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A COMPREHENSIVE REVIEW OF THE LITERATURE
ON SHEAR STRENGTH OF PUSH-OUT TESTS OF HEADED STUDS

Comprehensive and holistic analysis focusing on the type of slab, failure mode, and stud diameter

P H0AT, A FEY, OARELTT, s I
Chihiro HIRAMA, Takashige ISHIKAWA, Akie HISAGI
and Minhhai NGUYEN

We collected push-out test results from researches, and analyzed characteristics of shear strength of headed stud from 1002 results,
using headed stud diameter, types of slab, and failure modes. As a result, the shear strength of headed stud in solid slab are
substantially equal the products of headed stud tensile strength and total cross-sectional area of shaft component of headed stud.
Some of the specimens having steel deck slab shows different tendency. The shear strength of more than 25mm diameter of headed

stud in solid slab has a tendency that strength gradually decrease in a response to becoming larger diameter.

Keywords : Headed Stud, Push-out Test, Shear Strength, Large Diameter Headed Stud, Headed Stud Strength, Concrete Strength
SAME R Xy R, FEHE, SAW), KEREAZ v R, ALy RiE, 207 ) — Mg

1. FLHIC 2. HREROERE
BUEL < OREMOMER 22 ETHRE R L 37 U — MR & 85 2.1 XHRIREE
THERICHMNE AL v N (LR AZ v REHT D) BRSNS, RSy R DT SR A TV B AT ) 332 AL 5 78

2011 40 JIS B 1198 OEkEI T, #Hi7-ICHhfR 10mm & 25mm 2318 Bkt R E NSO STk DU Uiz, f5F. 90 #RCika 5 1391
MENT=M ., FDIPFHIREIC DN TSR REEN e ST D & RORBEREZG7-, R RE R 7 7R & MR O/ A

FR 720, DRICE > TR LI L,
—MRIZ, Ry ROX M IZ AR & BRI & - TREES LD
SEBBOB, ZOHREIFEORIE T CORBIC AR S 0 MR 1 RELBIEARE X5 TRHRICE SRBAN
TICRERDPRELS HBEZ L2 L1725, THETITHE 10 - BEER | A2k | avo)—bk A=
N e . 25T e | guw | PR | TH) A
mm OEBHA b OO, i OUETORE KB L 5 2 5 A —
D RONEIE LT LT BXIIES b5, €7 T, BED  [mimtis 35204 ?i: 108 39698 1208359
%< DIE RIRICET SIRE R L, %4 O LORBEERE 257
BB ORI 5 2 2 T v KO AN BT 5 5347 2 3¢ Z0ft 9 57 1| 0| 67
iz, At 383 522 19 | 4671891
AR AL o RO LM 2 IS5 010 4 72 B (2
7 TIARCTBAR]) & BT ILRIS LV R & 2T 5. 2 RESERIRIEIRAOIC 2 5 o ROSHIT L7z, 220 U — sl

O FETEEAESCHR OB 25mm L B R FZ v K o® AW I BE T L7 THE LTS, kICA Y » R E 22> 7 U — MilgEn
LB R 2 D TILE ST D 2 & TREA X v ROl ek % PFResn TV s bl MW » LTXBILE, A7 7Ro %

LT HZENRBHTHD, OMIZIET v X 7L — FafBE L TFRAT 7 ORBRIKZ: EnGg
AR TR R A Student, Dept. of Housing and Architecture, Japan Women's University
O ARL T REFAERER i - T Prof, Dept. of Housing and Architecture, Japan Women’s Univ., Dr. Eng.
AR ERRFRE - A 27 ) TR BT - e (R Prof, Dept. of Architecture and Interior Design, Bunka Gakuen Univ., Ph. D.
rEEE g E R LSRR B - B (5 Assist. Prof, Graduate school of Engineering, Utsunomiya Univ., M. Eng.

— 745 —



ES N

HELTRIC LD Z IEFEAT T2 GT 2R B THY . AP %
PR & A Xy RHEErE a0 7 U — MEENEIERBIREIC R 5 7,
—hHT7 X T — MIRXRT T EAT LBIET, AR ERS & 2
VU= MEELTWDLORE, T2 TiE, AT TR L ik
TR DOMAE DI LB AW ICER LTOHrdT 5,

2.2 WRR

IEE L7e 1391 (KOS RICITMR /2 A 7 7 O fi7e & Fikrn &
BREMHIC L ARERDB A LN, HEMOW 7 Z 2 P OIMIlE A
oy RPBEICEE SN TE Y AT TNRE 7 T o DITICf &
OB O ED H BSOS M D B0 6 O, 1002 K% 2Ll
BEDSIHTRIG VL3 25, St g & Ui sBR IR o Iz 1Tk - 32
BRI - MR - EBUIRDL: ERE A R AR EEN TV D, R
—RENTITH ST~ DB TRIE STV D ERR M Lz o0 T —
DD B FEAIY T Uiz, LanL, &< E UK - Ei -
KBTI - MR - EBURIL T CTORETHNEZ D ORI
LD bOO, EERMRMERE L TEREROIE L2 & o sl d
HZLaRMEHELTWVD,

B RATH Proax(&N) (BAFE, AW EFR9°5) & 2% o RlihE
DEFHWIHERL calmm?) & OBEFRIZHEB Lotrargo 1002 K% # 1
DAZ TR ERERERNCS T TORLEZONK 1 Th b, AT T
PRI L > TELSZIEH D HOD, TTORBRFERD
1 WIEMm ORGSR A& RN AR Uiz, AWM 2 2 v Rl o4
FHTER OB SN TRE L RZEAAENL TN D,

BiERER  RAYR avHU—k

RSTRR PR T IO
%EZ57  @©=261) ©(n=272) O(=15 On=116),
5000 T";;é"_jl“ﬁ A(= 48) A(=134) (n= 89)
ZDfth XM= 9) X(=57) (= 1),
L]
4000 H
:

—~3000

Pmax(kN

2000

1000

0 2000 4000 6000 8000 10000
sca(mm?)

1 DWAEDORE y FEMESHTERIC & AT A V-

3. EERST&AT HIREHROE AT A
1D L FERT T DYE TEONPOER (A Xy RO -
a7 ) — b ORE < WIME - SER L) R AW ~DF 5K
SWHAEDEICHOWTRIT R a7z, R, X1 OME D 2
Sy REERE FHHTERE «a (mm?) ICEHICAHX v FOGIREEBRS F
(N/mm?) &F LA FRIRIBE (FsXeakN)) &AW/
PuaxkKN) D BIfR 2 X 2 1279, BIHPIZIEZ L2 1 O TR O JF A

— 746 —

2500
_ Ay REE T @(=196) —— -
E257 <
SEAT U o—EEE | O(=157) — - - Y =X
2000
- 7 .... s ) L4
L -
14 (= 0915x
— 1500 1
= A7 R-05782
= ~
Q-g B
1000 .
500
o .
0 500 1000 1500 2000 2500

Fsx sca(kN)

B2 %HEXSTE&HTHRREHBROE AWM T

5 1 RERA & RERE A R LTz,

24y ROBIEIRS Fo (N/mm?) OFEHEASKI R TIcH 57—
HhEH IR LIRS LT, A&y Rl =27 U — MgED
KRT — R TH Y . BENRIED S X ORI X 5
AW 7 OEENTN S, F TR F v RERIRE IHH
LI B AW I AT L7, AH v RIREE L7256 R Rk
y=1.023x & 720 Z ORI > TWAH Z ENREN LD, 7B,
a7 ) — MEEOHAEIIAY v RBEROSE L 0 HHEE 1000
S 2D H DD y=0.915x LIZIFWARITIR > THEAWIM 123 E5A- L
T3,

THUCOWTIIRA D DR WS BIZ/R D, MAGIZAY v K
ORI A BERER & T & B A T Eh SS400 & 690N/mm?,
780N/mm? ® 3FEFHDGRED A X v RaEHNTITo T 5 (KM 3),
FBIET R TAZ y FOMEHEOFERTH 5,

" 55400 | 69ON/mm?  780N/mm’

1000 -
iR RBRER O®m=3) @(n=4) Qn=4) ——
MEAMRRER  Ah=1) A(n=1) An=2)
800
80N/mm?
2 =
80N/mm SON/mm?
80N/mm?
— 600 69N/ mm? 69N/mm?
§ 80N/mm? 63N/mm?
= 63N/mm?
£ 69N/mm?
2 400 63N/mm2 . ¥=1.082x
/‘_,
200 Z_,
0
0 200 800 1000

400 600
Fs X sca(kN)

3 A&y FOHMEAMBBRER LIRREHRBER v

[ 3 CIEERBR AL 72 S O O X 2B RO S 485 1
W (y=1.042x) H ¥ 2 DEHR(y=x) L R% TH D Z L Bbhd,
B2 3 O A WERBRFE R OS R A8 D 1 RIENR & OLEl T,
Pt & WBREE RS A X v ROfliE AW %2 EEl>Tn5g, Eiz
Fx ORBIEDO 27 ) — b OJEMFIRE F.(N/mm?) % [X 2 A5 L
TR, AFy ROBERFRI U THbary 7V —  RENKE D &



HAMI PR E L 220 T D, IR E RO AWML, A X
v REEFED O 7 ) — b EOME/ERHOFEIZ L - T,
Ay ROME MR 2 7 Y — NREEOF S 3 i S
FERELBEZOND, TIUCE Y A F v RE[RME & 17 Uik X Bk
O AT BRI o T2 LR SN S,
DLEOSHT &K 2 OF — 2 DX b0 & &5/t

FEATT
BT 25 A O AWML, BERFERIZ D 5$, X%y Rl
IRIRIE TOFHM(y=x « BN FENINC R Y TH D LW TE 5

4. TFTL—MIRTTEHT HHIREHBROE AT S
ITET XTI L= MIR T TG T 5RO AW 1o

wf%%ﬁéoéﬁ%%f@?y#iv~b®QMTi X 40X
SCHEMOTZ7 70 ETT X7 L— RO 5 T

Hﬁm@77//ﬁ%7/%7v~bﬁﬁmféFﬁmm 2%

END, EOITHHIELCIET v X7 L— MCREMITTCAZ v K&

7T UVICEBEET D THiTL) & T/%fVﬁk%E LT

B=t

BT 5 wITh ] BH D,

& Ha Y
- W
EN ==
n:wﬂ % ) !
e I .

4 RF TR

BRI B ICMRF OT v F 7 L— b &2 H T 5l BiE RO %)
7R BRI T LT T TTE T S Z & IFEI TRy, £ 2T,
HEEAS 26mm AGHD AKX v RTCF v XS — MERA T T2HT5
PR & BB 0> AU /) 2 AR EERR RN 3o T 5 IR T,

ZIT BB CEFTH ORE RV 72 SBURH L zgnas . Gl
BE | BN CEIBIT D ORSRIZOWT O 1 kENFR & 2 OIRERR
A PICHT L, MRICE, B2 0%EA T 7 OMli(y=x) b %
Wol-HERES Lz, UIROSHAIL, SEAT 7 L L TR
RIENH DD, RBRKEEDITS S 2 ZETIUTEDEITIEL,
SBIE RS T OFHE LRI RO AW & i 2 ENTE B,

— 7 TR OFE BTSSR A T 7 eUIR R & TR B &R L
GBS DS R & T RIS AR I3/ NSV, 202 s
TyXRT L= MIRTZTERT LRI AZ Yy RV Oa 7 ) —
AR o — A AU I B E RET Z L SRIB S D, DI

[—=8) |

7 4 Ay REE T = -
w0 D R ooutas | Xeis)
A5 MR R RBEHT A= 8)
5. Eib aUY)EEE A= 4) o
T MR ZEURBE  @0=3) LTy
2000 b OEBIS ovou—EE On=67)
__ 1500
=
<
£
S 1000
500
—o—
y =0.1796x + 101.55
R?=0.7092
0 .
0 500 1000 1500 2000 2500
Fsx sca(kN)

B5 TyxTL—MIRSTEHET BHEDE AWM

T 1 WIENF TSR AR A9 225, ST CEIEET S T35
JBOMEMNZ 722 < AL Y ORI DR RERN THh D Z L7
DIND

5. XER4 v FOE AWM S

ZHE TOERE 26mm KD A X v ROSHHRERI D, X612 %
T TR L RN £ B8 AW DRHIIC DWW T £ LT, HE
AT T EOWRIORERZ £ & T, AW A & > REIiRRE
IS5 60 & LCHEHiiG=01 5.

2500 ) )
EER5T O(n=353)
FuFTL—k il X (n= 26) Ty =X
fA57 weREETSs  On= 67) — — :
2000
— 1500
=2
=
1000 § %
y=0. 1796x +101.55
500 =0.7092
e "@
_m__o e8¢
0
1000 1500 2000 2500

stsca(kN)

6 #fE26mm REDRE v FOE AR DT

X6 %6 &N 25mm LA EO R X v Ko AW B3
DARM 2R D o B ICHRO 72 2> TR 25mm LA LD A F v iz X
FERIT, SEAT T BRI CEITLO 2BEND D, TDI B,
HER T TORRIZONWTEREES LILLONRK T ThbH, KICH)
£& 25mm ML EDORFZEREDR 50 TIH W, FIERX T 7 Ot
26mm PLEDKERZ v ROLGEIZ. 2% v FEIRBE (FsXa)
2 & 2 Al CHBERLR & B I A% v RE[RIRE ORI HE - C
AW ) D3k 2 IR T A D D, 2T, il 25mm Lk
DT —HIZH L DX FREED 2IRCTOREYRE R, ZORRE K

— 747 —



ARy RER R
25mmaK i 25mmel E
o 256mm@(n=17)
ZERTT _ 27mm@(n= 3) |—
2500 (n=379) 30mmO (= 4)
FuETL—hE x Ty =x
R TR (h= 26)
2000
© 8
o
__ 1500
=
=
g o
o
1000 y =-0.00013 x* +1.0312 x
5 R?=0.79082
» ¢
500 i
2K B
% X
0
0 500 1000 1500 2000 2500
Fsx sca(kN)

B7 HFEXSTEHTRIEEORERE Y O AN S

FIZR LT,

—J7. X8 TILHWIHL TFT R C OO EFT L DRl 5 & il %
25mm ATl TR O El T B o AW ekl (K 6) [CERE
XLz, 2200 1 REVFIFBEIFTFE LN LD, S HITEH
TIOFERF R TERE L O T 1IKIEYT L7z b D& ER TRKIIR L,
RERIRL DA AL v REFTH O A ITERE A T 7O R &
HA_TRWET Tl <L A Yy ROBPEOM BRI O AW /1~
DFHFGB/NESNZ ERbh 5,

2500 . . .
7 ABYREhE
o7 BER | osmmkm  ACTID
RE OB GoNME
2000 27 25mm (n=60) —
L
T BE 2AvREhE Otn=10) |— —
L BB 25mmEKiE n=
1500
=
=3
& 1000
A y=0.2304x +131.96
y =0.2323x + 197.96 A R2 = 0.3499
500 R2=02635 B f§ .---—o-
oo —
¢ 6x +101.55
2=0.7092
0
0 500 1000 1500 2000 2500
Fsx sca(kN)
8 IEEFE MRtk = HER D A BT S 5EA
6. BhYIC

GHAM & A & ROPRP & 3R A kP8 L L7z 90 fi O SCHkn» 5 1391
RORBPAERZ T2, T THRDICHE RO 220D R & o Rk
25mm Al DFE RS AT T TGRSR = & DR - ST AR
T, Z< ORBAERICH &3 S PLHI 2R AW ) 3N 2 F 7z,
S5l 26mm U EDAK v ROFERALEND 2 L TAERAL
v RO AWM AN T 2R 28R 7o, R TR b= MR %
LTFicE L,

1) HEAT 7 % 4T 5 k&R RO AW 1%, 2 < OB,

ROBEED DWIERR (A X gz 7 Y — M) 12

— 748 —

MInH LT ALy REIRME (R4 v FOBIERS & ilis
FHTHRIREORD) &b LICFHETE 5 2 & 28,

2) TyXTL—MIAT T AT MBS REEBTIE, BT L Y
GIWIRL D J5 73 A RIS AR 71 3K & v, Bl c= v s
U— MHEOLAIIEER T 7 ORE LRI A X v ROF]E
SR LA F R O RE & W AW ) 28 R BIREERIC & % 78,
BT C BB T B D2 > 7 U — MEETIZE N D OFENRE
HThHZEEHLNT L,

3) MBLMDOKEAS v ROFEFRZLRNb DD, FRERATT
EHTHHAEOE M IEAZ v REERE (R v RO
RIRE L AEAFIWTE AT ORE) (1 X DR T IR
DO P AW ) 23R 2 1K B AR b,

AL SCRIFZE T H 0 . ISR L7122 < ORISR 2 Xt 8120
LTWDEZAILHEY DD, 7 F 7 L— MERT T ORIERRI
I KD 26mm LU ED A X v R COMFFRITRTZ 45 &1
SARVbOO, HEREFRBOTAWM S & LTAT TR E AL
v PRI L > TE 2 O & 5 ITFHl L7z,

®2 RTTBRERE Y FEARIC K B AWM 5 GN)FE

— ™ s X > . ,x
25Tk 2y R EE

25mmK i 25mmEA L

- PmaX=FS-SCa
ZEERST ZF .

Pmax=Fs"sca —0.00013" (F,* sa)?
Tu¥F U]lﬁi‘::* 5 _:
ot | &I Prer=0.23*F,* ca+130
\ _" *ﬁ&ﬁ‘ﬂ - max’ S sc
%7 EBITS | =

AR AZ > FRSOZERFHO—BE L TTo b
DTHY . MFRFERFGEORIER & B TERFEREHO
ARPEFERATIICIRIE F Tl Wiz, EERT 2,

SE X

DFBFERs, f)IIFE: A%y Rax sz ZOM LikE £ STUD 9¢ % A
725G, ARSI ESIITEMAE WER, % 52 &, pp.233~236, 1981.7

=S EZ, K REE, TTRIME, BOREGE, PASSEEE  REMMER s
U— k& HBO AR 30 i FHETRR(Z O 3), B ARSI
WG KEER, 45 33 %, pp.381~384, 1992.3

LA, WHERE : A% v KU SENIRICBE T 2 ZRIIFZE, B A
RS R P EE #58%, pp.479~480, 1971.9

) FEE M, KOKAME : ARSI 2 RIS 20 1 M LKE R %
W, AARBREES RPN E S %, pp.1507~1508, 1972.9

5)EMNE], WHEM, FHE, REH—, [LFREE: ARIE 0EKRR 2
D1 FEERFHE - Uk E R, AARESS PN R R STME
%, pp.33~36, 1973.3

B) I N, B W A R B S B EBRAYAFFE(Z 0 3+ 1 L ik 2 3 BR'72),
A AR A RPN AR A& R, pp.1551~1552, 1973.10

T)EFE W, BEAE TS 1 A BT D FEBRIIAFTE = D 4 F Lk & RT3,
AAREGL S RPN AL #%1%%, pp.1085~1086, 1974.8

Q) it s, FEREFHME : BIBRNE 91T B AT TICHLGAENZ A v Raxy
2 O EFER, AARREE D RS FINGE A, pp.947~948, 1975.8

) IR, FEREAME, KK : PC AT 72 MMBICHERTH AL v K -
a7 X OERER, BARESS KA FHRFEEME #E%, pp.1293
~1294, 1977.10

10@HERE—: A% v Fax 7 ¥ —Ok &3RER, B ARG A S RSP
FEREEE #63&5%, pp.1911~1912, 1978.8



1D, JF E—w1, SERERE, BUESS WA Y v RO TR REC
DT, TAHER, AARREES KSPINHFEENE C M, pp.1377
~1378, 1989.9

I2FEFRGR, AIMITHE, HEBF AT « 888 7 L — AR REE OB A IRICEE T
DEBHTE 2D 1 A% v RERET v b — Ok X35k, AARBRES
BREATHEEME C %0, pp.705~706, 1990.9

1ML, FFE—B, RIEHERE K- BEAY v NV 7 ax s 2O
Pex B, B AREL S RS PR ESE C Mk, pp.1677~1678,
1991.8

1A, JE E—BF, RBEHER  mREA Y v ORI, BARRES
SR BAE C HE T, pp.1785~1786, 1992.8

1B)EFE—, JEE—8, WA, A B, BF FE 22y R
DI Uk & SRR G IEOEHEALIC RIS D078, A AREEE A K I
WESE C HEEI, pp.853~854, 1995.7

16)BE ], JRIEHEE, F L—8, BIIRA & 22y R ERBRO
AR 2 B 7 v S EHBIEHEOS G, B ARRE D RSP E
FERELE C HEXETI, pp.855~856, 1995.7

1IDHNZEA, BETRE, TFRE: Fod 7 b— MR T TICHIAE N8
fFA2y ROMHRERABR 20 1. $RERICAY v REEICEE LIZSGA,
A AEREL 22 KA AL C &, pp.521~522, 1996.7

1B R, HIIRA, MTFRE: Fod 7 L— MIRT T ICHIA LN
2%y ROMEEBE 20 2. 2% v B 1 A%2F v FHICEBEEE L
ety, BARBE RS KRS PINGEESE C WS, pp.523~524,
1996.7

1O FRE, BIIRA, BITRT : F v %7 L— MR T TICHA £ 80
ft2 %y Rofk&i 20 3. B@EEcTRRE=2> 27 Y — hOGA,
A AEREL 2 KA A 4L C fE T, pp.525~526, 1996.7

20)H)IZRA, JEHER, HEFS, BEBA: Ty 37— AW a/R
BRI DHEMNE AL v RO AR KEAY v ROfE & EHES
DIVFEVIRA~DOEE Z 0 1, AARBEZS REFHTHEEE s,
pp.855~856, 2012.9

QDR P, HJIZRA, IR 7y ¥ 7 L— M2 AVWEZAREICBIT 5
Hift& A% v ROMkE i KA Y v ROBHE S L 5 ERRIE~

DR O 1, AARBEES KSR FAAE MG, pp.1181~1182,

2013.8

22)MARFNE, HJIZRA, IHOF=: Ty ¥ 7 L— hEAVEZAREICBT S
FAff & A X RO &R KA S v Ko AW DR B4 25—
R 0 1, AARBEEFPS RS PIGRFEME ST, pp.899~900,
2014.9

2)RAHMIL, FNZEE, WK, e Ak—0, ARt WEEA KR
025 Bft & A % v RO & &AW ER & SR, BAREFRRRAF
ATl #E3E T, pp.1375~1376, 2014.9

2B e, IRUHEHL, FURER, mER, B AY Yy Faxs s —o0
L ERBRICONWT, AARBEADGmCHREE 55 FiilEE 54,
% 42 %, p.455, 1967.10

25) B3k R, FEREAME, HIRR, ROKAME : Ktk o& 27 ) —F 27
THBAENTZ AL v Rax s 7 O, B ARRERRGH TR E,
%5 281 5, pp.57~69, 1979.7

26) ik, TEREAE, FRET, BEMZ, EaER, JE= . ARA77
AT vx 7L — FOMICHLDIAE N A S v Rax 7 2Ok &R, A
AR 2R R SURATAE, 55 371 %, pp.72~85, 1987.1

2TV HES, TEBELKES, IR, BFELY  @iRICBI DM E 2L Y RO
AW I BT 5 EBRAOIFTE, B ARG R SCE, 8 T3 %,
% 630 5, pp.1417~1423, 2008.8

2B, TREM, HAEF]  BHAE A X v ROF LR & 3RBR 1k
DIRFEER, TAERMESGHEINF AR RS MEMEE, & 39 %, &
145, 1-47, 2012.

20) R B, SEMEE, ERRIL— A E A 2 o ROk & I FE T =
7V — N OFAR TN O, TR, #8380 5, I-7, pp.311
~320, 1987.4

30) 0L, M M E 2L v RoR A A-FhEGROERL, HAZE
BWSEA, 64 %, %45, pp.935~947, 2008.11

3DAHESE, KILEE, FEHEY kKK L OKKZICBIT D AZ v RO
SERRME, BREARCE A, 65 %, ¥ 25, pp.384~394, 2009.5

32) L HAM & A X v ROEAW ) & THNEMB LA F v Riili5RzEH) &
DOERICKIETHRBRFEORE, LARFRMmCEAL Fe67%, H25,

pp.307~319, 2011.

3T, bffRSE, BRI, BT 0 7L v A M IRIGEKE A R O
FTAIEDIZBE T 2 F2 R L OMiRYr, LRSI SUE AL, & 68 &, & 2
5, pp.331~346, 2012.

34 IL, DB, FEAE, WITEA, B, BRI HESh o
AW & BT ERE ) % 52 BEAR & A Xy Ko AW ) & AT )
PTHENMBER, BTG CE AL 570 %, &5 5, 11_69-11_80, 2014.

35) G R, RS, PETAL, ShL  BHERREB X D A0 Lo
HERBRICKT 2HNMN & A& v ROMMREE), LARFRMmCE AL $ 71
%, %1%, pp.113~127, 2015.

3OV RAMREN, /MAE—, AL, EHE, PEEE: 7V —TEE L
ALy RO &R, TARERE 56 BIFRENHESHEBE,
(€S2-10, 2001.10

ST M, kAR : iR 25 mm OTEFT X 2 % o Ko AW /i B3
DA, AR 60 BRSNS, pp.879~880,
2005.9

3R KEBFIK, PEEM, JEWER, JREE: 222 U — MR E S 'L
HOVIEE VBN & 24y R & BRI Ok & MRk, LARFRE
68 [FIER A aE S, CS3-014, 2013.9

BORBAIL, T, FIER, xR, ARL, WNIBEN
25mm JAfF & 2 & o ROk & AWML, EAREAYE 69 [BI4EKRSE
a4, CS3-07, 2014.9

400 5L —, Bz, @AF L A& 2 X v RO O E—§
HIBREEREA R —, MRS TR S04, 35A, pp.1221~1232, 1989.3

ADBRIER, R —, TEYEE SR HT O #T T 7)8 L OV RC KR E o
LD BT 2 EBRIMFTE, ik TFam 0%, 43A, pp.1301~1312,
1997.3

W)IABER, KAMaEE, KILE, KAREAN, EHEL: “EAK2 Bk
BOTFar 7 ) —bRRICBIT S A% v NOEFE, HE T %6k,
55A, pp.1102~1113, 2009.3

43)h L, Mg, oAy S—TF R Ay RERE LT L
¥ ¥ A RIA BT ORI B3 2 JERESE R, M T 2% SUEE, 60A,
pp.788~1797, 2014.3

44) 3L —, FEMEN, REHD) AL v ROMk & RBREEICRIT TR
K712 B9 2 JEREROAFZE, 265 1 R AR E DTG -ICBI 4 2 2 AR Y U LGk
B SCHE, 9 13 %, pp.81~89, 1986.9

A5V INIFEE L, L —, T« A X v ROIER NG~ I B3 5 B
78, AU ) — N LR R SCHRE R, 3 19 &, 5 2 %5, pp.1413~1418,
1997.6

46 RTH RS, A, FRoL—, mER—  mlltkZ B L2 % v KO
%, 2V — b LRAEYGH GRS, 55 21 %%, 5 3 5, pp.1087~1092,
1999.6

ANVEIW, R, KRTHE, WHEE W Ra G 2= 2V
— MNREOMNEIRICET D058, 227 U — b TR ERGRSCREE, &6
21 %, % 35, pp.1093~1098, 1999.6

ARSI, INEFERNL, WHATE, KRTF&EE 2%y FeaT oM=ar 2V
— MREICB T D EEROFE—HET VBT 0%, =227 V— 1
EEYGRCE, 5 22%, B35, pp.1171~1176, 2000.6

AW AW, BEM—, KEEE, BRA—%: BREar 27U — b 2Hniz
a7 U — NERGRM O R, 27 Y — N LRGSR, B
22 %, %5 3%, pp.1177~1182, 2000.6

SOV, TR, KTFHE : A4 v FF&M - 227 ) — FRmEOfT
FEVERICRIETMES ROEEBCET 2%, 22V — h L% UE,
% 13%, %2 %, pp.1~13, 2002.5

SMEKET:, WdZ, ALEET, FIRIL—  BIEG A ¥ v ROEAMK O
Slk & Fetk, 2> 7 U — PILPFERGER CHE, 0 25 %, 5 2 %5, pp.1609
~1614, 2003.

S2NEREN, TAIER, MER—, WIRIL— : A5 TR o TR E L
TR AL v ROUVES IO ARG /), 22 2 U — b T¥FE R
SUEE, B 26 %, 5 2%, pp.1441~1446, 2004.6

SR —, Bl FLFE X X v ROV AW — FREMBRICEE+ 5 55
MFgE, =20 7 U — R AR GH SCEE, 25 30 %%, 25 3 5, pp.1333~1338,
2008.

SAERI T, AiFE—, /MR, KIEHEE, BEMZ : LEOED H K
MAEREFT LA REED Y 7 2% 7 2T 5 #k & 5k, KR
Jes, % 82 %, pp.31~41, 2005.10

— 749 —



55) Z4FR T, BEHAE, fTEEGE, AL, FE— AR X v RE%,
PmE R SCHE, H 1B, 55375, pp.139~146, 1994.9

56) IR, Pl —, RIEHEE, H LM, BWHBEZ  HEH4E2Z Y RO
PR & FABRIE D REME(RIZ BI T 2 MRS, SR G R SR, 25 2 &, 45 8 5, pp.47
~60, 1995.12

STVIKRER, SEsl—, MUBHA, ML WERAZ T 207 Y — FNICH
DIAENTZA X v NOFRITREICBY T 2 KBRS, GRS, B 7
%, #5279, pp.59~70, 2000.9

5QHIIA—J#, M HRA, BUli—, WIS - B LS AW N2 %0 54T
AIED O F)FERVEIRIZ B3 2 EBROATZE, % 10 FIES - A RUEEOEH
BT 5 RY T A, pp.20-1~20-8, 2013

59) 0 RS E T2 « B & A Xy RO ERBHFTIEGER) L 2L v FIgHT
HHFFEDBUR, JSSC T 7 =/ LiR— b, % 354, 1996.11

6OVIAFEELZ - BHAF & A & o Ko & R iE O HE [22] o %, JSSC
H ARG & > B BARE, 85 21 %%, pp.35~36, 1996.7

GDFRIEAE T, PHHEMGE, RS : MiEHBERE2 27 ) — FOBRE D
ELIHIEY & OB RNE, BN ICATAESR, 5 49 5, pp.101~106,
2001.9

6281 H ARk : A & v K O~OVREGRBR Y (A7t L-(Fr4R),
RUERAFSE, 55 267 - 268 7, pp.9128~9132, 1970.3

6IHIFIEAN, HOL, WM, #wEL « Aok o AW 717
ik, POEFMFHRE, ¥ 23%, 555, pp.29~34, 2009.5

BORAMEN, KILEE, HKFE, AFEL - 808 B L08R E Avi-3h
I Uik &3k, FArilifid, % 23 %, pp.18~21, 2004.

65) LA, KAMREN : $F VS E AT IR O Uik &R Bk, 7
[, % 814, pp.17~22, 2012.

66)J. G. Ollgaard, R. G. Slutter and J. W. Fisher: Shear strength of stud
connectors in lightweight and normal-weight concrete, AISC
Engineering Journal, pp.55-64, 1971.4

67)Li An and Krister Cederwall: Push-out Tests on Studs in High
Strength and Normal Strength Concrete, Journal of Constructional
Steel Research. Vol. 36, No. 1, pp.15-29, 1996.

— 750 —

68)Chang-Su Shim, Pil-Goo Lee and Tae-Yang Yoon: Static behavior of
large stud shear connectors, Journal of Engineering Structures, Vol.26,
pp-1853-1860, 2004.

69)Dennis Lam: Capacities of headed stud shear connectors in composite

steel beams with precast hollowcore slabs, Journal of Constructional
Steel Research, Vol.63, pp.1160-1174, 2007.

70)M. H. Shen and K. F. Chung: An Investigation into Shear Resistances
of Headed Shear Studs in Solid concrete slab with local aggregates in
Hong Kong, The Twelfth East Asia-Pacific Conference on Structural
Engineering and Construction, pp.1098-1105, 2011.

71)0. Dogan and T.M. Roberts: Fatigue performance and stiffness
variation of stud connectors in steel-concrete-steel sandwich systems,
Journal of Constructional Steel Research, Vol.70, pp.86-92, 2012.

72)Chen Xu, Kunitomo Sugiura, Chong Wu and Qingtian Su:
Parametrical static analysis on group studs with typical push-out tests,
Journal of Constructional Steel Research, Vol.72, pp.84-96, 2012.

73)Dongyan Xue, Yuging Liu, Zhen Yu and Jun He: Static behavior of
multi-stud shear connectors for steel-concrete composite bridge,
Journal of Constructional Steel Research, Vol. 74, pp.1-7, 2012.

74)Zhaofei Lin, Yuqing Liu and Jun He: Behavior of stud connectors
under combined shear and tension loads, Journal of Engineering
Structures, Vol.81, pp.362-376, 2014.

75)Xiaoqing Xu, Yuqing Liu and Jun He: Study on mechanical behavior of
rubber-sleeved studs for steel and concrete composite structures,
Construction and Building Materials, Vol.53, pp.533-546, 2014.

76)Qinghua Han, Yihong Wanga, Jie Xua and Ying Xing: Static behavior
of stud shear connectors in elastic concrete—steel composite beams,
Journal of Constructional Steel Research, Vol.113, pp.115-126, 2015.

77)Jee-Sang Kim, Jongwon Kwark, Changbin Joh, Sung-Won Yoo and
Kyoung-Chan Lee: Headed stud shear connector for thin
ultrahigh-performance concrete bridge deck, Journal of Constructional
Steel Research, Vol.108, pp.23-30, 2015.



A COMPREHENSIVE REVIEW OF THE LITERATURE
ON SHEAR STRENGTH OF PUSH-OUT TESTS OF HEADED STUDS

Comprehensive and holistic analysis focusing on the type of slab, failure mode, and stud diameter

Chihiro HIRAMA *, Takashige ISHIKAWA ™™, Akie HISAGI ***
and Minhhai NGUYEN ****

* Student, Dept. of Housing and Architecture, Japan Women's University
** Prof, Dept. of Housing and Architecture, Japan Women’s Univ., Dr. Eng.
*** Prof, Dept. of Architecture and Interior Design, Bunka Gakuen Univ., Ph. D.
**** Assist. Prof, Graduate school of Engineering, Utsunomiya Univ., M. Eng.

The connection between a steel beam and a concrete slab in the composite beams of many buildings or bridges is
generally manufactured with headed studs. In the revised Japanese Industrial Standards in 2011, headed studs of
diameters of 10 mm and 25 mm were added. However, a consideration of their mechanical properties is not sufficient.

The shear strength of headed studs is typically investigated via push-out tests; however, these tests are carried out
under specific conditions, and the results of these tests are greatly affected by the test conditions. There have been
only few studies on headed studs with diameters of 10 mm and 25 mm; however, there have been many studies on the
mechanical properties of headed studs of other diameters, using push-out tests. Therefore, we collected test results on
the shear strength that have been obtained from previous studies from other countries that performed push-out tests
using headed studs. In this study, we define the subject of analysis, and attempted to discuss the tendency of shear
strength comprehensively by investigating experimental data obtained through 1002 push-out test results.

We divide it into failure mode and type of slab; we focus on the tendency of the shear strength from the test results.

The shear strength of a headed stud in a solid slab was approximately equal to the product of the headed stud
tensile strength and total cross-sectional area of the shaft component of the headed stud. The shear strength value is
approximated because the results of the push-out test are influenced by the pure shear strength as well as the
concrete strength. This tendency is especially prominent in case of failure of the headed stud. A similar tendency,
although with variations, is observed in case of failure of concrete. The shear strength of a headed stud in a slab with
a steel deck cut on the flange also shows a trend similar to the shear strength of a headed stud in a solid slab.

On the other hand, the shear strength of a headed stud in a slab with a steel deck across the flange showed a
different tendency. It is less than the shear strength of a headed stud in a solid slab. Although specimens having a
slab with a steel deck across the flange can be classified into specimens having a headed stud welded through a steel
deck and specimens having a headed stud welded to the flange directly, their shear strength tendency was almost
equal.

The shear strength of a headed stud with a diameter more than 25 mm in a solid slab gradually decreased with
increasing diameter in both the failure modes.

Through a regression analysis of the test results, we classified the results into three types. The first is the test
result for a headed stud having a diameter less than 25 mm in a solid slab or slab with a steel deck cut on the flange.
The second is the test result for a headed stud having a diameter of more than 25 mm in a solid slab. The third is the
test result for a headed stud having a diameter of more than 25 mm with a steel deck across the flange; the test result
for a headed stud having a diameter of more than 25 mm and welded through a steel deck is not included in the
evaluation. Therefore, three expressions are listed in Table. 2 using the shear strength and total cross-sectional area

of the shaft component of a headed stud and headed stud tensile strength.

(2016 4% 7 H 23 HAR~231, 2017 45 2 A 3 HERMIHwE)
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