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ABSTRACT : This paper reports a new beam-to-column connection that is suitable for use in the weak axis of a column. The

proposed system mainly uses bolts, and it minimizes the use of welding, which is generally difficult to perform onsite. In this

system, a H-shape steel beam is joined to a H-shape steel column by bolted splices at the top flange and without a scallop

at the web. The structural performance of the proposed connection was verified through full-scale tests of nine specimens,

taking into account the effects of the geometry and arrangement of the plate.

KEYWORDS : weak-axis—column-bending connections, advanced constructability, welding plate, connection type full-scale

TN TH-ARE BAE 3 3 AR
o A H3ete WAoR, FAPIRE @5, FAM] A7k 9 A
39 1Y 5 oA 7P AAA o5 elM e FA
= Zﬂ%%‘ﬂw /‘]”9—5}34& 716]:01 A2k *7F0}.T’_ e}, whet
1 g /\]-k“ 7Hl:ﬂ—

Note.-Discussion open until December 31, 2013. This manuscript for this
paper was submitted for review and possible publication on January
18, 2013; revised April 17, 2013 approved on June 10, 2013.
(© KSSC 2013

* )
Corresponding author

Tel. +82-41-560-1330 Fax. +82-41-560-1224
E-mail: kimss@koreatech.ac.kr

w3k A3o] U FgE9lom 1 A} Rentschler(1980)
o oJa AAX e BT, wa Janss(1987 o o}z
FEFER i 48 A7} g8 v 9. Gilton
9} Uang(2002)= 71& Z=533F HAHE= A9k RBS
(Reduc-ed Beam Section) HIH-& AEwekoz A83)

o WS SR et vz plde

2 RUEZZE ARk Adrt A9 §le ZoE 2N
At

YN E TS Aisele 5837 FHE N
sl weko g ﬁ—_ﬁ} APt Koetaka(2005)+ 7

St ZaAuke BERSG, e Pid WHE Alg
5 “Weld Tee structureﬂ} grgh e gk
3l Harada(2007 )= 2Z3lE 2F
]% gJ]ung 73:1EE;<45L5]. 9_'ij;<45 oﬂ ];H

eI AT 70}?5‘— dg‘f%J Ok?“h* %(j?‘:}‘l?_i dukrog
AHEE Bl gala 84| R7) ZA-EEYH (Welded
Unreinforced Flange-Bolted Web, WUF-B) @44l ths}

slaypxsts =27 A25d 35(EA 1243) 20134 64 233



0>
A

RS T

>

.7I[;|.|

Al | < ZIAFM

0o -

toh

o o]7dR1(2008) 2 OHZH(201O)% At A4S Sl U
AY5e Assay”

Hepl 949] 7129 @%‘1'?“ Fig. 13} 2°] 7|53 &
S H¥ske AN ¢ 2 =97} desi, 71t B

el 9AFeR A8 S4Yol Mad Bel HET
A7l SelEh E@ AT $0L Ad 20 &
Ak, 283 $Ra Sk sl G 2eln
AL Bdete] ol s8] Wolek ol AN
Bsha webl Ags 4R, B olgy 3t §9%
& 99 AE AF D 9 9ol B Mol ey
e v 27isl 4E Al L
A e A3l 2, 9 el B9 ¢
P e RIS ARIE e el
78] Sloigid. ol£3(2004) L 2004 552
S A8 S AHE AIEen, Kim(2008)

H-shaped steel beam

Fig. 1 Configuration of existing weak-axis connection

welding plates
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(a) Factory manufacturing and installation of bottom
plates and H-shaped steel columns

(b) Installation of horizontal beams and joining of the
bottom welding plates and the horizontal beams using
high-strength bolts

(c) Joining of the horizontal beams and the top welding
plates using high-strength bolts and welding of the joints
between the H-shaped steel columns and the top
welding plates

Fig. 3 Construction method and procedure for developed
weak-axis connection



ofa, B ogB
Jo1A B9l
%7] oot
A= B o]
-*‘u:]’ @%L$11111 =l ;\]:L/d Z\:ﬂoﬂ}q 9 -
st JArE deste] Aiiart Aa, 84
3 o] &HEHIES} FH R HA|7|ito] GEEER
WAz g3t e w3 HEZ 71sdEs 2

o 3

1EL

[e)Ke]

M237|o| HYY 715

—E AIBAL

(27 3,000mm) & AHEElgom 71E, B 2 ZHolEx
BE QM4900.2 ARsAT HEZ 7153 B A A}
48 1FEEE fHoEe FI0T(M22) R EE, Z#:A|
£ F10T(M24) 18 EEE Alg-3l%it)

HB-Fl1& & A3 7% AdAzA &5 HIZW Ho

TAA FHZ 7% WA YAl FA2EZUE X8}
o 24 AsHe Tt
BR-WK-FO& @Al sulelA 7P o] ARgshs 7]&

T Afolo] Agjst SHEHIEY] FAE AHEA 2HY FEHGHEA, Bepl @4 APHE 2t Fig. 4(b)
o= okEFNY UYL NS 28Y & Y HoR 9 Po] HYY v|5e] ko] ANE FuiE|mUe] 3
ket A3l 2gske 3o sgo] Heele] 72 Beld rgelgfor Hepll B 7)ol st A%
7t g ﬁEE M%E]D‘r Fig. 3& dd A% =54 oM RHEES AHESI] HolgE ok d4jof @At
el Al 3 AlEeAE e Sl EERATTE TR ANG A=
FFAPIANL 2As] AR Ao, F )
AE|A &l HH-WK-F2, F4, F5 A38AE A#sisitt. HH-WK- F2
T H3% 7159 278839 dlBol&3at B fus 1=
3.1 AlSlH| A&l EZ 143 T ZURE dAedsle] Hask ol A
Aot} HH-WK-F4& HH-WK-F2 2dA2] A9} L
2 ATdde dE7Y HIZ 715-E Ag F54 oy, B ERiA el S AA7] el Ve
grlo] JLxASS vlw-grielr] Yelix] 71EtEH T (E A o] 75mm P& Stick Outs Ttk HH-WK-F5
Pl G4 FEASAHTT 2 Ade A9 Ve A3A T HePlY WA £EsEEY S SeE sl
T Il AAE Ad-AFah dd A =A Heplel SRS 7% BolA ekl SERTE WA
el AP A8 HESP] 8k AdA FA A siem, HE 715l Beple] 3914 9 f8E g
ojzE AAl AT A5Ed AHE HIT A% Y gl AL AT & ARlA Beplat HEd 2E
Al AFFslen, 7 ddAe] $5F 3 A9 Table 1¢l o] FIE o8l nHEBER {3 Yol
Belslion, Fig. 4= 7+ A3AE ZAS dehhloh A% AR AEA Aske FEEA, T248%
AgAe] 7FRAE hIHEE H-400x400x13x21 (% B AR NdE A8 HEZ 715d8et B diAlole 3t
°] 1,000mm), EFAlE #49HPd H-500x200x10x16 Aol 50mm¥ Ae]7} == WPL-WK-F1, F2, F3, F4
Table 1. Test specimens
Beam connection Test parameter
Specimens flange web note no.(]%gg)olt plate(ilr‘f)k ness scallop |spacing of web (S)
HB Series HB-F1 - - - - - - -
BR Series BR-WK-F0 weld weld - 68 18 X -
HH-WK-F2 weld bolt Stick Out (Omm) 20 16 0 -
HH Series | HH-WK-F4 weld bolt  |Stick Out (75mm) 20 16 0 -
HH-WK-F5 weld bolt - 68 16 X -
WPL-WK-F1 bolt - - 56 18 X 50
WPL-WK-F2 bolt - - 56 18 X 100
WPL Series
WPL-WK-F3 bolt - - 56 18 X 150
WPL-WK-F4 bolt - - 56 18 X 200
shEgTzstE =27 M5A 33(5H 1243) 20133 68 235
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Fig. 4 Test specimens details
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Fig. b Test Set-Up
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Table 2. Mechanical properties of steel

t o, o, FE Elongation

(mm) | (MPa) | (MPa) | (MPa) (%)
web 13 | 484 | 651 |190,383 13.10
flange | 21 364 | 485 |204,689| 29.57
web 10 | 507 | 559 |205,173 23.13
flange | 16 | 374 | 511 [194,572| 28.39
web 10 511 558 | 205,172 20.95
flange | 16 376 | 512 |194,807 27.33
16 391 513 192,976 26.98
18 351 516 | 203,140 27.96
Plate 18 353 515 | 205,349 28.95

Specimen

column

beam

bracket

horizontal plate

Table 3. Mechanical properties of high-strength bolts

. Section Elongation
Specimen Y u reduction ratio| Percentage
(MPa) | (MPa) (%) (%)
M22 1,060 1,093 66.37 19.73
M24 1,058 1,109 65.98 19.43
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(e) HH-WK-F5

Fig. 7 Failure mode

(f) WPL-WK-F4
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Table 4. Test results

Test Results M M
Specimens P, P M, M ax X X Failure Mode
My, cal Mp., cal
(kN) (kN] (kNm) (kNm)
HB Series HB-F1 1,209 1,477 726 886 0.950 1.035 local buckling of top flange
BR Series BR-WK-F0 1,206 1,471 724 882 0.948 1.030 load deterioration
HH-WK-F2 1,106 1,377 663 826 0.868 0.965 local buckling of beam flange
HH Series HH-WK-F4 1,159 1,436 695 861 0.910 1.005 local buckling of beam flange
HH-WK-F5 1,371 1,699 823 1,019 1.078 1.190 flexural failure of bracket
WPL-WK-F1 1,466 1,791 880 1,074 1.151 1.254 -
WPL-WK-F2 | 1338 | 1752 | 803 | 1051 | 1050 | 1.2g7 |deformation of weld-plate and
. eam end
WPL Series f - ; -
WPL-WK-F3 | 1,164 | 1542 | 698 925 | 0914 | 1.080 |deformation of weld-plate and
beam end
WPL-WK-F4 985 1,392 591 835 0.774 0.975 Fracture in HAZ
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Table 5. Comparison of connection stiffness

Test Results Code
Specimens M, ay ﬂlmax emax K; K,

$,eXp

(kKNm) | (radian) | (kNm) | (radian)| (kNm) |

HB-F1 726 10.00237| 886 |0.04121|305,826| 0.900

BR-WK-FO | 724 ]0.00216| 882 ]0.01927|335,042| 0.986

HH-WK-F2 | 663 |0.00240| 826 |0.02305|276,269| 0.813

HH-WK-F4 | 695 |0.00251| 861 |0.03866|277,589| 0.817

HH-WK-F5 | 823 |0.00258| 1,019 ]0.04019| 319,387 0.940

WPL-WK-F1| 880 [0.00249| 1,074 |0.02492| 352,751 | 1.038

WPL-WK-F2| 803 [0.00275| 1,051 |0.03765|291,596 | 0.858

WPL-WK-F3| 698 [0.00256| 925 |0.01877|272,547| 0.802

WPL-WK-F4| 591 ]0.00294| 835 |0.02256|201,010] 0.592
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