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ABSTRACT

This paper presents the tensile behavior of stud connections installed between reinforced concrete and steel
members. Eight specimens are tested to verify the factors influencing the tensile behavior of the connection. Major
variables considered in the test are the reinforcement ratios of concrete member and connection details.

Test results indicate that the reinforcing bars near stud bolts contribute to the increase of the tensile strength of
the member as well as to the reduction of brittle failure. It is shown that C-type or U-type connection has relatively
high ductility. From the evaluation on the tensile strength of test results including those of performed by previous
researchers, it was shown CCD (Concrete Capacity Design) method overestimated the strength. In this paper, the

reduction factor of 0.7 ¢ instead of ¢ is suggested for design purpose of the stud connection.
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(c) Pull-out failure

Fig. 1 Concrete failure types of stud connection
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Table 1 Design tensile strength of stud groups

Design tensile strength Strength reduction . .
Code (ATl units are USCS) factor Failure area Effective area
ACI bgzo;cg).gihéaﬁ::ril{)ﬁ Projection area of stress
349—978) ¢Pc = $ApV fu far face reinforcement) cones radiating at a
b - 065 45-degree slope
B ¢ = _0'65 Projection area of a
UBC 97” ¢P. = ¢4A AV {4 (¢ ;O'ES d. attaclclled truncated pyramid radiating
or hooked aroun t a 45-d |
reinforcing steel) aa cgree siope
ggll ¢P. = ¢/1(“§‘ MW L - 085 Failure surface area along a
o ditionm) x (2.8A, +4A,) truncated pyramid
A 5 Projection area of concrete
ccp” P, =¢ A, ¢ = 0.85 (ACD) surface idealizing the failure
¢ = 0.75 (ASCE) cone as a pyramid with a
Y- 0, - Py, base length(3hes)
A,’: sum of the areas of the sloping sides Peo © nominal tensile strength of a single stud

At © area of the flat bottom of the truncated pyramid

A, : effective area
groups

c1 - edge distance to the closest edge

. actual projected area at the failure surface by stud

. projected area at the failure surface by one stud

en' . distance between the resultant tensile force and

centroid of tensioned fasteners
fae ¢ compressive strength of concrete
her ¢ actual embedment length of stud
knc  calibration factor

1) post-installed fasteners : 35

= kpV o B

A coefficient for use with lightweight
concrete
i ) normal weight concrete = 1.0
ii) sand-lightweight concrete = 0.85
iii) all-lightweight concrete = 0.75
¥, . tuning factor to consider the eccentricity of
the resultant tensile force

_ 1
7= 1+2en"/(3he) =1
¥, : tuning factor to consider effect by edge

it) cast-in situ headed studs and headed i) c1=Lohy, ¥Hp=1
anchor bolts : 40 . . Ci
Pc : nominal tensile strength of stud groups ii) ¢;=<1.5hy, ¥ =0.7+0.3 1.5hy
Table 2 Description of specimens
Specimen Longitudinal bar (L.B.) Stirrup Reinforcement Numbe(rl?? fnitnu)d bolts
CF-A 5-D13 ¢ 6@125 - 4
CF-B1 - - - 4
CF-B2 10-D13 $6@125 - 4
CF-C1 5-D13 46@75 - 4
CF-C2 5-D13 $6@175 - 4
CF-D1 5-D13 $6@125 Two-Closed C type bar -
CF-D2 5-D13 $6@125 Two-Open C type bar -
CF-D2a 5-D13 ¢ 6@125 Four-U type Bar 4

Table 3 Physical properties of concrete

Compressive Revised ,
strength | compressive strength You?t%rlsf /(r:nrgzd)ulus
(kgf/cm ) (kgf/cm )
372 361 259
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Fig. 2 Detail of specimens (Unit : mm)

Table 4 Tensile strengths of reinforcement and

stud bolt

Yield Tensile Young’s

Type strength strength modulus
(kgf/cm®) | (kgf/cm®) (kgf/cm”)

Stirrup- ¢6 7460 8918 2.11x10°
LB.-D13 4977 6321 2.06x10°
Stud bolt o
- $13X80 4078 5132 2.12%10
Load
Support

point

Fig. 3 Loading concept

Strong frame

Fig. 4 Test setup
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Fig. 6(a)ol Yehd ujs} o] HAGHAIHE ®WFE
& AgACIAE Ao WHe g2 T2 AFA S vt
A2 o 2 Aot fie v dhrgae Myed
Hdg o|F ts /e Holw U 59
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7P 2 ARARA Hupg olF WHe 3k glo)
gRFze W¥o] SUHAES Hol 2 &
AF2 derzyol e Aderte g5
AgA S FA% A WA 71dE HFa ek

Fig. 6(b)= Agipge] Bers T3S 72

Table 5 Test result

o Uit A A F2ol BE S WA H3 o
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e 2849 el o A
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Fig. 89 8 AgA9 7 34 depigich 2
AAA ¢ CF-Bl A¥4e Z3YE guwzo] zon
Z 337 g4 B9t CF-AY 49%E Fo3 Adury
29 oz sy HHo] FMtEE I PAS HEL
M AHE BE HIE CH 2 UY BA2E AHEd
Agole T AgA vjstd ZAE B3 Wilo] &
Abglo} HEualo] =gl Ao Yttt

44 7|% Y2iAlnlel v)

B ate] Agasel sE ddugdes AN
ACI 349-97, CCD "4, PCIoll 9J3t o]2uE& Table 6
5} Fig. 991 Wlamele] JEQIn, oleid oz e 7t
7% o AEALAGE A8 % Aolth ACL
CCDAel Bl3) PCIZo] chi Aguest dAu=e
SAVIA e 2B BEe) Znd B3 ude @
Bl gk Ao wojAT, 74, ¥ ¥ UR B
o] AHeE AuAe A Hee 4 % UB v
29 ¥o13 2HE 2EY §Ekold BUsh] 485

of &S Pgsgit

Reinforcement ratio ) Displacememt
. Maximum load, Pmax :
Specimen LB. Stirrup (tonf) at maximum load Prnax/Pa
(%) (%) (mm)
CF-A 0.53 0.15 10.2 (=P,) 2.10 1.00
CF-B1 0 0 94 1.68 0.92
CF-B2 1.06 0.15 100 2.07 0.98
CF-C1 0.53 0.25 9.2 254 0.90
CF-C2 0.53 0.11 9.8 211 0.96
CF-D1 0.53 0.15 10.2 7.68 1.00
CF-D2 0.53 0.15 838 379 0.86
CF-D2a 0.53 0.15 234 9.38 2.29
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Design nominal strength (tonf) Embedment length of anchor (cm)

Fig. 9 Comparison with predicted and experimental Fig. 10 Comparison with test and CCD tensile

result strength for anchor bolts
4
Table 7 Previous tension test of anchor « Single stud
Aanchor s | o Group stud
Researcher 8
Stud Bolts ao
\X 2
Seong-Ung Kang® 14 4 £ .
2 » o o : o m=0.872
Se-Woong Oy " 8‘ ”?.3 3, @i 3‘

. . 5) . R LA I TIE A 1 2/ DR,
Eric J. anave)ra 50 "fb G s ":m’_o=o.656
R. E. Klingner® 7 4 ' 0 ' : : ) \

- = Iy 0 5 10 15 20 25 30
Werner Fuchs Embedment length of stud (cm)
12)
Al] 61 31 Fig. 11 Comparison with test and CCD tensile
Total (416} 162 254 strength for stud bolts

Table 6 Comparison with predicted and experimental result

Test result ACI 349 CCD PCI Prost Prest Prost

Specimen P, test Paa P Pra
(tonf) (tonf) (tonf) (tonf) Pia Peep Peo
CF-A 10.2 13 154 8.2 0.78 0.66 1.24
CF-B1 9.4 13 154 8.2 0.72 0.61 115
CF-B2 10.0 13 15.4 8.2 0.77 0.64 122
CF-C1 9.2 13 154 8.2 0.70 0.59 1.12
CF-C2 9.8 13 154 8.2 0.75 0.64 1.20
CF-D1 10.2 12.1 154 7.7 0.84 0.66 1.32
CF-D2 8.8 12.1 154 1.7 0.72 057 114
CF-D2a 234 26.1 17.3 26.6 0.90 1.32 0.88
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