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Mechanical properties analysis of concrete-filled steel tube column

beam joints under middle column failure
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Abstract: In order to study the force transfer performance of concrete filled steel tubular column-h-type
steel beam with lower bolted and upper welded connecting joint under middle column failure, two
specimens with round and long round holes at the web connection plate were designed. The static loading
test was carried out to analyze the force transmission characteristics of steel beams and the sharing of
vertical load resistance by different mechanisms. Results show that the far-end steel beam of the joint is
always in the elastic state during the test and its internal force can be calculated by the relevant formula,
and the steel beam within the scope of the perforation plate is greatly affected by its bending resistance. In
addition, the vertical resistance is mainly provided by the steel beam bending mechanism firstly and then it

is replaced by the catenary mechanism after beam yielding. The bending mechanism of the steel beam exists
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all the time and it is always in the bending state before the failure. The long round bolt holes can improve
the rotation ability of the joint, so is more favorable for steel beam axial force providing vertical force.
Meanwhile, the assumption of the rigid connection of the new joint form in the frame structure is proposed
and verified, and the reference value of the limit surface load is given.

Keywords: beam-column joint; steel beam; rigid connection; mechanical property; resistance sharing
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Table 1 Performance parameters of specimen materials
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Fig. 3 Detail drawing of new beam-column joints

2 REEN S

PR S AR T AR I TN B (B 4Ca)) . Hoh WO RIRAKEVE ML E FoR BRI, A B R A
R IAE X W CE ) I A SR AR e DA R 12 I R A 5 i R i 2 A R RS S eR O R i R
T S0 7 AR R R I . AR LA A% 1 SR A R AT R A N g [ BT R SRR R A T AL R e
W E BT I 0. Ry VR, Ry 2 A LT A AN, AT ok S A W0 O 9 SR A9 R e A

ML 4 (b)) #E N AR R A AT LU L, W B N G E 3 AN AR L BB T A 5 WL B E 2% )R
i o S e il oy 5 i AR S S . T BG(E 25 T F T K A AR N B g, Al AR 8
(B AR R B AR e . W W, W AR AR R T R AL T ML R A R T X A Y
ARG T T BB R S M . AE st N AR S Nt el BT 5

T 56 SR FH A T 28 19 Jr =X, Sl o A 28 4 1 n 2, 1R AR % 2R e IR S e i B 00 L U8 SR 4 2o
#Or 1 ~4 9 BN 40 kNLINEGEFE S 8 kN/min; 55 5 £k 20 kN, N4 # % H 8 kN/min, 6~10
P BHNE 10 mm, IEHEEH 2 mm/mins WG 11 HIF4E BRI 30 mm, MEEEH 4 mm/min, &
PN EE RF T 3~5 min, 4% F AN Uk A B B IR SR8 ) AN FE L TH I U 2

Wi W, W K
G i °)
{ { W, W, W, E,
220 L150) | 300 1.000 285 1000 300 | 150,\, 220

(a) BEAAR S AT BN B



82 TR K FFHK %12 &

S5(S) S21(S22)
S(S) 25, .50 50/ 25 25, (50,504 25 25,0100 25
‘”Qﬂj[ﬁgﬁw Sus(S20) S(S20 sus 1] (T Sats
ln. %~ ,,c.;
S ©~ S51(83,) - S45(Ss0) =
— 7 he
13(S14) - 533(S34) —°'~ 851(85) _a“
o~ el hg!
S15(516) - Ss5(S6) = S853(Ss4) -
e SuSa) — Sss(Sss) —
S _l\‘ 37(Ss % 55936, %
17(S18) - S36(S40) — S5:(Sss) _o}'
~ s ; 3
S5 \ S ~(S ) S5(S26) S29(S30) S15(S4s) Sar(Sus)
Wy, SQ(S] 0) mn 12, S27(S28)
W,-Wi(E-E) W —WilE—E) Ws—Wi(E;—Ey)
(b) RiAE Fr A 4R A0 B R
4 MERWEHFE

Fig. 4 Strain gauge arrangement
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Fig. 6 Strain development at section E; of SI-1
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Fig. 7 Bending moment and axial force development curve of specimen section E,

I T Gy o 28R s, K % 5 R i A 188 ) 7 B T AL 2 B M B L K SI-1 A R e 46 A% E 3K 40 mm J5 T
AHEACEPE Y B AT S N A A B B BT EOR . YR 7 B 1Y & 189 mm WL i SIF1 AR E B AR ) A
Wk 1] N R (&L 7 Cad) s B 02 1 38 2% 0% J) 3500 Dt i ) 559 07 SR Bt AL L 2l 0 [ B e A= 2R 318G (I 7(b)) . s L il
SI-1 #(1H E, b 125 H A PR FRTE 40 kKN « m B3, 2 DTAN S50 S AL OF AR TH 25 s 0 A 80T il ) AS B g oK
H BT B MR fLWT R,
WAF SI-2 5 SI-1 Y25 JE RNl ) & e i 3454 0T, %6 1) 6288 B35 40 mm BiF 3T B 3 A5 PE B B, 1Kk ST-2
A St IR I 18] e 7 A= 118 68 1) 52 8% O T34 ST-1, 35X 5 OIS A 0 e Al T B804 T8 R A L AT G, 3% B IR A4 HE AR X
1 [ A AL 1 SR AT T A B T A Y 5 Bl R
RS ¢ [ 7 288 ) ) 23 RS LR TR (&1 8) 130 W I 4 im 28 I, SR A 7 495 4 3 S AR 5 B 2 0 45 L iRt
AT 2, M IR ST-1 19 4K G2 Ak g A0 A 85/ o BRI Bl g X b A AR 0 A TR T A BR . TR AR A B
[i) 2 A W8 ) KA RS S5 o 2 B0 25 AL 1 B3R 1) 1 583 IS 5 R DR 7 — (B BRE O, o 2 i 5 O 5 (2 A% S 3 Ik 1)
R HE AL T R R AEAVE T N SE BT B Bk A BRI B B, X 7 () AT 8 (b) T LA & B, s Je) 3L B 7R
240~320 mm I}, AR SI-2 B4 54 I I 235/ AR b 1y e 4 Ak %) s [ 470 0 S0 BT g 4G, R WYY AR B e
T3k s 1] AR 8 [ R BAT BRI
Fr=V cos 0, 4)
F.=F;—Fg, (5
APV N RAT AR AL 5Y J) 50 SN BREL £l s F o R S5 R BRI S [ 450 T B e T A5 A B S AL R



84

TRREFF

% 42 A

I PLIIE  Fo TS50 S ML S Bt ) A

400 400 -
300 300
z 200 g 200
< £
= >

100

0 100 200 300 400 500 0 100 200 300 400 500

8 /mm 8 /mm

(a) SI-1H QB B Sy 248 (b)) SI-2 0% i 2y 43 4H
B8 BMFAEMIEHNSEHE

Fig. 8 Vertical resistance sharing curve of unilateral substructure
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Fig. 9 Internal force development curves of different sections of specimen SI-1
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Fig. 10 The floor plan of steel frame structure
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