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Abstract

This research deals with performance studies of load bearing hybrid composite walls under combined
bending and axial compression loads developed at Rajamangala University of Technology Tawan-Ok.
The hybrid composite wall consists of fiber cement board as a sandwich-board and light-weight foamed
concrete mixed with Expandable Polystyrene foam (EPS) in waffle-arrangement as a core material. The
testing programme includes sixteen structural composite panels and were tested under a combination
of axial compression and flexural bending loads. Tested specimens were divided into two types; type
A - without a steel skeleton and type B - with a cold-form C75x45 skeleton placed in the middle of the
panel. Based on the test results, it was found that deflections of panels type A were higher than that of
specimen type B due to the presence of a steel skeleton. The maximum failure loads of panel specimen
type B exhibited higher loads than that of specimen type A. This is because the presence of cold-form
steel in specimen type B caused a higher stiffness and thus a higher load bearing capacity. Moreover, it is
also found that the serviceability loads of panel type A and type B are 1.22 kN and 2.04 kN, respectively.
Based on the analysis of the test results, the P-M interaction diagram can be obtained by considering
the reduction factor for the design procedure. For conservative design, the reduction factor (¢) = 0.3 is
recommended by comparing the ratio between serviceability load and load at failure which are 31.2%

and 36.7% for specimens type A and type B, respectively.

Keywords: Hybrid Wall, Load Bearing Wall, Sandwich Wall, Infill Wall, Foamed Concrete, Interaction Diagram
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Hatu Fesmnilvisiuauninvesfanuiouaysves
nalumstioada Favaniasgnauguiensiased
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ANNTLILAENTSRENUTEN VR Tan il Anau TR
Jenssulyvnzay (6], [19] TagkuInIan1sWaILI
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usenuuunuiteidudeyaluniseenuuuiinonlngn
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2) Wle@nwUszAninmveslassadressuuni
ADUINERLUUHAUNE AL SIARLAZIIITANULIUNY

3) WleiauuImeniseanuuunTnouTwdn
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2. 38n15798

Tufnwddeiuseneuludne 2 sy Tngluriesses
i 1 dudununeasuanaudFanildihusiuuuy
TuneaUURNIINNLINIZIU ASTM C365 [22], ASTM
C364 [23], ASTM C393 [24] gz ASTM E72 [25] Lay
szuEdl 2 nsAnwIUTEATE AN USeNSEYgaY
D USIOAMNLLILNULAZLIIRAA NS UNTIAULUU

2.1 538N 1: MINATRUAMENURATER
nsfnunAERR TR liUssneusiiluio iR

wandlumsnail 1 Uszneulusenisnaaeunsuusesn
Uszasueeiegnalvly EPS 9119 50x50x50 dadkuns dim
AMHVIWIWIIRY 20 AlanSusegnuiAniums (1.25
Uausiran1s1ann) wuiussdauszduiads (Average
Compressive Strength) wa3aenslnly EPS Sirade
Wi 0.1 MPa 7 5% Elongation kazn1sNAFEUN
AuautRveiegInoUnIaNIa KAl (FO)
Wsnsarunanlaotndn dal YuTudvasauaus
UszLan 1 (OPC Type 1) 9913w 50 Alansu nsieveu
$wau 25 Alandu tivsunm 25 ans dinlwuaazauin
3-5 Jaduns (@diunazanlsanugndn) i 1.4
Alanty wavrheming (Foam Dispersing Agent) U3s1ad
15 A5 YNSREeUMAIMAWAUTERY Fapg1IRaUNT®
YU 150x150x 150 Uadlums 91U 6 9819 Lag
JUNTINSEUBNUUIA 150x300 Hadlains 311U 6 Faeens
LAZNANISIAFRUNUTAMLhELSSaRas Whitu 9.0 MPa
wazAMaNUANIIAINTINYRLIAnUTENUAEUBNAD
TwesBuud (CB) Mannnisnadeuvedlssaugnan
wanslumsedt 1

M19199 1 HaMIedeURAaNURITaANTIRULUY

Materials o, (MPa) E (MPa) p
CB 20 4500 0.20
EPS 0.10 2.00 0.08
FC 9.06 14240 0.18

Note: CB = Cement Board, EPS = Expanded Polystyrene
Foam, FC = Foamed Concrete, g, = Averaged Compressive
Strength, E = Modulus of Elasticity and p = Poisson’s Ratio

2.2 53859 2: N1SNAFaUUSEANSNINIATIES9
Tuszg 2 {IFuwioudognaununiineslngn
WUUKEY 11A311N379 600 Tadkuns ANNEINAY 2400
faduns 91U 16 fege wiaduaewila Type A
[ 1 CY Nl ~ 1 I3
Wunkuntdssodios lifllasananinunans uag Type B
Wunisinasalassaserrandausiiusesunalaeil
TAsawansady (Cold-form Section) A C75x45
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Aawzdmsudnialily EPS anntaiallnuis
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musnsaIu asluresindluusiunis niouldiaseaag
roursifiolanasomAdaasyiliineunInfinummuiy
fnzauLaznszatefiogwadnaneid udnvas
MLHa (gﬂﬁ a)

2.2.1 gunsalnTIinmemaila

MFInNsLeUMvBIIag1adou tngld Linear
Voltage Transducers (LVDTs) diasagiden 0.001
findiuns yhnsfndegunsal LVDT Shuau 3 9 i
Ushainanwestiasiunds esandusumnsd
Tassaransdsfinnsuguinanniignaneliussiiinnsssi
vuiuTRilaivhnsmeaey uazUnansesUuiia
thwtinannsyi tilensiedeunsiadeusilununsu
ﬁﬂLLﬁﬂﬂugUﬁ 5 TnenstufinArnisususnassusuiin
TUiln3asUszananamevdmsiiuimdnusias Load
Step Wi 0.5 kN aafirviual (Load Control) wagld
quqﬂﬂsﬂimwa%ﬁm%’ummi’mzmLLmiWLLazLLmﬁ'ﬂ
Lﬁamiaai’ﬂﬂmﬁagﬂﬂuawﬁﬂﬁﬁwﬁw \ensradoun
mswsusatuiilaainnisnsatalag LVDTs

Chanal 125x50 P2 AnL\L/:—lr"
S
/ Plaster = 0 = e
o uSh
» ! ! !
% 800 Sk 800 > 800 j
\ 2400

C75%x45

< 600 >

3U# 5 nsdnnsgunsainsiaiamanaianaznisli
Untnnegeu (Miiy ladunsg)

2.2.2 TusaumMsiiundnkazn1susEaIang
9aZLDUANSNAFDUNLIR DL 9N LA LU UAA A

LAZULIIMUUUILNULEALUATS19N 2

M19199 2 nshiiwinussynndvaaeu

Panel ID |Axial Load (P1)| Moment (P2) | Remark
A-1B-1 P oo - Uniaxial
A-2,8-2 0.10P . Up to Failure | Combined
A-3,B-3 0.15P .. Up to Failure | Combined
A-4,B-4 025°P, . Up to Failure | Combined
A-5,8-5 050°P, Up to Failure | Combined
A-6,B-6 0.75P .. Up to Failure | Combined
A-T,B-7 090P . Up to Failure | Combined
A-8,B-8 - Up to Failure | Moment

lutupeun1stidmidnnseyisin §Idefvun
AIITANINBUILNUAITILLAAZFIDE 1 IVAEDY 1TU
M eaeUNTINETALS SRR LI UEIELReD
Yo [ o 1< 1 |
aglaan P wazyihnisimualudnsdes P
Wievhmameaeuluzuwuuusenseyingiu Aefmun P1
WU 10%, 15%, 25%, 50%, 75% wag 90% Ve P

HIN15199 2 LEIDMAUAAILTIOANULUILAY PI AR
dnsduves P, Nnnuald andudslauimin P2 &
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JUN 6 MTITRveRE 1Nl InaaeuNElALTRALAZLTBARULLILNUYDINTIIRIDE MUY A-2 Loy B-2

AN5197 3 NanNSNeARULazALNNENN LI UF S UN T 9wl A

Panel P1 P2 Axial | Moment Mid-span Serviceability | Serviceability Load/ | Failure
ID (kN) (kN) | (kN/m) | (kN-m/m) | Deflection (mm) Load (kN) Load at Failure (%) | Mode
A-1 70.0 0.0 116.7 0.0 12.2 - n/a Buckling
A-2 7.0 5.9 11.7 3.9 34.4 1.28 21.7 Bending
A-3 10.5 5.4 17.5 3.6 31.8 1.28 23.7 Bending
A-4 17.5 53 29.2 35 32.3 1.20 22.6 Bending
A-5 35.0 4.5 58.3 3.0 21.7 1.24 27.6 Bending
A-6 52.5 35 87.5 2.3 21.3 1.22 34.9 Bending
A-7 63.0 1.7 105.0 1.1 13.4 1.12 65.9 Bending
A-8 0.0 6.0 0.0 4.0 37.0 1.21 20.2 Bending

Average 26.3 1.22 31.2

Huusein aunseiaiionaive Tnenanistuiinduse
P1 uay P2 wiouminisususnasUssananauuy Real
Time WuyAgunsal Data Logger BDI §u STSA (max.
sampling rate = 1 kHz) FaanTauaAnINaN1SATIIR
iupsuiamesldvnzinisnagou Tnafuunaud
Yoe¥ensUuindeya (Sampling Rate) Wiy 5 Hz
(Guiin 5 AmaIuni)

3. NANINAEDU

anmsvadevluszesii 2 wuifeghmilmadeu
fiSuusanseyhsan (A2 B9 A8 uay B-2 fie B-8) finns
ANAINANUHY QURLUU Bending) ALanisiioeg19n1s
FURUDII9819 A-2 Lag B-2 Iugﬂﬁ 6 LaFIDYIaNIY
NAFOUSULTITARTULULILAULNEIDE10AET (A-1 uag

B-1) AUALuUlnumz (Buckling) wazeAmiingsan

'
=

FrTsRuandunnsei 3 uaz 4 Uszneulusowss P1
fie uSITAMALILAY P2 e usensevndsannifusTuy
uruN sV lmAnlwuRaR (Bending Moment) Tugh
HiTaBas Wity 0.8P2/2 wazAIn1sueusa (Mid-span
Deflection) finansmu Tudiuvesnisiiuiasmiy
WA (Axial) wagluudnn (Moment) a¥fiansan
feIInS (AN aThnua N asethg) uavAtmiin
finmzldau (Serviceability Load) Tngfinnsandinis
weusvasmtiav s firvuslnesnsg i Eurocode 5
[20] way BS 5268-2 [21] armunumiinfianie
14971 (Short-term Serviceability Load) = P@ L/333
SUT 7 wananisiUSeudiounisususivesui

Y

H7987199YINNSVAABU 119 16 WU (W19 A-1 way B-1
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Panel ID P1 P2 Axial Moment Mid-span Serviceability | Serviceability Load/ Failure
(kN) | (kN) | (kN/m) | (kN-m/m) | Deflection (mm) Load (kN) Load at Failure (%) Mode
B-1 78.0 0.0 130.0 0.0 10.2 - n/a Buckling
B-2 8.7 7.1 14.5 a.7 25.7 2.26 31.8 Bending
B-3 13.1 6.8 21.8 4.5 24.6 2.2 32.4 Bending
B-4 21.8 6.3 36.3 4.2 22.9 2.21 35.1 Bending
B-5 43.5 5.4 72.5 3.6 19.7 2.21 40.9 Bending
B-6 54.0 | 4.7 90.0 3.1 24.6 1.80 38.3 Bending
B-7 69.0 3.0 115.0 2.0 17.6 1.45 48.3 Bending
B-8 0.0 7.2 0.0 4.8 24.2 2.20 30.6 Bending
Average 21.2 2.04 36.7
P2
LVDT ¥ Pl
L d! J4m
3 o) s | B2
8 3 B : A2
. B-3 B4 A2 A 61 3
_ x B-5 A-3‘ - % g:
z "7 B6 A-4 S 4 2
=4 BAE A5 a :
> i 5 226 kN
24 7 1128 /',
Note: A-1 & B-1 X
0 are not shown 0 '

0 5 10 15 20 25 30 35 40
Mid-span Deflection (mm)

JUN 7 Ausuivestimageunelilsiianazisadn
AAULUILNY

Wunrsmaaeusunsssamuuuaunuiieseg19fea)
wudnANsueuMveHila ¥l Type A dAgenitviia
Type B dlefiorsandiashmin P2 winiu iesennmils
¥ila Type B fmdnsadusgudnmununaly Jedien
Stiffness genduuyiin Type A glwnHadna i
A vRve iy Type B degand1 Type A
(197971 3 way 4)
mamiLU%‘EJULﬁauﬁwﬁmﬁfﬂmﬁqﬂﬁmaﬂ%m
A3INMILEUFTINATEIL Eurocode 5 [20] wag
BS 5268-2 [21] Tnefansanauss P2 fintameaeuiinis
weuWINU /333 (7.20 Tadiuns) uansluguil 8 dmdu
fetamadeu A2 uay B2 asnuatmdniinne

0 5 10 15 20 25 30 35 40
Mid-span Deflection (mm)
3U# 8 A wlinussniinneldauiiarsanain 8 A
mMsusudiniu L/333

199U (Serviceability Load) linfiu 1.28 kN uay 2.26 kN
dwsu Type A uag Type B anudsu (B-2 Andu 1.7
wihwes A2) wazlefinnsanaadsveniminiinney
9971 (Serviceability Load) weswilanagau Type A
waz Type B HA1L11AU 1.22 kN thaz 2.04 kN auaau
(Type B Ao 1.2 ihaas Type A) 'ﬁmqﬂlﬁﬁwmﬁmﬁﬂ
ussnlunngldanuresiegamimagaausiia Type B
fidngenin Type A nnnsdl fuanslusuil 9 deluanm
nsRnRaHTs susuulassaseniTsasiduwuy Type B
iesnatiagdosdinadennszes 600 Tadlwns rou
ynmsmeaundnadluteine Sseuninanusalvaniu
wdn3aLdusguTaununandlél vilianuaunansiiiiu
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JUN 9 Fmhwiiniiamigldi (Short-term Serviceability
Load) 9999nianiangeu

AaunsaNaLLdialnuiinsdaS sstuLuUia agels
Annuludiuvesnisesnuuuaziiansanldedingn
Fnmgldnuvesnlsila Type A Wislran1snsez
Jululudeeydng (Conservative Design)

4. NMIRAILILNUYTNUUY
PNNANITNAFDUNITIRI98 1918 TALTINTZYINT M
ADULIIBANULWIRNULATLTIIR Iinasaunugil
UAFUNUSTeMIUsIdamuLIuNY kazluuuddn
(Hsaureluns) lagyinnsiasigiannis Fit Curve
91733 Method of Least Square Wiauaniniuduius
sEraussdinLaz SIS AmuULILAY Fauansluguil 10
nsaseunugilunisesnuuy nsgvilagimun
MAUAARES () Fannnuansinsgiifisusndiu
sswiamiminlunnigldau (Serviceability Load) e
ﬁhﬁfmﬁﬂqqqm (Ultimate Load) uanslumsnsdi 3 uaz 4
WuARds Serviceability Load/Load at Failure (9)
V0IRI0Y NN TINAEDU Tia Type A taz Type B fan
wihiiuZeway 31.2 uay 36.7 mudeu fadudlefansan
80191821 Serviceability Load/Load at Failure (%) 994
Fregnanmaaeuriasswin JaMruafmAManiIag
(¢) Wiriiu 0.3 dusuniseanuuulassasiswilsnenlngs
FauntseenuuunlinonlndauuUNa iUl

140 TR .

BE=— Fit curve ® TypeA
25120 ¢ \E]\foitypeB o Type B
<100 1
_5 20 | Fit curve
% \g for type B
g, | N\

g 60
15
S \
E 40 7 [3\\
I
< 20 A BKE]
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Moment (kN-m/m)
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Ufduiusnimuaan ¢=0.3 uStauiuidn Tugui 10

5. a3d

Tun1sAne13sel amzddelaviinisnaaey
AuauURTanliUsEnauRTazwas M IMAGRUNNSSU
AAILTIDAUTEAYAULLILAUYBIAIBE 1N N8 Te
LIINTENTIU ADUIIOARILLUILNULATLIIAN VDI
fegransraulndnuuunay wiseendu desviln Ae
Type A uag Type B Wunisinanslaseastaaemila
Ushusesrelneillasunansaiiu (Cold-form Section)
A C75x45 1 JULALAAY KANISNARBUNUIIAIANT
wauiveNtls vila Type A fiAngendnvila Type B le
Forsanitantmin P2 wihiu iffesanuileia Type B
fimdn3nueguinnununans Jadlan Stiffness gandn
wUUTn Type A frewmsasanaviliamiwin iR
YINTUUU Type B de1gand1 Type A

NaNS AT IERERTIEUsTIA Uy
9911 (Serviceability Load) Giamﬁmﬂ'ﬂq&qm (Ultimate
Load) daindudesas 31.2 uag 36.7 dmsu Type A

o o =

wag Type B anuaiu Jaivuadinaanigs (¢) Wiy

YR

0.3 luunugiufduius dmsunisesnuuulaseasng
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