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Tensile tests of high strength steel T-stubs at ambient
temperature and high temperature

QIANG Xuhong, LU Qiang, JIANG Xu, CHEN Wulong

(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: To investigate the tensile properties of high strength steel T-stubs at high temperature, we carried out
tensile tests on 11 T-stubs at ambient temperature and 17 T-stubs at high temperature, including T-stubs made of
Q355, Q460, Q690, S690, and S960 with different strengths under various high temperature conditions, i. e.
300, 400, 500, and 600 C. The initial tensile stiffness, tensile capacity, and failure modes of T-stubs under
different test conditions were obtained. The test results were compared with the theoretical calculation results of
European and Chinese codes to verify the applicability of the codes for high strength steel T-stubs. Moreover, the
effects of flange strength, flange thickness, bolt strength, bolt diameter, bolt position, and high temperature on the
tensile properties of T-stubs were analyzed. Results showed that the European code and Chinese code overestimated
the initial tensile stiffness of T-stubs at high temperature, and were conservative in terms of tensile load-bearing
capacity. Compared with ordinary steel T-stubs, the high strength steel T-stubs with thin-walled flange had better
deformation capacity while maintaining the same load-bearing capacity. When the ratio of the distance between bolt
and web to the distance between bolt and flange was less than 1, increasing the distance between the bolt and the
web could significantly reduce the initial tensile stiffness and tensile load-bearing capacity of the T-stubs. The
increase in the bolt diameter improved the initial tensile stiffness of T-subs, while the bolt strength had little
influence on the initial tensile stiffness. The research results can provide experimental basis for the fire-resistance
design of high strength steel end-plate connections and their equivalent T-stubs, which are reference for the revision
of relevant design codes.
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WM B S5 RS EN 1993 — 1 -8 % T #Y
FESE A BT RS AR G

m =d —-0.8s (1)
n = min(e, 1.25m) (2)
n/m < 1.25 (3)

s AR, e O 84 .0 BB G0 G A i
B, d IR RO BRI S

T 8 i e 1 A MR A v 30 38 5% 00 R D P 2
Z I e/d {HITEFITE 0. 63 ~ 1. 60, [l S 7 ML
(EREIT . SEBRTRE AR, s A e 12239 A A AR A X
TR AR , DRI R e i R P e
Sh PR AR B SE J 28, MR AR U LY AR 14 A T A
2, Beitom i 4 1 R 88 IR T A 1, 1A
1 Q690 AR Sy 14 mm , XiF[i7 T 70 7 43 (1) 32 4%



- 124 - ¥R

SR AN

855 &

JRRE ¢ 0 14 mm, HORSRBEAFIAY T AU 430 5%
JEL 2 W42 R A5 2k ) D) o 1A 21, BRI PR IR
BT A T B A5 14 mm & Q690 HY T B
AL HAT TR R B, Il R g — 7
) 8 mm, ROMIRAR B4R d, SRZIRE ¢ (H

{H d./t; 22%F T RUE IR 4% ) AP RE = 28 25 1Y
oM BT ATE TR B T A R T MR AR
TEA R AN R o BIrA B F2 a6 T AT 20 it
LR A il U, PR R S A LR R AR
BN L,

x®1 TREESGESEITER

Tab.1 Detailed information of T-stub specimens

faviE s R SR T/ C t/mm e/mm d/mm IR B AR SR G
TEMPI -300 Q690 300 14 50 50 M20 10.9 2
TEMP1 -400 Q690 400 14 50 50 M20 10.9
TEMPI -500 Q690 500 14 50 50 M20 10.9 %%
TEMP2 -300 S960 300 12 50 50 M20 10.9 %
TEMP2 -400 S960 400 12 50 50 M20 10.9 %
TEMP2 -500 S960 500 12 50 50 M20 10.9 2
STA - A Q690 20 14 50 50 M20 10.9 %
ST1 - A Q355 20 20 50 50 M20 10.9 %%
ST2 - A Q460 20 16 50 50 M20 10.9 %
ST3 - A 5960 20 12 50 50 M20 10.9 %
STA - 600 Q690 600 14 50 50 M20 10.9 2
ST1 - 600 Q355 600 20 50 50 M20 10.9 %%
ST2 - 600 Q460 600 16 50 50 M20 10.9 %%
ST3 - 600 S960 600 12 50 50 M20 10.9 %
BST - A Q690 20 14 50 50 M20 8. 8 2
BST - 600 Q690 600 14 50 50 M20 8.8 %%
EDI - A S690 20 14 80 50 M20 10.9 2%
ED2 - A 5690 20 14 70 50 M20 10.9 %%
ED3 - A S690 20 14 50 70 M20 10.9 %
ED4 - A S690 20 14 50 80 M20 10.9 %%
ED1 -600 S690 600 14 80 50 M20 10.9 2%
ED2 -600 S690 600 14 70 50 M20 10.9 2%
ED3 -600 5690 600 14 50 70 M20 10.9 %%
ED4 -600 S690 600 14 50 80 M20 10.9 %
DI -A Q690 20 14 50 50 M16 10.9 %%
D2 -A Q690 20 14 50 50 M22 10.9 2%
D1 -600 Q690 600 14 50 50 M16 10.9 2%
D2 -600 Q690 600 14 50 50 M22 10.9 2%
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Fig.3 Load-displacement curves of T-stubs at ambient temperature
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Tab.2 Tensile properties of T-stubs at ambient temperature

wppggy TR ESER e gy TEWOR BOIREEL R Fren’
Bl RAR B WEREGR (N ) oy
STA - A = = w~ w 2 2 118 936 446. 53
ST1 - A = = i e 2 2 141 782 442. 06
ST2 - A B = =~ o~ 2 2 128 612 402. 25
ST3 - A = = = w 2 2 110 940 439.53
BST - A 3 & i & 2 2 120 246 406. 65
DI -A P B2 = B2 2 2 95 364 343.58
D2 -A = = = = 2 2 129 412 502. 82
ED1 - A P P = w 2 2 126 616 471.29
ED2 - A B P = = 2 2 125 790 475.23
ED3 - A = = w w 2 1 85 002 363. 64
ED4 - A = = w5 T’? 2 1 65 356 351. 18
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Fig.4 Failure modes of T-stubs at ambient temperature
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Fig.5 Load-displacement curves of T-stubs at high temperature
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Tab.3 Tensile properties of T-stubs at high temperature
R mel R gage gy e BOIRERC e fro?
S FAL 7N 2 Ee WAL (N mm!) kN

STA - 600 JE I ?‘:? ~ 2 2 36 879 159. 65
ST1 - 600 = = i e 2 2 47 090 164.95
ST2 - 600 = & i & 2 2 42 684 135. 84
ST3 - 600 S JE o~ ~ 2 2 36 562 161.99
BST - 600 3 & i e 2 2 35128 87. 14
D1 -600 = = ) & 2 2 27 414 71.22
D2 -600 JE JE w~ e 2 2 42 226 188. 04
EDI -600 = I3 & e 2 2 36 428 166. 64
ED2 - 600 = = i & 2 2 35 794 164. 30
ED3 - 600 I JE A e 2 2 30 386 127. 41
ED4 -600 & T 4 e 2 2 20 360 95.73
TEMP1 -300 = = i & 2 2 43 920 373. 64
TEMP1 -400 = = o R 2 2 35242 333.25
TEMP1 -500 S I JE e 2 2 31 488 284. 00
TEMP2 -300 = = i e 2 2 38 478 342.32
TEMP2 -400 = & i & 2 2 34 248 314.50
TEMP2 -500 & I o~ e 2 2 53 760 286. 63

(b) ST2-600

(2) ST1-600
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Fig.6 Failure modes of T-stubs at high temperature
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R IR AR OC T 2R e RE . PR Q355 ,0460
F1 Q690 4N Ty PERe th Pl gn i e , Wk 4. i
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(15 - 17 1 #0E ,

R4 EBET Q355,Q460 71 Q690 Jyit A STillfE
Tab.4 Measured mechanical properties of Q355, Q460,
and Q690 at ambient temperature MPa
ks /s Ju E
Q355 458 587 211 203
Q460 581 671 214 290
Q690 723 990 201 778
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Tab.5 Comparison of tensile properties of T-stubs between code predictions and test results

R o/ (N mm ™) ko /(N o mm ™)k gpes/ (N - mm ") Fy o/ kN Fypn/kN F cpes/kN
STA - A 118 936 435 379 241 933 446.53 391. 69 391. 69
ST1 - A 141 782 1205 126 725 120 442.06 417.02 417.02
ST2 - A 128 612 656 120 364 511 402.25 380. 63 380. 63
ST3 - A 110 940 271 651 150 930 439.53 370.22 370. 22
BST - A 120 246 435 479 241 933 406. 65 340. 97 340. 97
DI -A 95 364 435 479 241 933 343.58 288.29 288.29
D2 -A 129 412 435 479 241 933 502. 82 459. 84 459. 84
EDI - A 126 616 435 479 241 933 471.29 415.22 415.22
ED2 - A 125 790 435 479 241 933 475.23 426. 62 426. 62
ED3 - A 85 002 182 880 101 600 363. 64 337.47 337.47
ED4 - A 65 356 132 162 73 423 351. 18 318.97 318.97

STA - 600 36 879 158 206 87 892 159. 65 116. 69 116. 69

ST1 - 600 47 090 665 280 369 600 164.95 100.79 100. 79

ST2 - 600 42 684 198 619 110 343 135. 84 93.76 93.76

ST3 - 600 36 562 92 391 51328 161.99 112.23 112.23

BST - 600 35 128 158 206 87 892 87. 14 89. 58 89. 58
D1 -600 27 414 158 206 87 892 71.22 78.36 78.36
D2 - 600 42 226 158 206 87 892 188. 04 114. 86 114. 86

EDI -600 36 428 158 206 87 892 166. 64 105. 47 105. 47

ED2 - 600 35 794 158 206 87 892 164. 30 104. 05 104. 05

ED3 - 600 30 386 68 580 38 100 127. 41 89.73 89.73

ED4 - 600 20 360 49 561 27 534 95.73 85. 64 85. 64

TEMP1 - 300 43 920 356 814 198 230 373.64 362. 60 362. 60
TEMP1 — 400 35242 329 597 183 109 333.25 294. 49 294. 49
TEMP1 - 500 31 488 291 321 161 845 284. 00 183.26 183.26
TEMP2 - 300 38 478 228 161 126 756 342.32 292. 61 292. 61
TEMP2 - 400 34 248 204 218 113 454 314. 50 253. 44 253. 44
TEMP2 - 500 53 760 151 825 84 347 286. 63 172.08 172. 08
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Fig.7 Variation curves of tensile properties of
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Tab.6 Ratio of code predictions to test results of

T-stubs considering temperature

‘ Fuion/  kwicees’  Frn/ Fi cics/
WG N A . .
ini,exp ini,exp T, exp T, exp
STA - A 3.66 2.03 0.88 0.88
TEMPI -300 8.12 4.51 0.97 0.97
TEMPI 400 9.35 5.20 0.88 0.88
TEMPI - 500 9.25 5.14 0.65 0.65
STA - 600 4.29 2.38 0.73 0.73
ST3-A 2.45 1.36 0.84 0.84
TEMP2 - 300 5.93 3.29 0.85 0.85
TEMP2 - 400 5.96 3.31 0.81 0.81
TEMP2 - 500 2.82 1.57 0. 60 0.60
ST3 - 600 2.53 1.40 0.69 0.69
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Fig.8 Variation curves of tensile properties of
T-stubs with flange thickness
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Tab.7 Ratio of code predictions to test results of T-stubs

considering flange thickness and strength

o o kini,EN/ kini,CECS/ F"l'vEN/ [“T,CECS/
g5 i X
kini,exp klm,exp Fr e Fp e
STA - A 3. 66 2.03 0. 88 0. 88
STI - A 8.50 5.11 0.94 0.94
ST2 - A 5.10 2.83 0.95 0.95
ST3 - A 2.45 1.36 0.84 0.84
STA - 600 4.29 2.38 0.73 0.73
STI - 600 14.13 7.85 0.61 0.61
ST2 - 600 4.65 2.59 0. 69 0. 69
ST3 - 600 2.53 1.40 0. 69 0. 69
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Fig.9 Initial tensile stiffness development curves of T-stubs
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Fig. 10 Variation curves of tensile properties of
T-stubs with bolt position
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Tab.8 Ratio of code predictions to test results of

T-stubs considering bolt position

Eii ix/ Eini crcs” Fr g/ Fy cees”

vl e P P e e
ini, exp ini, exp T, exp T, exp
STA - A 3. 66 2.03 0. 88 0. 88
EDI - A 3.44 1.91 0. 88 0. 88
ED2 - A 3.46 1.92 0.90 0.90
ED3 - A 2.15 1.20 0.93 0.93
ED4 - A 2.02 1.12 0.91 0.91
STA - 600 4.29 2.38 0.73 0.73
EDI1 - 600 4.34 2.41 0. 63 0. 63
ED2 -600 4.42 2.46 0. 63 0. 63
ED3 -600 2.26 1.25 0.70 0.70
ED4 -600 2.43 1.35 0. 89 0. 89
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Fig. 11 Variation curves of tensile properties of
T-stubs with bolt diameter
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Tab.9 Ratio of code predictions to test results of

T-stubs considering bolt diameter

kini,EN/ kini,CECS/ FT,EN/ FT,CECS/

ENIE " - . .
ini,exp ini,exp T,exp T,exp
STA - A 3. 66 2.03 0. 88 0. 88
D1 -A 4.57 2.54 0. 84 0. 84
D2 -A 3.37 1.87 0.91 0.91
STA - 600 4.29 2.38 0.73 0.73
D1 -600 5.77 3.21 1.10 1.10
D2 - 600 3.75 2.08 0.61 0.61
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Tab. 10 Test results of T-stubs with different bolt strengths

e b ey e/
N-mm™") kN

STA - A Q690 10.9 2 118 936 446. 53

BST - A Q690 8.8 % 120 246 406. 65

STA - 600 Q690 10.9 %% 36 879 159. 65

BST - 600 Q690 8.8 %% 35128 87. 14
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Tab. 11  Ratio of code predictions to test results of
T-stubs considering bolt strength
Fii in/ i crcs” Frgn/ Fr cres”

e TRe N . P P
ini, exp ini, exp T,exp T,exp
STA - A 3. 66 2.03 0. 88 0. 88
BST-A 3.62 2.01 0. 84 0. 84
STA - 600 4.29 2.38 0.73 0.73
BST - 600 4.50 2.50 1.03 1.03
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