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EXPERIMENTAL STUDIES ON COLLAPSE BEHAVIORS AND
DEFORMATION CAPACITY OF STEEL BEAM-TO-COLUMN CONNECTIONS

ErmE FO0FH"

By Toshihiro MIKI and Hisao KOTOGUCHI

This paper presents the collapse behaviors and deformation
capacity of beam-to-column connections of the steel rigid
frames. Eight specimens of connections with box beam and
column are tested up to the failure under the conditicon
of monotonic and cyclic loadings. Test results show that
the deformation capacity of connmections 1is significantly
affected by the elasto-plastic defoermation of shear panels
and instability caused by local buckling which develops in
the beam-column members near connection due to bending and
torsion. The collapse modes of beam-to-column connections
can be classified into three different types i.e., shear,
bending and torsion types.
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Table 1 Dimension and parameters of test specimens

(SS41)
Items Dimension {mm) T@ Plate slenderness
Specimen B te Db | Do tw {o| el h | (rad) { Re Rub | Ruc
K1S-M~S §150.0 | 5.95 | 149.6 | 149.6 | 4. 42| 500 | 500 | 575 0 0(0.51,0.70(0.69
K2R-M~B [ 149.4 [ 5.95 | 199.7 | 149.8 | 4. 42| 500 | 475 | 575 0 0106.5110.93,0.70
K35-C-S |150.1 | 5.85 | 149.4 | 149.7 | 4. 42| 500 { 500 | 575 0 070.50(0.72(0.72
K4R-C-B [149.9 | 5.85 | 159.7 119.6 4. 42 | 400 | 380 | 460 [1] 010.50100.771(0.58
K55-C-S [150.1 | 5.86 | 149.56 149.7 4.31| 500 | 500|575 0 0]0.41]0.5810,58
K6R-C~S [ 150.0 | 5.86 | 159.4 | 119.8 | 4. 31| 400 | 380 | 460 0 01 0.4170.6210.46
K7S-M-S [150.0 | 5. 95 149.6§ 149.6 | 4.42 ) 501 ) 501 1 576 { 1111 0.275) 0.51 ] 0.69 | 0.69
X85-M-B ]150.0 ] 5. 149.6 ) 149.6 | 4. 42 SOGJ 506 ) 581 204§ 0.520) 0.51 ] 0.69 0.6%
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Table 2 Theoretical values of stresses

Nn=Nc=sz=ch=P—J-2-'0039, Qyv=0Qys=P-sind, of spesimens in elastic region
Ph Items | 0 max | T av Ta T
Mxh=ch=Mzb=Mzc='ﬁ'Cﬂse vee (2) a~¢ Specimen-| (MPa) | (MPa) | (MPa) |(MPa)
K1S-M-S | -23.0 | 15.2 | 5.3 0
ZCT. FBARBEROTHEAMICHE Tav, RERPE T K2R-M-B | -22.0 | 10.7 | 5.3 0
VY Tl FORKERBBEES% O ners CAWe 0 C0 |22 88
Ik BHEHMEROFEHITAMIE%E To. ALHE—XV K5S-C-S | -23.4 | 15.6 5.5 0
M Mol K BHAMIENE T LT2E. ChORUTORE RER-C 11591 15,1 6.8 .
o KTS-M-S | -26.2 | 14.6 | 5.1 | 3.8
ATRDSN D, kss-M-B | -27.7| 13.4| 4.6 | 6.3
_ Fv  _ Fe _ 0z _ Mae . Notes; P=10KN.
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B/2 BN Tz FRA —REER o> PRI (a) Shear type of collapse (Type S)
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Specimens
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C L - N EERICEER R and K6R
HEESENEEAT (A5

He)) o

('

NS5, Type S 1d 120 LD
MBI BN WHEERE (KIS, K35, K5
K78) 2. F/= Type Bldid VD & H DU
HEEEICEZR D H D A (K2R, K4R, K6
M) KhTEBLBDOLB. E5HIT,
Type Tid. TEAMNETTE A5 E# S 2 FBAT

[i]
S

Specimen
T, kL z&2ic, AL E-RX VB K8S
ISR L =84 — R EER O & A WIG T A
LIEAmEERNODZFNE DZERSNE N (c) Torsion type of collapse (Type T)
HREIZHEL T WS, —A. 2. (1) — :0utside of cross-section}Loca] buckling
o T - :Inside of cross-section [ wave

b. THARRAMRRREITES S VAE  Photo. 2 Collapse types of beam-to-column connec-
TRBRRETRIC X 2B MR E0SELE £ tions with box cross-section
RORERRE AMEE 2 L. HEK KRERW T, BAKBRRETEOMEE KX Tyre S, HIFRERET
BDWEREIE Type B OFEERXZ2L THED. BeedleD HiEE b & ICL RAEARATE L RIEFLK & DM
OHEHEEV. 2O eh 5, TRMEDPMERT2BARICH L Tid. IHBRREEZ L L1270,
BT ICEEARITTHRELA LS REHATELDEE R D,

Fro, EEABRVICLD L. ERBHTIR. BATORERWE, SO LN NEICHAZ(LESH S

BAENBEL. ZOMBTHEMEES SUOMEEESAE L LT 2. 20, ABEER Tyee BT OBA
BTk, HEBOBRIVELATICBNT, 2oL 2HEELAMEICHTRESESRL. MK TFAAE
CENBZLpB25N2, ZOMI, BAEBE & O LEBAOHM B2 aUEMERM 2R e UTH
FLULTWS BEBHDBLEZ D,
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ZhET BATOMAICEL Tid. ¥ Jmﬂ ]
BAFELE b LU Beedle? O 150 " Zwur
ERMEO SRS b LicL ks | FTTES /5 -
OFFAH D, UL, KEROLIE B Z ﬁ%/’* P
WiEEH ok sRmEE s LT ks = 100 e xss
REREBICE TERER» S, BRI — o
ERITEBF~ 2 bR, 22T, BE o V51O =0, frerad) <
- . - . o 5 | K8S(6=0.52rad) | _ Experimental
E‘W)Hﬁi%‘rﬁj(%ﬁﬁbbw_ LTWL ETH—> 5 p-62 ourve
PHELT 2D, BHRREOH NSV * Location
_ cr
TRARTHE, 22T} BAToOmMHL L 0 | | ; , - .
T MRS ZRARE Prax LLIF 0 50 100 150 200
D& S #HBREE, 2KD =, 62 (mm?)
FF. L R MRED P— 5 HEC B Fig. 8 P - &% curves of test specimens
WT, BEMEEOERCERBEIC & 5 IEE
TP AREL RV ATNETE A & Table 4 Comparison of ultimate strength of test
. \JA . . specimens with initial yield loads
DI, BN S AHEHY NS VAR D P o i ~Ttews [Initial yield Toads (KN} Test results
%E%Hybtﬂbfio /)%‘\L:\ :nb‘))& P— 52 Specimen Psyi1 l Psy2 Pby Pcr(KN) Pnax(KN)Pnax/Pcr
. B K1S-H-S | 118.4 | 102.5 | 130.4 | 110.0 | 147.5 | 1.34
iR e UCREL. DY uaEEORIICH  (opwp | 1680 | 145.5 | 136.4 | 147.1 | 183.8 | 1.25
LT, SAEMT o EBARD R, &Mtk  K3S-C-S | 127.7 | 110.6 | 121.7 | 118.9 | (141.7) | (1.18)
e oo K4R-C-B{ 144.6 | 125.2 | 120.9 | 134.5 |(157.8) | (1.17)
D P-5° HHRE Fie 80T eOB MAW o704 661 | 824 | 768 | (105.6) | (1. 35)
B P OROHIE, HPIRTEBYTHD, K6R-C-S| 86.5 74.9 | 82.1 91.5 | (115.2) | (1.26)
SR o (7 B BT b e K7S-M-S | 123.0 | 106.5 | 110.4 | 117.5 | 154.7 | 1.32
2 ARDBRIBIAL Por BLT Pras ¥8s-M-B | 136.4 | 118.1 | 105.2 [ 128.8 | 154.1 | 1.25
& DR M Notes: 1)Psy1 and Psye: Yield loads of web panels due to

UKD P 550 e oRRIE DL L O o emtcoluns enbers s 10
Table dio% £ 3, SEEAHL LUBIANS e TR N0 e e T
~K6R DPaaxHHBEEL L TRTS
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K&L. &7z Type B, TD KR K6R B LT KBSTRIIBBAZ V. &b, Tyee B, T OERED Por ik
DA EFEHEL Tyee S& 0 8 1% NN Bbhr b, ZOREE. Tree b, TOMREEKOBEE. HWED
BIRICEN T, BREDU T AL AMBEICHE 2 1 ERSHEZICR B B —BHRORHE
BICERL ZRASAMBRABHEALZ I LICLBEEZNNS,

SHIT, ZBRYEHEROBM LSBT, 2. RGP OSBWEICELNE - BB TESBESAE
BMOHEE KISB LY HRZONW TR Por®P D Prax i E2E TICHIB%OREFIH I A SN B, FORE,
K4R DRI Tyee B, TOHFE L IZIZEHREE R > TWES, KISOFRIE Type SOMOULHR
HEHBL T, RBERETOBETHRRE NI R >TNDBIEBhh D,

b. FIHARRARTRTE & KERE & DL

DE, PeaxB LU P fBELITD 3 SDOMIARRHE L 2 HET 5,

Psyr: Tav=0uy/{T L5 L XDOBATREIROYEAMBRTEP
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ii)Poy @ Onax=0 1, ERDBEZDRELNMMT SV Y - 7L — F OMITHBAREP
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P ORI, BEATERAEL 2 Trps SO -30 ﬁs@sésﬁs&R@R%R@s
KRB L THE 1%, 120 - AR S T Tpe s Type B Lrype 1
Uz Type BOBEREITHL THT~ 0% DERDBH Fig. 9 Comparison of ultimate strength
b, b, EEORBEEROBAI AL ELHOME of test specimens with initial

: yield loads, Pgy1, Pgyp and Pp
A5 AB. —H HEOQIEDP A P DERIE yi» sy Y

WKHLTH T~UBLELUOFRREEZ 2. HEOQHEARTES>Z/ha v, £ EAMTE-A Y
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5252 kB8bi b,

ZO&EDIT, FIHABRRIEIC L > T, BAMINSHEE R SIRANE P RHBMEIFICIERETE 2, %
DI BEBOLKREMIBKENCLEBTF AL, Ty=0u/AE LEFEOERVT S, & IERA
DEEHABILIRNVEEZOND, BAMT PraxlZDNTI, Por T L REROARER L, FIBER
ZhhrbsTHE—RBORTREICL > THELZILLEZSNLGLYD. BRFAORMPH D,

(4) BBA IR OPIBL T 2 L ¥ — 73 10554%

AN EREOERERES K E S EITLRIKETYL, BATERO® AMEREH . £ICKOLEF
BRAMIE Ty — YR TEUTERZ LW REND £12. REEHFL MK B8LT KMROMEATR
BIROBI T 3 )b F — B AFHNTH iz

HAEOLZ AL F—REELW. BAREROCAMERICLZLALF—REEEL LTI E, Zh
5 Fiko P—SHEB LT T — yHIREE DL TRDZ 2B TX B,

Thbb, ERICILGFEHEHAT > 1—1 5 1 KELETONAIEE AW BLU. EAIER
DRI E 2 NF—AWnld. FRFIURO LD ICBEHTE 5,

AW =Paos (80— 8 0-1) + o (Pa—Pr-i) (80— & a-1)
oo (T, b

Aanzzanctw {'Cn—l'('Yn—'YnAl)""“;' (Tn_'Cn—l) ('Yn"")’n—l)}

T2 P 8 T BTk ENENHEERWAT v 71 KB HHE. £ THEAMIE
BLU CAMERATSH D,
ToL. EBRIBULHERNAT Yy 7mETO It BLU W id. ROLDIIHESN D,

=3 (aW) W=3 (AW (8 e
= i=1
TR S ENRIA— =L LT, LxDBRDE W BLT WOBHETT v F 5L Fig 1048503,
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SHEMICIEH DD BLENKEL TN D,
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(a} D P— 5 IR D I~EE DL — T ITH )
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