUDTIEHIN Load N1 Strain AUV ULASATUAN Glu‘i/lﬁ‘i/l1ﬁlu1umuﬁu"um

WHUNY (Two Way Slab)

4.4 HAMINATRUMAITVINHITNULVIANMSIVOWAUNY SIP (One Way Slab)
mMInageUANNARAT0 MM InuS A (Full-Scale Loading Test)
Yoty SIP (One Way Slab) A11A97) ¥UIAN3IT 120 9. 617 240 H, WU 10 B, AT VUIA
A9 120 3. 817 240 @, W 14w, Tagnahwinuuuudnsgaouaziimgians Tneda
oz Sammsavadavoauruii dmmanageusai
441 nsumsnareumdshminuuduaeaEuY SIP 3unsama

(A8 (One Way Slab) A1UA15 1
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M3197 4.26 MINAABUAAITVINNUAVOIWHUNY SI-10 —-FT One Way Slab

Y
518021080 URNTenvoHUNY SIP
(kg/m?)
= [y <3 9 =
150 | -ums Inedlaaaniseaunanal
ti' o ! %
Amyiualnaaiasdssuna
17.48 Ui.
a ' A = A
300 | -3M3 In9aeiseeaaunaIaIn
Muua Inaalaslszuna
26.50 Ui
a ' A v =
450 | -5 IN9aaisae 0D
dl o 1 dd’ %
DANMHUUA FIUUINN 20 69
Tnefnaegioen
600 | - 5uT598 Crack VS Tvly

[ = o d‘
EPS upiu Tl sdudanaeu
y .
nnTvudntosluining 25 uag

% 1 % d‘ S A
galnegrauane luuinm 25
Tneastlszanas 105.00 wu. 39

i
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M3197 4.27 MINATOUMAITVEIMIAVBUHUNY GF-10-FT One Way Slab

Y
. UIHUD o 8
518021009 UNTe1v0HUNY SIP
(kgm?)

~ (Y] <3 9 =

150 I3 Inedaaaniiosaunanan
Lﬂ‘ o 1 U
pmviualnaalaslszua
13.47 Ji.

= ' A = ~

300 - Imslneaasesg auDIaIN
Mrua Inaaaslszuna
28.00 Y.
A ' A v =

450 -3 In9aisee9 1192990

=2
:')o

1 dtil % 1 %
MUARNUUINT 30 §alnaA7a4
- 3uNsessuTnauEY Ty EPS

' o s A
unu IvuesHuudinaouIn vy
< 9 A @ Y]
antesluung 40 tazgalnadnd
A = ~Aa '
AT IUDIUINT 4510903
1323191 60.00 1. 39317
- IAIaN5IAADUAIYDIIATENTY
|l d" d' o =R A o
HAUNUNININATDUIINNAIN

Aa Aawad g
IinaniaEau
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3197 4.28 MINATOUMAITVEIMIAVBUHUNY CF-10-FT One Way Slab

Y
518021080 UNTe1v0HUNY SIP
(kg/m?)

= R 3 Y = A

150 M3 In9Aauan o un1an
Mrva Ineelaatlszuna 6.28 yu.
= 1 d’ = dl o

300 -3 In9a9i5089 31D INAHUA
Tnaaagseunar 15.50 yu.

(Y] < {

450 AimsInedauaniiosaudanan
Mrua Ineeladlszana 28.50 .
~ ' A = A o

600 -3 1N9a9i3e899UDIAN AYUA

Tnamasalszana 45.00 wy.
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M3197 4.28 MINATOUMAITVIIMIAVBHUNY CF-10 —FT One Way Slab (719)

v
L Wnin . . 2
519021089 (AD) U3 evoEINY SIP
(kg/m?)
~ 1w <3 Y =
750 | -Ums Ine@aa@ntegaunaal
Lﬂ‘ o 1 2
Amrualnegdastlszuna
62.00 V.
900 | -UM3 In9aises) auDwIAN
myua Ineadaslseum
78.00 W.
1050 | -3 Ineasizesaudanai

Mriua Inaaaslszuna

120.00 v,
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M3197 4.29 MINAAOUMAITVINNUAVOWHUNY SI-14-FT One Way Slab

Y
3191089 HTHD ﬂﬁﬁ“%&nmmwimﬁu SIP
(kgm?)
= L] I Y =
150 | -Im3lnealasaniseang
tﬂl o 1 U
nanmvua lnedasyseunn
8.08 Uu.
300 | - 3m3IAeaisess auDeIaIN
— . Mrua Tnagasssuna
j /“{):ﬂllﬂ(‘" Sl .“
A . W = ‘ 17.62 WM.
=1 % < 9 =<
450 | -Im3Inedlasanitesanna
d' o 1 3
nanmvua lnediasl sz
28.54 Uu.
600 | - imM3TnaasTess audwan

Mrua Inaalalszana

45.08 W.
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M3197 4.29 MINATOUMAITVIINIAVOWHUNY SI-14-FT One Way Slab (79)

Y
- , UINUN —— .8
519021989 (71D) ﬂ;]ﬂimmamwuwu SIP
(kg/m?)
= ' A 91 =
750 -nmﬂmamaaq TS Ue R AN

d' o 1 dAd' U
NANMUUA MIUUINN 5 63
TneAIas0diT009
-5uisesdsus nausu Tvly

[ 4 o 4
EPS uriu Tyl duudnaou
) .
1n udnesluuing 10

% 1 % d‘ = =~
nazda InediaaTeenaudaui
4~
71 1519891529 60.00 Wi,
=K A
97

Y a A o
“lainamsnaoualuege
9 ]
5095 UUHUN YNNI NAT DY

== ) Jya awad é’
%QNWﬁ‘IﬂﬂﬁLﬂﬂ’J‘Umi’Jﬂlu
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M3197 4.30 MINATOUMAITVIIMIAVOWHUNY GF-14-FT One Way Slab

Y
P ALGEIGEL) Ufnseve Uy SIP
(kg/m?)
= Y] <3 Y =
150 | -3m35 Inedauaniseaund
tﬂl o 1 (2
nanmyiua Inealaslszuna
9.40 W.
300 | - Im3lneasses audaa
Mrua Tnaalaslszana
22.49 4.
=1 Y] < Y =
450 | - 1mM3 1N99IaUaNUBEIUDY
d‘ o ' v
nanmviua Inealalszuna
48.00 Y.
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3197 4.30 MINATOUMAITVIINIAVOWHUNY GF-14-FT One Way Slab (#19)

v
- , UINUN —— .8
519021089 (§19) ﬂ;]ﬂisnmmuwuwu SIP
(kg/m?)
= ' A 91 =
600 - umﬂmama&m IS Ue R AN

d' o ) dAd' U
NANMUUA MIUUINN 5 63
Tnefadegisesn
- 3ulseesuTnaeu Tny

' P s A
EPS uriu Tyl duudnaou
) .
1nvdnesluuing 10
7 1 @ d‘ =
nazda InedladT e au
ad
YINN 15 Ingadlseuna
57.00 ¥, 99710A
Y a A @
- lainamanaoudluege
9y v
5095 UUHUN YNNI NAT DY

&KX A o ya Aawad é}
%QNWﬁVI']Gl‘VHﬂﬂ'JTJ@]LTJ"Uu

v o 1 [ T {
442 ANUANWNUTIEHIN Load NU Deflection YBILHUNY (One Way Slab)
v o 7 1 % . 4 1 9
ANVUTAUNUTIEHINN Load NU Deflection "U’f]\iﬁu SIP LL‘]J‘]JG]NG]"lﬂNami

NAADUMINMTNN 4.31 taggilin 4.32
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3 v o J [ 1 {
ﬂ]’iNﬁ 4.31 NANITNATDUANUTUNUDTIEHIIN Load NU Deflection ﬂlamwuﬁu

(One Way Slab)
, Deflection(mm)
Load (kg/m")
GF-14-FT SI-14-FT GF-10-FT SI-10-FT CF 10 BT
0 0 0 0 0 0
150 9.4 8.08 13.47 17.48 6.28
300 22.49 17.62 28 26.5 15.5
450 48 28.54 60 105 28.5
600 57 45.08 45
750 -60 -62
900 -78
1050 -120
1200 -
- B~ GF-14FT
1000 - - & -SI-14-FT _ _"‘/.
—A— GF-10-FT _./I"""
P 800 - - SI-10-FT oam -
£ Zo
50 —=- . CF-10-FT .
% 600 NV
(=} Vd
- B
400
200

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Deflection{mm)

H U [ 1 (% 1 g
gﬂﬁ 4.22 ﬂ’J”I%JfTﬂJW‘L!‘ﬁ{RW’JN Load NU Deflection YDILHUNWU (One Way Slab)
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M151990 4.32 WaM3HIA1 Load NU Deflection YBILHUNY (One Way Slab) 11 L/360= 6.6 3.

1@anms Interpolated Data

Deflection Load (kg/mz)
(mm)
L/360 SI-10-FT GF-10-FT SI-14-FT GF-14-FT CF-10-FT
6.6 52 67 97 113 145

a P v o ¢ ' o 3 @ o VW
4.4.2 UATICHANUFTUNUTICUINMTTIUVUINUN (Load) NUNTUDUAD (Deflection) UD
9 Y v
URUNUTZUD SIP NI 5 @296190In3UN 4.23 110N 1IMINAToUNTANYANTTUNITLOUAD
1 ¥ g’} % ) 1 ) ¥ o %)/ %
(Deflection) UYBILAUNUTEUD SIP N9 5 AI0G1 WUIMWHUNY CF-10-FT 9z5uimin ldgage
a [ 1 4 a % { g’/ { %’ Y 1 1
1,050 N 1an5uApaITIUNAs WoAan1s InedaN L/360 Uy MNWinussnn 145 kg/m” MNsueu
Y] 1 dy o ~ ] 1 < Y 1 dy 3’;
AWHUNY CF-10-FT 1annfSeumeusvusy SI-10-FT aziwiu 1d 1k iy CF-10-FT Huag
9 H 2
ueuAteeNIMHUNY SI-10-FT 9gN300az 64 9INNITNITUINANMINATOUNY SI-10-FT 1z
4 ¥ 1 % 1 ¥ 1 %3 1 1 H
WU GF-10-FT u1i1miin 14 450 kg/m’ 10U @iy SI-10-FT 18 UAI1INN1 GF-10-FT 0gh
fouaz 75
U 1 1 (%3 % aDI %3 1 é’ ] dg’ g}/
NAN1TIANINIT 1A9AINITSUNHUNVUNUNY SI-14-FT UaZUHUNY GF-14-FT WU
1 4 (% 90' %3 1 1 ¥ 1 lQ/ g (%]
uRUNY GF-14-FT Suthmiin lddoonn uduiiu SI-14-FT eg3oenz20 NSutminussnn 600
Y Y
kg/m’ MFUDUAIVOIUAUNY SI-14-FT 1AA1 45.08 3. 1A UWUNY GF-14-FT @A 57.00 3.
2
UHUNY GF-14-FT 1au@11nn N3 08as 26
= ) 1 j’ ) dy d'd
nan1sNAaey WSeuMeuTE1e UNUNY SI-10-FT UAZUAUNY SI-14-FT NUANHU
1 % =) g’l 1 1 ¥ (%3 g (%3
Yo TWutNUNa1eliANUHIAIAY 4.00 [UAKAT UL WU LRUAY ST-10-FT Suihmiingge
. H { 1 { o 2 @ J ] ¥
VINNIURUNY SI-14-FT $0eag 60 1ag uiuiy GF-14-FT SUrnwingegauinnaumuig
GF-10-FT uaziosaz7s
[ v J U [ 1 { [ 1
443 ANUFNIUTIZNIN Load AU Strain YBIHUNY (One Way Slab) M33IAAINT

QU 1 g 1 1 U v
ﬁﬂmmm@mwuwu SIP tUUANNG hlﬁﬂ?ﬂ"liﬁﬂﬂﬂﬁ?ﬂd neaaglumsg
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[ 5w

Direction Strain Gauge Top CH 02 u1ﬁuﬂdﬂﬂ1i1\1!uﬂ§ (kg/mz)

ol 150 300 450 600 750 900 1050
0

- GF-14-FT uu

- & -SI-14-FT Uu

—&— GF-10-FT U#

=200
p
N ---@- SI-10-FT VU
—
s —X— CF-10-FT Uy
N’
G
w400
&€
=
[
(el
S
- ~ -~
& 600 X
-800

v k4
51 423 AMUFURUT524I19 Load i1 Strain YOIUHUTY (One Way Slab) A1U1UE0

(CHO02)

M5190 4.33 WaM311A1 Load N1 Strain YVOIUAUNY (One Way Slab) (CHO2) Top

strain(x10°)

Load (kg/mz)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT CF 10 BT
0 0 0 0 0 0

150 -56.06 -200 -117.92 -209.43 -100

300 -144.34 -391.81 -269.75 -442.45 -216.04
450 -323.45 -457.54 -484.90 -629.24 -344.34
600 -477.36 -618.86 -473.58
750 -689.62 -535.85
900 -585.85
1050 -674.52
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|
1 Direction Strain Gauge Bottom00
_— <
1200
e /X
1000 - e
é‘\
= 800
—
=
N
(S
u'}m‘ 600
g - GF-14-FTaw
= 400 —A— GF-10-FTa
G
- - SI-10-FT a1
200 - @ - SI-14-FTa
—X— CF-10-FT @

0 200 400 600 800 1,000 1,200

v T

MHUNABAIINUNAT (kg/m?)

v k4
51 4.24 ANUFURUT524919 Load 1 Strain YOIHUNUHTAA17 (One Way Slab) A114a19

16 (CHO0)

A15199 4.34 HaM311A1 Load N Strain YOUAUNY (One Way Slab) (CHO00) Bottom

strain(x10°)

Load (kg/mz)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT CF 10 BT
0 0 0 0 0 0

150 73.58 94.34 146.57 203.77 100

300 199.06 208.49 330.19 451.88 250.89
450 352.83 323.58 600.00 665.09 455.02
600 481.13 466.86 696.22
750 561.32 833.96
900 932.07
1050 1106.6
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Direction Strain Gauge Top CH.02 & Bottom CH.00 ‘

—8— GF-14-FTan

1200 i

® ;
g 8

- @ - SI-14-FTan

—A— GF-10-FTan

(x10)
=)
8

--#-- SI-10-FT a9

'S
S
S

- ® GF-14-FTuu

a

200 - # - SE-I4-FTuu

—&— GF-10-FTuu

MANNIAIYA

e SI-10-FT UM

-200
= CF-10-FT UM

-400 —X— CF-10-FT an

-600

-

0 150 300 450 600 750 900 1050 1200

MNHTDAMIIANNAS (kg/m?)

$ [ v J 1 Y = 1 g a ] 9
g‘ﬂﬁ 4.25 ANUTUNUDIEYIIN Load NV Strain "U’ENLLNHWHGHHQG]NG] (One Way Slab) A1 UU

16 (CHO2) taza1ua1ade (CHOO)

v Y 4 9
NNFUN 4.23 - 4.25 ANITNAGIVBIHUNY SIP NAAA Strain Gauge CHO2, CHOO

9 1 ¥ a 1 U ] ¥ v Y 1 ¥ [
AMUVUYBIRNUNUF AR WU TUFININNY GF-14-FT 1iad11iesn 1y SIP CF-10-FT us
' { g v 9 1 4 ¥ a wa ' J a
Faenadouny SIP CF-10-FT Hunaaosn 1104910 Wy GF-14-FT 31ia lneu diuin
dy Y ' 1 j} 9 1 Aw = v dy A @ [ = @ 1 dil
HUA A NVDWAUNUAIUAWNNTVUIIRWHUNY CF-10-FT 8aad luszaunalaneunuusuny

A A ] A = <3 ] 9 [
Glfuﬂf]uc]Gluﬂﬂﬁl,ﬁﬂ"llf]\‘lﬂ’lfl’ﬂﬂﬁ@ﬂllagl,iJE]fl\1°]Ja'lElﬂ'li‘Vlﬂﬁ@‘]_lﬂ%$5ﬂll'§ﬁulﬂll'lﬂﬂ3'l

M15199 4.35 HaN511A1 Load NU Strain YVOIUAUNY (One Way Slab) (CHO3) Top

, strain(x10°)
Load (kg/m")
GF-14-FT SI-14-FT GF-10-FT SI-10-FT CF 10 BT
0 0 0 0 0 0
150 -81.13 -100.94 -135.85 -129.24 -89.62
300 -181.13 -192.39 -277.36 -678.30 -207.93
450 -330.19 -299.05 -487.67 -821.69 -348.62
600 -536.62 -457.49 -467.92
750 -635.84 -541.51
900 -637.73
1050 -702.83
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-200

(x10°%)

A
=3
=3

o

MANANATEA

-600

-800

-1000

200

| Direction Strain Gauge Top CH03

409 600

800

1hnInAeMNAUNAS (kg/m?)

1000 1200

- B GF-14-FTuu

- ¢-SI-14-FTUu

—&— GF-10-FTUu

@ SI-10-FTUU

v k4
51 4.26 ANUFURUTIZ4I19 Load 1 Strain YOIHUNUFTAA 1 (One Way Slab) A1141Y

v31 (CHO3)

v 9
A15199 4.36 WaN1311A1 Load NU Strain YOIUAUNY (One Way Slab) (CHO1) Bottom

, strain(x10°)
Load (kg/m’)
GF-14-FT SI-14-FT GF-10-FT SI-10-FT CF 10 BT
0 0 0 0 0 0
150 102.83 81.07 127.36 170.01 98.11
300 236.79 179.24 299.09 406.60 252.83
450 383.07 293.39 603.77 600.94 449.05
600 517.92 433.02 667.92
750 599.28 825.47
900 954.82
1050 1095.28
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[ ]
| Direction Strain Gauge Bottom 01
[
1200
1000
& 800
]
—
e
& 600 A o SI10-FT
we ..m .-
c Phe —a— GF-10-FT
=2 v
ad 400
o - & - SI-14-FT
&
200 —a - GF-14-FT
—¥— CF-10-FT
0
0 150 300 450 600 750 900 1050
ThntinAe M UNAI(kg/m?)

v k4
51 427 ANUFURUT524919 Load 11 Strain YO UHUNUFTAA197 (One Way Slab) A114a19

231 (CHO1)
| - Direction Strain Gauge Top CH03 Buttom CHO1
1500
1000 - M- GF-14-FTuu
e —e— SI-14-FTUu
E —&— GF-10-FTUY
‘; 500 ---@- SI-10-FTUU
- - M- GF-14-FTal
g —=— SI-14-FTaN
g 0 —&— GF-10-FTaN
-& - SI-10-FTa
-~ - CF-10-FTaN
-0 =X = CF-10-FTUY
-1000

0 200 400 600 800 1000 1200

v

hntihRemaauuns (kg/md)

Y o o v @ ] 4 a 1
3UN 4.28 ANUAWIUTIENIN Load A Strain VOIWHUNUBUAAY (One Way Slab) MUV

221 (CHO3) HAZAIUAIIUN (CHO1)
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v A 1 Y
1NNUN 426 -4.28 AINIHAGIVOILHUNY SIP NAAAT Strain Gauge CHO3, CHO1
9 9 1 1 dy a ] 1 dy % A % d' d‘ 1
AUVULAZAUA NVDIAHUNUTTAA 19 WUNNY SI-10-FT naduazdadaunigaiiosain |
9 Y
Henelouduasuaiuiu SIP CF-10-FT lug9daenadauiiuvadiazianiiosnmu

Y ]
a A A A oA

A ~ 1 dy a 4 1 Y
NUFUADU GL‘L!"’IJingVILLWHWH%U@@H’JU@]]l‘lJﬂ’E]uLm]
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UNN 5

v
agﬂuazmmaumms

a2 W
5.1 agUwanIase
=4 a A [ ?,’ v 1 dy 1 =Y A
1AMsANEIUTLaNTAIMMITUIIMIAVO RN Y SIP Tag Wy SIP JanyaAons
° [l ' d o 1 1 y I
Weweu Iliesauud 91w 2 ury Uszauduuurazdiuaianuaunaruiu vy (EpS) i

[

A o a A o < Id
AN 10 W, 1Az 14 Wi, Taelumiudigauaiunse waziiuiaa CFRP 1oy GFRP Fuiluide
TEPUIER
Y
5.1.1 WUSVUFIA09N18 (Two Way Slab)
Y 9
D) vnmsany1lseansnmnssuiiminvesiiuszuy SIP 1Y Two Way
¥ 1 4 g’/ -7 1 ¥ U Bol %
Slab M35VMMITAYRIHUAY SIP 113 4 @29819 (LuVUAUaeIn1e) swSuiminldne 1,700
1 ¥ (%3 9ol (<73 1 1 ¥ H
ke/m” BAZUHUNY SIP Y111 14 %53, 32 3u1hmin ldunnur iy SIP 91 11 10 @,
LY 1 < 1 1 1 { =y
2) M35 1047 (Defection) Y4UAY SIP NHIBEAI dukuy SIP l@3uauIuly
9 kS A o = @ 1 a ] dy A k4 g 1
1N GFRP Wuiiohwifseumeunuurudn@usuny SIP @5unuiulennd GFRP Uy M3 1ng
o I ' 4 <3 1 R Y S
@7 (Defection) NN Uszanal 20% AT HANNIT IAAD L/360 1A UTZE 3 Wi, 1
1 dy o ~ ~ (] a g’/ o ao’ o Y 1 2 2 J
BHUNUS DS sEeananids uuas liasy GFRP Uusuimiin launnal 150 kg/m’ Fuilu
Y [
WIATFIUMIODNUVLUINUNLTINNIIVOIINTNNNOIAY
[ a’/ 9 =0 | 1 % = 9 1 (% v
3) aariunuuloudl GFRP Haiusielunmssouusens launnnmssuusesa
Sellquavtianuingaudmiumsmyauaulenns GFRP luusnaniinsiunssdaas luns
Y [
NATOUMTTUNTIAA (Flexural Test) WUIWAUNY SIP MiaTunuiuleouds GFRP az31iase la
9
@ogivsenalunui shldmsiialuanvaziiianulasanslunmsi iy ldau
1 dal @ 3’; (% 1 g’.} o Y FY
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¥UAVDIAI0Y14 A20819 IIAAGITA (ksc/m?)
(m) (kg)
SI-10-CT 0.15x0.15%0.10 6610.43 44.07
GF-10-CT 0.15x0.15%x0.10 5151.34 34.35
CF-10-CT 0.15x0.15x0.10 6377.52 52.52
SI-14-CT 0.15x0.15x0.14 6738.16 32.08
GF-14-CT l I ‘ 0.15x0.15x0.14 5498.99 26.19
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q H“? Designation: E 72 -80

Standard Methods of

CONDUCTING STRENGTH TESTS OF PANELS FOR
BUILDING CONSTRUCTION'

This standard is issued under the fixed designation E 72; 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 (¢) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Sound engineering design of structures, using existing or new materials requires
accurate technical data on the strength and rigidity of the basic elements employed in
various construction systems. It is the purpose of these test methods to provide a
systematic basis for obtaining engineering data on various construction elements and
structural details of value to designers, builders, building officials, and others interested
in this field. The results should closely approximate the performance in actual service.

1. Scope

1.1 These methods cover the following pro-
cedures for determining the structural proper-
ties of segments of wall, floor, and roof con-
structions:

Section
Test Specimens 3
Loading 4
Deformation Measurements 5
Reports : 6
Precision and Accuracy 7
TESTING WALLS
Significance -8
Compressive Load 9
Tensile Load kg 10
Transverse Load—Specimen Horizontal 11
Transverse Load-—Specimen Vertical 12
Concentrated Load : 13

Impact Load—See Methods E 695 and
E 661

Racking Load-—Evaluation of Sheathing
Materials on a Standard Wood Frame 14

Racking Load—Evaluation of Sheathing
Materials (Wet) on a Standard Wood

Frame 15
TESTING FLOORS

Significance 16

Transverse Load 17

Concentrated Load 18

Impact Load—See Methods E 695 and
E 661

TESTING ROOFS

Section
Significance 19
Transverse Load 20
Concentrated Load 21
APPENDIX
Technical Interpretation X1

1.2 Metric units are to be considered as the
primary standard units.

2. Applicable Documents

2.1 ASTM Standards:

E 4 Practices for Load Verification of Testing
Machines?

E 73 Methods of Testing Truss Assemblies?

E 564 Method of Static Load Test for Shear
Resistance of Framed Walls for Buildings®

E 575 Practice for Reporting Data from Struc-
tural Tests of Building Constructions, Ele-
ments, Connections, and Assemblies?

! These methods are under the jurisdiction of ASTM Com-
mittee E-6 on Performance of Building Constructions and are
the direct responsibility of Subcommittee E 06.12 on Structural
Performance of Vertical Structures.

Current edition approved Nov. 6, 1980. Published March
1981. Originally published as E 72 - 47 T. Last previous edition
E72-71.

2 Annual Book of ASTM Standards, Vol 03.01.

3 Annual Book of ASTM Standards, Vol 04.07,
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E 661 Test Method for Performance of Wood
and Wood-Based Floor and Roof Sheathing
Under Concentrated Static and Impact
Loads®

E 695 Method for Measuring Relative Resist-
ance of Wall, Floor, and Roof Constructions
to Impact Loading’

3. Test Specimens

3.1 Size—The specimens shall be represent-
ative as to material and workmanship and shall
be as large as practicable to minimize the effect
of variations in the material and workmanship,
in order to obtain results representative of the

construction. Obviously, the size of the speci- -

mens shall be limited to the size that can be
tested in the larger testing machines available
in a well equipped laboratory, and which can
be subjected to loads in accordance with good
testing procedure, and for which the deforma-
tion can be measured with sufficient accuracy.

3.2 Length or Height—The length or height
of specimen for each element shall be chosen
to conform to the length or height of that
element in actual use.

3.3 Width—The width of specimen shall be
chosen, insofar as possible, to include several
of the principal load-carrying members to en-
sure that the behavior under load will simulate
that under service conditions. With the excep-
tion of specimens for the racking load test, the
nominal width of wall specimens shall be 1.2
m (4 ft). The actual width of specimens shall
be a whole number multiplied by the spacing
of the principal load-carrying members except
for prefabricated panels, for which the actual
width shall be the width of panel used. If the
structural properties of a particular construc-
tion are to be compared with another construc-
tion, there should not be a great difference in
the actual widths of the specimens.

3.4 Age—Constructions, such as concrete
and masonry (brick, structural clay tile, con-
crete block) for which the structural properties

depend upon the age of the specimen, shall be
* tested not less than 25 days nor more than 31
days after fabrication. This age requirement
applies also to plastered and stuccoed construc-
tions.

4. Loading

4.1 Apparatus—The testing machine or
load-measuring apparatus shall comply with
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the requirements prescribed in Methods E 4.

4.2 Application of Load—Apply the load to
all of the specimens in any test in increments
so chosen that a sufficient number of readings
will be obtained to determine definitely the
load-deformation curve (see Section 6). Record
the initial reading of the load and the reading
of the deformation, either with no load on the
specimen or under a small initial load. Increase
the load to the first increment and record the
deformation. Unless otherwise specified, de-
crease the load to the initial load and record
the set (sometimes designated “permanent
set”). Increase the load to two increments and
record the set, when it is released to the initial
load. Follow this sequence of readings for three
increments, four increments, etc., of load.
When for each specimen the behavior of the
specimen under load indicates that the speci-
men might fail suddenly and damage the de-
formation-measuring apparatus, remove this
apparatus from the specimen and increase the
load continuously until the maximum load that
can be applied to the specimen is determined.

4.3 Duration of Load Application—Except
for racking tests, after each increment of load
is applied, maintain the load level as constant
as possible for a period of 5 min (see Note 1).
Take deformation readings as soon as practical
after load application, at the end of the 5-min
period under constant load, and immediately
and at the end of the 5-min period after any
partial or complete load release. Plot initial and
5-min readings in the form of load-deformation
curves. Maintain complete load-deformation-
time records throughout the test. If application
of a given load is required for a certain period,
such as 24 h, take deformation readings at the
beginning, at intervals during this period, and
at the end of this period, to allow the satisfac-
tory plotting of a time-deformation curve for
the complete period.

Note 1—Reasons for the 5-min application of
constant-level increment loads are as follows:

(1) To permit the assembly to come to a substantial
rest prior to taking the second set of readings (De-
pending on the method employed for applying the
test load, it may be necessary to continue, at a reduced
rate, the motion of the loading device in order to
maintain the constant load level during the 5-min
period.)

(2) To provide sufficient time for making all ob-
servations. (Longer time intervals may be required

under certain conditions.) _
(3) To observe any time-dependent deformation
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or load redistribution, or both, and to record accu-
rately the load level when time-dependent deforma-
tion starts, that is, at the divergence of the immediate
and delayed load-deformation curves. This load level
may, under certain conditions, have an important
bearing on the design load.

(4) To be able to stop the test, if this should be
desirable, prior to total failure, after initial failure has
been anticipated as a result of the observations.

(5) To assure uniformity in test performance and
consistency in test results.

5. Deformation Measurements

5.1 Measure the deformations with sufficient
precision to define the load-deformation rela-
tionship, and report at least to the nearest 0.25
mm (0.01 in.). The deformation-measuring ap-
paratus specified for any loading may be re-
placed by other apparatus, provided that it
permits readings of deformation that are equiv-
alent in accuracy to those from the specified
apparatus.

6. Reports

6.1 Show the results of each of the tests
graphically, as illustrated in Fig. 1. Plot loads
as ordinates and the deformations as abscissas
for all tests. There shall be at least three speci-
mens for each test, and the results for each test
shall be shown on the same graph. Show the
points for deformation under load by open
circles and those for set by solid circles. Average
the three values for eithér -the deformation or
the set and plot this average value in pencil on
the graph. Draw a smooth curve among the
average points to show the average behavior of
the construction. The load-deformation curves
shall be continuous lines and the load-set
curves shall be dashed lines. Although the par-
ticular specimen for each point on the graph is
not designated, record it on the laboratory data
sheets. If readings are obtained under greater
loads for some specimens than for others, plot
all the values, but draw the curves only to the
average values for which there are three values.

6.2 Prepare the test report in accordance

~with Recommended Practice E 575.

7. Precision and Accuracy

7.1 No statement is made either on the pre-
cision or on the accuracy of these methods due
to the variety of materials and combinations of
materials involved.

E72

TESTING WALLS

8. Significance

8.1 The procedures described are those that
will test the behavior of segments of wall con-
struction -under conditions representative of
those encountered in service. Performance cri-
teria based on data from those procedures can
ensure structural adequacy and service life.

9. Compressive Load

9.1 Test Specimens—Tests shall be made on
three like specimens, each having a height
equal to the length of the element and a nom-
inal width of 1.2 m (4 ft) (see Section 3).

9.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig, 2 and shall conform
to the detailed requirements for component
parts prescribed in 9.2.1 and 9.2.2, or the equiv-
alent.

9.2.1 Compressometer—A bracket shall be
attached to the specimen near the upper end,
supporting a metal rod. A bracket shall also be
attached to the specimen near its lower end,
supporting a dial micrometer with the spindle
up and the gage length shall be recorded. The
conical end of the rod shall seat in a hole in the
end of the spindle and the rod and spindle shall
be held in contact by stretched rubber bands.
The dial shall be graduated to 0.025 mm (0.001
in.). '

9.2.2 Deflectometer—A fine wire shall be at-
tached to a clamp near the upper end of the
specimen. The free end connected to stretched
rubber bands shall be attached to a clamp near
the lower end of the specimen. A mirror having
a paper scale one-half the width of the mirror
shall be attached horizontally to the edge of the
specimen at midheight. The scale shall be grad-
uated to 2.5 mm (0.1 in.).

9.3 .Procedure:

9.3.1 Loading—Test the specimen as a col-
umn having a flat end at the bottom (Fig. 2).
Apply compressive loads to a steel plate cov-
ering the upper end of the specimen. Apply the
load uniformly along a line parallel to the
inside face, and one-third the thickness of the
specimen from the inside face. For wood con-
struction, a rate of loading corresponding to a
movement of the testing machine crosshead of
nominally 0.8 mm/min (0.03 in./min) has been

. found satisfactory.
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9.3.2 Load-Deformation Data—Attach four
compressometers to the faces of the specimen,
one near each corner of the specimen as shown
in Fig. 2, to measure the shortening of the
specimen. Record the readings to the nearest
0.025 mm (0.001 in.).

9.3.3 Lateral Deflection—Attach two deflec-
tometers, one to each edge of the specimen, as
shown in Fig. 2. Record the readings, when the
image of the wire coincides with the wxre, to
the nearest 0.25 mm (0.01 in.).

9.4 Calculations and Report:

9.4.1 Deformation—For each compressome-
ter, calculate the shortening under each load as
the difference between the reading of the com-
pressometer when the load is applied and the
initial reading. Calculate the shortening of the
specimen as the average of the shortenings for
each of the four compressometers multiplied by
the ratio: specimen length divided by the com-
pressometer gage length. Obtain the sets in a
similar manner.

9.4.2 Lateral Deﬂectton—Calculate the lat-
eral deflection and the lateral set under each
load for each deflectometer as the difference
between the reading of the deflectometer when
the load is applied and the initial reading.
Calculate the lateral deflection and lateral set
for the specimen as the average of the lateral
deflection and lateral set of the two deflec-
tometers.

94.3 Data Presentatton——Record the maxi--
mum load for each ‘specimen and report the
results of load-deformation and load-deflection
measurements in the' form of a graph in ac-
cordance with Section 6. Report gage lengths
of all deflection or deformation gages.

10. Tensile Load

10.1 Test Specimens—Tests shall be made
on three like specimens, each having a height
equal to the length of the element and a nom-
inal width of 1.2 m (4 ft) (see Section 3).

10.2 Apparatus—The apparatus preferably
shall be assembled in a vertical testing machine
and shall conform to the detailed requirements
for component parts prescribed in 9.2.1 and
9.2.2, or the equivalent, with the exception that
the compressometers prescribed in 9.2.1 shall
be replaced by extensometers which shall be
like the compressometers but so adjusted before
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load is applied that the stretch of the specimen
can be measured.

10.3 Procedure:

10.3.1 Loading—Test the specimen as a ten-
sion specimen by uniform application of tensile
forces along the line of the fastenings at the top
and the bottom of the wall in a building. The
top and bottom pulling fixtures may be at-
tached to the specimen by fastenings similar to
those used in a building, provided that, under
the maximum load, failure of the specimen
occurs between the top and the bottom of the
specimen, not in either the pulling fixtures or
the fastenings. If, under the tensile load, failure
occurs either in a pulling fixture or in a fasten-
ing, the results of the test determine only the
properties of the fixtures or the fastenings, not
of the wall construction. When the failure oc-
curs in fastenings, the tensile load indicates the
maximum tensile strength of the construction
that can be realized in actual service unless
improved fastenings are provided.

10.3.1.1 Masonry Constructions—The con-
struction may be continued upward beyond the
top of the specimen and downward below the
bottom of the specimen to enclose attachments
for the pulling fixtures.

10.3.1.2 Framed Wall Constructions—If the
construction has studs (either of wood or metal)
the studs may be extended upward and down-
ward beyond the top and bottom of the speci-
men and attached to the pulling fixtures. If the
framed wall has plates at the top and the bot-
tom, attach the pulling fixtures to the plates in
the specimen.

10.3.2 Load-Deformation Data—Attach
four extensometers to the faces of the specimen,
one near each corner, as shown in Fig. 2, to
measure the stretch of the specimen. Record
the readings to the nearest 0.025 mm (0.001
in.).

10.3.3 Lateral Deflection—Attach two de-
flectometers, one to each edge of the specimen,
as shown in Fig. 2. Record the readings, when
the image of the wire coincides with the wire,
to the nearest 0.25 mm (0.01 in.). Lateral de-
flection (if any) may be caused by nonaxial
loading of the specimen.

10.4 Calculations and Report—For tensile
loads, the calculations and report shall be sim-
ilar to those required for compressive loads (see
9.4).
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11. Transverse Load—Specimen Horizontal

LL.1 Test Specimens—Tests shall be made
on three like specimens on symmetrical assem-
blies and six like specimens on unsymmetrical
assemblies, each having a length equal to the
length of the element and a nominal width of
1.2 m (4 ft) (see Section 3).

11.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 3 and shall conform
to the detailed requirements for component
parts prescribed in 11.2.1 through 11.2.3, or the
equivalent.

11.2.1 Supports—Two steel rollers with a
steel plate between each supporting roller and
the specimen.

1122 Loading Assembly—Two steel rollers
with a steel plate between each loading roller
and the specimen.

11.2.3 Deflection Gage—A frame shall be
placed on the upper face of the specimen. To
prevent stresses deforming the frame as the
specimen deforms under load, this frame shall
rest on three hardened steel balls each sup-
ported by a steel block on the face of the
specimen. Two of the balls shall be placed in a
line vertically above one support and the third
ball vertically above the other support. Two
dial micrometers, one near each longitudinal
edge of the specimen, shall be attached to the
frame at midspan. The spindles shall rest on
the upper face of the specimen. The microme-
ters shall be graduated to 0.025 mm (0.001 in.).

11.3 Procedure: ,

11.3.1 Loading—Use “two-point” loading
for transverse load tests. Test the specimen as
a simple beam (Fig. 3) on a span 150 mm
(approximately 6 in.) less than the specimen
length. Apply two equal loads, each at a dis-
tance of one quarter of the span from the
supports, toward the middle of the span. For
wall specimens tested horizontally (Fig. 3), the
load on the specimen shall include the weight
of specimen between the supports. Apply the
transverse loads to the outside face for three of
the specimens and to the inside face for three

* of the specimens. For symmetrical assemblies,
test only three specimens.
- 11.3.L.1 Uniformly distributed loading may
be used instead of quarter-point loading, if a
satisfactory method is available. The transverse
strength for any span may be greater for some
constructions under uniformly distributed load
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than under loads applied at the quarter-points
of the span. Transverse load, uniformly distrib-
uted, may be applied by air pressure, either in
a bag or in a chamber having the specimen as
one face. Support specimens tested under uni-
form loading by rollers as for quarter-point
loading,

11.3.1.2 The bag method of loading is shown
schematically in Fig. 4. Connect. a reaction
platform parallel to the face to be loaded and
wider than the specimen to the supports by tie
rods. Place an airtight bag of rubberized cloth
as wide as the specimen and as long as the span
between the specimen and the reaction plat-
form. Apply transverse load to the specimen by
increasing the air pressure in the bag. Measure
the pressure by means of a manometer. Water
is usually the liquid in the manometer, but the
specific gravity of the liquid shall be such that
the error in pressure readings does not exceed
1 %.

11.3,1.3 When the chamber method of load-
ing is used with the specimen horizontal, place
the specimen near the floor, which should be
practically airtight. An airtight frame or curb
shall surround the specimen closely and be
about flush with the upper surface of the spec-
imen. A rubber blanket covers the specimen,
overlaps the frame, and is sealed so that it is
reasonably airtight. Use a small vacuum pump
or positive action exhaust blower to reduce air
pressure between the specimen and floor. Mea-
sure the difference in pressure above and below
the specimen by means of a manometer.

11.3.2 Strength on Short Span—The trans-
verse strength of any construction increases as
the span is shortened. If the strength of the
construction for a shorter span is desired, do
not compute it, but test the construction on the
short span.

11.4 Calculations and Report:

11.4.1 Load-Deflection Data—For each mi-
crometer, calculate the deflection under a given
load as the difference between the reading to
the nearest division of the micrometer when the
load is applied and the initial reading. Calcu-
late the deflection of the specimen for the span
as the average of the deflections obtained from
each of the two micrometers. Calculate the sets
under the initial load by using a similar
method. Record the maximum load for each
specimen.
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11.4.2 Data Presentation—Report the results
in the form of a graph in accordance with
Section 6.

12. Transverse Load—Specimen Vertical

12.1 Test Specimens—Tests shall be made
on three like specimens on symmetrical assem-
blies and six like specimens on unsymmetrical
assemblies each having a length equal to the
length of the element and a nominal width of
1.2 m (4 ft) (see Section 3).

12.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 3 and shall conform
to the requirements for component parts pre-
scribed in 12.2.1 through 12.2.5, or the equiv-
alent.

12.2.1 Steel Channel.

12.2.2 Rollers—Cylindrical rollers, two sup-
porting rollers, two loading rollers.

12.2.3 Screw Jack.

12.2.4 Ring Dynamometer. ,

12.2.5 Deflectometers—Two taut-wire. mir-
ror-scale deflectometers similar to those de-
scribed in 9.2.2.

12.3 Procedure—Transverse loads cannot be
applied satisfactorily to some wall construc-
tions, such as masonry, with the specimen in a
horizontal position. For such constructions, ap-
ply the loads with the specimen in a vertical
position, as shown in Fig. 3, thus simulating
service conditions. The specimen, on a steel
channel, shall rest on.cylindrical rollers to pre-
vent restrained end conditions. The axes of the
rollers shall be parallel to the faces of the
specimen. The two supporting rollers shall be
in contact with the vertical surface of the frame
and each roller shall rest horizontally on sponge
rubber about 10 mm (0.4 in.) thick to prevent
longitudinal restraint. Each of the two loading
rollers shall also rest on sponge rubber. Apply
the loads horizontally by a. screw jack and
measure by a ring dynamometer between the
jack and the specimen. The error in the load
indicated by the dynamometer shall not exceed
1 %. Attach-two taut-wire mirror-scale deflec-
tometers to the specuncn, one to each vertical
edge. :

12.3.1 Apply the transverse load to the out-
side face for three of the specimens, and to the
inside face for three of the specimens. For
symmetrical assemblies, test only three speci-
mens.
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12.3.2 When the Chamber Method of load-
ing is used with the specimen vertical, the
specimen forms one face of an airtight chamber
from which the air is exhausted. If all four
edges of the specimen bear on the chamber,
this loading determines the strength of the spec-
imen as a plate supported at the four edges, not
the transverse strength as defined in these
methods.

12.3.3 If a specimen tested by the chamber
method, either horizontally or vertically, has an
airtight cavity, vent each cavity to the low-
pressure face by a hole in the face of the
specimen not less than 5 mm (0.2 in.) in di-
ameter, located where it will least affect the
transverse strength of the specimen.

12.4 Calculations and Report—Calculate the
results of test and report as described in 11.4,
and report deflectometer readings to the nearest
0.25 mm (0.01 in.). : -

13. Concentrated Load

13.1 Test Specimens—Concentrated load
tests shall be made on each transverse specimen
after the transverse load tests, the concentrated
load being applied to the same face to which
the transverse load was applied.

13.2 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 5 and shall conform
to the requirements for component parts pre-

scribed in 13.2.1 through 13.2.3, or the equiv-
alent.

13.2.1 Steel Bar—Steel bar having a diam-
eter of 25.4 mm (1 in.) and the edge of the face
contacting the specimen rounded to a radius of
1.3 mm (0.05 in.).

13.2.2 Depth Gage—The depth gage shall
consist of a dial micrometer graduated to 0.025
mm (0.001 in.) mounted on a three-legged sup-
port. The support shall be notched to permit
placing the micrometer directly adjacent to the
bar and shall be long enough to permit placing
the supporting legs on undisturbed areas of the
face of the specimen.

13.2.3 Loading Device—Any convenient
means for applying a compressive load up to 5
kN (1100 1bf) and means for measuring the
load within 1 %. ,

13.3 Procedure:

13.3.1 Loading—Place the entire specimen
or portion of the specimen on a horizontal
support and properly level. Place the steel bar
on the face of the specimen at what is judged
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to be the weakest place and, also, at what is
judged to be the strongest place. Apply a load
vertically downward to the upper surface of the
bar. Continue loading until maximum load or
4.45 kN (1000 Ibf) is attained.

133.2 Depth of Indentation—Measure the
depth of indentation, by means of the depth
gage, and record the reading of the micrometer
to the nearest 0.025 mm (0.001 in.).

13.4 Calculations and Report:

13.4.1 Depth of Indentation—Calculate the
depth of indentation (set) after a given load has
been applied and the bar removed to the near-
est 0.025 mm (0.001 in.) as the difference be-
tween the depth for that load and the initial
reading of the micrometer before a load has
been applied to the specimen. .

13.4.2 Data Presentation—Report the results
in the form of a graph in accordance with
Section 6.

14. Racking Load—Evaluation of Sheathing
Materials on a Standard Wood Frame
Note 2—If the test objective is to measure the

performance of the complete wall, Method E 564 is
recommended.

14.1 Scope—This test method measures the
resistance of panels, having a standard wood
frame, and sheathed with sheet materials such
as structural insulating board, plywood, gyp-
sum board, transite, etc., to a racking load such
as would be imposed by winds blowing on a
wall oriented at 90° to the panel. It is intended
to provide a reliable,. uniform procedure for
determining the resistance to racking load pro-
vided by these sheet materials as commonly
employed in building construction. Since a
standard frame is employed, the relative per-
formance of the sheathing is the test objective.

14.1.1 This test is conducted with standard-
ized framing, loading procedures, and method
of measuring deflection, as detailed in the
method to ensure reproducibility. Provision is
made for following' the sheathing manufac-
turers’ recommendations for “attaching the
sheathing to the frame, and for reporting the
behavior of the specimen over its entire range
of use.

14.1.2 In applying the results, due allowance
shall be made for any variation in construction
details or test conditions from those in actual
service. -
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14.2 Test Specimens:

14.2.1 Size and Number—The test specimen
shall be 2.4 by 2.4 m (8 by 8 ft) and the framing
shall be constructed as shown in Fig. 6 and a
minimum of three panels of each construction
shall be tested. It is the intent of this test
procedure to evaluate the stiffening effect of
the sheathing material; therefore, the frame
shall be constructed as nearly like the frames
shown in Fig. 6 as possible. Frames shall be
newly constructed for each test. All individual
framing members shall be continuous. The
moisture content of framing material shall be
between 12 and 15 % when the panel is fabri-
cated, and shall not vary by more than 3 %
from the initial moisture content when the
panel is tested.

14.2.2 Application  of  Sheathing—The
method of applying the sheathing shall be ex-
actly as specified by the manufacturer. The
spacing of fasteners shall be as recommended.
Fasteners shall be driven through the sheathing
into only the outside stud of each corner post
shown in Fig. 6. The importance of the attach-
ment of sheathing to the framing cannot be
overemphasized. Slight differences in edge
clearances, angle of fastener, and amounts of
penetration of heads of fasteners into the
sheathing have appreciable effects on the re-
sults of test. Unless otherwise specified, fas-
teners shall be driven perpendicular to the sur-
face of the sheathing with the center of each
fastener the specified distance from the edge of
the sheathing. Fasteners shall be driven so that

‘the head of the fastener contacts the surface of

the sheathing but not so deep as to crush the
surface, unless specified differently by the man-
ufacturers.

14.3 Apparatus—The apparatus shall be as-
sembled as shown in Fig. 7. Load shall be
measured by means of a testing machine, or a
dynamometer attached to cables that load the
specimen, or in linkage with a hydraulic jack
used to apply load. The essential parts of the
testing apparatus, exclusive of the loading
frame, are as described in 14.3.1 through 14.3.5.

14.3.1 Base and Loading Frame—The test
panel shall be attached to a timber or steel plate
that is in turn attached rigidly to the base of
the loading frame in such a manner that when
the panel is racked, the sheathing will not bear
on the loading frame. This member may be of
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any convenient cross section, but it shall be at
least as long as the panel and not greater in
width than the thickness of the frame, 89 mm
(3% in.). Means shall be provided to bolt or
otherwise attach the sole plate of the panel
firmly to this member. For illustrative purposes,
two bolts are shown in Fig. 7. More may be
used if required.

14.3.2 Hold-Down—A hold-down shall be
provided as shown in Fig. 7 to overcome the
tendency of one end of the panel to rise as the
racking load is applied. Plates and rollers shall
be provided between the test specimen and the
hold-down so that the top of the specimen can
deflect horizontally with respect to the bottom
without unnecessary interference from the
hold-down. Because the amount of tension in
the rods of the hold-down may have an effect
on the results of the test, nuts on the hold-down
rods shall be tightened prior to load application
so that the total force in each rod does not
exceed 90 N (20 Ibf) at the beginning of test as
determined by previous calibration.

14.3.3 Loading Apparatus—Load shall be
applied to the specimen through an 89 by 89-
mm (3.5 by 3.5-in.) timber firmly bolted to the
upper plates of the panel. Loading shall be a
compressive force against the end of the timber
attached to the upper plate. When a testing
machine is used, pulleys and cables may be
used to transmit the vertical movement of the
tension head of the machine to the horizontal
movement in the specimen. .

14.3.4 Lateral Guides—Lateral guides shall
be provided so that the specimen will deflect in
a plane. The rollers should be bearing-sup-
ported to reduce friction to a minimum. The
lateral guides shall be firmly attached to the
loading frame. Plates for the rollers may be up
to 300 mm (12 in.) in length as required.

14.3.5 Indicating Dials—Indicating dials, or
scales and wires, shall be provided to measure
the displacement of the different parts of the
panel during test. The readings shall be re-
corded to the nearest 0.25 mm (0.01 in.). The
locations of the dials shall be as shown in the
lower left, lower right, and upper right corners
of the side view of the test assembly in Fig. 7.
The dial at the lower left, which is attached to
the stud, measures any rotation of the panel,
the dial at the lower right measures any slip-
page of the panel, and the dial at the upper
right measures the total of the other two plus
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the deformation of the panel. Therefore, the
horizontal deflection of the panel at any load
is the reading of the dial at the upper right less
the sum of the readings of the other two.

14.4 Procedure:

14.4.1 Loading—Apply the load continu-
ously throughout test at a uniform rate of mo-
tion of the loading device used. The recom-
mended speed of testing shall be such that the
loading to 3.5 kN (790 1bf) total load shall be
completed in not less than 2 min from the start
of the test. The loading to 7.0 to 10.5 kN (1570
to 2360 1bf) total load and to failure shall
employ the same rate of travel of the loading
device as for the loading to 3.5 kN. Give the
speed of testing used in the report of test.

14.4.2 Loading Procedure—Load the speci-
men in three stages to 3.5, 7.0, and 10.5 kN
(790, 1570, and 2360 1bf) total load at a uniform
rate.

144.2.1 To provide data to meet perform-
ance requirements, other values of total load
may be included in the test procedure. Use the
same rate of loading as for the loadings speci-
fied and indicate additional loadings evaluated
and the results obtained in the report.

14.4.2.2 After the load of 3.5 kN (790 1bf) is
placed on the specimen, remove all of the load
and any residual deflection (set) in the panel
noted. Then load the specimen to 7.0 kN (1570
1bf) and again remove the load and note any
additional set; after this increase the loading to
10.5 kN (2360 1bf), remove the load again, and
note the set. Apply load continuously for each
of the increment loads specified above and
obtain load-deflection data. Obtain these data
for at Jeast each 900 N (200 Ibf) of loading.
Obtain deflections during the loading cycle
and, if desired, during the unloading cycle as
well.

14423 After the specimen is loaded as
specified to 3.5, 7.0, and 10.5 kN (790, 1570, -
and 2360 Ibf) load it again to failure or until
the total deflection of the panel becomes 100
mm (4 in.). Obtain readings of deflection for
the same intervals of load as were used for the
other loadings.

14.5 Calculations and Report:

14.5.1 Deformation—For each dial, or other
measuring device, calculate the movement un-
der each racking load as the difference between
the readings when load is applied and the initial
readings at the start of the test. Calculate set
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readings as the difference between the readings
when the load is removed and the initial read-
ings.

14.5.2 Data Presentation—Report the de-
flections at 3.5, 7.0, and 10.5 kN (790, 1570,
and 2360 1bf) and the set after loading to these
amounts. Present load-deflection curves ob-
tained during loading to failure and to 3.5, 7.0,
and 10.5 kN in the form of a graph as pre-
scribed in Section 6. Include maximum load
and any observations on the behvaior of the
panel during test and at failure. Express resid-

ual deflections (sets) as percentages of the de-

flections that produced the sets as well as in
millimetres or inches. If the specimen fails,
describe the visible failure. If the specimen has
been subjected to any special conditioning prior
to test, describe this treatment in detail. De-
scribe in the report the sheathing used, the
method of applying the sheathing, the type and
spacing of fasteners, and the method and rate
of loading employed.

15. Racking Load—Evaluation of Sheathing
Materials (Wet) on a Standard Wood
Frame {

15.1 Scope—This test has been developed to
simulate the degree of wetting possible during
construction of a structure when, because of
rain, the framing and sheathing may be wetted
on one or both sides. Both sides of the wall
panel are wetted because this represents the
maximum exposure possible during the stage
of construction before the structure is roofed.

15.2 Test Specimens—The test specimens
shall conform in size and fabrication details to
the requirements of 14.2.

15.3 Specimen Conditioning—Mount the
fabricated test specimens or suspend them in a
vertical position in such a manner as to prevent
continuous immersion of the bottom edge of
the specimen. Expose both sides of the test
specimen to a water spray applied at or near
the top along the entire length to ensure that
the top of the specimen is being wetted. The
spray shall have no jet action that cuts into the
sheathing material, and the spray areas shall
overlay sufficiently so that a continuous sheet
of water flows down both surfaces of the spec-
imen. Maintain the temperature 6f the water in
the line to the spray nozzle at 24 + 3°C (75 +
5°F). Wet the specimens for a period of 6 h
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and then allow to dry for a period of 18 h. Dry
in laboratory air, preferably at a temperature
of 24 + 3°C (75 + 5°F). Make no attempt to
increase the air movement over the specimens
by fans or blowers. Subject the test specimens
to two complete wetting and drying cycles and
then a third wetting cycle.

15.3.1 No more than 2 h shall elapse be-
tween the completion of the third wetting cycle
and the start of the racking test.

154 Procedure—Test the specimens in ac-
cordance with the procedure described in 14.4.

15.5 Moisture Content Determination— After
the racking test is completed, cut moisture sam-
ples from the sheathing material, and deter-
mine moisture content on a weight basis with
the moisture content expressed as a percentage
of the oven dry weight in accordance with
15.5.1. Preferably, take five moisture content
samples at least 100 by 150 mm (4 by 6 in.) in
size from each 1.2 by 2.4-m (4 by 8-t) sheathing
panel of the test specimen: one from the center
of each sheathing panel at the top and bottom
edges, one from midlength on each side, and
one from the panel center. Weigh the moisture
content samples immediately upon being cut
from the test specimen to an accuracy of not
less than +0.2 %. Carefully remove all loose
particles from the sample before weighing.
Then dry the samples to constant weight in an
oven at 103 * 2°C (217 £ 4°F). If large
amounts of volatile matter or substances other
than free water are removed from the sheathing
material by drying at 103 + 2°C, the sheathing
material may be dried to constant weight at a
lower temperature and the drying time and
temperature given in the report.

15.5.1 Calculation—Calculate the moisture
content as follows:

M =100 (W - F)/F]
where:
M = moisture content, %,
W = initial weight, and
F = final weight when oven dry.

15.6 Calculations and Report—The report
shall include the racking test data as specified
in 14.5. It shall also include the line tempera-
ture of the water sprayed on the test specimens;
the air temperature and relative humidity dur-
ing the drying portion of the cycle; and the
location of the moisture content samples and
the moisture content of each.

153



il

TESTING FLOORS
16. Significance

16.1 The procedures outlined will serve to
evaluate the performance of floor segments
under conditions representative of those sus-
tained in service. Performance criteria based on
data from these procedures can ensure struc-
tural adequacy and effective service.

17. Transverse Load

17.1 Test Specimens—Tests shall be made

on three like specimens, each having a length
“equal to the length of the floor panel and a
nominal width of 1.2 m (4 ft) (see Section 3).

17.2 Apparatus—The apparatus shall con-
form to the requirements of 11.2.

17.3 Procedure—Conduct the test in accord-
ance with 11.3 on transverse load tests of walls,
except apply the loads only to the upper (finish
floor) face of the specimen. If practicable, test
floor specimens in the horizontal position. If
tested in the vertical position, conduct the test
in accordance with 12.1 through 12.4 on trans-
verse load tests on walls in the vertical position.
If tested in the vertical position, deduct trans-
verse load equal to the weight of the specimen
from each recorded load to obtain the applied
load on the specimen. _

17.3.1 Strength on Short Span—The trans-
verse strength of any floor construction in-
creases as the span is shortened. If the strength
of the construction for a shorter span is desired,
do not compute it, but test the construction on
the shorter span,

17.4 Calculations and Report—Report the
results as indicated in 11.4.

18. Concentrated Load

18.1 Test Specimens—Tests shall be made
on each of the transverse specimens after the
transverse tests are completed.

18.2 Apparatus—The apparatus shall con-
form to the requirements of 13.2.

18.3 Procedure—Conduct the test in accord-
ance with 13.3 on concentrated load tests on
walls, except apply the loads only to the upper

(finish floor) face of the specimen.
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18.4 Calculations and Report—Report the
results as indicated in 13.4.

TESTING ROOFS

19. Significance

19.1 These procedures will serve to evaluate
performance of roof segments under simulated
service conditions. Roof trusses shall be evalu-
ated under Methods E 73. '

20. Transverse Load

20.1 Test Specimens—Tests shall be made
on three like specimens, each having a length
equal to the length of the roof panel and a
nominal width of 1.2 m (4 ft) (see Section 3).

20.2 Apparatus—The apparatus shall con-
form to the requirements of 11.2.

20.3 Procedure—Conduct the test in accord-
ance with 11.3 on transverse load tests of walls,
except normally apply the loads only to the
upper (weatherproofed) face of the specimen.
The transverse strength of a roof construction
under loads acting outward may appear to be
less than the strength under loads acting in-
ward. For such constructions, apply loads act-
ing outward to specimens.

20.3.1 Strength on Short Span—The trans-
verse strength of any roof construction in-
creases as the span decreases. If the strength of
the construction for a shorter span is desired,
do not compute it, but test the construction on
the shorter span.

20.4 Calculations .and Report—Report the
results as indicate in 11.4.

21. Concentrated Load

21.1 Test Specimens—Tests shall be made
on each of the transverse specimens after the
transverse tests are completed.

21.2 Apparatus—The apparatus shall con-
form to the requirements of 13.2.

21.3 Procedure—Conduct the test in accord-
ance with 13.3 on concentrated load tests of
walls, except apply the loads only to the upper
(weatherproofed) face of the specimen.

21.4 Calculations and Report—Report the
results as indicated in 13.4.
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FIG. 5 Concentrated Load Test
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APPENDIX
(Nonmandatory Information)

~X1,TECHNICAL

XL1 It is the purpose of these test methods to
provide a systematic basis for obtaining comparable
engineering data on various construction elements
and structural details of value to designers, builders,
building officials, and others interested in this field.

X1.2 Subjecting complete structures to known
loads is very expensive and requires much time;
therefore, that method of carrying out investigations
to establish structural properties is not likely to be
used to any great extent. Such tests have the further
~ disadvantage that only the strength of the weakest
elements of a particular structure could be measured.

X1.3 For these reasons, it.seems more practicable
to apply loads to specimens that accurately reproduce
a structural portion of a finished building. These
portions of a building have been designated as “ele-
ments”; for example, floor, wall, roof, etc. For the
procedure described in these methods, the elements

INTERPRETATION

have been restricted to those most important struc-
turally. For each element, methods of loading are
described that simulate the loads to which the ele-
ment would be subjected under service conditions. It
is believed that the results of these measurements on
the structural elements will be more useful to archi-
tects and engineers than the results of tests on speci-
mens of the materials from which the structure was
fabricated, or the results of tests of the individual
structural members. Although it may be impractica-
ble to determine all of the structural properties of
each element of a building, it is believed that the
more important properties may be determined by
tests described in these methods.

X1.4 The test method, involving the application
of the loads in increments and the concurrent mea-
surement of deformation and set, simulates, to some
extent, the conditions of repeated loading under ser-
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vice conditions. Therefore, results by such a method
of loading may be more useful than those obtained
by increasing the load continuously throughout the
test. The results from increment loading tests may
show whether different portions of a construction act
as a unit under load, whether the fastenings or bonds
have adequate strength, or whether they rupture
under repeated loads. For any engineering structure,
including small houses, it is necessary not only that
the strength be adequate, but also that the deforma-
tion under load shall not appreciably decrease the
usefulness of the structure. If the working load and
the allowable deformation for an element for a struc-
ture are known, constructions complying with these
requirements may be selected by inspection of the
graphs from tests of such constructions.

X1.5 A structure is elastic if, after a load has been

E72

applied and then removed, the set is inappreciable. If
the set is small for an element of a building, it may
be assumed that the construction has neither been
damaged nor appreciably deformed by the load. The
set, therefore, is another property that may be used
when comparing different constructions and may be
useful when selecting a construction for a particular
purpose. :

X1.6 The variations in the properties of a con-
struction as used commercially for buildings, in all
probability, will be greater than the variations for the

- three specimens tested as directed in these methods

because these specimens will be all fabricated at the
same time by the same workmen and from the same
lot of material. This fact should be clearly indicated
in any general report based on these test procedures.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reagproved or withdrawn. Your comments are invited either for revision of this standard or for additional

standards and should be addressed to ASTM H.

ters.

Your ¢

ts will receive careful consideration at a meeting of the

responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
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AHI»? Designation: C 78 - 02

Standard Test Method for

Flexural Strength of Concrete (Using Simple Beam with

Third-Point Loading)"

This standard is 1ssued uncler the fixed designation C 78 the number immediately following the designation indicates the year of oniginal
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A supersenpt
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense

1. Scope

1.1 This test method covers the determination of the flexural
strength of concrete by the use of a simple beam with
third-point loading.

1.2 The values stated in inch-pound units are to be regarded
as the standard The SI equivalent of inch-pound units has been
rounded where necessary for practical application

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 31 Practice for Making and Curing Concrete Test Speci-
mens in the Field?

C 42 Test Method for Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete®

C 192 Practice for Making and Curing Concrete Test Speci-
mens 1 the Laboratory”

C 617 Practice for Capping Cylindrical Concrete Speci-
mens’

C 1077 Practice for Laboratories Testing Concrete and Con-
crete Aggregates for Use in Construction and Criteria for
Laboratory Evaluation®

E 4 Practices for Force Verification of Testing Machines®

3. Significance and Use

3.1 This test method 1s used to determine the flexural
strength of specimens prepared and cured in accordance with
Test Methods C42 or Practices C 31 or C 192 Results are
calculated and reported as the modulus of rupture. The strength
determined will vary where there are differences in specimen
size, preparation, moisture condition, curing, or where the

! This test method is under the junsdiction of ASTM Commuttee C09 on
Concrete and Concrete Aggregatesand is the direct responsibility of Subcommuttee
C09 .61 on Testing for Strength

Cunrent edition approved Jan. 10, 2002 Published March 2002. Onginally
published as C 78 - 30T. Last previous edition C 78 - 00.

? Annual Book of ASTM Standards, Vol 0402

? Anual Book of ASTM Standards, Vol 0301.

beam has been molded or sawed to size

3.2 The results of this test method may be used to determine
compliance with specifications or as a basis for proportioning,
mixing and placement operations. It 1s used in testing concrete
for the construction of slabs and pavements (Note 1).

4. Apparatus

4.1 The testing machine shall conform to the requirements
of the sections on Basis of Venfication, Corrections, and Time
Interval Between Verifications of Practices E 4. Hand operated
testing machines having pumps that do not provide a continu-
ous loading 1n one stroke are not permitted. Motorized pumps
or hand operated positive displacement pumps having suffi-
cient volume in one continuous stroke to complete a test
without requining replenishment are permutted and shall be
capable of applying loads at a uniform rate without shock or
interruption

4.2 Loading Apparatus—The third point loading method
shall be used in making flexure tests of concrete employing
bearing blocks which wall ensure that forces applied to the
beam will be perpendicular to the face of the specimen and
applied without eccentricity. A diagram of an apparatus that
accomplishes this purpose 1s shown in Fig. 1.

421 All apparatus for making flexure tests of concrete shall
be capable of maintaining the specified span length and
distances between load-applying blocks and support blocks
constant within £0.051n, (1.3 mm)

422 The ratio of the horizontal distance between the point
of application of the load and the point of application of the
nearest reaction to the depth of the beam shall be 1.0 = 0.03

423 If an apparatus similar to that illustrated 1n Fig. 11s
used: the load-applying and support blocks should not be more
than 2% 1n. (64 mm) high, measured from the center or the axis
of pivot, and should extend entirely across or beyond the full
width of the specimen. Each case-hardened bearing surface in
contact with the specimen shall not depart from a plane by
more than 0.002 in. (0.05 mm) and shall be a portion of a
cylinder, the axis of which 1s comncidental with either the axis
of the rod or center of the ball, whichever the block 1s pivoted
upon. The angle subtended by the curved surface of each block
should be at least 45° (0.79 rad). The load-applying and
support blocks shall be maintained in a vertical position and in

Copyright ® ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2059, United States.
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NoTE 1—This apparatus may be used inverted. If the testing machine applies force through a spherically seated head, the center ptvot may be omitted,

provided one load-applying block pivots on a rod and the other on a ball.

NoTE 2—1 1n. = 254 mm

FIG. 1 Diagrammatic View of a Suitable Apparatus for Flexure Test of Concrete by Third-Point Loading Method

contact with the rod or ball by means of spring-loaded screws
that hold them in contact with the pivot rod or ball. The
uppermost bearing plate and center point ball in Fig. 1 may be
omitted when a spherically seated bearing block 1s used,
provided one rod and one ball are used as pivots for the upper
load-applying blocks

5. Testing

5.1 The test specimen shall conform to all requirements of
Test Method C42 or Practices C 31 or C 192 applicable to
beam and prism specimens and shall have a test span within
2% of being three times 1ts depth as tested. The stdes of the
specimen shall be at right angles with the top and bottom. All
surfaces shall be smooth and free of scars, indentations, holes,
or inscribed 1dentification marks

5.2 The technician performing the flexural strength test
should be certified as an ACI Technician—Grade II, or by an
equvalent wntten and performance test program

NoTE 1—The testing laboratory performing thus test method may be
evaluated 1n accordance with Practice C 1077

6. Procedure

6.1 Flexural tests of moist-cured specimens shall be made as
soon as practical after removal from moist storage. Surface
drying of the specimen results in a reduction in the measured
flexural strength

6.2 When using molded specimens, turn the test specimen
on its stde with respect to its position as molded and center it
on the support blocks. When using sawed specimens, posttion
the specimen so that the tension face corresponds to the top or
bottom of the specimen as cut from the parent material. Center
the loading system in relation to the applied force Bring the
load-applying blocks 1 contact with the surface of the speci-
men at the third points and apply a load of between 3 and 6 %
of the estimated ultimate load. Using 0.004 in (0.10 mm) and
0.0151n. (0.38 mm) leaf-type feeler gages, determine whether

any gap between the specimen and the load-applying or
support blocks is greater or less than each of the gages over a
length of 1in. (25 mm) or more. Grind, cap, or use leather
shims on the specimen contact surface to eliminate any gap in
excess of 0.004 1n. (0.10 mm) 1n width. Leather shims shall be
of umform % 1n (6.4 mm) thickness, 1to 21n. (25 to 50 mm)
width, and shall extend across the full width of the specimen.
Gaps in excess of 0.0151n. (0.38 mm) shall be eliminated only
by capping or gnnding. Grinding of lateral surfaces should be
minimized inasmuch as grinding may change the physical
charactensstics of the specimens. Capping shall be in accor-
dance with the applicable sections of Practice C 617

6.3 Load the specimen continuously and without shock. The
load shall be applied at a constant rate to the breaking point.
Apply the load at a rate that constantly increases the extreme
fiber stress between 125 and 175 pst/min (0.86 and 121
MPa/min) until rupture occurs. The loading rate 1s calculated
using the following equatton:

r = ShalL )

where:
r loading rate, 1b/min (MN/min),

S = rate of increase in extreme fiber stress, psi/mmn (MPa/
min),

b = average width of the specimen, in. (mm),

d = average depth of the specimen, in. (mm), and

L = span length, in (mm),

7. Measurement of Specimens After Test

71 To determine the dimensions of the specimen cross
section for use in calculating modulus of rupture, take mea-
surements across one of the fractured faces after testing For
each dimension, take one measurement at each edge and one at
the center of the cross section. Use the three measurements for
each direction to determine the average width and the average
depth. Take all measurements to the nearest 0.05 . (1 mm). If
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the fracture occurs at a capped section, include the cap
thickness in the measurement.

8. Calculation

8.1 If the fracture imitiates in the tension surface within the
middle third of the span length, calculate the modulus of
rupture as follows:

R = PLibd® @

where:

R = modulus of rupture, psi, or MPa,

P = maximum applied load indicated by the testing ma-
chine, 1bf, or N,

L = span length, i, or mm,

b = average width of specimen, in., or mm, at the fracture,
and

d = average depth of specimen, 1n., or mm, at the fracture.

NotE 2—The weight of the beam is not included in the above
calculation.

8.2 If the fracture occurs 1n the tension surface outside of
the middle third of the span length by not more than 5 % of the
span length, calculate the modulus of rupture as follows:

R = 3Paid’ 1)

where:

a = average distance between line of fracture and the
nearest support measured on the tension surface of the
beam, in., (or mm)

NotE 3—The weight of the beam is not included in the above
calculation.

8.3 If the fracture occurs in the tension surface outside of
the middle third of the span length by more than 5% of the
span length, discard the results of the test.

9. Report

9.1 Report the following information
9.1.1 Identification number,

912 Average width to the nearest 0.05 . (1 mm),

9.13 Average depth to the nearest 0.05 . (1 mm),

9.14 Span length 1n inches (or millimeters),

9.1.5 Maximum applied load in pound-force (or newtons),

9.1.6 Modulus of rupture calculated to the nearest 5 psi
(0.05 MPa),

917 Curing history and apparent moisture condition of the
specimens at the time of test,

9.1.8 If specimens were capped, ground, or if leather shims
were used,

919 Whether sawed or molded and defects in specimens,
and

9.1.10 Age of specimens.

10. Precision and Bias

10.1 Precision—The coefficient of variation of test results
has been observed to be dependent on the strength level of the
beams.* The single operator coefficient of variation has been
found to be 57% Therefore, results of two properly con-
ducted tests by the same operator on beams made from the
same batch sample should not differ from each other by more
than 16 % The multilaboratory coefficient of variation has
been found to be 7.0 %. Therefore, results of two different
laboratonies on beams made from the same batch sample
should not differ from each other by more than 19 %.

10.2 Bias—Since there is no accepted standard for deter-
mining bias in this test method, no statement on bias 15 made.

11. Keywords

11.1 beams; concrete, flexural strength testing; modulus of
rupture

*See “Improved Concrete Quality Control Procedures Using Thud Point
Loading” by P. M Canesquillo and R. L. Canasquillo, Research Report 119-1F,
Project 3-9-87-1119, Center For Transportation Research, The University of Texas
at Austin, November 1987, for possible guidance as to the relatonship of strength
and variability.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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Flexural Performance of Structural Insulated Panel (SIP) Slabs Strengthened by
Fiber Reinforced Polymer (FRP)

Theeraphol Piamsuphakpong', Meng Jing?
"2 pepartment of Civil Engineering, Faculty of Engineering, Rajamangala University of Technology

E-mail: 'theeraphol@bangchak.co.th, %jingmeng72@hotmail.com

ABSTRACT
SIP (Structural Insulated Panels) is a good material in building and housing construction with the good properties
such as heat insulation, load absorption, strength, durability and low construction cost. Due to the lack of
research on SIP slabs in Thailand, the flexural performance of two-way SIP slabs with or without GFRP
(Glass Fiber Reinforced Polymer) strengthening were studied here in experimental method. Totally four full scale
SIP slab samples, 1.2 m wide and 2.0 m long, with different thickness of 0.10 m and 0.14 m, were tested under
uniformly distributed loading till failure. The test results indicated that, two-way SIP slabs in thickness of 0.10
m could bear load of 220 kg/m* under service limit, which met the requirements for residential and light
commercal buildings. For slab in thickness of 0.14 m, the load bearing capacity increased to 300 kg/m?. The test
results also shown that, pasting GFRP between form core and fiber cement face of SIP slabs was a feasible

method to improve the flexural performance.

Keywords: Structural Insulated Panel (SIP), Two-Way Slabs, Glass Fiber Reinforced Polymer (GFRP), Flexural

Performance, Strengthen

T-Stresses for Penny-Shaped Crack in 3D Transversely Isotropic Elastic Medium

under Mixed-Mode Loading

Matana Pinitpanich', Jaroon Rungamornrat’
'? pepartment of Civil Engineering, Faculty of Engineering, Chulalongkorn University

E-mail: ‘matana.pp@gmail.com, *Jaroon.r@chula.ac.th

ABSTRACT

This paper presents an analytical solution of the T-stresses for a penny-shaped crack in a transversely isotropic,
linearly elastic infinite medium under general mixed-mode loadings. A complete stress field for two
fundamental loading conditions associated with a pair of self-equilibrated unit normal and tangential point
forces acting on both crack surfaces is obtained first via a technique of potential theory. Such explicit solutions
are then utilized along with the proper limiting process to derive closed-form Green’s functions for the
T-stresses. By using a method of superposition, the T-stresses of a penny-shaped crack subjected to general
self-equilibrated tractions on the crack surface can be obtained explicitly in terms of an integral formula.
Numerical results for some special loading conditions are then compared with available benchmark solutions
to verify the formulation and derived solutions.

Keywords: T-Stresses, Green’S Functions, Penny-Shaped Crack, Mixed-Mode Loading, Transversely Isotropic
Elastic Media

| 98
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FLEXURAL PERFORMANCE OF STRUCTURAL INSULATED PANEL ( SIP)

SLABS STRENGTHENED BY FIBER REINFORCED POLYMER (FRP)

Fazma dungiamed-uoz nila ¢

“mndyiimnisulon ausimnssumans uminedomn TuTagswuenadyy o.upueil

uninte

SIP (Structural Insulated Panels) urenuauTnsaedaa fudvgiia
Tunstioad1eenis finerds il quenni® 3 9y auaullesiu
amudou seaiurhmin anmudauss numu uazilszndas 1§
Tumstoata iloswinlulszmeInodswans3seioaty usu s
TudmlszAngaimns funsadavosusufiuao msvosisy SIp 7
1erfun3o liin3u GFRP ( Glass Fiber Reinforced Polymer ) lums
idurenuude Wiyt sIp #e3imsnameusautivua
4 /9t nuuivaYeeT ALY SIP Hvuanhi 1.2 1. uasem
2.0 3. filAnumn mafufie 0.10 4. uaz 0.14 3. gn nareunelX
mslhimninuuunszew miueue suis samsmamey ueas ity
vty SIP Ainaumues 0.10 ¥, ssedudinind
220 NNM3.Y mu'lﬁﬂhﬁmm\i]mi’nmmnn audeimunadmiv
01m3 Hogoo Femidig unzusiu SIP ATLM 0.14 3. ms0dy
mintududa 300 s, samanageuraslfiftuhnsey
GFRP Hnszndrausin Iluununansiuisiy Iius i3zt
voauru SIP fu 537 Tl 18 Tunasdfnlge dszdniamnisiy

U3RA

P X M a
fdny: unanuu Tnssedreuruiure e, frgloufueuuss,
Wszdniammisiuuseda,mandunimuds

Abstract

SIP (Structural Insulated Panels) is a good material in building and

housing construction with the good such as heat insulati

* idourfuAinyeuuMA2 (Comresponding author)
E-mail address: theeraphol@bangchak.co.th

load absorption, strength, durability and low construction cost. Due to the
lack of research on SIP slabs in Thailand, the flexural performance of
two-way SIP slabs with or without GFRP (Glass Fiber Reinforced
Polymer) strengthening were studied here in experimental method.
Totally four full scale SIP slab samples, 1.2 m wide and 2.0 m long, with
different thickness of 0.10 m and 0.14 m, were tested under uniformly
distributed loading till failure. The test results indicated that, two-way
SIP slabs in thickness of 0.10 m could bear load of 220 kglm'under
service limit, which met the requirements for residential and light

For slab in thick

of 0.14 m, the load bearing
capacity increased to 300 kg/m’. The test results also shown that, pasting
GFRP between form core and fiber cement face of SIP slabs was a
feasible method to improve the flexural per

Keywords: Structural Insulated Panel (SIP), Two-way slabs, Glass Fiber
Reinforced Polymer (GFRP), Flexural performance, Strengthen
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3189 ufauss nunm iedanadeeins thu Anunaldes
329132 mvaw uasiidagAedminun winusuihiinan v
W nssedraludauees im grunnvesemudnaslde ik
Uszndasneniinlidw

maianmaTuTedvossuiuTaseadunuu (sp) 1éins
Wiy St 19 luamuemIang Tusmalszmemsu uauim
i uenviniltataniiy udundem sip Sudu uenenilsed
mansesinafhanasgnusu siPA waslmndnduuiindudnusiu
SIP foonuuy uazneaiie egualouTunIFy Timberdline Panel
Company Tuilszimedangy u¥nFischer SIPS®, luilszimaonim
Structure Insulated Panel (STP) uunwm Tnssed (Ui 1) Aodmgit
sznow T2 wu 2 wilsznud oz dvdsitununmaiiu
T Indwefudsdvaiiusudadndaon Fausulsznufueines
fuTanz w6 i vueddou Tbnfuorihi Triuven
polystyrene foam (EPS), TWu8# Extruded Polystyrene (XPS) Tl
Polyisocyanurate ¥30 Trhugimu A8 [2]

Structure Insulated Panel (SIP) 91992ii¥0i3onszunauuana1e
oonlluusns i usmdnms dhigiimiloudu e msitTaseathe
gnoonuuu iy szuyTnseadramisiumbmin (Wal - Bearing
System) ot lidoanendrumuazaunou iR aiudtusiotl
(Fwmamuioonuriud i)

20 1 usia s i mamoy

e lunsnnmlaTassedaauau (SIp) el
u 'ﬁuﬁxﬁuthuwﬂ«odnﬂufnﬁdﬁ'mon1mmn=ﬂ1u Fafu
Fedoenmansuftenfoudvuidsiuiminuesiiu (ste) d1ve
s onaumuuARuneuraeumn 18I0 T FaluTeyuilss
nuiimsfinnuassousuit (S) hlssmeInglinminuazens
Nisfulehusuity (SIp) szensoiumbminumieodivilauaznin
SmsAnnunytouruity (SIP) Taoiity Frgir3unss Fibre-reinforced
plastic (FRP) s ldmaiinademdimhminusauruuiiudy

wioi (qUit 2)

U7 2 s SIP w3y GERP fnhimamamou

2. Jaquszaen
4 & susdm o/ s

2.1 eAnumgAnIsuNs T MTnue LN (SIP) iUNUTUNGY
AOINN (Two Way Slab) 'fmﬁu Glass Fiber Reinforce Polymer
(GFRP) uaz hitau GFRP

22 ieAnmvuazFoudounsiufminvewsuiiu (sip) i

ununaaihu Tesiinugs (run) RunndrsiusemaamTnei

3. FEmssuiivanite
mnameuddsinhmin uuy FULL SCALE  dhmiuusiu
#tu sip sl 4 qaq0 1 et Taoitdoydnual GF Aensindy

GFRP e SI fio Taiiefiu GFRP daueraslumanedt 1 uazguldl 3

mIni 1 iy dnuiinedumamey

Twazidon dydnwel
(VMUY 1.2x2.0 )
ununanaiiu vy SI-10-FT
vu1n 8 i@
ununaaiiuTvy SI-14-FT
vin 12 9u.and
ununanaiiulvy GF-10-FT
YUIR 8 Y131 GFRP
ununoitiuley GF-14-FT
YU 12 ¥ 131 GFRP

*MUBIMY SIUIUNINATOVAL 1 AIBEN (VIIALKY 1.20 x 2.00 1.)

Uit 3 i stp #1$unsmacroy
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Taousniuste A9 lunmmareuiidnuazmiloutufoununars
huTrly EPS At 2 dnulzdan i ed@mndvn 10 uu Taoseiu
FnmmmumesThuuazie3udio GFRP fuliiindu GFRP Taviusiu
#u SIP Mewugmmdniuusiuity uaz19gmanhmin 30 nnma
S shminnansznobminfusuAumuvinaRuivearuity
st unzitnhmindinzsu Faqulit 4 unzgildt s suurvit i
sufmnin1d wie mldsansenmauruity SIp Srufu Z/so Somga
malhiminuasdenduga

1% 4 Snwaizvoamsmeusiuity sip v lfenamoy

R oy [

yﬁl s $meamemafminganae 30Kg

maammsTasfaunznisBanaRavs Uy SIP LY FULL
SCALE lumsiamnz Tnsfauazmsdanadaveausiuitu SI wuy

HAZYUIAANY

LvD

Uit 6 mamacou ot

Data Locker

Uit 7 mammerou i nindunshit s1-10-FT fioed

MINATOY FULL SCALE 11launsAans mauing (Strain
Gauge) $17M 2 Faf MUY Haz 2 MAud Ry uazAnne
LVDT (Linear Variable Displacement Transducers) $142M 1 #2 o
Wity s assnanaausiiazdonaiminmsotausiu
Ause Aaldumm 15 uid SesrmmnisTsdauaznsdanaamy
1#399 DATA LOCKER Taogmsosiuiluuuy Suussreama(two
Way Slab) ﬁpumai’umuuﬁu‘u SIP unzBoadeglil 6 uny7
mondenminhnesusuazinseidoyai 14

4. Wam3idy
4.1 WamamamevaINg 1N
mmageuaurIelumsiumdaiminuuuusnszee
(Distribution Load Test) oy SIP fvwiasen viandie 12 w.em
2.0 1. H410.10 1uaz yuanda 1.2 3 012 2.0 1. v 0.14 1. Tavaw
dmifnuuuidnszouazhimadants Tneia uasammstana wa
manageuuiuiudslifseouaninuazdimnsaiumhmindely
1% unldmgamsWhinnind 4080 nn. w3e 1700 nnumsn. ileszes
Triaiaide 2/50 unzusiuiu S-10-6T Ty Trsgagamiiiy 23.70
. i SE14-FT 1ms Tnedageqaniiiy 14.10 s uruitu
GF-10FT 1813 Iedagagamiaiy 18.53 . uruity GF-14FTIE
N3 IneAageganiiy 11.64 u.

M3 2 ugasszezms Insdvsawsiuitu s Afnbningagaveams

natroy
ITEM GF-14-FT | SL14FT | GF-10-FT | SI-10-FT
Sand (kg) 4080 4080 4080 4080
Load (kg/m’) 1700 1700 1700 1700
Deflection (mm.) |  11.64 14.10 18.53 2370

* mnoing s niasuasie g lihhwingeqalifesze:
e /50 fin 24 wu.

aumiai 2 uazen it 8 ezt Iddleibminnazih
wudunisTneafezindu oz denfoufoudmuanmumndt
fanumumnnniissih¥ms Tnadadeonhethausuity si-10-FT
sefimms Tneamandusuity S14-FT Tuganudiinseduauole
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ufaftesri s Taamafoon 10613 uruity SE10-FT sxdldims Tna
FnnAUALAY GE-10-FT tazusuiny SI4-FT sxiifnis Ineda
wnnduuity GE-14-FT desihminaiiu # 2360 usiuity sip #
i3 u GFRP i minlg 220 nnmsuammsei 3

mnit 3 uranfminityl8vesusuiu SIp yiindq imsTned L360

ITEM GF-14-FT | SI-14-FT | GF-10-FT | SI-10-FT
Load (kg) 875 595 610 540
kg/m’ 365 248 254 225
Deflection L/360
3 3 3 3
(mm.)
P
~oviiiliy
==
=

U7 8 naminonuduu 3z M1 Load - Vertical Deflection fnmausity

4.2 HAMINANOUMMITANAA

Teasi St
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b o< itdn
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s (o)

Ui 9 e iU sz nin Load Strain finenefauuuazfmasiu
Fumuiudmem
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