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A Shear Bond Characteristics of Composite Slab
with Closed-Shape Deckplate
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ABSTRACT : Composite slab with deckplate needs sufficient bond strength
between deckplate and concrete to conduct composite behavior. Composite
slab can transfer the shear by either chemical adhesion, interface interlock,
or active friction. There are several way of mechanical shear connection in
composite slab, that is embossments, shear connector, shape of deckplate etc.
Effect of mechanical interaction is depend on shape of deckplate which is to
prevent peeling between deckplate and concrete and an amount of shear
connector. The behavior and strength of the connection between the decking
and the concrete slab due to embossments and end anchorage may be
estimated using the push-off tests described in this paper. We proposed the
equation of shear bond strength in the composite slab. It will be use to
design by basic data in composite slab.
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KEYWORDS : Composite Slab, Shear Bond Strength, Closed-shape Deckplate,
Mechanical Interaction, Push-off Test.
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1.M 8

HAZHolEE o] &8 FsdEdA EZ2e
E9 HAZHEDY FAAIELEELE FEd] 4
e olE F ABAtele] REAFYHo] HEE
of gtd. FAHE 2 FAEHA ZHo]ik
Aay A8 e fdzdy ¢ ARG ¥ FE
slo] ¢ ThFSAl AHEE T QT E o]ES]
22 (Dowel action)dl] ©ig #A7VEL S8
Hog o] HFisich 2222 HojzddHE
23 & o ZAHA AR
Fret dAe A Ao oA AA st of
3t gty oz YaZyolEe RNz &
AgEs} HAEH|ES] 384 FA¥(Chemical
Adhesion), vF&A (Friction), 71A& 4&zt
4 (Interface Interlock Action)ol €& =A%t
o E A daRge ade A5 HFHR
SR E 74 & 5 gl dAe I Ho
2E] dxo] e GRAFF R met IA
gtk a23eg, B d7dMe HHE d=a
ZYolEd Wt 7IAAR ALFXA ARAYFH
AojzadEHE AHEHE AHE BEJ g dd
BAARel RAAH}E Push-off 4PE 3l
FEsis o dolrl &S Axe AFE
oA Z37] §Ig FHo R o|&stnAl 3t

2. Push-off A#

2.1 AEA A=

Fasyre] AGRAPgze Mg & TS
& QR HAZHCE dREY, R
Azl 2 %, d29e 9 AERFE
. dgo] AMEE dHIZZYolEs
HyHel Jazty dag i, ﬂlir—":aﬂﬂg-—‘i]
AA Eole 55mmel™ 3t Z:;A| A 25mm ¥
25mm =712 FEA°] 50mmItH R WFztE
o] gk, AFA HAaZolEY Y4 € AFE
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ag 13 2o AgdAe & 60ecm, Zeo] 60cm
3l G AEHIE FFo gfolo| HHE MR stn
A7)l Z60cm, ZA°l 40cm? ZIAEE
ik EFAYEE HUEARY] 25mmel3},
£dZ 15cmel AAZIEAE 210kg/cm®e]
&8 At APAE AE37](Full scale)
2 AFHReH, T A9 FdEWHEE H-200
X200x5.5x8 @7e] ¥FHd 1HEER 1
At AzstAh. dl@ZdE s 41903 ZHo)
7} 80mm¢l ~EE BEZ o]&39r} AHE=
EEE 439 #I4E nysld 2F AHE

E 1. Push-off Al A2E

vz | FAYE| JEA

dx| A9AR | w4 | wA 24 |
(mm){ (mm) | (mm)
1 | P12B-N 50
2 | P12D-N 100 7
3 | P12N-N
1.2 | 120 oo
4 | P12N-19 2 | 419(19)
5 | P12N-19D 419(29)
6 | P12B-19 50 | ¢19(1€)
7 | P16B-N 50
8 | P16D-N 100 7
9 | PI6N-N
1.6 | 120 o
10 | P16N-19 T | ¢19(1€)
11 | PI6N-19D $19(29)
12 | P16B-19 50 | #19(1€)

P12B-N : Deck plate thickness

(1.2mm, 1.6mm)
P12B-N : Embossment’s space

(Basic-50mm, Double-100mm, None)
P12B-N : Stud bolt

(None. 19-Single, 19D-Double)
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A(Stud gun)22 A% &334

Push-off 489 ¥Wse g7 2t}

O HAZdEY 54 : 1.2mm, 1.6mm
@ drAe 24 : g%, 50mm, 100mm
@ WH JETEE AR

. 419(149-271), 419(2¥€-470)
2.2 AUy

ANgael 718 Push-off WHo 2 A@A 9
FZ HUH GRIe BTy L MX)sn
% HIZL FdFd 440mm IAE B3E
ol g3t JEZ FoldHozM FALeH
Zad e dAEYolE Alojd| Hojwd Adt
gol 7 A =& AX) At

T e FERHAAWFoZ WS ¥A|F}
71 Y5t FEsgHo] nFH=9 ARG o]&
gte] BEEZ ofstA] nPAA @A Aol
& AdkEE F337] Sstd ARA FF &
B Ao 100mm LVDTE Ztzt 2708 471 4
Aty 2, AR 1 #Zz). AIFEAY e
100tond H5AIE71(U.T.M.) & o] &3t
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3.1 Mz M ot
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@ el
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22 2. Push-off oY SHAXRTAX| A 7[3e%
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3.1.1 E23E9 4FAx A%

U&7 NP8 FAAe KSF 2404 uwie}
100x2009] 943¥ FAAZ F 379 AlgA
g Azse AP, F& FAY HAAFE
25mm, €¥ZE 15cmQl #H9EE& A8,
E 20 3B g ABAEEAHE Jehiit

3.1.2 d2BYolEe] APAE 4

AYPA Ao ALEH A 7AY 4B E 5
otal7] 18kl KSB 08019 F&AR 914 A%
H el wet Ag3dch # 3o daF o]
ELAd g AEAdEEHE el

~ Wise Mesh —  Stud bokt
Steel Plae -15¢  (9/6-100x100) @151

FIOTM20- -~

(BEZ) g -mme
(#22-HOLE)
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b CE)

(BHT) Steel Plate - 15t

| 7,
| /
' <7 /

T H200x200x5 5x8
= FH-HOLE

FI0TM20-~—-

% 3. Push-off AIEA

B2 23E9 AHYT 4H Y

AALEDE | 289 4&4= | Hd EAAY]| EY=
(kgf/cu) (kgf/cul) (mm) (cm)
210 205 25 16
559



2 3. 63 EH0|EQ MEAY dot

J2 | oy
A | 2w | BFOE ) aus | 4s
(tf/cut) | (tf/ca) | (X107 | (tf/c)

A

(%)

7 ¥
(57

1.2mm| 2.625 { 3.216 | 0.816 | 2830 | 2000 | 33.6

1.6mm| 2.730 | 3.270 | 0.834 | 2814 (2000] 33.9

[

]
bl o L

ARl 1. Push-off AlH| Jf2iatat

AT 2. A ¥ Ba2|e FRAR(PI2N-19)

AREL 3. A & cl=wd wddd
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3.2 AEA 4 #0t

Push-off A|@Ae A¥A3xs= ¥ 49 #o
AlEA e B gge diFEe] EFAEY Ha
EHo|E Alole] AG#z ehgoh(ARR 33
Z). 4EAY Ao WML AFA NN 27&
A9 &S dAZ v Hoz Jeigoy
JrAe] A wE ARBAE JEA 4k
o 2u FHiglE 2 dRAde HFo] F&
5 F7hete AR YegtHad 4~53%).
T 19 4, 594 Jebd AXNE dRA] gle
P12N-N, P16N-N A8Me 22 &£yIdA
Hogtzd =23da AR de AEA
Hnd o Jooz e oA A=A
a2 A0l 50mm A g FzEol e
AEA e QR4 Agoz £ F7id i
o] 4% 339 A glo] WEE fAsst
A A8 o) E Aok

HAoldEIZt AXE A @A AME Holzdd

E 4. Push-off A|YA Y nt®E

HE| AFAAY | Pini | Prax | Somax| Sun | SHAFR
1 [P12B-N 2.23133.64(2.73(11.563| Ay
2 |P12D-N 3.38131.27/0.611 11.7 | A&y
3 |P12N-N 3.58125.73|0.46 | 1.54 | Ay

sy
4 {P12N-19 [4.08]30.7|1.63| 2.30 [STUD®H
7 3
gadlE
5 |P12N-19D (6.60(41.74| 1.31| 1.86 sl 3

7 |P16B-N [3.01(42.82(4.49|11.29| xdstz)
P16D-N 3.02|35.91|4.30 | 4.30 | A<
9 |PI6N-N |2.88(33.26| 1.29| 4.45 | A&y

Akt

10 |P16N-19 [5.00(42.98|2.91| 3.46 |STUD%#
353

] gagE

11 |P16N-19D(7.16(44.59| 1.65| 3.41 sl )

Pin : H2ZH0|ES ZIUE FHYH Alo]
2719 T BF(ton)

Pmax -+ -ZI"]EH ﬂ%(ton)

Somax © AW 8HFA] &8 (mm)

Su  FFAA £¥ (mm)

RUT xS =27



n >

Va(kg/cm’)

>

[ 1 2 3 4 5 6 7 8 9 10 1 12
Slip(mm)

O3 4. VHSHT-SFN(1.2mm, R 721 @)

LS

v

~PIGBN
1 ; : ‘ .| —P1spN

; i ~—PI6N-N
0 i i i i 1 " 1
¢ 1 2 3 4 5 & 7 8 9 10 1 12
Slip(mm)

Vu(kg/cm?)
w

&

I8 5. MESHT-g#BIFM(1.6mm, WEA Z2H i)

N'E‘ﬁ
2
5
>
4
3 —
2 e
~ P1ZN-19D
1 ~PIIN-19
—PIIN-N_|
0 i
0 ] 2 3 4 s
Slip(mm)
38 6. MEgYE-eYRM
(1.2mm, Ho{z4YE F - F )
“ga
&
>
4

“ PI&N-19D
i ~"PI16N-19
1 “~P16N-N

X

0 1 2 3 4 5
Ship(mm)

a8 7 AdSYHI-sERy
(1.6mm, Ho{RYE 7 - 2 sig)

H 133 5% 2001 108

A 920 ZAYE Fho| LAY, &
P12N-19D ¥ P16N-19D9! AldAls Hol=
dee] 4238 (Dowel action)o & 13l =
A ES w7} LASHI ol Ustd Huy
Weo] AFHAURAR 2, 2 6~772). =
E AIgACA 271&Yo] B F &5 A%
7kt ol Yo maslgoeny dBAe] gl
£ P12N-N, P16N-N AlgA& Asln &
ol A FBldE o] fAHe dMASS
[Ba=38 e =

P12B-19 ¥ P16B-19A18 A= Hla28H 529
o2 veht A¥AFAZ M st

4. 1 &

Mt

4.1 dojge Mo MY oiidE

FsdBAA Holad Ade wrFe
Hageo|lesl FazEAe]l 38H8 K2t Vien
o TR REHIE Vi B TEHA 9l
Y Vol i ddeo] He g & Qi)

4.1.1 3g3 723 (Chemical Adhesion)

HAaEgolES T EAtel 3157 Ay
Veneme ¥ lkg/cm* 3= 2EE 7M1 9o
H dagdelBe EaslEY HEW AR A
A, BehA Ralg e Zazled gazy
olEQ] &ylo] WA sIAna}t A Hr)

4.1.2 3% 2EY Z&(Interface Interlock
Action)

FAHAZYolEE HAZHo|EY oJRA o]
FZEo] Uz wE ZIAEE JEA Rk
uel g3o] A7A goh 3o e Ho|uer
EHe HIAFYolEY FA|EAlole 8-
gk o oElA Mqaso] el

228 283 3t flue] 5 T4 9
A M=ol A= 17 89 mdy HE &Y
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(b) 7Hek | FollAfe| MR HIFR{E

03 8. HI3E0|E il FEN FLHED
o] WA % Ame fBHEW M=
g5l A%e Yed. o $EHY FEE
AzRe] s G wesh] BB},
Yoz oAe $EA9 uvhad sl 9ol
2250 A Aolnt. dE W, Adelzay
AR HaE ug Fe pEEe walen, of
PR ol% H2st 2aEs -*ﬂra:a
AL welg. a8v, $A7 FAL
277} A1 Ao FL WA Y4B as
o) GEAZYHI0 AND E £UL HAA)
7 S8 Be Wawe Belzh avEel Ae
ol % W %o AT e ZrHED),

4 Ho

L!

o> WO o
o rfr re

A ¢l vz (Active Friction)

4.1.3 il
I3k dase w3 dadHe] BHEYPAEY
|

dola A
3 @7 wASE SEA phREe) el A
g9, 554 SFAABAY Ve BHolA
o %A FAe] Agoz AW 73
owsh 22 ES BA Wol B HEAS L
o ez et

p—%
[+
13
B
.

4.2 Moty MezidFol cheh D3
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v seuolA Aold Ay vrhy
& HIAZHCIES FIAEA|Y 38F F
2 Vonen ™ 329 REHZE Vi EE 5F
A whEY Vinedl oA chgd 2ol vehd

+ Aot

Vehear = Vehem + Vieck + Viric

o5 Azsl AdAUB GE F%E W
HE AREd ogd g
¥ 5. Push-off A&l Mot 83 Z0tE
. Pini | Pmax Vini /
&) &) -
Al G A (ton) | (ton) Vini Vmax Venax Vlock

P12B-N | 2.23|33.64/0.25( 3.82 |0.07|3.57
P12D-N | 3.38(31.27{0.38( 3.55 {0.11|3.17
PI2N-N | 3.58{25.73{0.41| 2.92 |0.14|2.51
P12N-19 | 4.08 |30.70{0.46( 3.49 | 0.13|3.03
PI2N-19D| 6.60 |41.74{0.75| 4.74 | 0.163.99
P16B-N | 3.01 |42.82{0.34]| 4.87 | 0.07 |4.53
P16D-N | 3.02(35.91|0.34] 4.08 |0.08|3.74
P16N-N | 2.88(33.26{0.33| 3.78 {0.09|3.45
10| P16N-19 | 5.00 |42.98|0.57| 4.88 |0.12]4.31
111P16N-19D} 7.16 |44.59|0.81| 5.07 | 0.16|4.26

P - 7\7]}\%}‘] °}“6‘ ton)

Pmax @ HWh 8+ (ton)

Vi 1 27169 $AA A32 % (kg/em®)
= g8A 234 (kg/cm”)

Vmex ATl AELHE T (keg/cm®)

Vi © AT 22 AEEZ(keg/cm?)

(Vmax— Vini)

lw|tjoislw|o|— ]| rE

4.2.1 3134 Fa8 4P (Chemical Adhesion)
Zazleg HaZdolEe 384 Fage 2
NEYA ZAEE HIAEZYEY HEUHLE
ol etk AolZYE s AXHA oY
3 2E AFA A S5-Ed I T
o <k FEIEA Jelldct. 28 9eA et
o] dgdde g8 B&H vegenms 1.2mm
=9 HojzAE sl AXEA o Al A
e 0.25~0.41kg/cm®, Fol@EIZL A€
A@ANME 0.39~0.75kg/em”® & YERTH

HRURES =2



PI2B-N/ P12D-N/ PI2N-N/ PIZN-19/ PI2N-19D/ PI12B-19/
PL6B-N PL16D-N PI6N-N Pi6N-19 PI6N-15D PI6B-19
SPECIMENS

].Fél 9. §|’§ta ggt%ai(vmem)

T 1.6mm FA9 #Holzdert Ha A ol
& AlPAoME 0.33~0.34kg/cm’E  BHl@A
Zdsl e HolmdEest 4AE AY
A E 0.54~0.81kg/cm® & et =3
AclzUE7} A28 AGAIME 184 e
*Féiﬂoil Hgte] slehy RA7wr ZA Jelt
= ole fojzvEe FRALoRT 2U|EHY
£ oz FAx &3 Ay dado}. ® 3}
A Bagwe] A7) ARAGYES] 7% ~16%
FE2 Jehdon, AgAle) P ety 2
Jdre o33 2o

Vehem = 0.34kg/cm’ ($]o)29E]7} gl AJEA)
Venem = 0.58kg/cm® (H2E7} 9lE A1&A)

4.2.2 43%E8d AL (Interface Interlock
Action)

Fded B AN ZAES tlaEYelEL]
Azl e F2 s 2EY 8o osir A
gHY. 2822 Ve §AsUE 4dAA A
4 o8 A FHFEojof itk 12EE %4
Aed AdAe 45 2EY g 2 g
Ve THEE 2T

2 v
(987 744 gl%, 50mm, 100mm)
AlgAle] AMSE dRAY ZAVlE 25mmX
25mm? Zold SmmAEER 8750 Sz,

133 5% 20014 10¥

Passive forces

|~ Protrusions in sheet
. . " Spring force
Indentations in concrete

a2 10, 2EHEY FHE olFE (View)

718 2t4& 50mmE 35 ZdlAld] vfx E o
Uk, o]E9 JFE AHET JEAo] gL o
1.2mm A@Ae) #A$ 2.58kg/ecm®, 1.6mm
AN@A e A$ 3.44kg/cm” AEE VERgth =
dEdol 100mm FHo2 wlA=AEu 1.2mm
AlgAe] A% 3.21kg/cm’, 1.6mm Al@dA 9
A% 3.74kg/cm’® AEZ UEREm, QRA o]
50mm Ao 2 WA HA-EW 1.2mm Al@A 9
7% 3.48kg/cm®, 1.6mm Al@Ae] A$- 4.53
keg/cm® AEZ VERRT) o2& dBAle] 50mm
Aoz v = Qe AFAZ dEA 9E
AdART o 32%~35%F 52 A 2o
st

ole] Wit o|fZE ¥ 107 o] HIUE
d g 93 WEe dazyelse 4 %
AR Ze 7AF AGFH A FE3H<
T&Ho 7 9% gy AHLd o&a AT
ol ez, & Hiis dIaZyolEd drA o]
dztge] lx HHlE EAUEE dRA Rk

et 8ol 47 A TeEe AuAe 2t
Hol #& PI2B-N, P16B-NAIgAl7} $EH
Agol 9@ WHel 71 =A Ushbe Aoz
2 % o
W) £HE B4R Be va
(FE7, 619-19, 419-29)
~HEZES Aol dE REY EHE Lo}

H7] $std A¥EA diol AE 19mm, ZHol
80mme AHE=EEE 149-27, 28-418 77
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PIZN-N/PI6N-N
SPECIMENS

PI2B-N/ PI6B-N PI2D-N/ P16D-N

S8 1. AESERE E80] thE MHEAHT (View)

AABIHT. o€ TS dolRH 199 B¢
1.2mm A1@AE 2.91kg/cm?®, 1.6mm Al@A
o] A% 4.3kg/cm® AEE JERGT 2guix)Q)
A% 1.2mm A¥AE 4.19kg/cm®, 1.6mm
N8A ] A 4.49kg/cm® AE2 JETE o
RAe Hoizmderr 149 45 gle AgAzd
oF 13%~25%3 =9 el FsEHAUR, 4
IE7} 289 AL gle AgART o 30%
~61%A =9 Wge] FeH i

AolzdE 7t e AlgAlclA e Aojzde s
-4zt o3t o] F&HH T ol ukgh
HolzdE e |FFEH dHAEHIES FE
Rkl HFg Ao dIAZZYESY F
N7k A4 ol A JvehA stk ®
Holzvleld g ATHHL HolzYHY o
£ (Dowel) 280 ol FAES} Hay
= d4ez Jeigou 1 e FAYEY &%
7] A2 iAo wAA] Rt

th) dAEC|E FAlo] ©E ¥in
(1.2mm,1.6mm)

HAZHCE T wWE F3LEH 49
A7)1E Goli® IEAJo] AMEEHAE o 1.2mm
AgAe A$ 3.48kg/cm®, 1.6mm AlEH 9
7% 4.53kg/cm® FAEZ 1.6mm AEAL
1.2mm A @A viste o 30%3E A JE}
ek

HojzdEd] tidlde 28] A 1.2mm

> 35

P12N-19/ PI6N-1%

PIIN-N / PI6N-N

PIIN-19D / PI6N-19D
SPECIMENS

a7 12, ABREY MR OiF MoRYE
(ABEBE AR 78

ANBAE 4.19kg/cm?, 1.6mm AEA] H$
4.49%kg/cm® AEE Y 19%3 =9 WHA
& JepIith. HojzddEele] Frtol) g Wy
B2t AR {57 dig WA Ho
ZHA Jehve AL dojzdee AgAst o
¥ ZaEe ¥d092 sty Yo AAE
of gAZH|E T dgo] vimy A 1
HENY Aoz eyt

4.2.3 TE4< v}&2 (Active Friction)

£ Aol A wt@dAdA Y Ve 028 7133
Aok sl B dEge $HEE A9 71
&= Push-off Al@HolRZ &3/ HaE
do|Ee| AW A ES FYEFo| F
S5 gtn, E Sy Hel "ol WAE Y
BES xY¥Ex 433 A 385U

B2 V= pghp =02 & 4 Ut}

4.3 &0 chst nF

QAT Foladelrl HXHA] ohdg P12N-N
APAE AYsne NEE AP &yl
713l met &5 FAM A S Fole
71 e FRE AdAE &£¥o] F7H
wet i A& Frkte S et
£ Ay AM2E 94748 dee HaZaeE
E €89 tiEld dAASE Jdehllol §4d&)
Bgoz ALE3rld] AAse &Po i A=

TP EsE =g



Hold Aoz yeyti(ad 4~742). = 7
A9 &RA7% 49e 2A vebdch

4.4 Mety ME o3l F e My

Push-off 48& %3te 9428 gHda &
HE AlgA 2t Aed Ay Ay EE
Hm Mg on ol& Fid E d7dA o
S o] AN HEAUY,

Vshear = Vehem + Vieek + Viric

o 71A,
Vshear = 4B Ho|E AUy
Vehem = 383 Raof] o3 Hthiig
(HNADHA=e] 7%~16%)
Venem = 0.34kg/cm®
(#Ao1z29E 7L gle A1gA)
Vehem = 0.58kg/cm®
(Fo]2dEl 7} Ae AEA)
Vehem = 0.47kg/cm® (& )
Viek = &3 ZLEH 8o o Ay
(A AR =9 84% ~93%)
Viie = 54 vp&ge] og Ay = 0

T Vieek = C X (Vshape + Vembu) + Vstud

Aq71A,
C = FAd A& 4+, (1.2mm = 1,
1.6mm = 1.254H%)
Vehape = B22< 29lo] 23 £ERY n}
1=
Vembo = AEA] & F3stEY 28
Vswa = SZYE €3 452EH 2§

AA FedE o] 2oM FHHEE et

st zb W dopdd Avhig e oex
2ol Agstnal o (&, FaAES} "AZY

H 133 5% 20014 10%

7w
¥ AgY AgdshEd dad ges 2
e I

JES B $AYEE LA @)

Vshear = Vlock = CX (Vshape+Vemb0) + Vstud

o 7]A,
C = FA @ 44, (1.2mm = 1,
1.6mm = 1.25AH%)
Vshape = Vshape XA

Vembe = Vembo XA

o 71AM,

Vshape = 2.5 kg/cm*(J42E P 2 &)

Vembo = 1.0 ke/cm®(941718 #4, Ay
7 50mm¥ # #H£)

Vewd = Fo]ZIEE & EH1HRY
A7z AN FF 2AZ)

A = A2 HAZYo|E AW

A (cm?)

5.2 &

Push-off 48& F3td Fd&ar9

A

-
(<]

vy

(1) 3153 Ba7kze Arvie HYAGR=9
7%~16% A= dehgen], A@se] ¥
T 88A BALEEE vaem=0.47kg/cm’
2 ey

(2) 7439E" Z8(Interface Interlock Action)
oA QdRAJo] wiXHAEW 1.2mm,
1.6mm A8 3.48kg/em?, 4.53ke/cm’
Ax2 Zt7 vl oA drA ]
e AlPAEY o 32%~35%F =9
Ho] AEHdet. = HojmIE s 294
29 A% 1.2mm, 1.6mm FAd =
4.19kg/cm®, 4.49kg/cm® FA=2 Zz
vEepstth o] folzvgst 149 A
5+ %l AgHEY o 13%~25%3 =9
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(3)

(4)

(5)

566
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