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Abstract: In this paper, through the full-scale
experiment of high strength steel flange-welded web-
bolted connections, the mechanical properties of Q690
and Q960 connections at ambient temperature and
elevated temperatures are studied. The theoretical values
of bearing capacity recommended by the existing
American, European and Chinese codes are compared
with the experimental values to verify the effectiveness of
the codes for the high strength steel flange-welded web-
bolted connections. The recommendations for the design
of the high strength steel flange-welded web-bolted

connections are given. Finally, the difference of fire
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resistance between the high strength steel endplate
connections and the high strength steel flange-welded
web-bolted connections is analyzed. It is shown that the
high strength steel flange-welded web-bolted connections
high

connections in terms of fire resistance.

are better than the strength steel endplate

Key words: high strength steel; in fire; flange-welded web-
bolted connections; mechanical behavior; experimental

study
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Tab.1 Dimensions of connections

HEHAR/ (mm X mm X AERZARANIA)/ (mm X

WY B/ (mm>XmmXmm>Xmm) A/ (mm>Xmm>Xmm>Xmm) [
mm) mm X mm)
Q690A1 H300X180<10X12 H340X200X10X12 200X180<10 316X95X12 10. 94 M27
QI60A1 H250X180X10X12 H300X200X10X12 200X180X< 10 276 X95X12 10. 9Z% M27
Q690E1 H300X180X10X12 H340}200X10X12 200X 180X 10 316 X95X12 10. 9k M27
QI60E1 H250 X 180X 10X 12 H300X200X10X12 200X 180X 10 276 X95X12 10. 9 M27
1.2 REEESKAKITE 1.3 ME/mE
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Fig.1 Dimensions of Q960A1 connections (unit: mm)
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Fig.2 Test set-up in ambient temperature tests
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Fig.3 Fire test furnace
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Fig.4 Schematic diagram of loading set-up in elevated

temperature test
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Fig.7 Plastic development of Q690A1 connections
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Tab.2 Failure modes of components for flange-welded web-bolted connections
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Tab.3 Comparison of design value and test value of flexural bearing capacity at connection panel zone

between various codes BT kN'm
. AISC360- My, pes My, 650017 — 2017
Tj/gé’ﬁ% MyJest My,A]Sl‘fﬁG()’l() W My.[i(‘%’lﬂ‘% ﬁ MyK}BBO()IT 2017 W
Q690A1 480.13 510. 27 1.06 385. 64 0.80 558. 97 1.16
QI960A1 487.09 481.77 0.99 355. 32 0.72 506. 54 1.04
QG690E1 414. 20 362. 81 0. 88 274.19 0. 66 397.43 0. 96
QI60E1 290.12 289. 75 1.00 213.70 0.74 304. 65 1.05

F4 EBRSARSETEENQ6905 QI60EIET S st

Tab.4 Comparison of mechanical properties of Q690 and Q960 flange-welded web-bolted connections at

ambient temperature and elevated temperatures

N L M,/ (RNem)  FRATEIRE IR R K/ (kNomerad ™) FIRNIZIERRE 0, /mrad  ESHREIEMT R AL
Q690A1 601.07 85 967 58.66

0.69 0.61 0.52
Q690E1 414.20 52 439 30.25 7
Q960A1 488. 21 31224 31.00

: 4 .
QI60EL 290. 12 059 13 502 043 25.75 083

B PREE DL R 25 1 A5 35 5 v s A e S 1 Y
JCRMEREIR I AR A] o 55T 00, o A AR T R AR
T R B S5 R ] 110 vy o8 A i A 4 19 5 5 e R A A
SRR ST REHEA T L AT o
31 KHEHES

R FBERE SCHR L 16 T iy s A i AR i 29 A S AR
TR 5 v iR A e A Y AR T X LU AT, X P

Ui M 9 A E T R, e S T SR
Fe5FTR o B SCHER 16 ] r % 75 56 4 s Ml 2 22 719
Q690A1 ., Q690F1 H1 QI60A1 . QI60F 1 H it 4 5 N
Q690A2 . Q690E2 F1QIG0A2 . QIG0E2,,
3.2 FTREAMIENX

oz B AL AE T S B BB 5 T B )
BRI SRR . 3R 6 1 s A AL AR AR

x5 2FFRRST

Tab.5 Dimensions of two types of connections

L it i TR #/(mm X mm X mm X mm) H/ (mm X mm X mm X mm) AR
Q690A1 AR P H300X 1801012 H340X 20010 12 10. 9% M27
o QI60A1 B AR H250 X 180X 10X 12 H300X 200X 10X 12 10. 94 M27
i Q690A2 SAR I BT A H300X180X10X12 H340X200X10X12 10. 94 M27
QI60A2 Ui AR Y A H250X180<10X12 H300X 2001012 10. 9% M27
Q690E1 AR HETH H300X 1801012 H340X 200X 10X 12 10. 94 M27
SR QI60E1 AR BT 1 H250 X 180X 10X 12 H300X 200X 10X 12 10. 94 M27
s Q690E2 SR 279 H300% 180X 10 12 H340X200X10X12 10. 94 M27
QIE0E2 SR Y H250 X180 10X 12 H300X 2001012 10. 9% M27

®6 2MTRBZABRIEN

Tab.6 Failure modes of components for two types of connections

- g WERAAEN ERBALN AEAZRR PR . ZHK .
R o ;ﬂ;’@ %ﬁﬁ‘ WOSE FRLEK BN s ”,;j’éf; BRI e *“i_;ﬁ*%
WRE M eeper psgmr msEwor eegr O ggm B
QB0AT BRERE  WE 2 B B e - - - B
QB90A2 HbEE  RME R # % - " BB R -
Q690E1  #eieiElE i I JE & I — — — — S
QBO0E2 bR AWIE R & & - 2 2R = -
QUE0AT el WE & & & B . - - B
QUE0A2  EbEE:  RME # & - # BB R -
Q960E1  #efeiEl: R I & & I — — — — JE
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Fig.13 Comparison of M-0 curves between Q690
and Q960 high strength steel flange-welded
web-bolted

connections

connections and end-plate
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Tab.7 Comparison of ultimate flexural bearing capacity between Q690 and Q960 high strength steel flange-
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Tab.8 Comparison of initial rotational stiffness
between Q690 and Q960 high strength steel
flange-welded web-bolted connections and
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end-plate connections at

temperature and elevated temperatures
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Tab.9 Comparison of rotation ability between Q690
and Q960 high strength steel flange-welded
web-bolted

connections at ambient temperature and

connections and end-plate

elevated temperatures
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