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DERIVATION OF STRENGTH EQUATIONS OF HEADED STUD SHEAR CONNECTORS
- STATIC STRENGTHS -

TR oM HEZ EBAE L
By Hirokazu HIRAGH, Shigeyuki MATSUI and Yuhshi FUKUMOTO

In the near future for highway bridges in Japan, the current
allowable stress design method will be transferred to a limit
state design method. In this method, both static and fatigue
strengths should be checked as design criteria at limit states.
In the composite structures, stud shear connectors are the key
element to secure appropriate composite action. The authors
carried out this investigation to define static and fatigue
strengths of studs. This paper describes the results on static

strength. Through a multi-variable linear regression analysis on
179 push-out test data, a refined equation for static strength
could be derived. The influence parameters have been found to be

the diameter and height of studs and concrete strength.
Verifications for the equation are deduced from the scattering of
test data around the developed equation.
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(1) BEOXBHREACMUKEERT -5
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fou) BEUAYT Y — p OFEREE (fou) DADEFEZSRTOSYW. ChoOHTORRELEST
FHXh TO S EWRINIEMTE 5,
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METEHTIF-YWBE2Y 7Y - P REL. Ho. KIRPCBEEHE2ET KK 5D ORIR
EFUTV R, 6120 AY Y FOREFRE Y v FOSIKEHERBRAL2DO. TROBEAYY FOY
AMFB LU Y7 - ORER L > THEURRRF - YL TOAEE LTV 5. HBNIA-F-D
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Table 1 Ordinary expressions for ultimate strengths of studs,

Investigation Expression method Relation
. Equation QuAede®y Toy s (he/de 24.2)
Slutter and Driscoll(1965) ~ GoBed, +hov T2 (ho/do S4.2)
Menzies (1971) Diagram Q,-f.u Relation
Oligaard,Stutter and Fisher(1971) Equation Qu/As=Coy/ ey *Ee
. . V Tou *fsu
Hawkins (1973) Equation Qu=D-AS-~——;%§§§——
. Diagram 0,/ds%-f., Relation
Roik (1982) Equation 0, SEeds2+fs,
Where, Q,:Ultimate strength of a stud, ds:Diameter of stud, hs:Height of stud,
fsy-Tensile stregth of stud, f.,:Concrete cylinder strength, As:Cross-sectional area
of shank of stud, E.:Modulus of elasticity of concrete, A,B,C,D,E:Constant.
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Table 2 Basic statistics of all push-out test data,

Test No.of data Data Mean C.0.V. (%) | Min. | Max.
ds (cm) 1.8777 13.58 1.3 3.2

hs (cm) 8.9944 20.51 5.1 21.4

Static 179 fsy Ckgf/om?) 5008.6 11.97 3560 6327
fou(kgf/cm?) 318.93 26.08 139 632

0, /A5 Ckgf/cm?) 4288.4 20.18 1794 6260

Where, dq:Diameter of stud, hsiHeight of stud, fs,:Tensile strength of stud
material, f.,:Concrete cylinder strength, Q,:Ultimate strength of a stud,
As :Cross-sectional area of shank of stud, C.0.V.:Coefficient of Variation.

cn kgf/ca’
1.3~1.5 *eee 14 7.8X) 3500~3800 e 2 ¢ 1.1%)
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2.9~13.1 §=13.58 5900~6200 |+ 2 ¢ 1.1x) 8§ =20.51
3.1~3.3 2 C1ax) 6200~ G500 | sessevecsvne 21 (11.7X)

Fig.l Histogram of d..

Fig.3 listogram of fa.,.

kgf/cm?

130~ 180

cm 180~ 230
§.0~7.0 *40e 12 ( 8.7X) 230~ 280
T.0~8.0 EEOPLIOEIERRIROIIONNINe 8T (37.4X) 280~ 330
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11.0~13.0 1 ¢ 0.6x) 380~ 430
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15.0~17.0 480~ 530
17.0~18.8 | 1 € 0.5%) 1 =8,994 530~ 580
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FENESABCREIOEIBINNENID 4] (22,9X)

2 (1.1%)
sesevtre 14

« 7.8%)

2 (11X

1=318.9
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¢ 2 0%
« 2 (1.1x%)

* 1 { 0.6x)
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(2) BEOWRED 5 W IEREHEOR—ES
a) Stutter B&LUYU Driscoll OWHFE (1965)

Table 112RUZSlutter & 2MEORBERNELHERBRT — ¥ L OHBERFiIg.6. 7WWRLE, Fig. 61
hs/d:24.208EOHEBT - YOV T. Qu—d?+V fouo BRTO>THEBREURERTHS, —A.
he/d:S4. 208 DVT. Qu—ds* he v Tou BRTH>THEEBULERDY Fig. 7TH%. Zh
S OFOHZE. Stutter 3 BIRELU TV EEBRROHILE U TV S, Fig 6IRThRERNIL. 1969~1973
FEWRD AMSHO(10~11th) DRARBIIFEINLBDOTH 3. BB. ZhHORW Viest BRELU ERN

DREEBELRDDTH 3%,
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3, FEABIREE. ZHhEh 0.873, 0.889 THok, UMU. Fig 8B KU Fig. 7L Vs hRLI K.
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Slutter > BIREU LERRE. Zh
LIRD MSHTO oRAFEICHRES
nkmolk,

FOMOMEE U T, Slutter &
OEBREBRABFLAL 358 h,
7/ dsDER &K > T220REFNA
FRGNIERSBVER I BT 5
n5,

b) Menzies O#FZE (1971)

Menzies {18 & OFEBEES 7 A
UhErE (497 4R%E =N
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Qu
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u
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30000 , T
[1.25h,/d:<5.5 | @ ] Qu=246+da? o/ Tou
| [ ha/ds=5.5 | & | /
20000 x
e
.
b S
2
/ i."?. The solid Iine shows equation
10000 - ¥ proposed by Slutter et al.(1965),
K !* * and also design values adopted
} LR in AASHOC1969-1973).
4 l
Correlation coefficient = 0.873
[
0 50 100 150 200
ds? ey fau (VEkgFecm)
Fig.8 Qu-ds?y fou relation by Slutter et af. (hs/ds24.2) .
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/-—————J/
/ "}
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20000 7
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RN
000 ~ x J
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Fig.7 Qu-dshsv fou relation by Stutter et al. (hs/dss=4.2) .
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Zh & OERE BS5400.Parts TA
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TW3,

XT. RBF -y O#E» B K
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ZhoOFHEL HEBRT - ¥ £ DM
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FRE N, ZOQIEPE, AF9F
QR XBEL 7~ |} OE
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Exoh3,
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BHET. b, ERHEUIER TR
ETHB. $h. TOFRRMUTH
FUTWEaYY - M REOHEH
Wik Bhh b, 450kgf/en® LIE
DEEEOST Y- Pl Tk
HENV, ¥alZ. A¥Y Y FOF
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h 1 AR & R B O 2 B
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c) Ollgaard,Slutter B&Y
Fisher OWF (1971)

Ollgaard &lk. A% FIZfERT
ZRAMSHCEELC. APV F
OFHRELRETREETO—
EUT. Yy -t OEEREE
Wy Ant, HZEHRIE1977~198
SAERRD AASHTO (12th~13th) 2%
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The solid line shows design
values adopted in BS5400:part5
1979).

da/he=16/75 |

*11
s /s =25/100 —f— "t .
X
de/hs=22/100 _{ o
s /he=19/100 2R gty B
L]

|- 8—42

A

o .
" ds/he=19/75

S

1 ]
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Correlation coefficient = 0.524
| | |
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f ou
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Fig.8 Qu-fou relation by Menzies.
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equation proposed by
¢ Fisher et al.(1971),
and also design values

Uu/Ae=0.5V Tou e

o adopted in AASHTO(1977
-1983).

i I {
Correfation coefficient = 0.651
1 |

0 4000
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12000 16000

Vi Eo Ckaf/en?)

Fig.9 Qu/As-v foufe relation by Fisher et al.
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Fig.10 Qu-Asv Toufsu/vds refation by Hawkins.
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ACH 2Ok ay 7Y — P OMMRELPEHL R, T2 FARCERITO7 XU HERED AASHTO DR
FREHLHHEDHILE LTS S,

HITD AASHTO DR #IL. Fisher SHREULERNX. 2F V> OMRTHIWELART - ¥R EMH
BT, FOHSE (BEEESE 500 2ho-n®X (1) PEFHECRSTVS, 22C. A (1) |
Fisher aREUREHR (Q./A:) 2EELVLDHORBERL, A¥ v FOKRBHRE (Qu) BAYYF
BR (d) O2RZEHIL. poar sy - OEREE (f o) CHMRE (E.) OBOFEARILAY
2HDEWEINTVS, BHEEHIE H/d24 & R-oTV%, 22T HEAYYFORETH 5.

Q‘J=0-4.d2.VfC.EC (1)

T, Fig- 9L VeI LS. Ollgaard dDOFRMIFEL. BOORERE (Fisher’ data) i R2MHI
UREARIHEBESEV LS RELN 35, 2588BF — Y4 U TEHEBHEE D 0.651& 720, ZnI3E
ORIV IS ZEDbh S, #

@#% *\ASHTD @uquLE{)T jyt i 6000 h,/l;s<4.2 : A
. S 1.25h,/ds<5.5 | @
OHEERENEEL >N 3, ] TR X — i -
d) Hawkins O®IFE (1973) o The solid tine « 0w n oo * ol
< 4000 || shows design *.“; o Ay -
Hawkins PEEEURZY Y FOB Freriasel | I ¥ Vol B
B, Table 1REATOEE  © Lo :’EE ha,p
SEPRVERREELT VS, B c ot N WIS
B Hawkins HERRU R2i%EHU 2000 =t 7
THELHWT BT ENTES LS <] -
lZﬁOTL‘%o
0u/ds220.25¢y Tou o Bo Correlation coefficient = 0.602
"'A-= Vv fcu fsu/\f/Te I I l coel e I
Eﬁﬁ%& Fig. 1 OW2Rd, 0 200 400 600
ZDRY ¥ ORERE B for hafren®)
%%Iﬂ‘f“ai BRSSO ‘:(43& Fig.11 Qu/ds?-fou relation by Roik (Ordirary) .
\( N ~ biy .
2. Slutter >OFMELVEF 30000 I | T
HBEBR R TV 3. % /< T4 e S0-Seh®ow
= —1 4.28hs/ds <5.
e) Roik DI (1982) h/ds25.5 | K
Roik 3. Table 1WR&¥hTWs 200
&SR 2BHORBEREELTY o
%o Qu/ds2—fcu @SEHX“:OL‘ _
TWERITOD I NEHEh TV 3 10000 i ‘ The sol Id ine shows |-
%)Q)"C&%o Qu/dse_ feu 551% : g;wkg?llzzf%)?roposed

TH->T. BB - V2BEU L
R% Fig. 1 LWRT, @EUEEF
4D DIN DFEFHEDRL TH 3, 0 10000 20000 30000 40000 50000
BITOD I NTE. 25 v F OE da® e fay Cgf)
ERXdarsy - oBECERE Fig.12 Qu-ds®fau relation by Roik (Hew) .

i
Correlation coefficient = 0.623
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h3b0EUT. IEBIURABOEFLRZAI TV S, 2F0, a2V D) - FEEMREVIZE. A¥v
FOREL. Ay FRiEOY 7Y~ b OXES/TPEBT B EKVEU S, —F. a2y 1) - PEE
BEVEE. AYY FOREEIAY v FORAMDBIEIE RS, LEL. A¥Y FORIEEERL O
4.2 PEDBE. AYy FOBEHFREI B> THMETNIEMU RV EU. APy FORTEERZE DL
B3.0 DT CBIZKZORENS 5O THEAEED TRV, ORIV sPREL I, ZORHER
HABRF - UL T, PRVEVERRLTEY. #2lBX5LER2 60 %,

—FQu—ds?+ fou BHR (BEERE UTRAY Y FORANIRES RN TS 5156) % Fig. 121
Y. BB Roik B, &Yy - FEESEVEAGRHERERE L —HIBHEUT. REOH
REBOTREVLRADSRD SN RERHHIEU TS 525, Fig. 1 2KV MRL S LWV Riok
ORUELZHBRT - Y OFEPRERRU TV BRI EWh D%, UL, CORBETHHRT — ¥ &0l
RN EBhP S, Fig. 11 &Fig. 1 204MFEIL. £hEh 0.602£0.623 TH» Rz

3. A% v FOBIERECE T 5 A RFHIEDRE

PAEMS. A9y F OREEICET 3 &k 0 GEIRFER 2 BRI 3 L0EMSRBTEL. £IT. &
WRUEHODBEDED R HRPORFBHRABRT -5 (79 oW THERBEEIRSTIC & > THREHN
B Uk, REU. BIOMERS KUEE S ORRD SHNTL T, FIEREIIRO & 5 RIBKHOERR
EFNRE>TERENZDHDEREL 2,

Qu=0a * ds® » he® s foy° e fou (2)
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o 1R
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X (5) WBEBOFHERAAT S &,
a’ =86.30 (B8)

ERG, Tow, N (4) WRADKHCEMTE S,
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Qu=86.3+ d:2+y (hs/d=) * fou 30000

~ ] |
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Fig.15 Verification of the new expression (Parameter:hs/ds) .
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Fig.16 Verification of the new expression (Parameter:fou) .
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