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Abstract

Concrete-filled steel tubular (CFST) columns have the characteristics of high
bearing capacity, good plasticity and seismic performance, simple construction and
convenient prefabrication. In recent years, U-shaped steel-concrete composite (USCC)
beams are also favored by researchers because of their plentiful excellent properties.
However, the research on the CFST joints using USCC beams is still in the initial stage.
To ensure the reliability of force transmission, it is usually necessary to set interior
diaphragms at the joint of CFST column to beam. However, when the column section is
small, the construction of interior diaphragms is difficult, and its weld quality is difficult
to guarantee. Internal welding can be avoided by using the joint form of through inner
diaphragm or external diaphragm, but the welding work of through inner diaphragm is
large, and may affect the indoor appearance. The size of external diaphragm is generally
larger, and there are more consumables. Meanwhile, the external diaphragm may not only
affect the use of the building, but also may bring inconvenience to the installation of
assembled parts. In order to avoid the problems that might exist in the traditional joint
forms, the joint forms can be optimized by using T-shaped interior diaphragms joints for
composite columns with a certain range of sectional sizes, which has the advantages of
simple structure, wide application range, convenient processing and high industrial
production, thus improving the processing efficiency and bringing economic benefits. In
this paper, experimental research and theoretical analysis are carried out on the shear
behavior of the core area of this kind of joint, and the main results are as follows:

(D Four square CFST column to USCC beam joints with T-shaped interior
diaphragms were studied by pseudo-static tests, of which the parameters were the
configuration of the diaphragm, the connection mode between negative reinforcement on
beam top and column flange and the axial compression ratio. The failure modes of each
specimen were investigated. And the load-displacement curves, ultimate bearing capacity
including feature points, ductility and energy dissipation, strength and stiffness
degradation, shear force-shear deformation relationship at the joint core area, horizontal
displacement composition at the top of the column, joint stiffness and stress and strain
distribution were analyzed. The results show that the ductility and energy dissipation
performance of the joints are better than those of ordinary reinforced-concrete joints.

When the axial compression ratio is increased, the stiffness and shear capacity of the
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joints with double T-shaped interior diaphragms connected can be slightly improved, but
the strength degradation can be accelerated. It can also effectively slow down the
development of concrete cracks, but it will lead to the failure time in advance and reduce
the accumulated energy consumption. Unexpectedly, welding vertical stiffening plate on
the interior diaphragm will adversely affect the shear resistance and energy dissipation
performance of the joint.

(2 The ABAQUS was used to carry out fine modeling for four joint specimens. The
load-displacement hysteretic curves, skeleton curves, characteristic points and the failure
mode were compared with the test, and the stress and strain of steel tube and concrete as
well as the distribution law of horizontal shear force in the joint core area were analyzed.
A simplified finite element model for joint parameter analysis was established and
verified. Six parameters, such as the concrete strength, the column web yield strength, the
column web width-thickness ratio, the axial compression ratio, the height-width ratio of
the core area and the stiffening plate height, were selected to analyze the shear capacity
of the core area for the two kinds of joints. It provides the basis for the establishment of
practical calculation method of shear capacity of the core area.

(3 On the basis of the experimental study, combined with the results of finite
element simulation and parameter analysis, the calculation method of shear capacity of
the core area for the joints studied in this paper was proposed, considering the
contributions of the column web and the core compression strut. The column web part is
calculated according to the yield of the whole section under the combined stress state of
shear and compress, which reflects the adverse effect of axial compression ratio. In the
concrete part, the adverse effect of concrete strength on the width of the compression strut
is considered, and the effect is considered by reducing the strength of the compression
strut according to the results of parameter analysis. In addition, the strengthening effect
of the increase of column axial compression ratio on the shear strength of the core area
concrete is also considered. Finally, the test and finite element simulation values of shear
capacity are compared with the calculated values of the formula, and the formula is found

to be of good accuracy and applicability.

Keywords: T-shaped interior diaphragm; Shear behavior of joint; Pseudo-static test;

Finite element analysis; Calculation method
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Fig. 2.2 External dimensions of joint specimens (unit: mm)
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Fig. 2.3 Section size and reinforcement details of joint specimens (unit: mm)
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Table 2.1 Primary parameters of joint specimens

A Dxtc  bxhy h B 210 No Puac  Pyp  Puaxp
n
4% (mm)  (mm) (mm) i F OGN KN) (N) (kN)

JS-1 300x3  150x350 100 AAINER  Efdg 655 02 15113 98.38  177.82
JS-2 300x3 150x350 100 Atk EfaiEsz 1310 04 15922 98.38  177.82
JS-3 300x3  150x350 100 hnEhtk  EfaiER 655 0.2 17053 98.38  177.82
JS-4 3003 150x350 100 AMEMk ANEiHzE 655 0.2 14040 9838 177.82
e no=No/(AdfetAdys), Fo Ac T RO X AR EE L AAR, £ A7 s XA RS- Pk
BREE, A T SO AN E BN, fos 1 R0 AN i IR

ARSI T I T 5 AP E XU B A RRRL Y (JS-1, 192 A
1S-3) AR RBLHRT SUI BIAT £ (154>, Hrb Bt IS-1 ME NI ., 1k
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Fig. 2.4 Details of joint specimens
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B, ARIEPHERTTNE R (FESEbR TR AT DL— R EHE 3 215 /i B A B
O RN U TRANREE RS 5, 8 U TR B B %5500 5%
ERF BRI OREE TN AL, HRE U AN L R GIE i e RN R
REEENHEF I L. Q. OB AN N 4L e, R
KRN BN S E SRR TR % @FIH: Mg iR LR,
T VR L R AN T SE R B A IR 7. A YRR+ 150 mm X 150 mm X 150
mm FE R ST 7 AR ER AT 150 mm X 150 mm X 300 mm FJR&EH B AR, DL
25 B AT IR LA PRSI ] 2.5 FoR.
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Fig. 2.5 The photos of specimen processing
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Fig. 2.6 Steel material property test
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Table 2.2 The properties of steel material

() Hrfiikiail

) EE/ER JEIRGRE f, WIRSEEE £ PR B, JEIRNAS &
FRL Y WA
(mm) (MPa) (MPa) (x10°MPa) (x10)
3mm AR 3.00 308.3 431.7 2.05 1503.9 31.5%
4mm ‘A 4.00 290.0 416.7 2.08 1394.2 24.8%
6mm AR 5.83 327.5 457.5 2.10 1559.5 35.5%
&8 H 8.00 470.0 680.0 2.05 2292.7 16.5%
$16 Wi 16.00 4283 625.0 1.97 2174.1 27.5%

(a) JREELAEAF

(b) K7L

K 2.7 TRk A

Fig. 2.7 Concrete material property test
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Fig. 2.8 Test setup
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PIBBER TS 2L, FEATE R I A TR R, e A s R L (A 0.2
SEINE] 0.4) W LAFE 1 AU I EE RN P BY K E T

(3) SEARHE IS-1 MLk, W4F IS-3 KR 1B K, UEBHLENBRR -
SR R [ I SHARON 1 s P BT R B R T B ARIVE T, S H R A, AT RE 2 Bk
ARG AL, A G - EREE, JUH R BB . IS iR AN i 38 260 [ i) VR
B X G re N T (3.9), nlRESinE R E: 154 .

(4) SIAGRAE 1S-1 #HLE, W IS-4 (0 1IE FWIEERIEE WA, FaHIda R B
s, AKETEEAR SRR AT BE 2 AT IE B R A A G X B T RS B, I AT R
S R AN 5 5 TR R 45 1R R S ECE R BRI 51T SSZ TSR FR
PE, mAFEUKEIIEK.

3R 2.4 RAEI P-Ae B SR IR S
Table 2.4 Feature points of specimens from the P-4 skeleton curves
gk ARG EARGIEE WefEerE WREAE IRATE IR
SR T Py(N)  Ay(mm)  Pan(kN)  Ame(mm)  Py(kN) 4, (mm)

1E 133.85 42.81 151.13 93.20 128.46 143.94
. il 112.52 39.88 132.54 93.20 123.66 155.27
1E 146.27 35.22 159.22 93.20 135.34 113.92
2 il 135.68 25.68 149.95 31.07 127.46 98.82
1E 148.74 46.20 170.53 70.61 144.95 110.42
5 il 119.96 34.97 138.67 46.60 117.87 144.87
1E 129.27 28.37 140.40 41.75 119.34 154.35
5 il 100.06 38.11 120.36 93.20 102.31 140.53
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SV 2 4 5 W R 1 M R B R B B K B AR TR 0, RS G5 B
PRI E R hR . — o IRIRET SR SRR, G R 2 S G R
I PR S 2R BRI B 2 A R, G S R B UE P TR, TE R R
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AR RRENE . DT T B E TR B AU TR BN BT S E Y, A SR A
KT SEVE 2K o KT, a BRYE LHTR

Ur=— (2.1)

LA, A ER RO, Ay e IRALFS, BARRUE LK 2.4, 74, (&
PR IHIE) (GB 50011-2010) USWUEEPUR RV ERN, £, &ZEN5M
()80 2 (R A2 A BRAEL[0:]=1/250, 30584 )2 (B 1 2 A BRAEL[0]=1/50 » BILSE ST AR
BB FRAT RS £ 0y R PRI £ 0w 53 1A

Ay
i (2.2)
O
Au
e (2.3)
O

A, Ho W R RSl By R RS SR B R

1% B3R TR AR 2 R IR AN S RN T A SE I R K
NRAi e RO RIS M, iR 2.5 B FTA RSP0 RS v /AU KT 3,
1114 A9 TR - ST Y RIS RS A 1k AR A IR EESROK T 2, U AR SCHF 72 (474 S 1
KA, BIAEINE ) R a8 d Rk A RGBT Z MR AT OL,  MEERAR 14
A RARIR AT EAORAE ™S VB O SEPE 75K, 38 S A AR M PERIIR o 20 IRk PR A 72
i1 OufE 1/24~1/15 2218}, R FREIRME, RIS R

*® 2.5 BUFHIALRE I RBCRALHS £

Table 2.5 Ductility coefficient and story drift of specimens

‘ . LR IEME R ua JEARALFZ AR Oy W BRALFZ M Oy
N ER TR
L 1 [ R 53 1 [ N 1 [ R 3 N1 4 [ R 114 [ M 055
JS-1 3.36 3.89 3.63 1/54 1/58 1/56 1/16 1/15 1/16
JS-2 3.23 3.85 3.54 1/66 1/90 1/78 1/20 1/24 1/22
JS-3 2.39 4.14 3.27 1/50 1/67 1/59 1/21 1/16 1/19
JS-4 5.44% 3.69 4.57* 1/82%* 1/61 1/72* 1/15 1/17 1/16

TE: %7 FORZEHEARE WAL O X BT DI CT 10 R vk, SRR IS4 i F R
HERZ Z MR RER

@ FEfE
FERERE /TR N VPN DUR VERE MY L BARAR L —, " WRIE 55 45 M) BIUAA) 1 £ L R
BAE T HIBEANLR A RN Y URIARRERE 70 mT DL I HL i [m] il 2 Rk i, — ok
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Ed

h,=— 2.4)
21

E, _ Sanc+Seoa (2.5)

SAOBE + SAODF

A
Eq—— BEEFEHARL, R AN REEIAFERN &5 X B S 45 M
REMILUAE . REE R E-A A2 f R Ak Ron, B ES%
K 2.19.

K 2.19 #ERETF SRR R

Fig. 2.19 Schematic diagram of energy dissipation
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he BT AL M 28 . Ak R, S S5 5oRh i B e SR80t 4 A A —8, 1E
JZ AR 1 DR<<0.5%H , Sl Ak T3 B, RERERE 1 22, he ZEAKLT 0.04~0.08
TN 24 DR ISR 2.0%E A0, AR EENRIEYE B, FEREREIbEE B
AT HIE RFFEE BT IR BNEAE s J5 R AE BT 4505 R S RN BT DI IR, i [l b 45
g E (B 2.15), he HIVMERK, ST PR AR S R_AFIME R
BAAME, AAEMIE EARUNZERN, BT R RIRFERE (Eow) KN EWHL S Hr
WAFIFERERE /7, Wi 2.20b Fiow, RFFERE Evow ZEARPEKPALFE BRI K . 45
B SRR BE e R AR BRARFERE 2R XS b, R I LA B

(1) B 1 Ve A7 g 28 0T 92 (1) S5 8Ok i BELJE R 3L he 2393108 0.124 0.131 0.18
F10.14, BEHIARSCHE LT MFERE T BRI T @ A TR e L7 55 (he=0.1).

(2) HEARRME 1S-1 M, B4 IS-2 fER LA B fr a8 T &5 0k LB
REN RFFERE Y B RGO, REIRTT B R B B AR A, 78— e Y 3
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(3) HEARM: IS-1 AL, Wl IS-3 7Es I BUFERESE AT 7, 11124 DR
=3%M}, FLERCRH e RECH BARFERE Y I B A IS-1, BRI JS-1
BCRLZ BIRE NG AR Bl (R s2 e, 18 0] B AR TN ShAR ST A3 VR Bk L AN I S, TEAR B e AR A8k,
TEFL R PIBRAR ISR R A 3 G Rl TR - X3 5 e AR N B (3.9, TS
Recs N EVREE L4, semmFEREYERE

(4) R JS-4 BRAFFL 7 MHi 2488, (HIEFEREME AL 5 R AE BT UIRE IR 1
A IS-1 A BTG 3 PR AIG
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Fig. 2.20 Comparison of energy dissipation curves
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BB T —UORIEEE N B, B AR AR AR 52 8Y i it K #OR AR — B B Bla, SR/
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P I fea o 2 PO P2 TR D, RE S, A B 5 R SR TR R ™

B, SGUE 25 10 AU R A 2B AS A 2E T DR E 2% ~ 4% BT BLN (R 2.4),
LB BN, 30 7S-2 5 LR A SR AL H Al AR I 2 A A (BRI JS-4 i .
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Fig. 2.21 Comparison of strength degradation curves
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(3) H A AETT i X 1) R ARG G A i 220, WO IR B I B2 AR A A B A — 2,
R 72 DR T 4%0, BT S SR EZ O X B YIRIA (JS-1. JS-2 A1 JS-3)
B R GAREN Z M REEIR (JS-4), IRZRNIFEY) R N WIENIE R 1/5~1/4.
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Fig. 2.22 Comparison of stiffness degradation curves
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%{E%ﬁqup,%ﬁAﬁiﬁ%ﬁﬁ,@%ﬂw (2.10)
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T My —— Ghum a5 HE A
Ve—— M8y 77, SHBUKFHES P S
Voin Vo —— R, A8, HEm ok, B,
Ly —— ZREE, Lyw=3000 mm;
D —— O IXHEANE LK, D=300 mm;
P—— HETUKFHES, 1A A IE;
ho—— T RAZ O XA REE, BUNMBRIEZ O 2 EREROT L8R T B
BN ORIEE R, he=315 mm;
He—— HERE, He=2330 mm;
T RO X BT YA T an ] 2.23b B, B0 I a0 AU O XV A 2R
AR RS, REAT4% R S H A 205 %0 X BT )AL T -

JD* +h} . .
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Fig. 2.23 Force and deformation analysis of joint core
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Fig. 2.24 Joint shear force-shear deformation skeleton curves
2.6 Vieyy B AR AACRAA
Table 2.6 Representative value of the Vj-y; skeleton curves

R MR Veme Voo Vi s Pon Vi
B 77 IF] (kN) (kN) (kN) (rad) (kN) B
1E 780.05 855.23 855.23 0.024 151.13 5.66
. il 744.90 756.58 756.58 0.022 132.54 5.71
1E 798.94 901.07 901.07 0.020 159.22 5.66
2 il 907.14 844.84 907.14 0.017 149.95 5.63
1E 1078.97 965.03 1078.97 0.027 170.53 5.66
53 il 851.80 781.08 851.80 0.026 138.67 5.63
1k 732.97 794.66 794.66 0.012 140.40 5.66
5 il 608.08 675.00 675.00 0.011 120.36 5.61
FEfE 5.65
Ji % 0.03

ZEA K 2.24 FUH ISR Vieg B 2R IR AR 2.6 I HARRERTLLE H,
TR JS-4, 3 4F JS-1. JS-2 A1 JS-3 MBI )T B A ATE 4, HE KBIYI A
IrRIEE] T 0.024 rad. 0.020 rad F10.027 rad. S5 CHRIAY, AR BRS AR A A
KRBTV EEA/NT 0.01 rad, KA BIYIREIA 79T s B K BY )M — MG T 0.02 rad.
R bR UE, A SCHF TR AT SR IS-1. JS-2 F1 JS-3 K AR Mk O X BT PIRR,
HAfF IS-3 WIS VIR R B i K, SIS G 24518 — 3. W4k JS-4 K
BIYIAAN 0.012 rad, 2P AHAAERRAE AT BRI RE B, W a0 X
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v A R AE B R I B VR TE B AT AR . B AT SR VAT AR B A O X B K BT )
Vit, max 1 Vig, max TEAKZETN, Gtk ISR B Vi, max CBY Vit max 1 Via, max PH 5 5R
KAED Z9H Prax 1) 5.65 1%, HEBHEEAL (Vi max/Pmax FIFRHEZCH 0.03), HiHH
20 (2.10) AT CAES HERG RO TN SO X BY Ty, NG SO A% O X BB RS 11
AIRTCSE RIS
2.4.7 TR ST

FEACPRIEAE R, U TR a0 TR A DA S O X 2= A M N A
RN, Rt BTN RS2 LB, AR /NI 719 i A T K P AL 88 2H gk AT 43
T o ST ARSI FE - B 2, FETTKCEAL R =Bl DL R PUANER /4 : ©
FEEASTE SR AR TALRE dee (B 2.252); @ HRFMEDTE S EMIFETA Ave
(K 2.25b); @ HZOX BT 5 P TALRE 45 (B 2.25¢); @ B ERIBHER
T BEMIFETRAL S dvp (B 2.25d). BI:

A=A, +A,+4,+A4, (2.12)

B AT AT F FABGE HARES 7 AN, BARTHR IR R

(1) HAEHPEARTE 51 S B TIALFS Ace

TR TG CORATE ISR I, A KA IR, WA R AT AR T
SR HIAE TIPS Aceo HRIEEL 2.25a LI R, Ace % F3IHH:
:Pﬁﬁ+H9+Hﬂa+HQ
“  3E. G A

co™ co co”"co

Ace:Aceb+A (213)

¥

Ace —— HFEE HIASTE 51 B TR AL 5
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P—— FETUKFHE ST
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Ecoleo —— B TRE LA PIE IR, 1HEZHE I CECS 15902,
Geodeo —— WEREE LA PUBINIEE, THEZSH T CECS 15902,

k—— SHUIN AR R, HIRATTE k=1.2,
(2) HRFMEAIE S| R IAE AL RS Ave

MRAE ] 2.250 HIJLAR R, HIZR SRR SRS AUAE TS dve 4% 1 FUTHER:
_p O
Abe_Hc Lb (214)
_2RP 2kRI

5beb +5bes_3E.—I+ G Au
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c
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H
R=P—¢
L (2.16)
E1=EI +0.6E,(I +I,) (2.17)
G,A,=G.A +0.6G.(4,+4,,) (2.18)

Ove —— BRI S F1 5|2 (1 S JRE AL K S5 R0 R [ 4
Obe —— BT AL 5SSO 8 AR R S50 B [ 6 72 5
Obes —— FEBIYIARIE 51 1) S A AL R S5 R0 ) (82 7% 5
R—— Ry, REBBA ARm  JIHE;

H.—— MHXEE, H=2330 mm;
[—— —ZEFEs, =1350 mm;
Ly —— FREE, Ly=3000 mm;

Edy —— U ERPTERIE, HNMEREEIIESRIES NS, H
HYR I ER 0 5 e T 5% K U AN P TR EE R 5 R B
T B0 NI FE AT Dok R
Gudu —— U TERBEINIE, THEKE Eul:
Esv Ec—— #M . TRIEE - s A
Gs» Ge—— WM. IREEH BT DI &
L~ o~ Ii—— BEARGREE L. U BMPNIRE L. U AR,
Aein Ao~ As—— BEMGREL. U RPNIREE L. U ARSI .
(3) HZL X B YA 5| AT 4
RIEE 2.25¢ ) LARR, B0 X BRI 5 R TUKEAE 4 45T 50
THH:
A=y;(H,—h,) (2.19)
o
1 —— WRZLXETIRR, %A (2.1D) iHE;
hy —— HERRAEE, =350 mm.
(4) HHRIYEATE 5| AL TIALFS Avp
RIEE 2.25d ML R, HPREMHEBTE SRR IETIA R Av, 15T 5
Ay, =0,,H, (2.20)
Horr,
Oy, —— RUMRXESM, HRIHEE. @S HMUNZEME (B 2.82).
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Fig. 2.25 Horizontal displacement decomposition of column top of specimens
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Fig. 2.26 Horizontal displacement composition analysis of column top of specimens
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Fig. 2.27 My-® curves of joint specimens
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(2) Bkt S-4 LLAE, Hoh =AM 35 2R 0 H 52 52 1R 25 56— 1715 RSP 34 W)
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Table 2.7 Stiffness classification of joint specimens

‘ . FE 3¢ Ko [(Eshy/L) F Y Ko (Esh/L) 13 Ko ((Esh/L)
XA TRs] N . N N N N
BB EE ESE 0EM BB AEE PE
JS-1 7.65 5.12 8.65 5.16 8.15 5.14 6.65
JS-2 9.63 10.89 10.57 5.85 10.10 8.37 9.24
1S3 9.47 8.41 13.05 5.57 11.26 6.99 9.13
JS-4 - 2.49 6.96 8.49 - 5.49 -
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Fig. 2.28 The strain of U-shaped steel beam and slab side concrete
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Fig. 2.29 The strain of the top surface of the concrete slab
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Fig. 2.30 The strain of the longitudinal reinforcement in concrete slab
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Fig. 2.31 The stress of the column web at the core area
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Fig. 3.2 Uniaxial o-¢ curve of concrete
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Fig. 3.3 Mesh generation and boundary conditions
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Fig. 3.4 Displacement loading scheme in FEA
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Fig. 3.5 Comparison of P-A. hysteretic curves
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Fig. 3.6 Comparison of P-A. skeleton curves
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KM 243 THFEMREEL, WERIT P-dc B4 2 B A R i RAE
s RN P-Ac B 2R T ERFIE AT X EL, Z55R5 T3R8 3.1 MK 3.2, Rps
ALt BARF IR A (0 B fdr “o” ARIRIE, Efbs “f” AAERARTE.

3.1 AL EON L

Table 3.1 Comparison of feature load points

iﬁ/ﬁ: ﬂﬂﬁ Pty Pfy Pfy Ptmax meax meax Ptu Pfu Pfu
el o RN W) P, N N P N (NP

1E 133.85 127.67 0.95 151.13 15499 1.03 12846 131.74 1.03
S fii 11252 12692 1.13 13254 15275 115  123.66 129.84 1.05
1IE 14627 13525 092 15922 157.69 099 13534 134.04 0.99
52 fii 13568 13555 1.00 14995 163.65 1.09 127.46 139.10 1.09
1IE 14874 125.06 0.84 170.53 15590 091 14495 13252 091
5 fi 119.96 12650 1.05 138.67 156.77 1.13  117.87 13325 1.13
1IE 12927 12384 096 14040 15034 1.07 11934 127.79 1.07
154 i 100.06 123.12 123 12036 148.17 123 10231 12594 1.23
B 1.01 1.08 1.06
Wi ZE 0.12 0.09 0.09
3.2 FHEAI XL
Table 3.1 Comparison of feature displacement points
W omE o gt A_fy T R g A ‘ N
R T (mr;) (mli,l) A, (mﬁ) (ng A (mI;) (mr;ll) A, e Ayl
1E 4281 34.81 0.81 93.20 93.20 1.00 143.94 103.02 0.72 3.36 2.96 0.88
S fii 39.88 28.69 0.72 93.20 70.61 0.76 15527 93.07 0.60 3.89 3.24 0.83
1E 3522 28.48 0.81 93.20 70.61 0.76 113.92 9920 0.87 3.23 3.48 1.08
152 fii 25.68 28.72 1.12 31.07 70.61 227 98.82 8121 0.82 3.85 2.83 0.73
1E 4620 40.18 0.87 70.61 9320 132 11042 112.80 1.02 2.39 281 1.17
153 i 34.97 37.58 1.07 46.60 93.20 2.00 144.87 102.78 0.71 4.14 2.73 0.66
1E 2837 34.81 1.23 41.75 9320 2.23 154.35 102.68 0.67 5.44* 2.95 0.54*
154 fii 38.11 28.69 0.75 93.20 70.61 0.76 140.53 91.40 0.65 3.69 3.19 0.86
¥ 0.92 1.39 0.76 0.85
b2 0.18 0.63 0.13 0.19

e R FORREAR A B S A O X BT DI BIAR SN (R TR AR
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3.3.3 BIRFLASKTEE

PAR A 5844 0 X BTDIRAR kA 1S-3 A, 1 3.7 B 7 ke A b B
() SR IR T 25 5 BR OGBS X EL 45 5 . T LUR S A BR G AR I Hu A4
T R A 2R 1 AR T (B 3. 7a) A0S S0 X (R R e E AR AR (- 3.7¢),
Yo IS AN PROTB ) R A2 T 5 i O X BT PIEIR . 541, ARG U
TR TR (B 3.70) RTTEE T E5 (KB 3.7d). HRIREE - Thmadss (K
3.7e) VLR NER G B QAL SR A A TS e X RERM BT 3Rk 20 (&1 3.7 35158
WRYIE R, Wk 1A MR CBRY & B

S, Mises

(F18: 75%)
349.46
320.60
291.74
262.88
234.02
205.16

Ca) HEMEARHT X i s th

S. Mises
SNEG, (fraction = -1.0)
(F1: 75%)
497.24
455.95
414.67
37338
332.10
290.82
24953
208,25
166.96
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1.83

(b) U R TRZGH
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Fig. 3.7 Comparison of failure mode of joint specimens
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Fig. 3.8 Stress and strain distribution of steel tube column in the core area

66



3 oy BT AT BRIT A B

B 9 s AR REAR 35K H 3 mm 4R, iR3E 3R 2.2, HE ISR EE £, 7 308.3 MPa.
M 3.8 HATLAE H, DY A% O X RE REAR 46 350 40 3503k 31 1 i RBR . £,
H KN SMESBIER T 1137 11665+ 113f 81 1.11fy; EARFAEEREEHN T,
YA R AZ 0 XA AR () AR K g 35050, FL A 0B Mk I8 A S I R [ A1 38 %
P/INET CRRIEL” TR, A% O DX I AR 266 D3 7 DX 3k P 85 A0 S P B AR KT 0, 553008
PN AR B KA A S T 0.134 0.07. 0.13 A1 0.12. £5-E 4% 0 X KE AR ) S F7 70 A7
PR RN 25 305 W 1 2 A 43 A P, ] DI S A0 [X R AR R A 4 30 32 BY e I, VB R 7
g%, SAEREAR R AT A 2R 3 i R I I 2 A A

b, HHAM=AREL no 2 0.2 BFIAFAEEE, 54 IS-2 (no=0.4) HIERIE
YRR B LA /0N T DR £ — o YU ] PR v il s B T AR s R Aa IR, g T
3T P UA B AE 3R B B IR, A0 X RE REAR 1 B D) 58 R R AR AN 78 47
X— SR R EY AT,

342 BEZUOKERENNDSNESH

AL X B RE A S IER A OC, %0 XIREE LR IE T EER
BUTTHR o IO 5 T A WAL A7 B80T S PRI A o0 X VR 458 /s 32 R g 4 A PR R 4 2 2
PERLAZE 73 A EIEAT 04 (B 3.9)

S, Min. Principal PEEQ
(F1: 75%) (FF1: 75%)
.12 0.07 1
234 : :
Fy; 0.07
0% |/
O 0.05 GrES
! 0.04
RECH 0.04 f§ W
-17.93 0.03 FRR
20116 0.02 \
2239 0.02 )
2462 0.01 \
26.84 0.01 A
( 0.00
ISMAE L
N /34341 SR RLAR y A
(a) JS-1
S, Min. Principal PEEQ
(F1: 75%) (F19: 75%)
046 0.04 A
3. 0.04
7.25 0.04 '
10.65 0.03 -
1o 0.03 )
20.84 0.03 Mg
24.23 0.02 e
-27.63 0.02 &
231,03 0.01 \
34.42 0.01 K
-37.82 0.01 \
4121 0.00 N
0.00
INVAE L2l
INVAR i LB R oy A
(b) JS-2

67



H R R S 22 A8 S

S. Min. Principal PEEQ

(F13: 75%) (F18: 75%)
-0.17
250 \ 007
-9.48 0.05
-11.81 004
-14.14 0.04
-16.47 0.03
,1,?‘]30 0.02
-=1.1> UL
23.46 gg%
2579 | et ML oo
2811 | e dFETE 008

ITSELI S
85 25 ¥ <
INWAB it SERIB YR N AR A7
(¢) JS-3

S, Min. Principal PEEQ

(F14: 75%) (FH): 75%)
-1.34 0.04 ,
-4.58 3 kT
-7.82 003 RN
T
-17.55 003 i
-20.79 003 N
-24.03 0.02 ban
2727 0.01
-30.51 0.01 e
-33.75 0.01 Bﬁm
-37.00 000 Y
4024 000

INVAB TS SN AR 4y AT
(d) JS-4

B 3.9 5 S0 IR EE LN ) 5 AR 53 BT

Fig. 3.9 Stress and strain distribution of concrete in the core area
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Fig. 3.10 Shear force distribution of the core area
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M 3.10 ol DLEH, PrA T RBY 07E By N REAR (BT BT IE AN )
MEMHE R AER T, BB RN ZREER, I OXEER L7 FRA 6, O
X BY J7 8 KAE VG max RATEFERARAURAE T 100 mm 7 E 4b. 3R 3.3 I 775 pid%
O X KBTI ARt b, A E S BERIBY T 7l max £ 5200 X BB JT 1 35%,
FEVREE T FEHEMIBT T 1V G, max 29 HEZO X BT ST 65%. H4b, i Y) Rk kI,
FEARAE (8T ) 2 B A IR R A, (LI 98%, AF R MHiEY vk T L ZIE AN
The SHEARAF IS-1 AHEL, BUAF IS-2 MR IEARFE (L B BY 77 5 LU E BRAR, %O X
TR IRAEA BT A ATt n, UERASRE LRI = N 0.2 3InE] 0.4) XA PTEY
AF], K% KRS LB BA R, BEARSKR U A PET AR K IS-3 1 VY, max
PAKCBY 354 o e SR JS-1 A5, UEHITE W R AR Sh i o 4% 0 X 4t
BUVERESZ AN K A JS-4 IAERERER (L 1) BT ) 55k JS-1 BEAHESE, (HIREEL
PEALAEY B ARG, TR R AT R R T 5T E 4 A AH G T B R AR O A% 0 DX VR L Y
2 A B B .

Guitie I, VU PR ICHT R AL O X 5 KB 77 VT, max £ 9 8RIKF4E
71 Ploax 1 5.81 £i5, 53 (2.10) W FHRZEREA 2.7%, 7R6H (2,100 ATLAR
T (RTINS R A% O X B R BY ) o J5 SCSH o A S AL () d R BY 7R 2k 7 3 m] 4% X
(2.10) Tifl, HERGMERLF, BINE 2.7%4L A % k4.

R 33 T RO X KT A A b

Table 3.3 Distribution comparison of maximum shear force in the core area

L Pl Vi Vioms Viems  Vogsme VsV s
ey (kN) (kN) (kN) (kN) V' V' P
Js-1 154.99 910.62 319.06 591.56  35.04% = 64.96% 5.88
JS-2 163.65 968.71 316.83 651.87  32.71%  67.29% 5.92
JS-3 156.77 907.89 318.62 58927  35.09%  64.91% 5.79
JsS-4 150.34 847.52 319.66 52786  37.72%  62.28% 5.64
$E 35.14%  64.86% 5.81
b2 0.02 0.02 0.11
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Fig. 3.11 Verification of P-4 skeleton curves under monotonic loading
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Table 3.4 Verification of ultimate bearing capacity
)[’:_[Q 1,:{: P tmax P f_Zh]'l’liiX P f_dtmax Pf_Zh max Pf_dt max Pf_dt max
4 (kN) (kN) Y N
JS-1 151.13 154.99 162.11 1.03 1.07 1.05
JS-2 159.22 163.65 164.64 1.03 1.03 1.01
JS-3 170.53 156.77 160.93 0.92 0.94 1.03
JS-4 140.4 150.34 160.09 1.07 1.14 1.06
¥IME 1.01 1.05 1.04
PRI 0.06 0.07 0.02
S. Mises S, Min. Principal
(F19: 75%) (FE19: 75%)
308.30 0.61 A
285383 -5.97 ! o
s Bl
e B8
b P
128.54 -52.02 BW’T& : i
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83.60 -65.17 N E
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Fig. 3.13 Effects of concrete strength on shear force of the core area
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Fig. 3.14 Effects of column web yield strength on shear force of the core area
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Fig. 3.15 Effects of column web width-thickness ratio on shear force of the core area
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Fig. 3.16 Effects of the axial compression ratio on shear force of the core area
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Fig. 3.17 Effects of the height to width ratio on shear force of the core area
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X FAR SN T e TR AE-H RN L [ N A O e B BT i
G o (HX T ASSCHT ST B X000 B 3 A B AR 8 i+ 22 T 4 i B 1 U RS
TTRE R A, A0 XA RGE FE AR W 4H & A F #8 AE i By P e 5 77
PUE R AE-H RN A BOR R, T HAH L ARG R, 7B s R
AN 15 B 2 S O A% DX VR U = A 20 RN AT AL WO T 25 5 1l A AT BR
TCS BT AR, FEHE AT S 5 N TR R AE-U TR B N B R
TR AL X PUBT AR T ST
43.1 XM HFEE

— AN, A& GE N AR T SN TR B AR RO AR ST B IR A %
b5 A BRAR AL s RO AR AR B J A% 0 DX VR B = =3B ik e SR 7 e, IR AE Z4E
VU B 52 AR 203, — FRARME I B PR, X — )l AR A SR RIIE S (18] 3.8).
Fhh, IS EAE AT A K 3.4.3 YD IR, AN B BT 48 KER o A IR
AR, B GRIGUET ok AT LRI AN T . B, 6 T AT ST R 7 AN TR
5 U BRI 70 B BT m, BT “ R0 XA IR+ 0 X Rt AR e
FE7 P A5 A (I 4.1), ARG T I s O X PUBY R T 5

A3
N
T
r -------------
[ X;
1 1
[ y 1
1 1
1 1
o,
s o 2%
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T‘T
O-S
I~ gl
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B 4.1 7m0 X HUBY ) 2R

Fig. 4.1 Shear resistance model of the core area
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432 #LDRIMEABIITEAR
RIES L, RO X FUB R E ) Vie A% O KRR IEAR S A% O X R 5 L ]
A, %A
Vie =Viw +V, (427

X,
Vie —— O XA EHER AL BT BT AR 2 )
Vie—— 10 X R EEHIR LRI PT BT A& ER T
@O ZOXAEMERIEME R TBIRE T Vie
WK 4.1a Frs, AEHEBEARCEAZ O DX BY I A0 T0U il 1 77 1 3 (R A1 Ak T B9
EEEZIVRE, HA, 620, oy=0s =1, 1M o5 TR B Hl 7 F N 77,
$o B A5

o, =NoE, [ (E A+ E A,) (4.28)
A,
-——ﬁﬂEﬁ-
Es+ — ZOXANE . R R
Asn — L XAENE . TR R
&@Bﬁﬁﬁ@ﬁﬁa—ﬁﬁiﬁﬁ%:
o =%+ (%jz +7° (4.29)
o, = (4.30)
0'3=%— (%j2+72 (43D

T AL TR BRARS I, o0 XA AL T B DI RASIRGS , t W AR e 2 3R
EECEY AU ENAPSE
O, =+O. +37° ow (4.32)
A,

Sow —— AN A IEAR E AR 7T -
DAZ A X A A A R AR BT BE 2K 52 1 e K VT F 2

max :%\’fywz _O-sz (4.33)
R R (PIHO HROLH00 A -
VA =D o= DA AT 07 430
e,
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Aw —— —HZ O XA EAE AR K T 55 D7) T [ AR
M (4.28) FIx (4.34) 1] LLE H il LR A0 DX AR AR B B IR AN 2508
A XS H a8 R —3.
@ O XIS HIBT AT Vie
W 4.1b Fr, ZOXIRE LU “RHUEM” BXZ=5858 . b TRUEMEE
IR MEIE IS A PR ICN ) = B 8 , A SUBE RUEAT A R0 LSS T 0.3 5 B AZ 0 XN A
RN M &5 R0, R 58 5 BE VR 5% L5 B i 3G K s, #5 2
B8 REEAT 58 AR, WS Fe R AT o B A 4T osc, 1 EL Hr s i i 1 it 4 VR 5+
o G ORI K. WA BR TS E 0 s Rt AT UG, 1S 25m BT R 2L B:
£=1.139-0.011f, (4.35)
Jee=P 1 (4.36)
A,
fo —— JREELPUETRSE;
fee —— PTIRJE HOTREE L RUEAPUE RS
ST R, AR R LU R S 38 A% O X VR B L BB Ak ), did Rt
JEATE 258 FE R gt s A F
d,=(0.03+0.1n W(D—21,)* + 1) (4.37)
BHEF 5 /KT B S92 AU A N 5 %0 X IR R 2k 5 m—8, #% T
T

f=arctan hy (4.38)
O X IR B RUE AT SR AL By A& 2% T &
VjCZfCGdG(D—2tc)c056?=,8fc(0.03+O.Ino)(D—2tc)2 (4.39)
ERIES NG, B203 SO X P & S A A
2
VjuzﬁtC(D—ZtC) fywz—aser B1.(0.03+0.1n,)(D—2t.)>  (4.40)

4.4 MBAEFIITEERIEER

AN gt TR0 4 MAE (US-1~J-S4). HIR T 8 MR
(FA-JS1~F™-JS4. FU-JSI~FU-JS4) A RICSE AT 14 A 1A (B BS AR
RIEARAFLASE, HARK S E DRI S a4 FIRIRPIBI AT (Vw,
FR RIS AE AR 0 ) 51T EAE AT LR (3R 4.1 FIR 4.2, R &I LA
Pr 7 RERIE, EAds “f7 ARRARTBEIMED, PARIEFT & L Hi B &4
T 2R T B e A 1
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R 41 PRI E S TR E

Table 4.1 Comparison of test and calculated values of shear capacity

ey RE/N) HHLAE/N) v, v, v,
R Vi Vi Vie Viu Vi Via Vi
Js-1 855.23 311.54  604.14  915.68 1.07  34.02%  65.98%
JS-2 907.14 304.08  641.89  945.97 1.04  32.14% 67.86%
JS-3 1078.97 311.54  604.14  915.68 0.85  34.02%  65.98%
JS-4 794.66 311.54  604.14  915.68 115 34.02%  65.98%
SN 1.03  33.55%  66.45%
FrifE % 0.11 0.01 0.01

R A41HI T %0 XPUBRB TR E S SERIRT LA R, aT IR, THA
B 506 E A I EIE N 1.03, FrdEZE0 0.11, BAR EH5EE 5 BEY & R .
b, X IS-3 TR LU IRIRAE AR, R AR Bl 1S-3 KA 1 Se 4 i A%
XBIDIRIR, THRANXRSE €L el WIF 1S-4 19T 5 E P ulie 6 =
JR R IR T TS-4 BURL AR TR GRAME RGN Z M R, AR
IR T L L SE R AZ O XU R B AR F15h, R 4.1 8480 1 PisREiHR
(2O XA RS BT AR BT Viw 5120 XIREE -SRI HTBT R BT Vie 25
BTG, Hd, Vie 5 Vie ECERISMEDN 33.55%, drdEZE 0.01, Viel5 Vie HUAERY
PEN 66.45%, FriEZE 0.01, 5 MIAHA IRTTHEA P U R S 218 0 A (R
3.3) FEAWIE, UTHE 2 2T DU M IR0 A 0 DXRE IS AR A TR e R AT % E
Iy ook, BATRR R AERTE .

R A2 FH T %O XPUBY AR ME 5 THEAE X LLEE R, WTUE Y, Vi
THEAE S EDME LLE R AME DY 1.00, baiEZEN 0.07, B4R B RESHEIUEY& R
I Hor, Vi BTHSEAE SRHUE ELERIIME D 0.96, driEZEDY 0.05, Vi HITHEAE
FESHEMMEME RL, HAEAZ) 4% Zabiia; Vie TR SB0E E
68 1.02, batEZEN 0.08, Vie FTFSEAE S HUMEY) & . F5h, K 4.2 1848800
TR (2,100 153 H 0 25A BROTER A0 BT BB 1V, SHUBTR B 1T
BE Vi BEEREE IR, FTBLE S, Vi, 5 Vi EEERIIIE N 0.99, br#EZEN 0.04,
P (2,100 AT DURGF AL THS RO X BT BT, IR ZEFEARSHILE 5% LN
(H 42d), #E2, WHIARS 2.4.6 TSmO XA R ho IR IR
SE R A AR RO RT3 R T S X B RBR ARG A
(BB TR DALY A .
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4.2 PrEIABSIEIE ST EAEX

Table 4.2 Comparison of simulation and calculated values of shear capacity

o BELME/(KN) THEAE/(KN) Ve Ve Vi V',
Ay Ve Vi Vi W Ve W Ve Ve Vi v
F.JS1 319.06 591.56 910.62 877.24 311.54 604.14 915.68 098 1.02 101 0.96
F-JS2 316.83 651.87 968.71 926.29 304.08 641.89 94597 0.96 0.98 098 0.96
F#-JS3 318.62 589.27 907.89 887.30 311.54 604.14 91568 098 1.03 1.01 098
F?.JS4 319.66 527.86 847.52 850.93 311.54 604.14 915.68 097 1.14 1.08 1.00
FitJS1 318.08 608.25 926.33 917.53 311.54 604.14 915.68 0.98 0.99 0.99 0.99
FIJS2 315.72 625.95 941.67 931.87 304.08 641.89 94597 0.96 1.03 1.00 0.99
FIJS3 317.00 600.62 917.62 910.84 311.54 604.14 91568 0.98 1.01 1.00 0.99
Fit.JS4 318.06 597.83 915.89 906.10 311.54 604.14 91568 098 1.01 1.00 0.99
BS 247.73 604.79 852.52 901.82 235.80 676.19 911.99 0.95 1.12 1.07 1.06
£-40  249.01 709.63 958.64 979.49 233.77 782.10 101587 0.94 1.10 1.06 1.02
£-50  244.15 792.09 1036.24 1041.44 231.27 828.26 1059.53 0.95 1.05 1.02 1.01
£-60 236.29 87830 1114.60 112538 228.27 814.68 1042.95 0.97 0.93 094 1.01
fim-355 390.47 698.35 1088.81 1123.61 358.60 676.19 1034.79 0.92 0.97 095 1.03
Fw-420 462.67 780.54 124320 1239.42 424.95 676.19 1101.14 0.92 0.87 0.89 1.00
-4 347.89 669.50 1017.40 1062.84 312.16 667.02 979.18 0.90 1.00 096 1.04
-5 450.04 747.98 1198.02 1189.51 387.40 657.92 104532 0.86 0.88 0.87 0.9
-6 519.72 782.09 1301.81 1282.11 461.55 648.87 1110.42 0.89 0.83 0.85 0.98
no-0.4 238.66 715.79 954.44 973.53 224.87 718.45 94333 094 1.00 099 1.02
n0-0.6 202.81 719.69 922.50 904.05 205.37 760.72 966.08 1.01 1.06 1.05 0.98
no-0.8 15535 72527 880.62 759.31 174.43 802.98 977.41 1.12 111 1.11 0.86
hy-300 24829 616.68 864.97 870.45 235.80 676.19 911.99 0.95 1.10 1.05 1.01
hy-400 256.19 599.22 85541 864.07 235.80 676.19 911.99 092 1.13 1.07 1.0l
B 096 1.02 100 0.99
Ptk 22 0.05 0.08 0.07 0.04

TE: ISR B R U AR EEATCR M, SR ARSI

= AN
o

B 4.2 25 THELEE RARZE 0T, AR H %0 X BB & 3 A EAT

BT AR, 82 B £ 10% AP0, 554 4.2a. ] 4.2b A1 4.2 7T LA
Bt BEEHORE AR, View Vi B Vie HOTHSE (0 2 B HRC B (.55 [
5, TTHE 5L SR T 4% R 5 IR 2 I R EL TSR AE PR AT %, B
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Fig. 4.2 Error analysis of calculation results
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