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Abstract

This study is to evaluate the potential of a reinforced concrete beam-column-
precast slab structure under fictitious earthquake loading through experiments of nearly
full-scate specimens in the laboratory at Burapha University. The test program comprises
of two specimens of the beam-column-precast slab: spl and sp2. Both of specimens are
designed in accordance with ACI318-99 for a reinforced concrete structure under service
of a gravity load. As a matter of fact, these specimens are constructed by highly skilled
reinforced concrete workers. The reinforcing details as usually practice in Thailand are
employed. Moreover, the reinforcing details of Thai standard for reinforced concrete
buildings resistance earthquake 1301-50(1302-52) are implemented into parts of the
beam-column connection of sp2. More stirrups are added to a beam and column part
near the connection, and inside the connection as well. The results from the tests show
that even though sp2 can resist insignificantly lower than spl, sp2 can rotate as much as
5% radian comparing with 4% radian of sp1 as of 25% increment. In addition, sp2 can
participate in energy absorption more than spl approximately 21%. Therefore, it can be
concluded that the reinforcing details as described by Thai standard for reinforced
concrete buildings resistance earthquake 1301-50(1302-52) can not increase strength of
the reinforced concrete beam-column-precast slab, sp2. However, ductility and energy
absorption of sp2 reasonably increases. Crack patterns of spl and sp2 are quite different
as well. Spl has major cracks concentrating in the connection area especially at the
main beam and column. On the other hand, cracks of sp2 rather occur in both sides of
those minor beams. The cracks on the surface of slab of spl are also obviously noticed

than sp2.

Keywords: Full-scale test specimen, Reinforced concrete beam-column-precast slab,
Earthquake load, Thai standard for reinforced concrete buildings resistance earthquake

1301-50(1302-52)
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2.2 YaRaA1u-td1 (Beam-Column Joint)
D) P Y = - ) PRV '
VBNDATU-LEN I‘L«!E}']ﬂ’ﬁ A.d.a. ﬂ@ﬂ'ﬂu‘u@ﬂiﬂ'ﬁﬂﬂ'ﬁ')ﬁﬂflu‘ﬂaEﬂULa’] NIDAIUNHANUIZUIN
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Aanudrlusgiann Arstinundeuss (Strength and Stiffness) wagiinauwmien (Ductility)

Weame Nazaanewdnuuruiulmle

2.2.1 UsEnNUa9UonoAIU-LED
dusutononiu-1a1 1a4lAsIEs1991ANS A.8.A. YU neEa1uu ACH Committee 352 [6]

IpduunUszinmmudnunie guvsevestane (Joint Geometry) sl
1) Interior beam-column joint lAassas1avesnuns 4 su aglulassadnvaaanly

WA LansAsgy 2.3 (a)




2.) Exterior beam-column joint lassa$1svesaul musglulassaitwesaluiuiig
wasillassadrevesmudn 2 Ay dmindudesie waneisgy 2.3 (b)
3.) Corner beam-column joint laseasevasaiuns 2 a1 eaglulassairaveuanly

wiafe lnemunsaed Jfirmeneniu wanedagy 2.()

)

dy L
D T

(a) Interior Joint (b) Exterior Joint (c) Corner Joint

[ N
)
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Wasuwasdasun 2.4 anguaninsaniusansgyiluwwnsu idundsienanswesteds ¥, wio

wsidoundese leeeaunis 2.1 wag 2.2

V,=T+C.,+C,-V, (2.1)
V,=T+T -V, (2.2)

die 7 Aeussislumdnuu , T Aeussisluimana, ¥, Asusuideuluen, C, Ao

as I T as [ a
usednlunounia waz C, Aousednlumaniasy
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Mechanism ﬁ\‘iLLamﬂugﬂﬁ 25
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Beam Beam

N

Compressive strut mechanism Truss mechanism
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a) Beam hinging failure \Ain Plastic hinge fivansay iiosanAmuiuusenseyilailm ¥
TiAnsesdnudnnsauau Tnsauagsiadeu dore wasia nmsitRuuuiinelfiie
Anudemaldundn

b) Column hinging failure failure 1fim Plastic hinge fianaian Weminendunsensesiily

T hilfiAesesdnusnaseuga Instmasinnsiadeu msdauuuiinelhin

Sunswathann wzdioaidemerilfasaiafionisedeusmisdiuda (Side

sway) Wlnlassadamamaianans

¢) Joint shear fallure Antwilasnnmadeiuuswesderolitivime Wasesiniitens ¥
Ivinpun3niiiovansousoniindese dwalinanaduluaifinnisds Buckle) yilvian
Weaa MATRRULEsuRs 182NN

d) Anchorage failure MsITRIiRTULEIE Exterior Joint Wity 1innssesseUany
(Anchorage length) liifinawe vildwdnaSuluauinnisge dwalieuldaiuisasu

wselamufieanwuuld
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meliiBuseiginsfaatin lsegimmnarsmilmniegnnss Allsivandennisiadumand
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8as¢ (pin-connected) wasUanmuindouiildogadassluunsu nmmadeunuiieeis
finsivandese wasidunsithuvuiume (Brittle failure) Snsaanendsnuusuiulmdesunn
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Cheejaroen et al. [10] lavinnsvadeu Interior beam-column $1u0u 3 Fethe uraz
FrethafuiunurstemsaauniaEsumdnineaislulssmedlve Imauﬂuﬂuﬂdmmﬁuﬁ
ganaRveNan (Tributary area) IMnKanIsVAgEUNUI fatheit 1 Mluiunuwssiiuitenan
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Lap splice immediately

Widely spaced /M]oor level
COW ' Little or no joint

reinforcement

\Discontinuity of bottom

reinforcing bars

JUN 2.8 swazlduavasnsiasuaniily fnsasslulszmdlne [7]

e 1,00—4.00 m. -
I 0.40 0.40 040
DOWEL RBSR01S RB6RO.20 # TOPPING S5 CM. DTOWEL RBSEG.IS

'y

[I/ LT E T P77 7 AP A AP L LS P AAN P 7 il A

i
|
]
1 |

PRESTRESS SLAB PANEL S cm,
LIVE LOAD 250 KG/M2

SLAB PS1 TYPICAL

JUN 2.9 s1waziBeanisneaseildludssinelne
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RB6 @ 200 mm WIRE MESH 4 mm @ 200 mm

1500

o ¥ o v & Y '
JU 3.8 MwaziBunvesiudnsaguiilalunis 2 Mot

3.4 quantAvesTagildlunisadieitagrmagey

d o @ a ¥ w s d‘l’
AT NN 3.1 LERINEIUBIADUNSALALYUIAMTNFALDIATUNAN ATUTDS LA AU
ﬁwﬁagﬂ Wiulaniseenuwuuruantidnauazidesasundnveswisassmeyradieldluns
z 1 Qs A ¢ s 1 } %4 =% L} 1 13
nagouduilvinawiniy esnniietnguszasdutiuAnuaruaniserinsdasadeild
Fwaziduamdniaiunuunasumsesnuuuvhldvesssmelny uag 195§ IUUTENBUNNS
o w o - ) a A )
2ONLUUDIAISIHBEATUNIUNTAUAEINDUYRLNUAUIMY (Ler. 1301-50) LaziNedusans
WS UBUNANISNARBIRINUUA LA LA RN ALAL ASIVDIADUNS AN

o' as

AT 3.1 MAIVBIABUNIALASVUIANTNAATDIFIDENTN 1 Lag 2

Mdnraunin AU
AL | MIINTEUeN L . wudusagy
ATUEN ATUTY
(nn./ns.2u.)
1 280 25x 25 20 x 40 20 x40 35x150x5
2 280 25x 25 20 x 40 20 x40 35x150x5

AINT 3.2 wandunnnmuazidamaniaSunnsgiludsendlng fupunmmse
R ad g < a o o oy ¢ a
wnsaveavaniu lunsalluvdnnauiaseuasiiduriiuaudnat 6-25 uu. ndsaniuuen. 20~
2543 Tutunnnin SR24 fs fiMdsasin 2,600 an/ms.as. dndumandedsyasliduni
ALgNaN 10-40 Uy, aUNBN. 24-2536 FuamAW SD30 SDA0 uaw SD Failindnsin 3,000

4,000 ag 5,000 NN./A5.94. AUEINU
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AN 3.2 FupsnwuastdandnidSunnsgiululssimelng

. N1AIAIIN MasUsede
FUANN TN
f, (AN./A5.954.) fu (NA/915.93.)
SR24 2,400 3,900
SD30 2,300 3,900
SD40 4,000 5,700
SD40 4,000 5,700

fudnogundeuruiiunaunindauseiaadou (Prestressed concrete slab) Ingldaandh
159 (PC Wire) #ldlun1svdedegmaaeudl 1 waz 2 uandlilumsedt 3.3 Seflvuaduriy
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ANUYTIVDILNUNY)
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S - VYA LLﬁiuﬁuﬁ%’%agﬂ LI 5 Y. AUNTN 4 DU, AIUNUITIY 9 T,

4-94u0. 950 || 660 || 520 1420113401 275] 220
5-04u 1260( 875 || 620 ({500 410 553|270 230
6-0 4. 1550/(1110| 800 [} 595480 [} 400|325 275 [| 230
7-94un 1550[11360[11000|| 725 | 560 || 460 || 380 §} 325 | 270 225
8-04ul 1550(11360((12001 895 | 650 (| 5251435 370( 310 ([ 265 || 225

- T o 2
LLNUWuﬁ'}LiQEU U1 5 Y3, NUNUT 5 93, AUKUITIY 10 YA,

5-0 4w 1060() 800 || 670 || 520 430(1 360 315 260

6-D4uu. 1440 970 [ 770 1620 515( 4301 360(1 310 260 || 225
5-04u. 1550{11200( 860 || 720 595 [ 500 4251360 | 305 | 265 || 230
7T-04u 1550((1360(11130( 820 )| 675 575|485]415 [ 355 305 || 265 [ 230
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3.5.2.2 msfiassgunsaiinnsta-vasuuudiannsednd (Strain gauges)

[ o Y a a & . EI a
gunsalianistin-naduuudidnnselind (Strain gauges) 1uinSaslloTaauaSenves

[y 1

Yo Wy wAnedy eeunin veawdes 1udu Feritinesnunldinhedulilasaay (LLE)
dmiulumsvanesadadld Strain cauges JarPuASsRvenEnESY ansrvaauIwmEn
i@SuiinstavSevasiegluannsdavguwselal Strain cauges Qmw‘uumﬁma%uﬁy’ﬂummm
WAZATUNYIN FILULIVDY Strain gauges ﬁu'uaﬂﬁu'\m%nmmduuassauq%’asiamu—m Aalanslu
gﬂﬁ 3.26 wamliiiuans Strain gauges ﬁgﬂamﬁg\m“mmiﬂasau%’am'amu-Lmﬁ?uQn'mﬁuu
wianiadumuemvesauuinamumirdesonu-ian wasinandumhdesenu-andusses
dy/2 dmduangliuuuiniu Strain gauges uaazdusIUTI LAy dunuRsnasveandn
ilumiumisilndiigailethaglneaninandegmaaey femssrts nmianldiy
msfeatiosiy Strain sauges llldiFemeviolawh Tnaanzlunssuiunsnisvaonsunin
M7l 3.4 uanseasiBenduiinsinsegunsaianisin-uaduuudidnusednd (Strain

gauges)

311171 3.26 MsanRaLaznsivaelnues Strain gauges
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a5197 3.4 nshnmagunsalianisBin-asdidnnsedingd (Strain gauges) ves

FIDENNARBUMN 1 way 2

o Ry _
ATLUMNINAARY Strain gauges

NUELAY
s1 WiNLaS1a9weInu Aananstevany
52 WANESIA89ANY dulAq
S3 WANESHaeIAIU Ananstase
! WBANLESUA9VDIAU mumnelutens
S5 WANLESUA19VDIAU AUNINNEUBNTBAD
Sa WMANLESUENYDIANY PNINAURNVERDDDNUT d/2
S7 WAnESUUUTRIATY Aananaseany
S8 WANESUULYIATY duld
9 WMANESHUUTBIAY Asnansdone
510 WANLESUULYBIAY mumnelutens
S11 WIANLESNUUTBIATY MUNTNNYUBNTDAD
S11 v uuuumindy 1
513 LN Aananamdnidu 1
514 Ga yuaramanidu 1
s15 v yUUURANLEY 2
516 Gl yuaramanidu 1
517 & yuUURANEY 2
518 Gl yuaramanidu 1
519 v unuwmnANEY 4
S10 L yuaramanidu
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3.5.2.3 M3AncgUunsalinn1sia-uasauuuidadu Linear Variable Differential

Transformer (LVDT) wuudlanvseiing

aunsalinnisda-edaluuiBaduy Linear Variable Differential Transformer (LVDT)

wuudiBnnsadng Wuaesdlodanisiasudunusuuidady dmsulunisneagevaiunsa

124 (Y o ] r o 1 t gy (% o o & a va
Uszgnald LVDT damsidfeusiumia au dumidasineg Adsnisiauandufisud 3.27 Seialia

o 1w dy 3/ 2/ ) o ] £ % 1 2/ QKL AJ
AMLANL (1) Uansuesnu (2) muvulasaiuatsesauuinamiledens (3) Auilnaias

vesdarioAu-an uas (4) Ty Jetayadildan LVOT thludunameasiiegssly Ui 3.28-

1 a 0.5 & ar U A L 1 A
3.32 LLﬁﬂ\iﬂ’]Wﬂ’lElﬂ’]i@]ﬂﬁ]\‘iqﬂﬂimiﬂﬂ’]\‘i‘] NAIDYNINHFADUN 1 Uae 2

LvDT129
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=Yeled
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LVDT27-28

N LVDT25-26

SUN 3.27 MmsfansgunsaiinnsBa-nadufadu (LVDT) Sidnwselind uaz Pi Gauge

a4



4 a 5 v !Id’ll
U7 3.28 M3fiams LVDT #ildnuuasuarenu

£

LA NI -]

P

-

sUfl 3.29 nsAnsia LVDT #ldmy

45



9 LVDT Mwmtlodiu

Ao

sU 3.30 NS

Y

14

7 LVDT N0UnaIue190¢a

ARG

SUN 3.31 NS

Y

46



sU 3.32 msfineis Pi Gauge

3.5.3 NMSMNUALIEGUNANN (Cyclic loading)

msneapuIuuneldusassuaulmfvusayldmnisidsudumisivuaievaadudd

d! o U A o 1 A e
muqﬁtumsmmaad ‘UGﬂﬂMUﬂﬂ’]ﬂqiLﬂaﬁJu@WLLMUQ“V]‘U&’TH%@ﬂﬂ"lﬂlﬂﬂ\‘iﬂuﬂ’l’i 3.1

A =0x Lb+‘gc (3.1)

TngarnuraansueruldUalevepuiAdounvuLasad LLﬁﬂﬂlﬁLﬁulugﬂﬁ 3.33 falunsay

. t v e 4 o &
Drift duderulivatavesaupdaunvianus 3 sau

ar




CYCLE

2.50%

1.40% {1
- . S O'.75‘%v.ﬂ . N
0.15%  025%  0.35% :

4 020%  030%  0.50%

%DRIFT RATIO
o]

1.00%

2.00%!

- 5.00%
UM 3.33 dwiumsldssesnisindeuninuaneauiuiiedadunui 1 uag 2

< o s 1 - oA o o oA P = Qv <
E‘UVI 3.33 §1AUNSLESEETNSIARDUNNUAEATUAUAIDE1NTUNLA 1 way 2 Faldmun

wuwihlae ACI T1.1-01 (ACI 2001) Tumsiadeutsfutuazutseandu 2 duneu fe (1)

' ]
A <

WAUNTY way (2) WwAauna Inen1sUsAulanauain ureiiagsdu U daunTuluay
L% A o v v @ v dl' A e; L7 QI k2 3 o as b 23 d] Q' ar
sEAUNNITIUS  uarverulmedounasisesuisudu  ntudsulredauinasluniuseeu
Wenfuedeunvy aavnedsduliiegnTunundulunnssausuaudasduganisvagoy 1
b [ '; [~1 [ &’/ =3 é 1 ar d ak*Li.l a‘
59U (cycle) WalaensesyIILUUIINIUMNNLA 3 58U WILLURBUAITLAUNITLARDUN ALY
UINVU M19NN 3.5 LEAIAINEMVDIATULAZTUIANLNAMAIUDISIDENTUN 1 LAY 2 LATAISIN
7 3.6 WEAINISAUINSEEENSIAADUATIUANUAIL ALIMRINANNTT NGB LT IUNISNAdaU
Qs ] -:l' ] [ d] al =] dll Y 2 T @
Meeaf 1 uas 2 egnlsinuileninaemadey UTM dauaunsaindeuilagegamiiy
125 fafiuns Jrimuaszesnisiadouiigegedmvsunismeasulin 125 Sadwns nisldsverns
o = o a o o o ' Y ) o o U v '
wasunzanluluises s uasugallefegmaaau Wedstagauiuusansyiiladesndi

50% YD4UIINTHNGIER 13001UANIUATIHIINATVIAGBY
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AITNA 3.5 AU TIVDIATULAZVUIANIAALENTOIRIDE19TUN 1 Lay 2

Freghed Ly(a.) d (3.) (Ly+do)/2(ws3.)
1 241 23 252.5
1 241 23 252.5

Pu| = ° )
AN 3.6 szazmsLﬂaﬂumLmuwaaﬂmwmmuﬁi‘ﬂumimaau

%Drift Ratio Drift (B, rad) Cycle A (i)
0.15% 0.0015 3 3.787
0.20% 0.002 3 5.050
0.25% 0.0025 3 6.312
0.25% 0.0025 3 8.837
0.50% 0.005 3 12.625
0.75% 0.0075 3 18.937
1.00% 0.01 3 25.250
1.00% 0.014 3 35.350
1.00% 0.01 3 50.500
2.50% 0.025 3 63.125
3.50% 0.035 3 88.375
3.50% 0.005 3 113.625

5.0% 0.05 3 126.25
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uni 4
Nan1svagaukazn1safusIena

4.1 pudunudseninansinseiifivateniu (Load) NU %Drift ratio

AudUSsEaLsInsEYhRvaneA Load U %Drift ratio vesfietetusudl 1 uay
2 uandliaguil 4.1 uae 4.2 sy Tae wssnsevhituangau (Load) Wudeyaiitufinlg
mmf-ﬁaﬂmaa‘u UTM uag %Drift ratio ﬁﬁﬁmmlﬁmﬂamms 3.1 Lﬁam%awmaau UTM
\nAeuRTY ISpsesRalangmutuduseiituinldeviienduuinuazen %Drift ratio ARIUIAL
Igdruuinguiu lufirmanduiusiowriomagou UTM dsuiias p3asasnalansnnuas
Aussituiinlgasiianduaunasen %Dt ratio firnunaldfianduay guﬁ 4.1 uand
muduRusseminausensyvianeany (Load) fiu %Drift ratio vesfathetuaud 1 usily
firvnstugeaniianyinfiu 33.4 kN iAnfl 3.5% Drift ratio uazussnsvivlufiavsasgeaniian
WA 44.4 kN 1Rad 3.5% Drift ratio tufiy g‘dﬁ 4.2 wanPNLEIRUSTEUILSINSEYaT
Uaneau (Load) U 9%Drift ratio ¥osfIagaiuaui 2 Lmiuﬁﬂwwxiﬁuqaqml,ﬁmﬁ %Drift
ratio 3.5% fiAuviniy 30.1 kN wasussnssvilufieneasgean deuvihiu 44.5 kN uaznfingui
3.5% Drift ratio LUy

i e/ @ ! o o L . .
SUN 4.3 wamemuduiussenInausanseinnvansaiu (Load) AU %Drift ratio U84

U

(% ]
s )

eyl 1 luseunsideuiivaneaud %Dift ratio Wiy 0.35% W@unsiiaendy
suiuainduesey (Loop) dnuazdudunsauandlsiifiuindedrmaaeud 1 Ssegluanie
Hameiu uasiledunmanmedredilinusouunniifiouuitedne dniluguil .4 uang
mduTuS ST LSSy Uanea (Load) fiu %Drift ratio vessnogadunui 1 luseu
mMsiaeuivanud %Drift ratio Wiy 2.0% Lﬁal,ﬁauﬁugﬂﬁ 4.3 9zifiuiniile %Drift
Lﬂ'm%uLLsaﬁLﬁmsﬁuﬁ%Lﬁmmnﬁuéhsﬂmmﬁ'uﬁumﬂLmqnqmmﬁ’u 10 kN. 1 35 kN. agnalsh
maﬂ,ummim?{auﬁﬁasé‘ammﬁu’mﬁﬂﬁ'Lﬁm%ﬂuLwiaziaumaamsm?{auﬁﬁﬁ']ﬁaEJﬂaﬂaa
fuszezmsndouiifivasaudduiiy venanienudureinsmsianasdndie uazile
FunmaniedrmageunusauLanintuUInAsesRes I UATIE Udulua LAz
JOUTDEAD mﬂgﬂﬂsﬂw%wuﬁﬂdwé’nwmxnsww:ﬁmiﬁmmz‘uummmﬂ%wamsﬁwLmumﬁ
U‘%nmmqﬂmdgﬂnﬁwL:‘jaLﬁaUﬁummn*ﬁwwammﬂﬁﬁnméﬁ’muuuaxa'ﬂwadﬂmw NOANTY

dyu e 1 di' % v oo 1 v a’l’ ¥ a a A:l N . ”
Tun3devinueug lesenuliudineunthil lealaiSonngfnssuilin “Pinching effect
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