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Experimental study on static behavior of headed
studs under tension force

LIN Zhaofei, LIU Yuging
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract; In order to develop the calculation method for the
tensile strength of headed studs widely used in steel-concrete
composite bridges, four groups of pull-out specimens with
different stud heights were tested. The overall stud heights
used in the four groups were 100, 200, 300 and 400 mm,
respectively. Based on the test results, the effect of stud
height on failure mode, tensile strength and peak separation
were investigated. Tensile strength equations specified in
exiting codes (ACI 318-08, PCI 5 th and CEB-ECCS) were
evaluated based on 93 test data of this study and other
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researches. In addition, constraint equations for preventing
the brittle failure modes of stud pullout, side-face blowout and
concrete breakout were developed. Finally, calculation
method of the ductile tensile strength of headed studs was
proposed. The results indicate that the tensile strength and
peak separation of the specimens failed due to steel failure are
1.5 times and 5. 8 times as large as those of the specimens
failed due to concrete breakout failure, respectively. The
strength equations given by ACI 318-08 give more accurate
predictions than those in the other codes. The minimum
concrete compressive strength, minimum distance from stud
center to concrete edge and stud height-diameter ratio are
employed as constraints to prevent the brittle failure modes.
The proposed calculation method of the ductile tensile
strength of headed studs can provide guidance when designing
headed studs under tension force.

Key words: steel-concrete composite bridges; headed studs;
tensile strength; pull-out test; calculation method
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Tab.1 Grouping of test specimens
BAE MU do/mm hy/mm fo/MPa fo/MPa

ST-1 3 22 100 519.0 62.6
ST-2 3 22 200 519.0 62.6
ST-3 3 22 300 519.0 62.6
ST-4 3 22 400 519.0 62.6
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Fig.1 Details of test specimens(unit; mm)
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Fig.2 Test set-up
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Tab.2 Results of tensile strength and peak separation

B A 1 B 2 B3
S N/kN d,/mm N/kN dp/mm N,/kN d,/mm
ST-1 111.8 3.56 98.7 1.13 1155  1.94
ST-2 154.6 10.17 174.8 10.86 159.6 10. 36
ST-3 168.8 12.57 172.2 13.38 172.8  13.54
ST-4 171.9 18.97 159.3 16.48 164.6 11.97

TRBE IR, PR R I BAR, M B BN, 2 TE
HEEER 2. M 84T N 200~400 mm B, BE IR
AR IRETRLT, DL AR ) X B, W (H 4 B 3
K ATEAE BB AT KRET R BRI B, W 4 B B AR
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Tab.3 Equations for calculating the tensile strength
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Fig. 6 Comparison of concrete break-out strength

derived from test results and those computed

using existing codes
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Comparison of ductile tensile strength derived

from test results and those computed using

existing codes

BIERELER. X THEHR 16 ~25 mm 84T, i%
FaemnB IAE N 26. 4 MPa, MIYBEEE - IREFEE R
/NF CA0 B}, AT EEAS B AR ET R 1 Ja T 1R 4T Hhr Wi
R,
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Tab.4 Variables of the previous researches

BrRE ds/mm hs/ds fsu/MPa f'/MPa
McMackin (3] 19~22 5.3~10.7 441.3 33.8~35.7
Sarri 210] 19 6.7 413.7 30.5
Nelson stud welding'!J 6~22 4,0~10. 3 413.7 20.3~21. 4
Ohtani %0121 13~19 4,2~7.7 474. 3 31.0~34.7
Al-taan %018 §~12 2.1~7.8 414, 0~1034.0 33.8~35.7
Collins 2[14] 19~22 5.3~10. 7 413.7~827. 4 33.8~35.7

R5 BETEER/ME fum RE K4 +h%E/NEE.

Tab.5 Limits on the minimum value of £y
B4THAR/mm 16 19 22
f ok, min/ MPa 18.4 22.4 26.4

BRI REFER C30 C35 C40

4.2 PBAIEASIRE - EREBIR R BRI &4
W o /h,>>0. 4 if, ACI 318-08 HLE AT NN AL
RAENGIRGE T W ERBEIR. . HEETPORBREE

25
25.9
C40

Y c./h,<0. 4 I, B7 1 A GIRBE T ERBIRTH
i IR (6) TR ML R R E N KT (D it 5E
{6, BP.

deSLl <
~
14.7 /1.36 fa — 3.52 4/ (dn/d)? — 1

Ce

(13)
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BEBS BB /IME. Cormine FITTE Covrnin B 2 TR 256 - 7 FEE A 388
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Fig.8 Relationship of concrete compressive strength
and minimum value of the closest distance from
stud center to edges of concrete element
x®6 BELIIGR/MEENR/ME comn REIEH
Tab.6 Limitations on the value of ¢, i
BE T 4THR/mm
BESR 16 19 22 25
C30 80 106 134 151
C35 73 97 123 138
C40 68 90 114 128
C45 64 86 108 122
C50 61 81 102 116
C55 59 78 98 110
C60 55 74 93 106

4.3 [h LETR B - R AR ARIR Y PR B SR
FEREE T WA TR ST R W IR 5 (6 12 1R
K @OFRBHBRRZ AT 8RB .

d4,/3 /3
AL -<
6.3(0.7+0.3ﬁ) (1. 36 f — 3. 52)1
h,— hy 14

Hd, Y. /h,>1.5 K, B 1. 5.

B 9 RIS fouk 530 MPa,c./h,>>1.5 B,
By 1L TR BE + H0R Se FIRETRIM R, BET R E 5 H
& IEM B/ ME (h/d uin SIRBETIRE foBIRR.

7T £,k 530 MPa,c./h,>>1. 5 Bt F FIR
BHEESFENETERNETRESERIMES
IMECh/d) mine X ce/h<<1. 5 B, ¥ c./h=>1. 5 i}
B Chy/dy) minTELL B B (0. 740. 3(c/1. 5h,)) 23 BP
Al TR E S R AR /ME (hy/dy) in s BE
FHIREE - DUE R R s , BEE AT R M
HEnmER. X FEANER 22 mm B4, BEE+
SREF SN C50 i, BATEEEA/MNF 200 mm.

121
—v— d=16 mm

1k —— d=19 mm
—o— d=22 mm
—0— 4;=25 mm

(hs/ ds)rnin

T

6 1 1 1 1 1 1 1 ]
IS 20 25 30 35 40 45 50 55
fu/MPa
B9 BETRfkkR/ME(h./d)umSRELTEENXR
Fig.9 Relationship of concrete compressive strength
and the minimum value of stud height-diameter

ratio

®7T BEISELEB/ME(h/dy ) BRE FHF
Tab.7 Limitations on the value of (k,/d,)un

BE+ JR4TE A2 /mm
WEER 16 19 22 25
C30 9.8 10. 2 10. 6 11.0
C35 9.3 9.7 10.1 10. 4
C40 8.9 9.2 9.6 9.9
C45 8.6 8.9 9.3 9.6
C50 8.3 8.7 9.0 9.3
C55 8.1 8.4 8.7 9.0
C60 7.9 8.2 8.5 8.8

5 1RSTEMEWAIA A NIHTETE

B 10 Bron A 14T E Bk S SR Ak 3R
HEERE. METBESE fadoh T c HRIZ
WARE, W RS 4. 1~4. 3 5 PRI &4, By -8
ETHEBMP R EERIR. & AL BAT R A SE MR,
AR A (DI EPH A ZE S, R A AR R A
SLARET YV RLSE , SRET A R /NPT HL5R B O 400 MPa,
Lfh = BET AR R BT HGRE £ B B, B 400
MPa &,
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Flowchart for calculating tensile strength of
headed studs due to steel failure

6 it

(1) TSR] B DU R Bk BE AR B A 28 v
M, BT R E S B LE /N 5 A (R Bk 1 0k
A A MEPE IR s 2R AR FLBCRI , 2 He R ST 1L i ) S
PEAIR.
(2) 75T 2 e 2 A TR B - KRR 9 JHE P A IR
i, PERL AR RSV BAR, W (E 7 B B/, BT BB 5
B EESRET R R SEPE IR I , TLHL AR B A XL
WEE 7T BB, AR TE M BB AF . SE MR IR I , WA 73
T BT 1R BE A9 S T K, L AR K T o R E 3
IR/
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