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Abstract The horizontal shear capacity when the flange of a steel girder is replaced with 80 MPa concrete is
important for its structural safety. In this study, 6 specimens with different interface conditions were designed and
fabricated based on the Limit State Design Code on Korean Highway Bridges and static tests were performed to
measure the horizontal shear capacity. Not only the resistance factors of the stud shear connector, concrete and
reinforcement, but also the surface conditions of the casing concrete and spacing of the horizontal shear
reinforcements were used as the experimental variables. The experiments showed that the interfaces between the steel
girder and the concrete flange have stronger joint performance than those between the concrete flange and deck slab.
To ensure the composite action in the plastic zone, the conservative horizontal shear reinforcement is more important

than the roughness in the concrete face.

Keywords : Composite action, Concrete flange, Horizontal shear, Interface condition, Static test

1. M2 A AR HE GENPYE 5 454 4ol ¢
ot Ao AEE 7HaL glo] FEEel d8
A2 Tl T2 s € 49 5 2T A 9 A% 3 AL S Qe FHo] wo, Age A
ol obgel weh GHYTI 150MPa o9l £IH 2 ulge] s Ee] Baglee] e WS B, BY E2
s &2 E(Ultra High Performance Concrete, UHPC) 2 g B 5ol o9 RASEA Eaka Qv2
ARE HIZF AAF S7bskar 9P 1], UHPCE 71E9] & o]33 UHPCS wd<e Resl7] 98] SUPER
o 201395 SRR AV EATARI13-A8A7A02) ] Aol o] 7 E S
*Correspondmg Author : In-Wook Yang(SAMHYUN P.F)
Tel: +82-2-2140-8362 email: iwyang75@hanmail.net
Received January 29, 2016 Revised (1st March 21, 2016, 2nd March 28, 2016)

Accepted April 7, 2016 Published April 30, 2016

400



80 MPag Z3ZEE @43 o584 A +HFLH F2AFT Fet A¥H A7
(Sustainable Ultra performing, Pioneering, Economic, 2% 53| WA|al7] s A9} Aol 23dE 4
Remarkable) Concrete®] A& 714} 48 714 M-S HHFHo| Aol LA ES) vt ZAYE 37
SRR A7 AAH A Qe FAFoRE GEAE e WA B EE 2 alghAEA] gt g
80~180 MPa7t#] 5> W9 A 258 Al /Y EHAHS JIE Aol wet 724 A 9 1o o
2 O%e 87 s e, 7€y vY A 23 2 91 PR SR ERE SC olFHA AdelA 4
YEHTE 20~50%2 AXHE&S Aztat, dFerd "YW ds dFol Basith
(4575 120 MPacl3h) 2 37414 5 ta 270 FAAEA L] FEAGE ol tigk A AFE A
H&E F U= AxVIeS Rt ZAYE V)& 4 HW, PCHl R0 A9 ZAYE A%, 5HHTH]
AYE Fstete AL HRE shar JAu3]. FRH], Ao B o Al 5o TR
SUPER Concrete(®]3} ‘SC’) A=2] /NE} FAl qe FHAHE s 2 PR GA Aol tigk F7t
83l 7% M-S B0 71EY FHH40~60m)  S77E BhEE] [ E ATh5~7]. olell whal] Ak 22
WS AT 7 e SCEE olFHA Ad(elst ‘'SC HEZ AR AFAAEY A AddEA TR, 9
olF Ayt AT Folrh Uk oz pSC % Ao W Push-Out A3 AT8]E LshA o] F
Adulolx] 174e ZagES A& wake] FA47s  ARA, FAEC g FHAE A9 BA ¥
D AYustE bt A Srh4]. ey uiees 2300 Aok Wk oy} o] el vl uigh A
YER &85t AFAAYAAE v A & T 9 Al dig FEAYE Al g Ao
A o] e ZAYES] Hgo] 4R wth o] A 2A o|F Al g ek el tigk A= v
7% ZAYEES Sttt AR ek vigo 2 &8 B3 AAolth SJ. Duan & J.W. Wang 5°] °|5 34
st ZE o 2 stes A" F JAEF SC oley Bl digte] 8 s F FRAE sl tigk A7 10]
A AY AY 27 SedATE A gEEFAAR & FYoU o) AA R FREAA| G FHEER
Fa3h= Ao] g&Aolty 1 e ZAYES ZAXNE Ao 747 ZadEV GAE Yo B Ay 5
g835= dAE olele) T"(Fig. el YRSt 3taA} Sk A B AFREUR] Sl ZATET} o]
T 39 FA e vanh
‘ . ‘ o] ATelAE AfolA A& + e v 74
Horisontal Aol gist JEIAE AAeta, E2 A7 E(F
S e en APel A1l wel APAE Akt Al2e
Inteface 1 T A@A el dhste] HeHPS AL o) F Fato] FA
&a:;]iafi‘c’;“:tfesc) Bo| 724 Ass Wrksta, ol SR 28
o AR AR AAE A skaLA} gt
+— Steel Girder
Fig. 1. Tllustration of SC Double Composite Girder 2, )é'?:‘,'II = 7:" = HIII‘
SC o1F 7= Fig.139} o] 27T s 1% 21 o M 7|1E
2a9EQ] Aol R E Hatie) 13} Awo] A4 A =2 W AATE(EAGHAAAR) 1] o3 5
S, 25 o)) mages e maeE ggy S0 A ZIEHE ek T
o 27 AHo] AT o]% 3 T2 A4A 1 9 A% ZAYE FAFAY 2HE A9AZA A
Ao A SC olFdd A7t B 53 WeE7HA e e e e A LA
3 Ao wasy] s Fu Qe ]uq(o]g} E7F00] Bz 3F B WRAR R Sl FEe
RPN FRAGT T WS P 5 2 QA RAET} 021 A el Ao Akl AR <]
QAR Sur} Ao, W TLA| weke] A AFm)= v AEo golok drha fFAsk vk

401



FFAE &= BA) AT A45, 2016

M

V, =0.85f,0t,
I/;l, = E/1A}Dtll,' + £ bftt +

yt £, bftf

yc

>
T
d ol

fio-o
el
odk
I
o}

rr

#
<+

rr

e

i

d
(EORNAA

o

o)
BR(Q)% AARE(Q)
@k 4 (5)% o] e,

o

o YR 2E= A9
Z

_11—7_11—

1>

Qn =05X Asc f{’k‘E:‘ = Asc’Fu
Q= 9.0,

[e]

=4
A

E9] sl Aklem)E f,,
Uehe 28 57 A8} ¢

AgSES st gl

402

fcm :fck+ Af (7)

3714, Afe N1ELEFHE 40 MPar|the] ZaYE
o] HEIAE 4 MPa, 7|%4Z7 = 60 MPao] Aol tls]
A= 6 MPa, 7IE457 5= 40 MPa©l’d, 60 MPa©]3}e]
ZagEed e F gtoll i3 AMrzto s A4s)

3
w2 s gtk

A T Aol Bg BaeE Ao A olg A
Hell tigh Ak AT A (8)F 2ol AHe] ATdts
o eg ATrSe(v,)0] Ae] AAHDFE(v,)H0}
HEs geolg,

v, < vy ®)

Aol Ak AE-E=H(v,)S A (9), Ade] A7
AR A (103} o] WHFFES el 3]
.

BV,

< 0.5¢f 4

A7IA, B Ul eHdd 2 Ed A8ste B
T8 459 F A A5 M, /29 W, M= Asst
Fol o dyle] ARAE, = T Yy malEed
o), b= Awe] F& vepdth 284, f,, = 237
Eo) NENGAEE, 13 py= A F el o
B AFR p& AFelgHdA ZAYE QPR
e FRALE pye AW AR mE 28 474
&8 vhAE ofvshy Aol W dulel wlhel
Table 17} Zo] H&3Hc} f, & AW Az} Sl
Agahs #Ha A48 45U A4 0.69,f 4,018
2, 98 A 002 Hdth H2wW p=A4/4. %
A= ARS IEAEE FIFE A A 3
& Uehdtk 6.9 ¢, = 27 ZARES o] AR A
FAFE vERY SdetE Z2FA ¢,=0.65, $,=0.95
o e Hakvl AHgelE 294 ¢,=¢,=1.09] &
kot Fig 20 AR ASitewm
457 < <90° © WSIR 1, v FAYE FE7
EAFZ A ()3 o] Aejgith



80 MPai} ZITEES BT o1FUHY AT SHAYW FRAT) B YA AT

v=0.6(1—f,/250) an

45" << 90°
New con'c

< 10d 2
tf:_ e .,
Ak
3¢ T 5|rw4 “‘)X/ ‘
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Table 1. Classification of the interfacial surface finish

Surface

finish 12 Ho Surface

A surface cast against steel, plastic or
specially prepared wooden moulds

Very

smooth 025 05

A slip-formed or extruded surface, or a
Smooth | 0.35 0.6 |free surface left without further
treatment after vibration

A surface with at least 3 mm roughness
at about 40 mm spacing, achieved by
raking, exposing of aggregate or other
methods giving an equivalent behaviour

Rough | 045 | 07

A surface with indentations complying

Indented | 0.50 0.9 with Fig. 2
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Table 2. Material Properties

Division Casing Slab Steel Stud Reinforce
ment
f o, (MPa) 80 30 ; ; ]
SM
Type of Steel - - 1908 R SD400

Yield Strength
(MPa)

Modulus of
Elasticity (GPa)
Tensile Strength

38 28 205 - 200

3.4 22 490 400 -

(MPa)
1.100
[ 370 I 360 . 370
H10 Shear Reinforcement
(SD400) (H186, SD400)
%
- = 5 = = =
s |[ESSOERTEa e =
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Fig. 3. Cross Section of Specimens (Unit:mm)
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Fig. 4. Longitudinal Section of Specimens (Unit:mm)
(a)Specimen DCB1~DCB4
(b)Specimen DCB5~DCB6
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Table 3. Plastic moment & ultimate Load of specimen
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Table 4. Design of Top flange-Casing interface
Requirement Arrangement Stud size
kN kN kN
Symbol V;1 (N Q” (N ¢SC Qr (N Spacing (mm) Spacing (mm) (mm)
NRF 5,518 152 1.00 152.1 205.7 205
D22x130
RF 5,518 152 0.85 129.3 175.6 175
Table 5. Test variables and Design value of the shear stress in the Casing-Slab interface
Surface finish of Smooth Rough Indented
Casing (Spacing 40mm, depth 6mm) (h=40mm d=6mm of Fig.2)
Symbol NRF RF NRF RF NRF RF
o, 1.0 0.65 1.0 0.65 1.0 0.65
qbs 1.0 0.95 1.0 0.95 1.0 0.95
y 0.35 0 0.45 0.45 0.5 0.5
o 0.6 0.6 0.7 0.7 0.9 0.9
Rebar spacing (mm) 190 115 300 300 600 600
P 0.0058 0.0096 0.0037 0.0037 0.0018 0.0018
Uy (MPa) 3.87 3.89 4.01 3.61 432 3.90
. (MPa) 3.80 3.80 3.80 3.80 3.80 3.80
v,/ v, 1.017 1.023 1.054 0.949 1135 1.025
Remarks Shear reinforcement D16(SD400) / z=631mm / (3=0.846 / fdk,:2.2 MPa / fn=2.84 MPa
Table 6. Details of Interface 29 Wi 2~HE AUdZA ] 142 D22x165mm
Top flange-Casing Casing-Slab £ 8313tk DCB59] 4% Al A 9 ~F= A
Specimens | Symbol Stud | Interface | Symbol Re-bar Thol A 21 =)
A v R= = o|A] thi ~FE Atheld
(Table 3)| spacing | finish | (Table 4) | spacing AAA WA= FhhE Aol v 1= dadd
DCBI | NRF | 205mm | Smooth | NRF | 190mm A7F Aol A= BFEHA BEE 9L FIE-9 T
DCB2 NRF 205mm | Smooth RF 115mm ol = -7
Ao 2 AdES i3k
DCB3 RF | 175mm | Smooth RF 115mm = A wAsk:
DCB4 | NRF | 205mm | Indented RF 600mm Fig. 50 A&A|e] Sk AckAAdA wjx] 78S 1}
DCBS NRF 205mm Rough NRF 300mm )
DCB6 NRF 205mm | Smooth RF 115mm E]—LH A E}
rs|ab 190 s(réeDaior:jBf“osm@e%%?t Smooth surface @
Aol ZAYE FHE HFE SD400 4F<] D10 i
_ _ i
A AAE A5 2 s A7 /18 (G@85mm) v . [ ] 11 ‘
=) - 5 | r
stodch. whekgh T 2 4] SD400 7<) D10 casing|  "o3meie” *2o5" i
= 4749 Agaglon, ey Duges 47 o) o
a
%4(8@IZSM) HH -]3}9§\‘:](Flg3 iﬂ]—}—) 115 Shear reinforcement
~ |—Slab | (SD400-D16@115) Smooth surface @_
Aol 2az)E white] 28 A= Avnle) e
31 = - 3 1
48298 W71e7] 915 DCB6e) 2l B g S St
9RO HE3ha A FEEAATL Aol FAUE  [odane| Mgz "zos" .
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Fig. 5. Longitudinal shear connector arrangement
(2)DCB1 (b)DCB2 (c¢)DCB3 (d)DCB4 (e)DCB5
()DCB6

(d)

(e)
Fig. 6. Fabrication Procedures of Specimen
(a)Arrangement of 6 Steel Girders
(b)Install the Formwork and place the Re-bar for Casing
(c)Cast-in-placing Casing concrete
(d)Install the Formwork and place the Re-bar for Slab
(e)Cast-in-placing Slab con'c and completion of Specimens
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Table 7. Material Test Results

Materials Design Test Result

Casing Con'c 82.1 MPa

Compressive Strength 80 MPa (Age-16day)
Slab Con'c 35 MPa
Compressive Strength 30 MPa (Age-9day)
Steel Top Flange 315 MPa 345 MPa
(Yield Bottom Flange 315 MPa 358 MPa
Strength) Web 315 MPa 345 MPa
Reinforcement (Yield) 400 MPa 447 MPa
Stud (Tensile) 400 MPa 472 MPa

Table 8. Ultimate Load Comparison

Division Design Material test
Ultimate Load () 2,015 kN 2,273 kN
Aol 2az|ee} viette] FHHYE A7 ol
& 4 xa o] A 4 gl A7k T A A

Table 9. Maximum Load of Casing—Slab Interface

. Surface Symbol
Specimens finish (Table 5) Pmax (kN) Pmax / Pu

DCBI Smooth NRF 2,220 0.977

DCB2 Smooth 2,360 1.038

DCB3 Smooth RF 2,360 1.038

DCB4 Indented RF 2,180 0.959
surface

DCBS Rough NRF 2,330 1.025
surface

DCB6 Smooth RF 2,360 1.038




A Eesl=EA) ATE A4E, 2016

3. st Al

3.1 oI=xlst A SHUH
Fiel AH(E2)S T, 3,000kNF
Actuator& o]-&3to] APA FYH(Le/2)ol AA TS
Z¥erglom, WoAlol 2 2mm/min £E7 A8t a4k
st AshE 222 Yol 3 636}@ o 14 &% xﬂé}
€ 1Y 84 7 e Wl 89 1,000kN7HA] 71
stes AA s, 24 3t Ak 2 vy
74 &k

71— r,]-ﬁ]oﬂ/q Nz‘ﬂ;zﬂg,] 7{ ExL 40L ]_7] _?/]3]] ;‘q

J|)||

Al 7JP<1

1 02 -
4, dA-2aE 3 dee] MyPgES S48t 4
A Azre] L, /4 XVUr L2 Ao W35 Aojx 4

°

LVDTE AAE sFa 2] 4= Fig. 83 2t 7
= AIAE v, ﬂl°l § 2AE, AR o5 vt
g 9 Aol FazE A

o H gl e d
H23 ) Fig 9% A A" T dAott

3.600 3.600

[ 1
‘E_ Loading Frame

1.800 | 1.800

c4 RS4 RS5 RS6
| hos (RSB i
l l +0A3 c6 " |RCs
- - 1 Rc4
54" CA4
S5
s6 —_—

(b)

Fig. 8. Details of Measurement Plan
(a)LVDT Setup
(b)Strain Gauges on the Cross section at Mid-span

Fig. 9. Test Specimen Setup (DCBl)

Table 1001] SC ol&§d B AgA el digh A7+ %4
5 FHd 7HE sk g REE ?oﬂé}ai L AE An
DCB4¢} DCBSE A|9g tiF-ite] A
3% ol 71 skes A3 é}% &42& L}E}”E‘r
DCB2, DCB3, DCB6+= AA538H815(2,273 kN)= %
ke 7HE sk AElolA Fig. 10<>1V1 Hi= nhe} 2ol
@B A Gll(crushing)oll 23 3 vla] 7} @AY 3HA
t}. DCB4¢} DCB5+= H T4 T4 £o2 Ao
) ZAYES} upuate] A Ad o wE
TG @] TS TE DCB1-S A= gkt
o Yoy Fekals o] 7
7] ol @S B3 k3t

1,

3 gt A f& AdA A FF-ZRA e} A o]4

HAed A o] A
—°r(DCB3)9} AR e 7
Seets7A At ow

g 4

—r(DCBZ DCB6)
Jept A 101 EEELEE S

}oq Al 74] 3+ A

=

v

2

ot

=
’_i?,

<

\:}

- _u_4

Atole] A A AEAGAGT( 4., ¢,)F 21&
sto] QHHSFo® AARBIH oV FEHTHel At
A7) Astetg Bk 22 st gl 83 A
ot 7L AT mEkA, &% SC o5 A AT
o] Augf AAA A Aol A ES} wieT Aol
o] FHAIE Al 84S FAst ddk AAE 3
T WA vl gl Aol FAE EHd
40mm 7+ émm Zo] o AH7|E FA% DCB59 7
T, Aol 71 skso] ARAFAT ¢, ¢,)F LEFHA]



80 MPai} £ILES BT 013U AU +BATY PRATY) B YA A7
Table 10. Maximum Load & Failure Mode
Interface Condition Load of Interface (kN) Fail Ultimate
Specimens | Top Flange Casing to Slab @ Design @ Measured @/0 arare Design
X Mode
to Casing Symbol Surface (P o) (Phax) Load (kN)
DCB1 NRF NRF Smooth 2,220 2,330 1.05 -
DCB2 NRF RE Smooth 2,360 2,393 1.01 Flexural
Compression
DCB3 RF RF Smooth 2,360 2412 1.02 Flexural
Compression 2,273
DCB4 NRF RF Indented 2,180 2,138 0.98 Horiz. Shear
DCB5 NRF NRF Rough 2,330 2,152 0.92 Horiz. Shear
Fl 1
DCB6 NRF RF Smooth 2,360 2,300 0.97 exural
Compression
B2 AFNRE)OIME sl Ade ¢ 9le F ¥ Aoz dvdrh
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Wo g HuAo= o] HAste] TR T 7 Table 11. Gauge No. & Location at Mid-Section
A é o] Xi 3]'5] %E]J ]’ %6& 3]’% ;gl' —%—7\] c]’:}'%‘ﬂ'?iﬂ ?_]78' o Gauge No. Position(mm) Explanation
- 1= - - Longitudinal Upper
o] &= HEAAF == o] Ao D i g pPp
Heol & PG Ao =dsly] il Aow Aoy RS5 871 Reinforcement of Slab
U}. RC3 720 Longitudinal Upper
SEZalx) slolo] R O Ho)| wkglis S=olH. 2= Reinforcement of Casing
SHEEA] stdo] FE-H ] Lt TY HF Comaitodinl T
) ) ) RCA 508 gitudinal Lower
3= 1’800kN77}.;<] A HEEL 7o) A 7k Reinforcement of Casing
N I 1= S4 550 Bottom of Upper Flange
HAFS [e5] o] & = = A& =]
998 eI o F 8% Z7k) et 4gA) 8 & i o of Uoper Lo
E‘iaé%% E]’%‘ Ook}‘c]' = L]'E]'LH gi‘:]r S6 0 Bottom of Lower Flange

Mid-span

Interfacial De—li&hesion

Diagonal shear crack

End of Beam id"s Mid-span

Fig. 10. Failure Shape of Specimen Interface at Final Step (Casing to Slab)
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Fig. 11. Load—Deflection Curves at Mid-Span
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