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Study on Fire Performance of Stud Connectors
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ABSTRACT

This research aims to conduct a pilot study for the in-fire performance of headed studs,
commonly used in composite structures over the world. The robustness of the shear studs in fire
appears to be a key element to govern the composite behaviour after a sudden local instability
developed in structures such as trusses and cellular beams. In order to experimentally evaluate
the residual strength of studs in fire, the standard push-out test was modified for a half of the
original set-up to be equipped with a furnace. The adjustments allow the steel section to have a
3-sided exposure against fire. Under the Standard ISO fire, the modified push-out tests under
loading were conducted to identify the failure mechanism of the studs in relation to temperature
developments.

Keyword : Fire performance, Stud connectors, Composite beam, Push - out test
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Figure 1. Specimen for modified push out test.
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Table 1. Properties of steel stud connector
Yield Tensile Elongation
strength | strength é;)
(MPa) (MPa) !
Shear stud
349 427 25
(¢19)
H-beam 322 452 33
Table 2. Properties of concrete
Unit Design

Slump | W/C(%) | S/a(%) | weight [strength

(kg/m*») | (MPa)

18 cm 34 41 2,415
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(a) Conceptual section of modified
push out test




Figure 2. Proposed slip test set-up in fire.
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Table 3. Summary of test results

. Temperature
S Max. A
ﬁzgémzn %32&, displacement €9)
. . &N at max. Top 10mm
classification load(mm) |flange@at stud
Room
RT temperature 241.5 7.73 - -
30M | 30 minute | 159.9 7.58 602.8 | 434.5
60M-1| 60 minute | 66.1 1. 64 807.4 | 599.7
60M-2 | 60 minute | 100. 4 9.53 794.4 | 607.5
1000
800 1
%) :
3 o0 ! 5
5 | i
® /—,L ISO curve
8 400 f—F i
£ [ i
o ;
F oo ff

{ e }-Bottom Elange

0 | i |
0 10 20 30 40 50 60
Heating time(min)

Temperature-time curves compared

Figure 3.

with IS0 standard curve and bottom flange
of 60 minute specimen number 2.
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Figure 4. Load-displacement curves for push
out test.
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Figure 5. Temperature-time curves in steel
and stud connector of 30 minute specimen.
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Figure 6. Temperature-time curves in steel

and stud connector of 60 minute specimen
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Figure 7. Temperature-time curves in steel
and stud connector of 60 minute specimen
number 2.

(a) Surface of concrete and steel section

(b) Fallure of heded stud
Figure 8. Failure of shear connector after
push-out test in fire (60M-1).
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Table 4. Time and
connectors and top flange

temperature of stud

Table 5. Test result and evaluation of shear
force of stud connector

Fire |Specimen flT;Iige 10mm 30mm | 50mm TosT
time | name “C) “C) “C) °C) Specimen result (kN) Evaluation(kN)
30M 470. 3 327.9 212.9 147. 6 RT 241.5 237.7 Equation 2
90 | 60M-1 | 485.6 | 318.6 | 213.8 | 152.5 168.2 |Equation 11
minute| 60M-2 | 481.9 | 336.2 | 219.1 | 143.3 30 159.9 163.1 |Equation 12
Average 479. 3 327.6 215.5 147. 8 GOM 83 3 77. 3 Equatlon 11
30M 602. 8 434.5 | 291.1 206. 0 . 103.9 |Equation 12
30 60M-1 609. 4 420.5 | 289.0 209. 5
minute|  GQM-2 603.5 439.9 295.5 196. 7 4.3 AEEFHUEe] e L =}
Average | 605.2 | 431.6 | 291.9 | 204.1 A= 12 A A BAAST 5o Az
60M-1 | 807.4 | 599.7 | 439.2 | 335.1 dsol Astste, dwride] A AAS FEA
= KeN ez y| Ry
80 6ow2 | 7944 | 607.5 | 438.7 | 317.0 =i T B b Ao Rrkdth
minute 2118 9B 73_%?%@*40]?1‘5) 2 12 ¥4
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Figure 9. Average temperature-time curves of A2 (°C)

top flange and stud connectors in furnace.
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