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CHAMNAN DUANGJARAS : ANALYSIS AND EXPERIMENT ON
PRECAST SEGMENTAL SLABS. THESIS ADVISOR : ASSOC. PROF.

SITTICHAI SEANGATITH, Ph.D., 191 PP.

PRECAST SEGMENTAL SLABS CONNECTION LOOP JOINTS

Reinforced concrete slabs in buildings can be either cast in situ slabs or
precast slabs. Construction time of these slabs depends on  management of
construction steps on site. Using precast slab could reduce such steps. At present
the precast slab is a one-way slab that needs supporting beams at each slab end.
These beams are usually designed to behave asa rigid one which has very small
deflections. For long span construction the thickness of this slab is usually large
and the supporting beams are also large in sections and this could lead to increasing
in building height and building weight.

This research proposes a new slab system called “precast segmental slabs” .
The concept is to -combined the advantage of flat slabs and that of conventional
precast slabs . The slab is a. two-way precast slab ~which elastic beams may be
partially precast with the slab. Installation method of this slab is by connecting of
each segmental precast slabs to form a large panel and concrete is pour in the
connecting strips only. Load transferring mechanism of the slab is similar to that of
the conventional flat slab. Three research areas for the slabs are 1) determining the
coefficient of moment distribution in the slab by using the finite element method ,
since in the case having elastic beams at mid-span ,there are no any design standards

giving the guide line for such ccefficients. 2) experimental works on strength and



stiffness of connections between the precast units 3) slab behavior under loading and
at failure. Expected results from this research is to have a guideline of determining
coefficients of moment distribution in such slabs , to understand the behavior of the

slab under loading, to establish a guideline for designing.
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1 Y 9
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Y
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if— Precast slab

Grouted joints
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132 FEmsmiaeenuuuiutendIu
v Y 1 k4
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wu-mudanguluuuarmmsiuesnuuuszuuNura i a s olssgna lduuaniams
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ponuUUANNIATgIuN 1l dunsaiudiinudavguuenuuae ¥9lilintuanians
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%
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9
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4
3) WOE31UUINNNTOBNLU LT U BN ULENE I

U
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2) mmuazﬂammmLm611mizuuﬁuﬁuegﬂumawmmﬂuazmﬁmmmu
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1.6 VIANANUUDIANU
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a PRI A v a Ad %
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3) FEUUNUNNNTAIADNUT NS IUMNUNIToINAN 1NN uriiouaz 14
d" ’q ¥ [ Y v 1 a d A =& = A A
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162  mnaaeulurea)jiams

o - ' A 2 A a ] a g 1
1) ﬂ’ﬁ'WQV]aAIEJEU@QG]fu@rJ@EJ’]Qlﬂﬂ"’Uull]’f]llﬂ15L!ﬁﬂ§13m@ﬂﬂ@uﬂi@]lﬂu@8’]\1

A A 1w l A Y L
WINKTOINANT 1ANAD 881NN NTLAD m

Y ]
2) MINAdeUTUNARBIIDABUNTATIDYDENTIDY 28 T1
o @ Qy a L4 Ja o
3) %1ﬁ@ﬂﬂ15W\1ﬂﬁ1ﬁlﬂlﬂ\1‘Hu°ﬂﬂaﬂ\‘]Iﬂﬂﬂ']ﬁ')m'ﬂ%‘l’wnﬂvh"ﬂu@l@mllluﬁiﬂEl

o R KR a o [~/ Y kY
ﬂTL!\Tﬂ\‘lWQ@lﬂ‘iih‘ll@\nﬁﬂlmﬂhlﬂlﬂulﬁuﬂ‘iﬁﬂﬂﬂiﬂﬁllﬂﬁu ANSYS

1.7 Y2UIAYDINITIDY

1) AOUNIAMIEIDA 20 30 LAz 40 1wnnz1haaia

2) MANETNTZAUABAIN SD30 1Y SR24

3) MnAveIFUNATE TS 1B NI ARG 1ATE 150%500%2500 W,

4) YuravesFuNAdeUIies a8 nITAe AL IuN o uAIu8lRusIEAde
150%500%2500 13, $39A11UNI19 600 W, HAZAN 280 WA,

5) MinAveIFUNATe LIS a8 15BYAB N8 T IR BYAD 150x300%900 1.

6) ﬁuﬁﬁ%gﬂdaﬁuﬁmudu $1191 3 %A AUTNRVUIA 80x1700x3200 W, AT ADI
yafivdefivig 100x3200%3200 131,

7) ﬁuﬁu%gﬂ@iaﬁuﬁmu $1U9U 3 YA YANINNVUIA 80x3200x3200 U UALTDIYA

AMaNVUIA 100%3200%3200 1,

A v v
1.8 wWanmaNazlasu
LY a z{ ) L |l dy
1) mﬁmﬂﬁxfﬁn‘ﬁmsmmmmiﬂizmﬂimuu@immuwu
Y
2) Wf]@]ﬂiillﬂ15ﬁﬂﬂﬂ?ﬂﬂl@ﬂizﬂﬂﬁullﬂﬁllﬂﬂﬁﬁu

Y
3) LL“L!'J‘V]Nﬂﬁ’f]’f]ﬂlL‘U‘iJi%iJiJﬁquJﬂﬁ’Ju
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&
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211 QU ueiunubatigy (Elastic plate theory)

< a2y A v o ' = 1 A LR A
nJum]y;]’nmmiaqmmauwuﬁzmnmmazmimﬂgﬂumwwqumu

E4
AUUATIUAIL

1
2)
3)

4)
5)
6)
7

] dy aAa ~ d'
BHUNHNRATIULAZANNHUININ
] dy A Y P =1 o Y
ANUUUIVOIUAUNUIATUB LN VN TAINNINLAZAIINYT?
9
[ 1 vAa 3 a
FaguownunulguandailuTaluditioa (Homogeneous) oz lolxInsia
. A ' a Y . .
(Isotopic) HazearigUIFa U (Linearly elastic)
Y 9 Y
WNINUTINNNTERIAIRINAUTZ ULV IHU N
Vo L R A A~ o
NSHOUAIVDIAUNULMUBSNON VN VAN U
Y 9 Y Y
FUAIMINATUTEUIUVDIUAU N UIZEIAIFININNIN O ULALHAINTUDUAD

Y Y Y
TN A NNAUFININAUNUAIVDAULHUN U

Y Y

a L:y v < 1 o o o o [ {
wmim1%uﬁamaﬂ@]mamwuﬁuﬁumuﬂmmﬂﬁuufmaﬂszm muﬁﬂﬂugﬂﬁ 2.1

A (% A ' dy
E'IJ‘VI 2.1 useaauazisuaou TuiHuNY
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ll g [l 1% v o d 09’ %
uiuiuegluanzaugadioussdatazusufon anuduiusvenihminussynuazms
1 o 1 4 a o o { A [
ueudvzeglugilaumsnisyeadnoswdea (Partial differential equation) MAIANFTINI
FUN5VDIAINITI(Lagrange’s equation) AIFUNITN (2.1)

0w 0w 0w q

+ 2 + = — 2.1
ox* 0°x0°%y oy’ D @1

Y v A = o Y o
MNTUNITUVINAU mﬂimmu”lwammwum %zﬁ"liﬂiﬂﬁﬁﬂﬁllﬂumlllﬂ UASEUNITNINDY

M llveamsueudaasluaums 1 (2.2)

w o= qCZZAmsmksm% 2.2)

m=1 n=1

< 1 A A o d?} 1o o 3 [ 1 Y
Iﬂﬁl C Wumaean uag A4, ﬂ’e‘)muﬂiﬁuuﬂgﬂ‘lﬁnuﬂumu m HAg n LT 9AINTIUAU a

v 4 A == v o J '
iuag b mimuumammaauuaﬂﬂuaumﬁ (2.3) 3AUNIT (2.7) HAZANNAUNUTIEHIN

Y
Wmiinussnn vaz TumuARaAIauMI(2.8)

0w O°W
M, =-D + V——
. ( e ayz) 2.3)
o0°w o*W
M, = D24 v2™
y ( 5 aXz) (2.4)
W
M,=-D( V) (2.5)
8 o°w  o°w
Q = ax ( v 8y2) (2.6)
0 0w 0O*w
Q=-D— (—+—3) @.7)



14

2 0*M 0*M
a lex + D Xy + 2)/
OX ox.0y oy

= —q (2.8)

J J v o d @ ' I 1 1 o J 2,
ﬁmmsmmﬁuﬁmmmauwuﬁmmmuﬂimm uegeALANTMIAIABUVBIaNNISIHATHE

=

v 9 A ] dy Ao Y o Z =2 ] ' ) Y
AIUBEUFOU ngIﬂEJmW1$LN®LLNHWH3J§,1J1/]§QVI“H‘U“]5’OH muum”l:umu1maﬂﬁu1"lﬂ1m1u
JEREEN

& A ' v Y A ' . .
212 WHAKEUIDITUMIAIHEATE Y (An elastic plate supported by elastic
beams)
ddy A ] a Y 1 dy @ 9 A 1 3 d'ﬂl
VINNYHYNHIAVIYU wmﬁmﬂmgwuwuimaumﬂmuﬂwqumﬁmuuaz
Qy 1 <] 1 g 3’ Y ng/ Jd o (%
Gnummaﬂa]Guamwuﬁumﬂéfumuﬂmmﬂ i’JiJTNINLNu@]ﬂ@I LLﬁQLﬁ@H!Lﬁ%LLiQiui$u1Uﬂ\i

waaalugiin 2.2

Y

d’ 1 A
z‘IJVI 2.2 Fudruurunuaztssluss

De

Y
= 1 1

a 1 [ a EZ @ [~
AUUATIUAN ﬂiﬂﬂqyﬁﬁuﬂﬂﬂﬂumm"l’ga}wumu ﬂﬂlguﬂmﬁumﬂﬂlﬂmﬁﬂtﬂmmu

q

<K =K CZ

a 4 o [ % 4 1 [
2015 In31n (Orthotropic) teMHedIMANTAVBIAIY ANVANHUTILHINUTIAZNITIOY
v Y
dwdadluaunsi 29 Tagauualiimidnussnnoglugl Double trigonometry Fourier
series AR IUETUNT 2.10
0w 0w o'w o*w o*w o°w

+2H

+ — = X, 2.9
*ox* oxoy Yoyt  ox2 Y oy? Y oxoy ax.y) 29)
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axy) = i i q; sinIIDX 'n&by (2.10)

i=1,2 j=1,2

1 Y Y
ﬁmauﬁmma ZAUMITUOUA LAY ﬂﬁ']Jﬂﬁ?ﬂli’)\iﬁu%$Lﬂ1ﬁﬂﬂ1§Llﬂuﬁﬁllazﬂﬁﬂﬂﬁ’ﬂlﬂﬂﬂ"lu

9y Y 4
l

v @ A Ay a v A A o =2 o Y
ANUU Nau"lwamwmmwmimw NNaU 8 Naullsu ANDVUDITUNT (2.9) ilﬂi’)ﬁ]ﬁ]ﬂiﬂ’f]fl

U

Tugdaumsii @1l ¢, &, L ¢, ¢ and ¢ 77, <) pemasinazdaling e

(Hany Jamil Farran, 1981) tilounua wiy) 90naunmsn (2.11) asluaumsitou lvveuva
o Y o 2d A ¢ o ¢ 4 =2 o @
nataguns sz limadusiilugaaunsioglugiwasuilsnduvesland anvisdeiug

~ dyl 4 a
FongAaNMINI auNITas luila

w(x,y) = z Z W smmxsmjny
|:1J—1 J a

Py sinlzx{cily3+ ci2y2+ ci3y+ c|4} (2.11)
=1

oy st Y1e=1,31 ¢242 4 ¢—3x4 4
1 b 1] j [

Y Y
HAMINATIZHHTANNFUFULALAAIANNFUNUT Vo IuTIn el uLaeMIuouAIR U HITD
] 49’ A A A [l o 9 (] = ] <3 [l T o
ussnnuoduiiulinudangusosiy laiueded a1 lsnaw lumuizasnisiill
e a ] o 1 ] L 1Y
Uszgnaldauassmsigiinnugeeinlunismiuiaag liggaandensdszgna lgauny
A o 9
JUnsINFusOU
d
2.1.3  S58aelail (Yield line method)
a Ia J I ad o g’ o A o Y a
msansziaa laduisdnnanihminusinngeganszir liinanalnns
@ 1 g a [ 9 4 1 J o [
Wanagu Uy nasannnduniuaasnnuduius s Tumudaauazns Inalu
A 9 3 9 ' 9 = A g 9 '
71N 23 @unsitluiduasaineumsuanivednsunIa tazialo il uduasInoums
< a [ 3 <3 a @
ATINVOUNANIATY NAIDINUUHANIATUTARININIUDIANINIATIATIFAVDIADUNTA V1N
a % 1 o 1 I~ { o’z’
npAnsTuMIIAegaena menanarwerauiuludduney (James G. MacGregor, 1992) A9
! < a < & . v R
1) ABUMIATINVOIUNANATY ANVLAUUAST A(Stiffness) VOAUNUNUADUNTA

=\

A = Y 0 Y & va
%5ﬁﬂﬁNLuf)ﬂﬁﬂﬂﬂ@hmi@llmﬂ‘ﬂ')‘ﬂflﬁL!Nuwuuﬂﬂ!ﬁllﬂﬁlﬂuuﬂuulﬂicﬁ

q
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N . . 1 < [~ 1
Tn37n (Anisotropic) 0814 15AA1uKAINNITNARDILEAS I IF U
o A a dg’ [ YR~ =) dy A [
Tuwuagameluinaduduiluldawngugiugangu
{ o [ a o <3 a a A
@ wmiane TnuuAgIgAHMANIESUAANITATIN N1TATINNTLIIONN
Y 1 Y
VINVUIUDALUINTATIN (HBNLUINTATINNATUNIAND a2 1 Ing
A IMIWINAIE (Failure mechanism)

d' a o 9 ] di’ [ (IR A 9 [ [] dy
LiJ’E)Lﬂﬂﬂa]lﬂﬂﬁ‘Wd‘Vla”IEJLm’JLLNH‘WLlEN]‘hJ‘WQTIHTIﬂ”Iﬁ”IL!iE’NﬁJLLNL!‘WLI

= < = [ Y a . o Y dy
ummummqmewafumﬂuwaimﬂﬂ Arch action uazwﬂmmuwu

Y Y
v = [

o gy A £ A a ~
Uumuﬂllmwmu Lluﬁﬂl@ﬂlliﬂﬂ"lﬂiuﬂlﬂﬂﬂluﬂﬂuﬁﬂﬂiugﬂ‘ﬂ 2.4

L

Ultimate

Ultimate concrete strain
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/ moment /

A
y sLurvature
/\)\
/
/

:\"irst vielding of

3 by i) \
reinforcement \  Moment

|

[

[

|

! I

! [

! I

! I

. b I
First crlacklng of concrete I
|

I [

| !

Reinforcement

Curvature

{ v o J v 1w
JUN 2.3 namluaasnnuduius Inwuadauazns In9d) (Rober Park and William L.

Gamble,2000)

Atch thrust lines

/
Crackings /

Supporting beam

v Y
511 2.4 Arch action TutHUNY

U

A o Y a o ° v axA an e .
LLngQfIﬂTW]ﬂWLﬂﬂﬂTSWQT]a"lflﬁ”liﬂiﬂﬂ1u3m1ﬂﬁ@\13‘ﬁﬂ63‘ﬁE‘ﬁJﬂﬂ (Equlhbrlum method)

an A . 1 ax a A o Y a
HAaZITNULANUDU (Virtual work method) ‘luuﬁa3'J‘ﬁ'E]ﬁ]ﬁlllql@]gﬂLL‘]JTJLLH?ﬂ"Iiﬂﬁ”IﬂVW]”I‘lWLﬂﬂ
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GlJl!fJﬂLLu’Jﬂ']iﬂ‘i'lﬂ%$Lﬂﬂﬂluﬂﬂ\1ﬂa1\‘l%ﬁﬂwuL!ﬁglﬂﬂﬂﬁllﬂﬂTiWQ‘ﬂaﬁl Gluwuﬁmmwmmu
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4 1 Y 9y Y Y
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=

wlufgauuamsasninmaduinenanyuiuh ldinana lnmsiamats uuaianatedinan
A A = = 1 dgll = dy A 1w < 1
uﬁmlugﬂ‘n 2.5 WolSeuNeUTEHINNUNIUAIAZ N HEDIN 1N VHIANINUILIAUI
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Wuaeameszamnsosuihinussnn ldgani

Initial cracks Initial cracks
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P

a) One-way slah b) I'wo-way slah
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519 2.5 wuamsasn Ay

u

2.1.4 3500NMUUASS (The direct design method)

Y
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~
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1) UAUNUIZADINDIIDIN DI DE LTI NUNIADINANI
1 4 I { 4 [ 1 1 u’d’
2) wauiuiiUnsududmasuiudi Tasdadiuvesdriueriaediudu
TuPuaeq
1 dgl dl 1 ﬁ' QU 1 =) 1 (%3 T a d! 1
3)  ganunasioaulunaaznanauanaranu lumunii luauuearig
2 4 .
WuNe1INN

4 s

1a A 4 1 Z
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Y v Y 3 9
5) ihwmidnusspainnsanaeiiminusinn lusuiauniuaznszag
1 o <3 1 4 g’ Y . A
@EJNI;TMHI;T?J@LGINGH’Nﬁu Lm%l‘lﬂ’i’uﬂ‘ﬂ‘iiﬂﬂﬂi(hve load) %s?fm"lmﬂu
Y v
AoUNIVOIIHIINUTINNAIN (Dead load)
v Y

va ~ o 1 Lﬂy Ao Ay Y I A
6) ﬂmﬁuumlmmummwLLIN‘L!W‘LA‘VImﬁmu%wmlﬂuhlﬂﬂm’s’mmiw

(2.12)

<50 (2.12)

jsb}
’\J—

& A = s ¢ & a
Tuszvunuiuaaalugdn 2.6 vaswvesluwuauinuaz Twwuaaulugeiulunaniaves

o Y ~ ' a (4 . =
LLLl’JLﬁTﬁ"IﬁJﬁﬂﬂ”I‘L!’Jﬂl]lﬂmﬂﬁuﬂ”li(2.13) Tag M 39071 quaan Tumlua (Static moment) ¥4

ke o

Y
i]wg]jﬂQﬂiSi]”lfllsflJ”lijIﬁuLLﬂULﬁW(Column strip) BASWULDUNANI(Middle strip)

(2.13)

' o3| qszl A
Tﬂﬂm’iﬂizmElumﬂ’e)mﬂuﬁﬂwumuﬂa
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2.1.4.1 MINITMULUIYI (Longitudinal apportionment)
1 ; o T a ad Ad'
11!“113\1W14ﬂ1811!(lnteri0r span) M AULHUIINAADNUD UL
Ao 1 J g ~ ' dy Ao 1 J 3
ﬂzuﬁﬂmumaﬂmuumﬂu 0.65M uaz1/1ﬂaN%aawuwuﬁﬂmumaﬂmuumﬂu
dy ] 4 d? @ =< anI
0.35M, 1u‘W1J“]5’NTJEﬂEJ (End span) ﬂﬁﬂiziﬂﬂﬂ]ﬂﬂiﬂmu@ﬁ]%ﬂ]uﬂﬂﬂﬁﬂﬂiﬂ

< R o <
(Restrained) NUDUNWUFINNTUNIE) muaﬂﬂugﬂm 2.7

N

i 10.26 0.52 0.70
— R R S S e
|
i

1 dy IS [ ti' Lﬂy
1) HBAUNUNAIUTDITUNUDUNY

A =2 3 A dy 1 1
g'ﬂ‘ﬂ 2.7 ﬂﬁﬂﬂi\iﬂﬂlﬂﬂwuﬂﬂ\iﬂa18lmll@n\1@]
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dy =X v
) VOUWUYNIALIUU

A =< 3 A dy ] 1 J
g'ﬂﬂ 2.7 ﬂﬁElﬂiQVIGIIGUWHG]S'NTJQWEILLUUGING] (919)

2.1.42 MINITTAIENITN (Lateral apportionment)
' 7 7 & a4 &
ﬂ113JL3J14@]1J’JﬂLLﬂ$I?JL3JUG]EITJG]"IEJEUu&]ﬂu%ﬁuﬂﬂ%gﬂﬂi%%Tﬂ

9 ldy :3’ B ddy dyél (K%
WU UL ‘W‘L!LL‘E]‘]JﬂﬁNLLﬁ%ﬂ"I‘L!%QiUﬂimwuﬂWﬂiuﬂﬁﬂigiﬂﬂuﬂlu@gﬂﬁ

[ 1 o ] g | 1 4
ﬁ'ﬂﬁ?ﬂﬂ’ﬂmﬂ’st ﬂ‘Uﬂ’N?JEJ"I’J"UfNL!WUﬁH (l—2 ) tazAeAlsEneun 1Y (Beam
1

|2 = dy 1 dg‘ 1w v J a
parameter, all—) Tunsal W‘L!"]ﬂxiﬂa”lflﬂgslluﬂgﬂﬂﬂﬁ)ﬂﬂﬂi%ﬂﬂﬁfﬂi‘ﬂﬂ
1

@ ] [ 1 o
(Torsion parameter, b,)mmmuﬂmu (Edge beams) d1e drogamdadiu Tumud lu
b4

dy 1 1 dy d'd [ d‘ dy ::'9) [ d' =
UDUANUAN YUBDIUNUNUNUATUIDITUNUBU WU AU muﬁm“lu’;;ﬂw 2.8 ™

e e

= @ L 1 ] dy Iq Y v
gﬂ‘ﬂ 2.10 ©aNNITNITNILIOVDY LNUA TuLDY HANE L%uu%%ﬂﬁ%ﬁgﬂﬁi‘ﬁﬂ‘ﬂ

=)

dy 2 a v dy
sTuuNUNAnE UL
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Column strip moment,Micy
Mico=0.75M;=0.525M,

% (anl/11) =0

Interior Negative
Moment, Mj.
Mint = 0.7 Mo

Mo

JUNn 2.8

\

Positive moment,Myos
Mpos= 0.57 M,

Exterior Negative

Meq= 0.16 M,

\ ¢ 2
daaiuved luwuaay TNy

v
a

Y dy 1
NNAUYBINUSIUa

\

\ - -

\ - Middle strip moment,Miniq
(afllz/ll) >1.0 \ |2/|1— 1.0 Minic=0.25M;=0.175M,

> See Figure 2.9

Middle strip moment,Miniq
Mimidzo.ZSMim:O.]JSMo

Column strip moment,M;cg
Micoi=(0.90x0.15)M;=0.0945M,

Middle strip moment,Miniq
Mimid=0.10Mim=O.07M0

Beam moment,M;p,
Mip=(0.9x0.85)M;n=.5355M,

, [ Column strip moment,Micy
, Mico=(0.75%0.15)M;r=0.0788M,

\ Beam moment, My,
Mi,=(0.75%0.85)M;=0.4463M,

“‘ Column strip moment,M;cg 1
\ MicoI:(O.45XO.15)Mim:O.0.0473M0

‘ Middle strip moment,Miniq

%‘ Io/11= 2.0 %% Minig=0.55M;=0.385M,

Beam moment, My,
Mi,=(0.45x0.85)M;+=0.2678M,
= _/

Moment,Meg %{See Figure 2.10\\}

k4
=

k4
Gl ﬁuuaunmq HagaIu °1uﬂﬁmﬁuﬁmuﬁm§’u



| Column strip moment,Mpg
D Mpeoi=0.60Mpes=0.324M,
1o/l ) = '

Middle strip moment,Mimig
Mpmic=0.40Mpos=0.228M,

Column strip moment,Mpg
Mpcoi=(0.90%0.15)Mpes=0.07695M,

Positive moment,Mpos
Mpgos= 0.57 M,

IL1.=05 Middle strip moment,Mpig
P Mopmic=0.10Mpos=0.057M,

Beam moment,M,

Mps=(0.90.85)Mpos=.436 1M,

Column strip moment,Mpcq
Mpcoi=(0.75%0.15)Mpos=0.0641M,

Middle strip moment,M,
(@aldl,) > 1.0 I/l = 1.0 o "”“’

Mpmic=0.25Mpos=0.1425M,

Beam moment,M,
| Mpp=(0.75x0.85)Mp0s=0.3634M,

\ ‘| Column strip moment,Mp
| | Mpeo=(0.45x0.15)Mps=0.0385M,

Middle strip moment,Mpmig
lo/l,=2.0 Mom=0.55Mp0=0.3135M,

Beam moment,My
Mps=(0.45%0.85)Mpes=0.2180M,

[

JUN 2.9 da
)

v

' J dy dy AaA A [

ﬁ’J‘L!SU’éNIﬂJLiJu@]‘]J’JﬂGluWHLLﬂ‘ULﬁ1 NWHUDUNAN Lasn1U Gluﬂiﬂ!WUMﬂWuﬁ@ﬁU
vy
f

E
AAUUDINUFII a1

q




Column strip moment. Meq,
Meo= 1.OM,.= 0.16M,

(uplaly ) =0

Middle strip moment. M,y
Mipig= 0.0M_= 0.0M,

Column strip moment. M.,
Mecor=0. 75 M, =012 M,

Exterior
Negative
Moment. M.,
M= 0.16 M,

Middle Stﬁp moment. Memia
Mopia=0.25M..~0.04 M,

Column strip moment. M,z
Meco= 1.OM,,= 0.1 6"14(;

(el 1= 1.0

A [ 1 J A dy dy dy aA A
g‘ﬂ‘ﬂ 2.10 ﬁﬂmumaﬂmuumuweuwuiuwmmmm NWUHUDUNAN LS 6l‘L‘!ﬂ'ﬁ‘ill‘l/\l‘ull

Y
AMUTOITUNNMUVBINUTIAY

.!I_of'?; =20

Middle strip moment. Mepyy
Mepii= 0.0 M= 0.0M,

Column strip moment. M.,
Mo =(0.90x0.13)M,,~= 0.0216M,

Middle strip moment. M,y
Mo—0.10Mou= 0.016M,

Beam moment. M.,
Mp=(0.9x0.85 )M~ 0.1224M,

Column strip moment. M,
M. =(0.75x0.15) M.~ 0.018M,

Middle Sll‘ip moment. Mg
Mop=0.25 Mo 0.04M,

Beam moment. M.,
M.;=(0.75x0.85 )M~ 0.102M,

Column strip moment. M,
Mo 10.43x0.15) M., 0.0108M,

Middle strip moment. My
Mepig=0.55M,,~ 0.08874,

Beam moment. M.y
M=(0.45x0.85 M.~ 0.0612M,

Y
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| —Actual column above

Torsional member—~

Actual column below
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— — C
s s (1-12)°
: E l,
k #
[
(1) HUIAA 3-3
Ec‘sj ! Ec‘.\j 2 Er. J 3
sk =
ci/2 Iy c)/2

1 a A dy
@) srHuMNLEaaala o uvDIN AU

A o @ Y oA Ia S A '
E']J‘V] 2.13 aﬂymzuﬂSwumawmm‘wu-mmmﬂumummuaﬂ% (»9)

=

1 4 a o { o [ a %

ﬂ'lﬂTﬁﬂigfmflsllf]\ﬂll!,i]u@l%']ﬂfni’]mﬁ']Zﬁiﬂ'i\‘]ﬁ%j']\‘]ﬁ@ﬂllﬁu\‘l’lﬂﬂﬂ ﬁamamﬁmazﬁmmﬁ
Y Y

F29 9ZNIZNOGAULD DI Nunounauazau ludadiu@ernunuIsnseonuuuas g

(Direct design method)
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/S S S 1 - L .
‘ h/2 [ ] Kl= =
1 : T
I Ll
L L
R R S Alm L k22 C———— Kl= =
ki
{'.’J.
(M) 5LVVNUTBIT VAN (V) wuMNLaasaaiugvo e

A £ | oa
511 2.14 szvunuuazmadivave um

2.1.6 3%“!1/1"!146‘1{3!@!341!& (The finite element method, FEM)

ax Ja s o ' oo
3ﬁ"lwhlummamum mJuﬂszmumimsﬂmammmeumuammmEflusum

o w

a [} I & 1 Aa 4 { 1 {
Tassadeaswnunnisgianediailuszuy Guzuana 19910351, Mnanuudiniidediia
' ’q Yo Y Aa o 9 Aoy K yy + & A
aomsizgnaldny Inssaseniiginssdudeu ginsandudeuvesszuunu laun Nulives
a) g o { { I @ o Ia 4
iWla(Openings) inlinusossugUnssmmaesulan Wudu nanmsdiurame i ludsmmud

] . . [l zﬂy I Aa g I a J
11U (Discretize) uruNUoondudlamua Ul udlaUALDUTZ U (Planar element)

=

1 a 4 9 1 { = Qy 1 ~ [ a 4
IR DIRLNUA %gﬂﬁgﬂﬂ‘ﬂﬂ')ﬂﬂqﬂﬂﬂ (Node) mmmmimﬂgﬂmawumu Tasnuaazaamua

=S

a % o 1 a 4 o
Haaue (Element stiffness) él}WuﬂTuﬂWﬁlﬁﬂiﬂLﬂW1$ﬂ'J A19619U09DIAUUA JUMTINA0Y

u

[l dy ~ &£ g Qy 1 A A 1 1 1 2
LLWHWULLET@QGI,U?’TJVI 2.15 GINHJu‘]fuﬁ')uﬂilﬁ’ﬂﬂﬁ@!Lagllﬂfﬂ3%ﬂﬁﬂﬁ’lu’lﬁﬂllﬁﬂﬂﬂ’]ﬂﬁﬂzﬂ

q Q

] Y 9 Y
Tugduvumsmaeudr lunuunuuazmstaseuununsauluduaeumsdam ihmin

A o 1 1 tﬂy [ A Y o A 1
‘U‘iinﬂ‘ﬂﬂﬁ%“ﬂW\@LLWHWM%%Qﬂ'l]iU!ﬂﬁﬂuiﬂﬂﬁ%ﬂWﬂﬂﬂ@@ﬁNﬂﬁ
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7o

v o d 1 a a {
ANUTUNUTTESUINLLT ﬂTﬁLﬁﬂqﬁ,ﬂllﬁ$ﬁﬁw!uﬁellENE)L'@LNU@WQWN@LLﬁ@QIﬂﬂﬁNﬂTi“ﬁ (2.17)

=1

A A a . 1 A a a a 4
W9 {F} ADLNATA(Matrix) VDL IINIYUDNNYAND, K] AouuaInVRIAANIUTUDIDIAIIUA

a
v 9 1
= ' o <

9
@ a < o
Mnua uag {U} ﬁ@l!llﬁﬁﬂsll@\?ﬂ?ﬁl%ﬂgﬂﬂﬁ]ﬂﬁ'ﬂﬂﬂﬂﬂﬂ G]Nﬂﬁlﬂu!ﬂ']ﬁu'lﬂellﬂ\‘]ﬂ'lﬁﬂ']ill?m

qQ

Y 1 dy A 4 [ = o Y v A
ﬂ’JEJ!L‘iQﬂ']EJGluLLWUWNﬂﬁﬂﬂﬂﬁ@\iﬂﬂﬂ15lﬁﬂqﬁ,ﬂ %zﬁwmmmuam”lﬂmuaﬂﬂugﬂ‘w 2.16

v Jdo

o a [ @ <
Tunsaimsfunauuudadunsimelunumadegdezduiusiuuaziduldawnguegn

(Hook’ law)

{F}=[K.]{V} 2.17)

A a 4
517 2.16 usamelusamua

U
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~ A =\ [ dy 3 1A 9 (] o Aa A o o A (]
Gluﬂiﬂ!“ﬂﬂWﬁLﬁﬂzﬂmﬂQLLWUWHLﬂULLUHllNLGﬁQ&ﬁul“ﬁu l!iﬁﬂ?ﬂiuﬂlﬂﬂﬁﬁﬂlﬂumﬂ‘ﬂWﬂﬂElﬂ‘ﬁEJ‘L!
Y Y
[ o 1 [l a 4 Y
Llwuﬁulaﬂzﬂ11']ﬂﬁ?ﬂﬂ'lﬁﬂWa@%LWuﬁuU1ﬁﬁ')uaﬁﬂ@Lﬁ!ﬂu@lllﬂﬂﬁﬂﬂﬁ(COHtact element)
[ Y v o = @ 3 9y 1A = 1 g} o
1Wuau ﬂ’J'liJﬁiJWl!‘ﬁsUﬂ\ul'i\um$ﬂTﬁ!ﬁEJEﬂﬂﬁﬂ\ilﬂu!!fﬂﬂlﬁuﬁﬁﬁ UANIITUINASTINUINUN
A A d? =} Y & 1 1 g’ % A A d? a a o
VITNDIMWHVUNASUBY BIUAASTINUINUNUITINONLIANNUY gaiugueIdaluua
A o 9 o =R <K - 1 1 ] oy @ o’;’
imﬂasmuﬂmulﬂ NITATUIUABDIATUIDIANINTNAANIAADUAAS T INUINUNUITITNNUU
o Y :j Y v o J (%
ﬁ]‘Llﬂi$ﬂﬁﬁﬂi$ﬂﬂﬂ1ﬁﬂﬂﬂiiﬂﬂgﬂ@:ﬂ ﬂ'J”Ill’s’f?JWH‘ﬁ“U'ENLLﬁQllﬂgﬂTﬂ'gfﬂ?’ﬂﬂ\ulﬁﬂﬂiﬂﬂﬁlﬁﬂi

n (2.18) naggil 2.17

[Kr ]{Du} ={DF} (2.18)

\

A v o = 1 g’ @ 9
gﬂ‘ﬂ 2.17 ﬂ’ﬂllﬁiJWH‘ﬁéUﬂﬁlliﬂllazﬂﬁlﬁﬂgﬂGluﬂf’NuWWuﬂﬂi‘iﬂﬂu’é)ﬂ il

2.2 ﬂndaﬁummﬁuﬁu%ﬂgﬂ (Connections of precast slabs)

Y a dy o ogj o 1w A o ] dy 1
Tumsleanuese numisagihisviuaszgmihuinenumelseneud]unduiuluuaay
9

Y Y Y Y
FUVDID1IANT TOIADUY ) ADITWNTODWINUTININHUGNU UonIINiinsnoas1e]dde
1 [ Q'I 1 1 g 0o
figUnsand doaiulla Taena lsesaeveumuiudusglesliaownuae

221  se8ARMUMUMIAN (Flexural joints)

v A a d? ] dil 9 Y @ =2 A a 48’ Y
Lmﬂﬂmﬂmuimmuwngﬂmm‘nmmauiqammmidmmﬂmuiumn

o dy = o Y Ao @ a3 a o Y Ao 2 o 09: 1 A
AAVDINU ADUNTAVCNIVUUINTULIIDALASIU AN TUIT M UINTUUIIAY ASUUNTITADIN
9 v A =< I a dg’ ' Y Y [ =2 Y J 1
@niﬁ/nuﬂTiﬂﬂﬂ@ﬂTﬁﬂﬂlﬁaﬂlﬁiﬂflnﬂwulmagﬂwu‘l‘ﬁf‘ﬂlﬂiﬂiﬂlliﬂﬂﬂllﬂ@ﬂ”lﬂﬁlluim N1IAD

1 [ ! <] a ] [ a : !
Tugdunvuareg duaaslugdi 218 waznislmanasununac iuiTarsniend
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Aa A [ [ { [ 3 [
Uszaninmmlumsdiumuusadga szezmsnonmuizaunsainiae laelsWanuuunig

aaueraalugiin 2.19 (Kim S. Elliot, 1996)

Top view

Precast unit with projecting steel plates

Section view

a) Bolted joint

Transverse bars Insitu concrete infill

"

5 %

Top view

Precast unit with projecting loop bars Loop bars

e

Section view

b) Loop joint

~ 1 ] dy 0o < Y [ 1
?JTJ‘V] 2.18 ﬂﬁmgmuwummgﬂmumummﬂ“lmm‘umm



o — .3 £ 1 e — -
I 7 g
14 ¢ . (for n < 14}
i L] 4 == !
T T ¢ (30-n)
Hn<14
Transverse bars Insitu concrete infill

Top view

Precast unit Shear keys

v

-

Section view
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Ay
2.3 1BNA1INNYIVDI

= = o & o ' < A =
msanyuneInuuAuiY Taona lutiseonduaunuinie nuamasnaensanen
a A 1 1 dy 1 d! d’ 9J [ (% =S dy
NNQBRIAMgUIBILHUNUFUNTIA199 FerziNerdeanuranngunugIuuan
v o Jdo 1 oy @ 1 % ] 4 1 o A
AanuduiusnuszrahvinusInnuazMsueuAIveIHUNUIUNTIA199 Hadwsh 1an
A o 9 o A 1 1 o 7 Y o 9 a
gumsigudounazmsmuinuingen liazaanaensiilidszgndldnulnssadienss
A A = a o ad Ia s I amAxm a A
puammnnaesaemsanyuFIauavlaomwizds W ludomwud ¥aiuisnddszansam
2 [
lumsfnumganssuveauruiuneldduilsang wu sansenuiiiosnnguauianiena
[ 1 1 dy < 9 ~ A = a
YoITAR HANTZNUIINTUNTIAE VoAU iudu nuaneiamfenmsAnyIngAns sy
4 4 Y 4
YDIUAUNUAIBNITNATOUFUAIDI1INIVUIANINTUAZUUIAGD IDAITAINAIIHATT
o I Yo 9 a A J a dy A o = A A 9
el lasudeyanganssumiiuasevesszuununiimsdny tonaisiinerdos
Y 4
Tumsdnyunaril ldnuniudsse i
2.3.1 msﬁnma%wqyﬁmmszuuﬁu (Theoretical study of slab systems)
= ] dy A 1 < dy
NURUAUNUBANgUTUB Y Lagrange (1881) 1 UNUFIUYDINITOONLUUL
] 4 1 aa 4 [ <3 o
HHUNUYDINIATTIUAIY TAgaNYANNUTOITUAIATULTL (Rigid beams)  IUNTLNT
v A dyy 1 o Y "o A
C.A.P. Turner(1903) lataueszuuiiunl¥auuasessudromunniu luszozisuusnszun
2
aanandelulinguioeiy uiuiugnesnuubtazad e Tasiinsnageunouns 19959
o ada o 4 [ 1 1
IUNTLNI TR, Nicols (1914) IdiauaifiasizWszunnuainan uazszymsanielu
d’ o T Aa a dy a 4 1 1 d’ 9 [ 3
NAWMUIINYAVDITZUBNHUIINNITAATIZHGan 1A IFlun1seenuuy 9819 l5Aan
ada d o 1 @ 1 a3 A [ o [ c?/‘ =2 A @
ABaTizvasnads hiufeeusuIaonalil wazvdsaindunisAnynneany
= 1 dy Y 9 q'/ = = Ao dy A 1
nouRuoanruniLlianaduly sunsgnaludl a.a. 1950 msFnyIIgsTUDNUDUAUEATGY
9/::4? a U a A 4 [ a = A dy
1ddulunminerdodaauesd Usemadnigonsn AAU0INITANEIADNUTIUVDI
k2
mmgmmiaammmmuﬁuﬁammmu Direct Design Method (DDM) 182 Equivalent
Frame Method(EFM) ¥8481A3§1U ACI 1971 DDM iidesianatolszns aalanaiuda
v Y 1 I ada 4 dy 9 ad 4 ] <
lurtado 214 dau EFM (Juisamsgdiszuunudiedimanszae Tumud o619 lsnam
d' =i =1 1Y 1 ld' Y a 4 a [ 3
wenlSeumsniusamsnageuwu ain lannmsiasizigunnlUanin. Grossman(1997)
4
Juaueldldanunilseansnaununihdanulasdadiunnuniegszning 0.2, <
{ a o [ A [
ar, < 0.5, g Inseadeiuuselunuifazussaudandoniu EFM tazanu
4 a A [% J Y A D] 4 @ A A .
nAiszaninaaenan 1inadns bideandesnunanisnaaeufiszezinaou (Drif) 1.5%
ada 4 [ o
Robertson(1997) JeU0F AT IZHILUY Two-beam model TASUNULAUAIIATUTIUIU 2 AU

£ 1 o A [ [ o =R =N Fl d‘ 4 4 Y
"]Nﬂgﬁﬂﬂu‘ﬂﬂﬂﬂﬂﬂaﬂLla$ﬂTLNENﬂ15&!?’]ﬂiwjlu@\ﬁ]”lﬂiﬂlllu@u’]ﬂllﬂgIlllllu@ﬂllﬂ']fl
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a @ J v d @ . < J
MIfananinada N aoandoINUNANITNAADY Gilbert(2000) hattaadldviuiia Tumwue
1 dy A Y a a 4 (] dy A1 o a
avlugruiuiiedunennin EFM Siagaunulduaz Tuwuduinnarsgsiudadunuli
1 9 9 = 1 Lﬂ' 9 4 091’ o [ dy ]
HAZIETUDINIT IFANUANUNGUNM 1.5(c,+¢,) oMUY THUUAADITIRNATIHTUNUF I
o o [ [ 1
Ua1e Paulter nazAmz(2002) AR INITANEINITNTLD10909 THLWUA IUFITAUUDILAY
dy A @ 1 A o a 4 ] tﬂy [ 9
Wuntudheivadeies Tagiinsinseiuduiuvuiaa1ee #281150A54 ADOSS SAP9O
9 ~ ~ a Jo 9 o
waz Tdsunsu SAFE  uanfSeuneunanmsianeniudennua luuiasgiun1sesniuy
1 a J 1 U { o
CSA 233 uaznuIWaMAs1z1ia1n 11sunsy SAP90 uaz T1)sunsu SAFE ganianinimua
Y
Taguasgruiszinm 30% uduiiudinsiingdnssunnuaesiamanazuuziiiuduiaum
\ g Y, 79 ¥ a1 A oA Ve A A A Ay
lunaseenuuwiluniu Farran(1981) ladsggnaldnguuruiiuanguiuiudmasuiuin
dil ] = v Y A 1 a sldy U [
LA NULLY skew FIUABITOITUAIBMUBANGY Taensauyd linuusuallugziveq Double
T ° 4
trigonometric Fourier series mﬂ“l&?]ﬁaullwamﬂm A1U15092AUIUNITNTLIOVDS TUUUA
] di’ 9 Y o = ] dy A A I
Tuuduiunazanld Constantin - (1993) laiimisanyduinundgUnsuiuranay
amaguiaz 31n391a1in Taen1s 1915052910001 Fourier 11az Chebyshev  1A8N1511I9
4 I [ o A o ] P ] ] 4
Wuoonua1aie (Grid) tazadallsunsuduaudadiay waduin lalndineanuraans
ana 4 ‘A 4 1 1 o . .
nmMsaasziae i ludsamudua luawisad s uneuldgndes Katsikadelis 1az
Y o = 1 dy a < Y a ~ % 9 dy
AN(2001) 1ATIMTANH A UNUETUUTIA18A11 TASHEANTUIATUNTLAUTNDINU AN
TaeldnananuasLilea(Continuity) HaznuIIANNANWTzanTnavesmudusuLsda
] d’ = a' d? =3 d! 1 d" cv
Tunsneasanue1IMIU Tas TVAMNLAUIINVDLATUIUDININAIIFINY taznIsul iy
da’ 1 A = = A d? oA Y a a'dy 1 1
H192aAa990819u 1A AUTANVANNBLIATY AN 1A91ANITIATIZHHUANAIIIINAAN
NMvua lagaasgIunn
X a dia d
232 maanEszuunuaeds Inluddaniue
. Y o = 2 = A 3 ' A ~
Jiang aznae (1993) ladmsdnymuneunsaasumanlugianganssui
1 3 9 9 a c(dgl [l aq ¥ ~ < A K ~
lidlwduaselasTasmsadwdmmudiuluiTagauydldnouniauazmanasudamition
[ d a 4 [] dgl o =~ Y a S 1 1
Aunuuauysal srlawud InuilseneuiunnnsdiiasineunIanlsdlauadyane lnsuday
[ @ A 4 { o o I
yanelidlsdaszueamsinaoun (Degree of freedom, DOF) $147U 5 DOF t1azd1a011an
a a 1 1 1 i a kg a <
s UAUBIIUATDIAGe LAazIAADl 3 DOF IplnsziiunaunsaIdsunanaInng
= Aa v 1 9 u’/’ 9 a 4 Idy 1 a L&Y Y A [
ANBIIVYNBUNUINUAISDLANUA IHUTNUI HANITUATIEHNUNANITNAADI INAIASINY
I 1 =} 1 1 9 a A ] a 1 tﬂy
U NALAZ WL NN UIBLTIAIAI IUADUNTANHAADNYANTTUNITAD LT UOIVDILHUNY
Y Y
Y] 1 o a v [
MITUUIBUTIAIN VU 20-30 % 2 AN BATITHAUNTNABDITDANADINY Polak

1w 1 4 < < 5 A . .
(1996) ﬁﬂy’]ﬂ'ﬁllﬂuﬁ'JGUEJQLLWHﬁUIﬂﬂﬁl%ﬂ"]’]ullm\uﬂi\‘]ﬂigﬁﬂ‘ﬁWa (Effective stiffness) Iﬂﬂ
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1 9 = a 9 S A va o A [l 1
ﬂf)uﬂ']il!ﬁﬂﬁ']')m@ﬂﬂﬂuﬂiﬂﬁlli}lﬁGh"iﬂf)uﬂﬁﬁuﬂﬂ!ﬁﬂﬂﬁlﬂuqﬂicﬁiﬂiﬂﬂlmgﬂﬂﬁﬁju'ﬂfﬂq
[ Y @ 9 aq ¥ A A va o a
Lﬂulﬁuﬁﬁﬂ Llﬁgﬂﬁlﬂa\iﬂTiLWIﬂi'nﬁlli(liﬁclﬁﬂﬂuﬂﬁﬁNﬂmﬁuﬂﬁlﬂullﬂﬂ @@I‘ﬁi‘ﬂﬁﬂﬂ LUag
A ' [~ Y 1 dy d? @ Y o A 9y Y1 =
ﬁlﬂﬁquuﬂﬂlﬂutﬁu@i\i ﬂ’liﬂ@ﬂﬁu@\ﬂlﬂ\‘llmuwuﬂluﬂUHUWQQWLLﬂﬂi'I'JIﬂflsl‘Ifﬂ'l!ﬂﬁEJﬂTliJ
< < LY 1 a o’: dy 4 9 A 9 o
LLEU\TLﬂﬁ\‘]GUfNTTu’l@lﬂiuuﬂﬁ%ﬂﬁﬂ%‘] 1/]\11!ulﬂi'JiJﬂ'3111ﬁ']iJ']5ﬂ@nu‘l/null'iﬂlﬂ@u“ll@ﬂﬁu'l@]ﬂ
' v
UANF1UHD9INMTEIANIULEE Dowel action A28 LAZI1ADIUNUNUAIY Serendipity plate
. 1 = d' 1 1 a 9 Y Y A [
bending element LUU 8 YAND Tﬂﬂll 3 DOF NUAASYAND Waﬂ153lﬂ51$ﬂ1ﬁﬂ11ﬂﬁmﬂﬂﬂﬂ
Aav 1 1 9 qa: Y a 4 1o =R =K a [~ 9
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Nominal f¢’ M, M, P, P,
Type
(MPa) (kN-m) (kN-m) (kN) (kN)
22.0 7.1 1.04 23.1 334
Ml 30.0 7.1 1.04 23.1 334
40.0 7.1 1.12 23.1 36.0
22.0 8.0 1.12 26.3 36.0
M2 30.0 8.1 1.17 26.7 37.6
40.0 8.2 1.17 27.0 37.6
22.0 1.59 2.24 51.1 72.0
M3 30.0 1.6 2.28 51.4 73.3
40.0 1.6 2.28 51.4 73.3
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span t Reinforcement fc! Na% fu M, M
Type

(m) (mm) Top/Bottom (MPa) | (MPa) | (MPa) | (kN-m/m) | (kN-m/m)
2P-1 1.5x3.0 80 RB6@14.5cm | 372 269.7 359.5 2.94 39
2P-2 1.5x3.0 100 RB6@14.5cm | 372 269.7 359.5 52 6.8
2P-3 1.5x3.0 100 RB6@14.5cm | 372 269.7 359.5 7.3 9.4
4P-1 3.0x3.0 80 RB6@19.5cm | 37.2 269.7 359.5 2.9 3.9
4P-2 3.0x3.0 100 RB6@20.0cm | 37.2 269.7 359.5 3.7 4.9
4P-3 3.0x3.0 100 RB6@23.0cm | 37.2 269.7 359.5 3.0 3.9
SC-1 3-1.0x1.0 40 RB3@9.0 cm 27.8 - 547.1 - 2.1
SC-2 3-1.0x1.0 40 RB3@9.0 cm 27.8 - 547.1 - 22
SC-3 3-1.0x1.0 30 RB3@9.0 cm 27.8 - 547.1 - 1.7
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[ ]
d —
K i
1. A 1, h t b, b, M, M,
o A Sl e | ot | e | G | o) | G | G | ey | 0N
6-RB9
-1 | 6RBO | + 373 | 2974 | 4139 | 160 | 80 | 400 | 402 | 175 | 2!
4-RB6
6-RB9
P2 | 6RBY | + 373 | 2974/ | 4139 | 160 | 100 | 400 | 520 | 177 | **3
4-RB6
6-RB9
P3| 6RBO | + 346 | 2974 | 4139 | 220 | 100 | 550 | 790 | 249 | %3
4-RB6
6-RB9
4P-1 | 6RBY |~ + 398 | 2974 | 4139 | 180 | 80 | 450 | 650 | 195 | >3
2-RB6
6-RB9
42 | 6RBY | + 45 | 2974 | 4139 | 160 | 100 | 400 | 520 | 170 | %!

2-RB6
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[}
. e——.
l N|
K A
f f f h t b, b, M, M,
Type Ay A, ) ~
g ol Mpa) | MPa) | MPa) | (mm) | (mum) | (mom) | Gmm) | GoNem) | N
6-RBY
4p-3 | 6-RBO | + | 382 | 2974 | 4139 | 200 | 100 | s00 | 700 | 219 | 283
2-RB6
SC-1 | 6-RB3 | 4-RB3 | 39.1 - | 5471 | 45 30 | 120 | 165 - L1
SC-2 | 6-RB3 | 4-RB3 | 369 | - 5471 60 30 | 155 | 190 - 13
SC-3 | 6-RB3 | 4-RB3 | 398 | - | 54711 75 30 | 150 | 240 - 14
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A\Z
(""" " "o _"_"e_"_""e)
t
[ ¢ e e T ®
A\]
g
b
b t S 1, h t b, b, o
Type A, A,
(mm) | (mm) (MPa) | (MPa) (mm) (mm) | (mm) | (mm) | (kN-m)
2P-1 1700 16 5-RB6+2-RB9 5-RB6+2-RB9 37.3 413.9 16 8 40 40.2 15.1
2P-2 1700 16 5-RB6+2-RB9 5-RB6+2-RB9 37.3 413.9 16 10 40 52 15.1
2P-3 1700 22 5-RB6+2-RB9 5-RB6+2-RB9 34.6 413.9 22 10 55 79 20.9
4P-1 3200 18 5-RB6+2-RB9 5-RB6+2-RB9 39.8 413.9 18 8 45 65 27.0
4P-2 3200 16 5-RB6+2-RB9 5-RB6+2-RB9 42.5 413.9 16 10 40 52 25.5
4P-3 3200 20 5-RB6+2-RB9 5-RB6+2-RB9 38.2 413.9 20 10 50 70 30.0
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|
ok
T 1
@ -
> [ ——————————— hl FTTTTTTTT T T |
@ | | | :
! ! : !
| | ] |
| N7ZR |
| ! / I !
—.4 _._|% _._________\’_+I_/__:__._._.____._._.____.J:____
| I I |
| | I | ; | :
T ' l !
I |
| 2k i
__________}%! )
7
\
d' o 1 a Os/} . dy 1 % 1)
JUN A1 dwdamsaads Strain Gauges Tunuaenuae sy
3200
20 1175 JO 50, O?/ 1175 20
¢ Tr T’ 0 )9
-

3200

100

I
I
I
1175 |
I
I
I
I

|
rZOI ® - V

F e a4 P 1 i r——-——-—---

| & | |

| - neg. strain gauge [ [

' | A

1175 I [aers

' | / |

| | v |

: + pos. strain gauge | / |

I |
o N L — "IN PN _+_l / [T,

100

i
///@i

TV e ————

/
.

——— —— ——— — — —]

200
2.

31

|
' 4
wmluh

3 1 a 2}} . dy Vo oA 1
.2 MURUINITAASN Strain Gauges TununenuFuHY
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v

4
JUN A3 durianmsaads Strain Gauges ludledanadeon M1 M2

H Y
JUN A4 dumianisfads Strain Gauges Tudledanagon M-3 cuaz S
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P o 1 J Lﬂy Lﬂy 1 <3|
MINN .1 ﬁﬂmuimuuﬂmﬂiuwmmuﬂaNGumsumwumaﬂmmmmtﬂu %M,

05
o ;
fx—mid—span
15—

%M 0o~ 408.8+0.297a fx—oolurm—line+3'7a fx— md—span_388'6a0f;<o—loolurm—line - 14'0a(f);<5—m'd—span - (10'5
fx—colum-line
aﬁ(-column-line
0.2 0.7 1.2 1.7 2.2 2.7 32 3.7 4.2 4.7

02| 194 | 154 | 13.7 | 125 | 11.7 | 11.1 | 10.7 | 103 | 99 9.7

0.7] 12.1 | 10.0 | 8.8 8.0 7.4 6.9 6.5 6.1 59 5.6

1.2 9.7 7.9 6.7 6.0 5.4 4.9 4.5 4.2 39 3.7

1.7 82 6.5 5.4 4.7 4.1 3.6 3.3 2.9 2.7 2.5

22| 7.2 5.6 4.5 3.8 3.3 2.8 2.5 2.2 1.9 1.7

a fx-mid-span

27| 64 4.9 4.0 3.3 2.7 23 1.9 1.7 1.4 1.2

32| 6.0 4.5 3.6 29 24 2.0 1.6 1.4 1.1 0.9

37| 5.6 4.3 3.4 2.8 2.3 1.8 1.5 1.2 1.0 0.8

421 55 4.2 3.4 2.7 22 1.8 1.5 1.2 1.0 0.8

4.7 54 4.2 34 2.8 2.3 1.9 1.6 1.4 1.1 0.9

| { b
T°H 11 - T
| I |
+ 0 [ I |
| | | |
7] | N |
4 [ oo |
I )
1 I'\V/‘?9 Il | N
; 3 —
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P o 1 J dy dy 1 <
ATNN 3.2 ﬁ'ﬂﬁ')ujllli]l‘lﬂaﬂﬁluwulmﬂﬂﬁWQm@QWU“B?QﬂﬁWﬂLLﬁ@QLﬂU YoM,

0, = — — —
/OM o 112 O4a fx —column- Iine+2'% fx —mid—span fx—column-line fx—mid—span

0.5
+4% 0.2 96& 05 0{ a fx—mid—span J

a fx—colum=line

a

fx-column-line

0.2 0.7 1.2 1.7 22 2.7 32 3.7 42 4.7

0.2 103 | 11.2 | 115 | 11.6 | 11.7 | 11.7 | 11.7 | 11.7 | 11.6 11.5

0.7 8.2 8.7 8.9 9.0 9.1 9.1 9.0 9.0 8.9 8.8

1.2 6.8 7.3 7.5 7.6 1.7 7.7 1.7 7.6 7.5 7.5

1.7 5.8 6.4 6.6 6.7 6.8 6.8 6.8 6.7 6.7 6.6

2.2 5.2 5.7 6.0 6.1 6.2 6.2 6.2 6.1 6.1 6.0

aﬁc-mid—span

2.7 4.7 5.3 5.6 5.7 5.7 5.8 5.7 5.7 5.6 5.6

3.2 4.4 5.0 53 5.4 5.5 5.5 5.5 5.4 5.4 53

3.7 4.2 4.8 5.1 5.2 5.3 5.3 5.3 52 5.2 5.1

4.2 4.1 4.7 5.0 5.1 5.2 5.2 5.2 5.2 5.1 5.0

4.7 4.0 4.7 5.0 5.1 5.2 5.2 5.2 5.1 5.1 5.0

T T
e
§o e
VS | | I I
N
% 1 ]



P o 1 J dy d" 1 <
AT NN 3 ﬁﬂmuimuuﬁa‘uﬁluwmmuﬂaNGllmwucv’JﬂmmmuJu %M,
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0.5

0, 0.2 0.5 a fx—mid-span
/OMo =12.2-0.4a fx —column- Iine+2'5a fx—mid—span+3'5a fx—column-line -10.2a fx—mid—span 02 ————
a fx—colum=line
fx-column-line
0.2 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7
0.2 10.4 11.0 11.2 11.3 11.3 11.3 11.3 11.2 11.1 11.0
0.7 8.0 8.3 8.5 8.5 8.5 8.5 8.4 8.4 8.3 8.2
1.2 6.5 6.9 7.0 7.1 7.1 7.1 7.0 7.0 6.9 6.8
1.7 5.6 6.0 6.1 6.2 6.2 6.2 6.1 6.0 6.0 5.9
i’“ 2.2 4.9 5.3 5.5 5.6 5.6 5.5 5.5 54 54 53
of 2.7 4.5 49 5.1 5.1 5.2 5.1 5.1 5.0 5.0 4.9
3.2 4.2 4.6 4.8 4.9 4.9 4.9 4.8 4.8 4.7 4.6
3.7 4.0 4.5 4.6 4.7 4.7 4.7 4.7 4.6 4.5 4.5
4.2 3.9 4.4 4.6 4.6 4.7 4.7 4.6 4.6 4.5 4.4
4.7 3.9 4.4 4.6 4.7 4.7 4.7 4.6 4.6 4.5 4.4
| I
I I | |
| r M 1
| I I |
il | I |
e I I I
f\ A I l
A L Ll
L J \
r i \




P o 1 4 dy dy 1 <3|
MITNN 4 ﬁﬂmuimuuﬂuaﬂiuwmmuﬂmwmwumﬂuuﬁmu]u YoM,
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]0.5

. . afx—m‘d— n
%Mo =205.7+04a fx—oolunn—line+0'6a fx—m'd—span_197'7a (f)x(z:‘[:olunn—line -39 (f)x?m'd—span -0.2 7
af><—co|um=|ine
afx»column-line
0.2 0.7 1.2 1.7 2.2 2.7 32 3.7 4.2 4.7
0.2 9.4 7.2 6.4 5.9 5.6 54 5.3 5.2 5.1 5.1
0.7 6.5 5.4 4.8 4.4 4.2 4.0 3.9 3.9 3.8 3.8
12 5.7 4.6 4.0 3.7 3.5 3.3 3.2 3.1 3.1 3.1
17 5.1 4.1 3.5 3.2 2.9 2.8 2.7 2.6 2.6 2.6
% 29 4.7 3.6 3.1 2.7 2.5 2.4 2.3 2.2 2.2 2.2
3
ol 27 4.3 3.3 2.8 2.4 2.2 2.0 1.9 1.9 1.8 1.8
39 4.0 3.0 2.5 2.1 1.9 1.8 1.7 1.6 1.6 1.6
37 3.8 2.8 2.2 1.9 1.7 15 1.4 1.4 1.4 1.3
49 3.6 2.6 2.0 1.7 1.5 1.3 1.3 1.2 1.2 1.2
47 3.4 24 1.9 1.5 1.3 1.2 1.1 1.0 1.0 1.0
[l {}
T I ‘I_I - s
! ! - %9

| r (N I

| I I I

i | N |

1 I I I — |




P YR ] 4 [ 1 Lﬂy <
MTNN S ﬁ'ﬂﬁ'J‘LlIiJLiJLlﬂ‘U'Jﬂﬁluﬂ']uGﬁ'J\‘]ﬂa']ﬂﬂa'l\‘]%')\iwullﬁﬂﬁlﬂu %M,
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;

a. .
%M 0o~ -83-1.0a fx —column- Iine_l'2a fx—mid—span-’-:l'o'5a (f)icolumn—line +4.7a %(‘r:mid—span + S{aw
fx—colume=line
fx-column-line
0.2 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7
0.2 6.3 5.5 5.4 5.3 5.2 5.1 49 4.6 4.4 4.2
0.7 9.7 8.7 8.2 7.9 7.6 7.3 7.0 6.7 6.4 6.1
1.2 122 | 10.7 | 10.0 9.5 9.1 8.7 8.4 8.0 7.7 7.3
1.7 14.1 12.1 11.2 | 10.6 | 10.2 9.7 9.3 8.9 8.6 8.2
§ 22| 157 133 122 | 11.5| 11.0| 10.5 10.1 9.7 9.2 8.8
=
S 27| 17.0| 143 | 13.1| 123 | 11.7 | 11.1| 10.7| 10.2 9.8 9.4
32| 182 15.1 13.8 (129 | 122 | 11.7| 11.2| 10.7 | 10.2 9.8
37| 192 159 | 144 | 134 | 12.7 | 12.1 11.6 | 11.1 10.6 | 10.1
421 202 | 165| 149 | 139 | 13.1 125 119 114 | 109 | 104
47| 21.0 | 17.1 154 | 143 | 134 | 128 | 122 | 11.6 | 11.1 10.6
L) {
I Il T
o o |
| | |1 |
| (Il I
]
7l N |
e | I e I
r\ / || l
AN L .
L J \
r i \




P YR ] 4 1 1 dy <3|
AT NN .6 ﬁﬂ’muiuLiJuﬂaualumwm\iﬂm&lﬂmwwWuuﬁmmu YoM,

%M, =3.7+3.3

2.6a

9.2& 05

+18.5a

0.5

159

0.5
(= PV—
62 fx—mid—span
a fx—colum=line

fx —column- line fx —mid-span fx—column-line fx—mid-span
0.2 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7
0.2 1.7 2.7 2.8 3.0 33 3.7 4.1 4.7 5.3 59
0.7 5.1 6.2 6.8 7.3 7.8 8.4 9.0 9.7 104 | 11.1
1.2 6.3 8.1 9.0 9.6 103 | 11.0 | 11.6 | 124 | 13.1 | 139
1.7 7.0 9.3 104 | 11.3 | 12.0 | 12.7 | 135 | 142 | 15.0 | 15.8
é 2.2 7.4 102 | 11.5 | 125 | 133 | 14.1 | 149 | 157 | 165 | 174
CS< 2.7 7.6 109 | 124 | 134 | 143 | 152 | 160 | 16.8 | 17.7 | 18.6
3.2 7.7 114 | 13.0 | 142 | 151 | 16.0 | 169 | 17.8 | 18.6 | 19.5
3.7 7.7 11.7 | 13.5 147 | 158 | 16.7 | 17.6 | 185 | 194 | 20.3
4.2 7.6 11.9 | 139 | 152 | 163 | 17.3 | 182 | 192 | 20.1 | 21.0
4.7 7.5 12.1 | 142 | 156 | 16.7 | 17.7 | 18.7 | 19.7 | 20.6 | 21.5
il
I | R | T

e

b

B L — e |

!\ / N L

L | L [
% -




P YR ] 4 1 [ Lﬂy <
MTNN 3.7 ﬁ'ﬂﬁ'J‘LIIiJLiJ’Llﬂﬁ']J611!ﬂ']uG]f'NﬁlUﬂa'NGIf'NWNLLﬁﬂQHJu %M,

-159.1a %™ +15.00%°

%M o= 157.0+1.0a 2.0a fx—mid —span fx—colummn-line fx-mid-span

fx—column- line™

49{ a fx—mid—span

a fx—colum=line

160

T.s

fx-column-line

0.2 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7

0.2 2.0 2.8 3.1 34 3.7 4.0 4.3 4.7 5.0 5.4

0.7 4.8 5.9 6.5 7.0 7.5 7.9 8.3 8.8 9.2 9.6

1.2 59 7.5 8.4 9.0 951 10.1| 10.5| 11.0| 115 11.9

1.7 6.6 8.6 97| 104 | 11.0| 11.6| 12.1 | 12.6 | 13.1 13.6

é 22 7.0 94 106 | 11.5| 12.1 | 128 | 133 | 139 | 144 14.9
CSQ' 2.7 731 100 114 | 123 13.0 | 13.7| 143 | 149 | 154 15.9
32 751 105 | 12.0 | 13.0.{ 13.8 | 145 | 151 | 157 | 16.2 16.8

3.7 76| 109 | 124 | 135 | 144 | 151 | 158 | 164 | 169 17.5

4.2 76| 11.1 | 12.8| 140 | 149 | 156 | 163 | 169 | 175 18.1

4.7 750 113 131 143 | 153 | 16.0| 168 | 17.4| 18.0 18.6

T |l IS T
| | N |
[ | [ I
| | Ll |

T | M |
L [T no |
N
I'\/': | | I
L J |
F i |




P YR ] 4 [ [ dy <3|
AT NN 3.8 ﬁ'ﬂﬁ'J‘LIIiJLiJu%ﬂﬁﬂiuﬂ’]u“ﬁﬂ\‘lﬁluﬂa1ﬂcﬁj\‘]wul!ﬁﬂ\uﬂu %M,

%M, =1600+ 0.8a

fx —column- line™

0.3

fx—mid—span

1840.4a %%

fx—column-line

+1977.72%° 1y an— 1732.{

161

a fx-mid—span

a fx—colum-line

fx-column-line

0.2 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7
0.2 3.0 2.1 1.8 1.7 1.6 1.7 1.8 1.9 2.1 2.2
0.7 5.1 4.8 4.7 4.7 4.8 4.9 5.0 5.2 5.4 5.6
1.2 6.2 6.0 5.9 5.9 6.0 6.1 6.3 6.5 6.7 6.9
1.7 6.9 6.7 6.6 6.7 6.8 6.9 7.1 7.3 7.5 7.7
§ 2.2 7.3 7.2 7.1 7.2 7.3 7.4 7.6 7.8 8.0 8.3
S 2.7 7.7 7.5 7.5 7.6 7.7 7.8 8.0 8.2 8.4 8.7
3.2 7.9 7.8 7.8 7.9 8.0 8.1 8.3 8.5 8.8 9.0
3.7 8.1 8.0 8.0 8.1 8.2 8.4 8.6 8.8 9.0 9.2
4.2 8.3 8.2 8.2 8.3 8.4 8.6 8.8 9.0 9.2 9.4
4.7 8.4 8.3 8.3 8.4 8.5 8.7 8.9 9.1 9.4 9.6
[} {}
N -
T | I N T
| o - |
[ [ I I
| | | |
M) | M |
I L ono |
r\ / I I
I\ | N [
L J \
F i |

]0.01



MANHIN 2

(129819015911 nonlinear regression analysis



fuald x =0

i

163

= — 0,
-column- line y qﬂ\‘-mid-beam zl.. z6 /OM()

Data: end mid -mint in strip moment 12 m slab-mid-beam effect

0.2438
0.3573
0.5040
0.5040
0.5040
0.5040
0.5040
0.9184
0.9184
0.9184
0.9184
0.9184
1.0793
1.1969
1.5301
1.5301
1.9234
1.9234
1.9234
1.9234
2.3819
2.3819
2.3819
2.3819
2.5849
3.5165

y
0.2438

0.5040
0.9184
1.5301
2.3819

4.9764

z1 z2 z3 z4 z5 z6
10.2555
4.8616
9.0744
7.0495
5.6388
5.2894
3.8944
9.5555
7.7675
6.4345
5.9102
4.7408
11.3855
6.6827
8.1619
6.7987
11.4724
9.7424
6.3638
4.9952
9.7121
8.1685
6.9537
5.0557
11.4525

9.5488



3.5165
3.5165
3.5165
3.5165
3.9184
4.9764
4.9764
4.9764
4.9764
4.9764
4.9764

8.4010
6.8939
6.3506
5.0427
11.3523
11.2836
9.3550
8.1129
6.7692
6.1910

4.9240

Nonlinear Regression

Data Source: Data end mid -mint in strip moment 12 m slab-mid-beam effect

Equation: Paraboloid1l

0.9996

y0

Rsqr Adj Rsqr Standard Error of Estimate
0.9992 0.9991 0.2412
Coefficient Std. Error t P Std. Coeff. VIF
11.2414 1.0600 10.6047 <0.0001 15.8171 714.4059<

-0.4328 0.1008 -4.2938 0.0002 -0.432832  49.3945<

164



b 2.2697 0.1279 17.7425
c -0.2998 0.1906 -1.5726
d 4.5427 1.1061 4.1071
e -9.5496 0.3970 -24.0559
Analysis of Variance:
DF SS

Regression 6 2322.6299
Residual 31 1.8041
Total 37 2324.4340

Statistical Tests:

PRESS

2.5458

Durbin-Watson Statistic

Normality Test

K-S Statistic = 0.1390

Constant Variance Test

Power of performed test with alpha = 0.0500: 1.0000

Regression Diagnostics:

Row Predicted Residual

1 10.0997 0.1558 0.6456

Passed (P =0.4431)

Significance Level = 0.4431

Passed (P =0.2277)

Std. Res.

<0.0001 2.28273
0.1260 1.#INF
0.0003 1.#INF

<0.0001 1 #INF

MS
387.1050
0.0582
62.8225

0.6550 Failed

Stud. Res.

0.9563 0.9549

57.9150<

34.4796<

1010.1899<

175.6274<

Stud. Del. Res.
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13
17
25
31
32
35
40
50
53
58
65
69
74
80
87
92
99
104
109
113
115
122
127
134
136
140
145
153
163
170

11.0825
11.3180
11.3616
11.2783
11.1211
9.0488
9.4523
9.7975
9.8408
9.8120
9.6183
7.5123
7.9429
8.2257
8.3608
8.3406
8.1532
6.1220
6.5832
6.7536
6.8856
7.0342
7.0235
6.8432
4.6782
5.0003
5.4950
5.9208
5.9822
5.8097

0.3029
0.1544
0.0908
0.0740
0.1625
0.0256
0.1033
-0.0551
-0.1286
-0.2631
-0.2633
-0.4628
-0.1754
-0.0638
-0.1923
0.0605
-0.0403
-0.4833
-0.1487
-0.0709
-0.0870
-0.0805
-0.1295
-0.0740
0.1834
0.2890
0.4152
0.4431
0.3684
0.3812

1.2557
0.6400
0.3765
0.3066
0.6737
0.1060
0.4281
-0.2283
-0.5333
-1.0907
-1.0914
-1.9182
-0.7269
-0.2646
-0.7972
0.2506
-0.1671
-2.0033
-0.6165
-0.2937
-0.3604
-0.3338
-0.5369
-0.3068
0.7602
1.1981
1.7212
1.8366
1.5273
1.5804

1.3690
0.6963
0.4105
0.3379
0.7789
0.1157
0.4488
-0.2386
-0.5572
-1.1400
-1.1974
-2.0384<
-0.7539
-0.2748
-0.8279
0.2597
-0.1817
-2.1329<
-0.6421
-0.3067
-0.3776
-0.3497
-0.5610
-0.3379
0.9092
1.3006
1.7971
1.9360
1.6074
1.7652

1.3894
0.6904
0.4049
0.3330
0.7739
0.1139
0.4429
-0.2350
-0.5509
-1.1458
-1.2062
-2.1549<
-0.7485
-0.2706
-0.8236
0.2557
-0.1789
-2.2715<
-0.6359
-0.3021
-0.3723
-0.3447
-0.5547
-0.3330
0.9066
1.3158
1.8678
2.0313<
1.6515
1.8310

166



177
182
190
194
200
207

Influence Diagnostics:

Row
1

13
17
25
31
32
35
40
50
53
58
65
69
74
80
87
92
99
104
109

4.0340
4.6039
5.0961
5.1728
5.1962

5.0413

Cook's Dist Leverage

0.1819
0.0589
0.0149
0.0053
0.0041
0.0341
0.0004
0.0033
0.0009
0.0048
0.0200
0.0487
0.0895
0.0072
0.0010
0.0090
0.0008
0.0010
0.1013
0.0058

-0.1396

0.1369
-0.1009
-0.1171
-0.1535

-0.1172

0.5442
0.1587
0.1553
0.1590
0.1766
0.2520
0.1616
0.0901
0.0844
0.0842
0.0846
0.1692
0.1145
0.0703
0.0730
0.0727
0.0685
0.1546
0.1178
0.0783

-0.5786

0.5674
-0.4183
-0.4853
-0.6363

-0.4860

DFFITS

1.0433
0.6034
0.2960
0.1760
0.1542
0.4492
0.0500
0.1394
-0.0713
-0.1670
-0.3484
-0.5442
-0.7747
-0.2058
-0.0759
-0.2306
0.0694
-0.0765
-0.8301
-0.1853

-0.8085

0.6375
-0.4676
-0.5442
-0.7218

-0.6064

-0.8039

0.6313
-0.4616
-0.5379
-0.7161

-0.6001
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113
115
122
127
134
136
140
145
153
163
170
177
182
190
194
200
207

0.0014
0.0023
0.0020
0.0048
0.0041
0.0593
0.0503
0.0485
0.0695
0.0463
0.1286
0.1038
0.0178
0.0091
0.0127
0.0249

0.0341

95% Confidence:

Row

1
13
17
25
31
32
35
40
50

Predicted . Regr.

10.0997
11.0825
11.3180
11.3616
11.2783
11.1211

9.0488

9.4523

9.7975

0.0824
0.0888
0.0891
0.0840
0.1755
0.3009
0.1514
0.0827
0.1001
0.0971
0.1985
0.4879
0.2077
0.1996
0.2047
0.2227

0.3576

9.7368
10.8865
11.1241
11.1655
11.0715
10.8741

8.8511

9.3046

9.6545

5%

-0.0906
-0.1162
-0.1078
-0.1680
-0.1537
0.5947
0.5559
0.5607
0.6773
0.5417
0.9112
-0.7846
0.3232
-0.2305
-0.2729
-0.3833

-0.4477

Regr.

10.4627
11.2785
11.5118
11.5578
11.4851
11.3681

9.2466

9.6000

9.9404

95%

Pop. 5%
9.4884
10.5529
10.7891
10.8320
10.7446
10.5706
8.5186
8.9386

9.2851

Pop. 95%
10.7111
11.6121
11.8468
11.8913
11.8120
11.6716

9.5791
9.9660

10.3098
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53
58
65
69
74
80
87
92
99
104
109
113
115
122
127
134
136
140
145
153
163
170
177
182
190
194
200
207

9.8408
9.8120
9.6183
7.5123
7.9429
8.2257
8.3608
8.3406
8.1532
6.1220
6.5832
6.7536
6.8856
7.0342
7.0235
6.8432
4.6782
5.0003
5.4950
5.9208
5.9822
5.8097
4.0340
4.6039
5.0961
5.1728
5.1962
5.0413

9.6980
9.6688
9.4159
7.3458
7.8124
8.0928
8.2282
8.2118
7.9597
5.9532
6.4455
6.6123
6.7390
6.8873
6.8809
6.6371
4.4084
4.8089
5.3536
5.7651
5.8288
5.5905
3.6903
4.3797
4.8763
4.9501
4.9640

4.7471

9.9835
9.9551
9.8206
7.6787
8.0733
8.3586
8.4935
8.4694
8.3467
6.2909
6.7208
6.8949
7.0322
7.1810
7.1661
7.0493
4.9481
5.1918
5.6365
6.0764
6.1355
6.0289
4.3776
4.8281
5.3159
5.3954
5.4284
5.3355

9.3285
9.2995
9.0863
6.9929
7.4339
7.7160
7.8513
7.8320
7.6245
5.6019
6.0723
6.2417
6.3722
6.5207
6.5112
6.3098
4.1171
4.4724
4.9831
5.4047
5.4668
5.2711
3.4338
4.0632
4.5572
4.6327
4.6522
4.4680

10.3531
10.3244
10.1503
8.0317
8.4519
8.7353
8.8704
8.8492
8.6819
6.6422
7.0941
7.2655
7.3990
7.5476
7.5357
7.3767
5.2394
5.5283
6.0069
6.4368
6.4975
6.3483
4.6341
5.1446
5.6350
5.7128
5.7403
5.6145
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Fit Equation Description:

[Variables]

x={col(1,1,size(col(3))),col(1,1,size(col(4))),col(1,1,size(col(5))),col(1,1,size(col(6))),col(1,1,size

(col(7))),col(1,1,size(col(8)))}

y={data(col(2,1,1),col(2,1,1),size(col(3))),data(col(2,2,2),co0l(2,2,2),size(col(4))),data(col(2,3,3),c
0l(2,3,3),size(col(5))),data(col(2,4,4),col(2,4,4),size(col(6))),data(col(2,5,5),col(2,5,5),size(col(7))

),data(col(2,6,6),col(2,6,6),size(col(8)))}

z = {col(3),col(4),col(5),col(6),col(7),col(8)}

reciprocal z = 1/abs(z)

reciprocal zsquare = 1/z2

'Automatic Initial Parameter Estimates
F(q,r)=ape(q,r,2,0,1)

[Parameters]

y0 =F(x,2)[1] "Auto {{previous: 11.2414}}
a=F(x,z)[2] "Auto {{previous: -0.432832} }
b =F(y,z)[2] "Auto { {previous: 2.26969} }

¢ = F(y,2)[3] "Auto {{previous: -0.299807} }
d =F(x,2)[3] "Auto {{previous: 4.54269}}

e = F(y,z)[3] "Auto {{previous: -9.54957}}
'e = F(y,z)[3] "Auto {{previous: -1.84494} }
[Equation]
f=y0+a*x+b*y+e*(y/x)N.5+d*x . 2+e*yA.5
fitftoz

"fit f to z with weight reciprocal z

"fit f to z with weight reciprocal zsquare

[Constraints]
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[Options]

tolerance=1e-10

stepsize=1

iterations=200

Number of Iterations Performed = 13

Plot of regression results on data
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ABSTRACT : This paper presents the testing results and analytical results of segmental precast slabs,
formed by four panels of segmental precast units with band beams and connected together with loop
Jjoints. Three sets of the single span of 320053200 mm slabs were tested. They were simply supported
at each corner by steel columns of size 200200 mm and were tested under uniformly distributed load
steps by means of sand bags. The slabs were also analyzed by using the nonlinear finite element
method with assuming nonlinear material properties. From the experiments, it was found that the slabs
have a lincar behavior up to 40% of its ultimate load. After cracks occurred. the slabs behave
nonlincarly and yielding of the main steel reinforcement occurred at the load about 65% of its ultimate
load at deflections about 10 mm. Also, all slabs have very high ductility at their failure with the
ductility factor about 6 and the mode of failure can be considered as a progressive failure. Comparing
the analytical results with the experimental results, it can be concluded that the segmental precast slabs
can be built as strong as the conventional slabs to sustain service loads for the ranges of 3.0 to 4.0
KN/m® . providing that the loop joints comnect the precast units perfectly. Increasing the friction

between the precast units and concrete joints can inercasc the load sustaining capacity of the slabs.

KEYWORDS : nonlinear, precast, slabs, full depth. finite element.

1. INTRODUCTION

Conventional precast slabs are widely used in building construction due to better quality control in
manufacturing and fast installation on site. Most of these slabs arc partially pre-cast which concrete
topping is required. Moreover, these precast slabs are one-way slabs requiring beam supports at each
slab end. Today, precast slabs are made in various section shapes such-as solid planks, hollow cores,
and double-T. Full depth precast glabs are mostly used as bridge decks to accelerate installation [1,2]
and are used as concrete pavement to reduce construction time for repairing of concrete highway [3].
To form a large panel. the full depth precast slabs are connected together with loop joints which are
widely used connections for this slab type. The effectiveness of the joint was studied under static and
fatigue loading by using concrete beams [4.5] and it was found that the beam with the joint yields
strength and stiffness similar to those of the ordinary beam without joints provided that the joint width

1




was sufficient for development length of the reinforcement. The joints were also tested under tension
[6] and it was found that the failure of the joint influenced by various parameters such as the
overlapping length. the spacing of the loops and the amount of the transverse reinforcement. These
studies implemented in pavement and bridge decks which require short time construction avoiding
traffic interference. Comparing with the two-way slabs with the same design variables, the
effectiveness of these slabs is lower due to the one-way distribution of the internal shear and moment
in the slab. Therefore, to improve the effectiveness of the slabs, they should be segmentally and fully
precast as two-way slabs with band beams. Also. to accelerate the construction, the slabs should be
without topping. For installation, each slab is connected together with loop joints and supported
directly by columns. The installed slabs are, hence, similar to flat slabs or slabs with band beams and
in general this can be used as building floors. This paper presents the testing results and analytical
results of segmental precast slabs, formed by four pancls of full depth precast units with band beams
connected together with loop joints. The slabs were simply supported and tested under uniformly

distributed load by means of sand bags.

2. EXPERIMENTAL WORK
2.1 Details of segmental precast slabs

Three sets of precast units were cast and each unit consisted of a slab portion and partial beam
portions. Thickness of slab portions were 80 mm, 100 mm and 100 mm for the first set, the second set
and the third set respectively. Based on standard concrete design theory. the slab was reinforced with
two layers of rebars with diameter ‘of 6 mm. Rectangular loops protruded alternately from this
reinforcement as shown in figure 1.The horizontal length of cach loop was based on the development
length in according to the ACI code which is 130 mm length for the bar of diameter 6 mm in concrete
strength of 30 MPa. Beam portions were reinforced with two rebars with diameter of 9 mm at top and
bottom layers and tie with the stirrup with diameter of 6 mm  at spacing of 150 mm. Dimensions and
reinforcement of each precast unit are shown in figure 2 and table 1. The single span slab was formed
by four single units connected at mid-span as shown in figure 3. These connection strips were poured

with in-situ concrete. Reinforcement details and dimensions are shown in table Land figure 4.
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Figure 2. Dimensions and reinforcement of a precast umnit

Table 1. Precast unit dimensions and reinforcement

sel Precastunit dimensions(mmm) Reinforcement

A B C [D[E [ F LG H | I | I |Ktop/Bottom) L M

1 1475 1475 | 200 | 200 | 100 | 100 | 80 | 180 | 240 | 250 | TRB6@195" RB6@150 | 4RBY

2 1500 1500 | 200 | 200 | 100 | 100 | 100 | 160 | 290 | 200 TRB6@2007 RB6@150 | 4RBY

3 | 1450 | 1450 [ 200 | 200 | 100 [ 100 | 100 | 200 | 290 | 300 | TRB6@2307 RB6@150 | 4RBS




Figure 3 Loop joint connection
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Figure 4 Dimensions and reinforcement of a single span slab

2.2 Material properties

Conerete of all precast units was ready-mixed concrete with design strength of 30 MPa. Five
conerete samples were cast and cured in water for each concrete batch and curing time was at least 28
days. The conerete for poured strip was cast in-situ with conerete having design strength of 35 MPa.
All samples were tested in according with ASTM C39. The averaged compressive strength are shown
in table 2. The reinforcement used is round bars with tensile yield strength of 24 MPa. Five samples
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of each bar size were tested in according with ASTM A37(). The averaged tensile strength of cach bar

size 18 shown in table 2

Table 2 Material propertics

Cylinder f. Rebars
(MPa) (MPa)
Precast | Poured RB6 RBY
unit strip fy fa fy [
37 40 270 347 297 410

2.3 Test set-up

The slab was simply supported at each comer by the stiff steel column of size 200x200 mm

forming the single span of 3000x3000 mm center to center of columns, Deflections were measured at

the center of each precast unit and at mid-span using Kyowa DT-A100 LVDT. Elongation in bottom

reinforcement of the mid-span beam was measured by using strain gauges attached to the steel bars at

mid-span position. The deflection data and strain data was automatically collected by Yokokawa

DA100 data logger. Between the contacted susfaces of the slab and the column sections were filled

with white cement mortar for the purpose of leveling. All surfaces of the slab were painted with the

mixture of white cement and water to facilitate detection of concrete cracking, Sand bags were used to

apply uniformly distributed load to the slab. The overall set-up is shown in figure 5.

(E]

S bagg

(h)

Figure 5 (a) Schematic diagrams of general set-up (b) Testing of the slab




2.4 Testing

The surface area of the slab was divided into grid of 3x3 which each grid covers area of 1.0 m®.
Total area of the slab surface was 9.0 m’. Then the slab was loaded step by step using sand bags
uniformly distributed over each grid area. Each load step was about 300 N/m? as shown in figure 6. A
preload of approximately 900 N/m* was applied to seat the testing slab before the beginning of each
test. At each load step, the total weight and the deflections and also stains were recorded after load
sustaining for about 3 minutes and the slab was observed thoroughly for concrete cracking. Then the
next load step was begun. The slab was loaded to the point where the deflections increased

dramatically with little or no increase in load or severe cracks occurred.

3. TEST RESULTS
3.1 Load-deflection curves

Figure 7 shows the uniformly distributed load wersus mid-span deflection curves of all slab sets. It
was found that the slab has a linear behavior up to 2.5 kN/m® After cracks occurred, the slab behaves
nonlinearly and vielding of the main steel reinforcement occurred at the load about 4.0 KN/m’ with the
center mid-span deflection of the slab of about 12 mm which is equivalent to the span-to-deflection
ratio of about 250. After yielding, the slab stiffness reduced progressively with the increasing of the
load , causing a significant increase of the mid-span deflections for each load step. Maximum load of
slab set 1 was about 6.0 kN/m’ with the maximum mid-span deflection of about 43 mm. The
maximum load of slab set 2 and slab set 3 were virtually the same for about 6.30 kN/m’. The ratio of
the maximum displacement to that at yielding is larger than 4. Load-strain curves in figure 8 show that
incremental loads virtually linearly increases strain in steel bars until yielding at strain about 1200 pe
in set 1 and set 2 which applied load were about 4.0 kN/m” in consistent with load-deflection curves.

Figure 6 Uniformly distributed load
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Figure 7 Load-mid span deflection curves of all slabs
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Figure 8 Load-strain curves in bottom bars of beams at central mid-span

3.2 Concrete cracking and deformation

In this study. the surfaces of the precast concrete in contact with the poured concrete were smooth
surfaces which is 1o simulate the worst case of connection between the new and old concrete. Figure
9a) and figure 9(b) show examples of the eracks occurred at the joint.in the vicinities of the interfaces
of the precast unit and the poured concrete at the mid-span at various load steps near the end of the
test. It is noted that reinforcement at the sections of these interfaces was less than that in slab portions
or that in the sections between the interface surfaces. causing the interface section to be the weakest
sections in the slab system. Hence, the concrete cracking is easily occurred along the interface lines.

These cracks also shows that there was significant tensile force in the transverse direction of the




beams. Conversely, the interfaces can be reinforced so that the section capacity are equal to or even
stronger than that of the slab potions or the beam sections. These cracks were occurred throughout the
slab width. At the center of the mid-span of the slab, the complex cracks were observed as shown in
figure 10. In addition. there were no cracks found in other parts of the slab. The maximum deflection

at mid span of set 3 was about 63 mm which is equivalent to the span-to-deflection ratio of about 50,

causing the slab end at each column to be tilted upward as shown in figure 11. This indicates that the

slab has very high ductility at the failure.

(b)

Figure 10 Concret&tmclﬁhgaﬁnﬁdéqgmr




Figure 11 Slab comer tilted upward at failure

4. ANALYTICAL WORK

4.1 Introduction

In the study of slab behavior under various conditions such as geometry, loading, composite
action etc. experimental works can direetly reveal the behavior of the slab. However, since
the experimental works are expensive and give only some parameters that influence on slab
behavior, numerical simulations of slab behaviors are then necessary. In the past few years, a
number of researchers have used the finite element analysis that includes the bond slip, dowel
action and tension stiffening to analyze this kind of problems [7]. Tt was found that the finite
element vields results that are fairly in good agreement with experimental results. Also, a
three-dimensional finite element model was used to simulate bridge deck behavior in
Virginia, USA using ABACUS, The accuracy of the model was verified with hand
calculation and the validated model was used to evaluate the Route 621 Bridge over the
Willis River [8]. The material model in nonlinear analysis plays an important role for
accuracy of prediction. An elastic stran hardening plastic stress-strain relationship with a
nonassociated flow rule was used to model concrete in compression and an elastic brittle
fracture was assumed for congrete in tension, The steel was modeled by idealized bilinear
curves identical in tension ‘and compression. The models yiclded good agreement with
experimental data[9]. A nonlinear finite element code was formulated to take into account the
high strength concrete of slabs which were modeled with 20-node isoparametric brick
element. The material model for cracked concrete was incorporated in the analysis and

analysis results were in good agreement with test data [10].




In this study, the segmental precast slabs have some features that are different from the
conventional slabs such that portions of slabs were precast and connected together in
installation. This creates connection lmes where new and old concrete to be in contact.
Moreover, transferring of load across the connection by means of loop bars or splice bars
together with in-situ concrete are distinct characteristics of this slab system. Hence. the finite
element model for this slab system should account for all features of the slabs. The ANSYS
[13] has features that can be used to model this slab system. In this modeling, the concrete of
the slab and beams were modeled by the SOLID6S element which is a 8-node brick element
without reinforcing bars having three degree of freedom at each node; translation in x , y and
z directions. This element can be simulated cracking. erushing and plastic deformation of
conerete. All support columns are assumed in linear elastic behavior and modeled with the
SOLID45 element which is also a 8-node brick element similar to the SOLID65. All
reinforcement was discretely modeled by the LINK8 element which is a spa element having
two nodes and three degree of freedoms at each node: translation in x . y and z directions. The
element can be simulated—plasticity, large deformation and stress stiffening of the
reinforcement. Geometry of SOLID65, SOLID45 and LINKS is shown in figure 12. Interface
surfaces between new and old conerete of the precast unit and the in-situ conerete in
connection lines were modeled by contact pair elements TARGE170 and CONTA174  these
element pairs can simulate sliding, and separation of the contact surfaces. Also at all support columns
at each corner of the slab where column sections contacts to the bottom of the slab, the contact was

also modeled by this contact pair.

(a) Solid63 (b) Solid45

(c) Link8
Figure 12 Finite elements in ANSYS
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4.2 Meshes of finite elements

The slab was discretized into thin layers along the thickness and uniform sizes throughout the slab
volume. Also the integrated beams and the support columns were discretized in the same manner. The
reinforcement was discretely modeled by assuming that perfect bond occurs between the concrete and
the reinforcement. Hence the Link8 elements were connected to the SOLIDGS elements  at each node
at bar level in concrete. The results of discretization of concrete and reinforcement are shown in figure

12 and figure 13, respectively.

Comact pair zlong the inerface .
Concrete element

Contact element between -
column and slab Elerent of steel columns

Figurel2 Meshes of concrete and steel columns

Coacrete clement

5
S ». .
S S
”§§§§§ e
= S
=
=
>
Element of beam reinforcement

Elernent of €lub reinforcement

Figure 13 Meshes of conerete and steel bars

4.3 Material models
4.3.1 Material model of concrete

There are various conerete models available in literatures but the expression of Mackawa and

Okamura [11] as shown in the equation 1 is adopted as a nonlinear material model of concrete. Since it
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matches with concrete characteristics in this study. This expression associated with the averaged
compressive strength of the slab vields the stress-strain curves as shown in figure 14.

o=KE (e- ap) (1)
K = e Br(l-e 2% (2)
2071
E,= E—f 3)
paai
Fl 5
20 ..
6, =8, x-—(1-e )J (4)
% !
e AR (5)
Epeak
where
g = strain
K, = fracture parameter represents the damage of concrete
E, = initial stiffness of concrete, MPa
£ = plastic strain corresponds the total strain
Bt = peak strain of conerete under compression
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Figure 14 Typical stress-strain curve of slab concrete

4.3.2 Material model of steel
From the testing results of the steel, it was found that their behaviors are in accordance with

Okamura’s model [12] as shown in the equation 6. The stress is linearly elastic up to yielding point
12




and after a certain yielding plateau, its behavior starts to be strain hardening in an exponential form.
The 9 mm rebar yields the stress-strain curve as shown in figure 5. According to the experimental

design, the steel columns behave linearly under the applied load.

o=f,+{1-e 014 - 1) ie>8, (6)
4000 e
k= 0,047[ ] (7
F
E, = modulus of elasticity, MPa
5= tensile yield strength, MPa
o= ultimate tensile strength, MPa
g = deel strain

= tensile yield strain

= maximum tensile strain before strain hardening

Stress (MPa)

0 0.2 04 0.6 0.8

Strain(mm mm)

Flgwre 15 Typical stress-strain curves of RB9 steel bar

4.3.3 Contact pair
For cach contact pair, the material with higher strength was assumed to be the target surface
while that with lower strength was assumed to be the contact surface. There are various contact types

13




in ANSYS and, for this study. the interfaces between the precast units and the joint concrete could
slide and scparate under loading since the comtact surface is smooth with low bonding. Hence the
normal type of contact was emploved. The friction between the contact surfaces could play an
important role in the slab performance under loading. So In this study, ranges of friction cocfficient
(1) used is between 0.1- 0.3 lower than 0.6 which is in the provision of the ACT code.

4.3.4 Analytical and experimental results

All of the material data and loading. including the finitc meshes. were input to the program.
Single load step with the smallest load step size of 0.001 and the maximum load siep size of 0.1 were
set for the nonlincarity, Convergence of the nonlincarity was controlled by using displacement L2
norm with the tolerance of 0.001. The analytical results and the experimental resulis are shown in
figure 16, figure 17 and figure 18 for slab set 1. slab set 2 and slab set 3 respectively. These results
show that the experimental results and the analytical results were in good agreement in the initial
loading up to about 25 kN/m” when the slab had the lincar behavior. The analytical results associated
with the friction cocfficient of 0.1 between the contact surfaces show in good agreement with
experimental results after yielding. It implies that low bonding occurred in the interface between the
old and new concrete. It also should be noted that cracking of concrete was not included in the
analysis due to severely cracks occurred in bottom paris of concrete causing numerical problem
resulting in un-convergence of the model. So results from the analysis based on nonlinearity of the
material only. In the model. it is assumed that all parts of the slabs were perfectly bonded and without
cracking of concrete so it is stiffer than the speeimen that cracks can occur causing the discrepancy
between the analytical results and the experimental results after concrete cracking before yielding.
However, this discrepancy is small ‘The yielding load and the ultimate load from analytical results are
in good agreement with the experimental results as shown in figure 16 to figure 19 . Both of the

analytical results and experimental results show high ductility of greater than 5.

\prlied Lo (KN/m?)

o 10 0 0 40 0 60

Mk span deflection (mm)
Figure 16 Analytical and experimental results of slab set 1
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Figure 17 Analytical and experimental results of slab set 2

Anatytical L

Applied LosdiN

M-t loctiond

Figure 18 Analytical and experimental results of slab set 3

5. CONCLUSION

From the study. it can be concluded that

1) The slab had a linear behavior up to 40% of its ultimate load. After cracks occurred, the slab
behaved sionhnearly and vielding of the main steel reinforcement occurred at thedoad about 65% of its
ultimate loaddwithithe span-to-center mid-span deflection ratio of about 250, Also, the slab has very
high ductility at the failure;

2) Low conerete bonding ocewrred Between the mterface of new and old concrete resulting on low
stiffness of the slab and leading to lower slab capacity.

3) The finite element models used in this study give the predicted results that in good agreement with

those from the experiments providing that low bonding is assumed at the interface between the new
and old conerete.




4) Comparing the analytical results with the experimental results implies that the full depth precast
slab could be built as strong as the conventional slabs to sustain service loads for the ranges of 3.0-4.0
KN/m® provided that loop joints are used to connect the precast units. Increasing friction between the
precast units and the joint concrete could increase load sustaining capacity of the slab. The slabs

performed in ductile manner with ductility factor greater than 5.
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