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/] ABSTRACT /

The column-tree type steel beam-column connections are commonly used in East Asian countries, including Korea. The welding detail
between the stub beam and column is similar to the WUF-W connection; thus, it can be expected to have sufficient seismic performance.
However, previous experimental studies indicate that premature slip occurs at the friction joints between the stub and link beams. In this
study, for the accurate seismic performance evaluation of column-tree type moment connections, a moment-slip model was proposed by
investigating the previous test results. As a result, it was found that the initial slip occurred at about 25% of the design slip moment strength,
and the amount of slip was about 0.15%. Also, by comparing the analysis results from models with and without the slip element, the influence
of slip on the performance of overall beam-column connections was examined. As the panel zone became weaker, the contribution of slip
on overall deformation became greater, and the shear demand for the panel zone was reduced.
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Fig. 1. Typical column-tree type beam-column connection
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Fig. 2. Load versus total plastic rotation rotation of PZW specimen[3]

Table 1. Test specimens and results in Lee and Park[3]

PZW PZM Pzs
Strength ratio
(Panel Zone/Beam) 072 0.93 117
Plastic rotation of 23 17 06
panel zone (%)
Plastic rotation of
Beam (%) 1.3 1.2 16
Fracture of Fracture of | Divot-type pullout
: beam flange beam flange failure of the
Failure mode
near the groove | near the groove column
weld weld flange

Table 2. Details of test specimens in Oh et al.[4]

Strength ratio
Specimen I:Lul?hb(eam Stub beam (Pangelzone
gth (mm) | depth (mm) /Beam)
S-0.80-12.5-100 700 600 0.97
S-0.75-12.5-100 900 600 0.97
S-0.70-12.5-100 1,100 600 0.97
S-0.75-12.5-100-PR 900 600 1.47
S-0.75-15.0-100-PR 900 500 1.50
S-0.75-18.75-100-PR 900 400 1.48
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Fig. 3. Envelop curves of test specimens in Oh et al.[4]
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Table 3. Analysis case and results in Lee et al.[5]

. Net length | Stub beam Relative
Spemen detail (mm) length (mm) moment
9 strength
L/D=10 2,250 900 0.44
H-450x200 | L/D=15 3,375 900 0.31
L/D=20 4,500 900 0.24
L/D=10 3,000 900 0.42
H-600X200 | L/D=15 4,500 900 0.28
L/D=20 6,000 900 0.22
L/D=10 4,500 900 0.48
H-900X300 | L/D=15 6,750 900 0.35
L/D=20 9,000 900 0.30
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Fig. 4. Normalized moment versus normalized rotation in Lee et
al.[5]
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Fig. 5. Analytical Model of sub-assemblage including moment-slip
element
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Table 4. Details of splice connections

Total Thickness
Depth of| Material Bolt Number of splice

Researcher Stub | and size| Tension| of bolts Igte

beam | of bolts | (kN) at P
(mm)
flanges

Lee and Park[3]| 600 mm | F10T-M22| 200 32 19(10,9)*
600 mm | F10T-M20 165 32 24(12,12)*
Ohetal[4] | 500 mm |F10T-M20 165 32 28(14,14)*
400 mm | F10T-M20 165 32 22(12,10)*
900 mm | F10T-M20 165 80 50(25,25)*
Leeetal[5] | 600 mm | F10T-M20 165 32 24(12,12)*
450 mm | F10T-M20 165 32 26(14,12)*

* . thickness(inner plate,outter plate)
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Table 5 Moment strength of splice connections

I
o
(m
ik
ogt

>
12
I
Ha
2
Im
jizal

of k3 A7} el 744 ool ofsl) A7) Al 7t ereb AL, B2 4]

Slip—critical Bearing Maximum (2)'4 A FWAT e RO AR T o] QIS )RR
Researcher Moment Moment moment o) Z|qE B o] 2-50] - QAT S| o) Zg-ato] upamo] y st
strength Strength demand at 2280 ZHE31R] 9FAL; 1AL HEL 0] & Hoj| o] 2 22o] 2457 u]
bem) | dvem)Lsplice VM) gy 10 2gmiek e s no) golst mo) G 49 Wl

Lee and Park[3] 932.80 1772.94 479.97 ;:h;u]ﬂ ;:i ol Table 69 o J :—H K
769.56 1465.24 637.99 se=rIEA able 6] djo]E| 2R E] o] W] A]
Ohetal 4] 638.88 1216.42 42064 A3k MAE S| F7]9F SE|H K O], s dE A ten] S ae] #APE e
383.13 729.48 256.65 A ghQls) Bz} 511 oL A7 Z0]7F900 mmo] it ] 600
Q1 2B H B7L AR E] o] SHSH AT AIS 2& 5 919Ich FFAE

MPa& ARG8T
Table 5of4] upA|f Fof| sA]E
H thHo)| 22 5l= R EV A AA]

ol go] e a7ek0] HUghe
wlEe] ek ) 1 o} o] 1§

Shz el o] 7]o]ch. oA £ 4 9l X ol

o] A1 )~(3)el et a4l ml1 e
E sk 2o n 2 AGA|e] o] 34 ulzmef ol t 27 At ofg

zﬂio] Hw\g o}x]

Table 6-2 2] (2)~(4)E Z3)] 51 o] 259
HHE 7% 5ol A4 R E 7ol A3 A &3 o|
S3o] A4 WHIES B] w3t Holrk F oF &7 A 1
HHIE Fwo vj(D/ @), & PA BHlESL B 44 HHlE
(® | @)% g7 ST 3ol A]

LHol |18 HHE 70} H ol A HHE 71 7| v]S
g5 mElE L QAU B pR R Ak He Tefshy
opmih £o] S gholob ek, kAT Al AR k£ o
A ofif I E 0] 19%~42%0] Fgohs THIE 28 A
o) oS eks] T vzt gl shAlvk AlgA o

L, o]l 2

t} ol2igt

5——_‘/\47;"5]04 S o 01—/\ O\E]-'

==

Sno| mylE g
79k 27 et ofgh mw

o] welgl

A7 55 ofof| thgt 4ol ek 7o R Az

Table 6] =55 ‘H450x200 L/D-10’
etal.[5]9] 3144 eI 4TS Lehict. x1x1~° R R EAPNESE IR
HolQ=Ag-Egly BH-7)% z%a-LH4 AR
AeHo) Aol et vl 3
Ao HHIE Q) 1 o] A ui

$-Fig. 60f| Urebdl upel o] o] o] 2k
?ﬂE 73=0] B|o] Pk 0.2520]1 HS A
etal.[5]9] S -Ante] gt} WA
S Btk 2 Aol ol e i o 2 &9
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(kN + m) (kN * m)
(kN + m)

PZW 900 0.72 166.71 932.80 1772.94 701.49 0.179 0.238
s-0.80-12.5 700 0.92 175.28 769.56 1465.24 770.33 0.228 0.228
s-0.75-12.5 900 0.92 224.80 769.56 1465.24 770.33 0.292 0.292
s-0.70-12.5 1,100 0.92 198.52 769.56 1465.24 770.33 0.258 0.258

s-0.75-12.5pr 900 1.47 262.75 769.56 1465.24 770.33 0.341 0.341

s-0.75-15.0pr 900 15 187.99 638.88 1216.42 563.50 0.294 0.334

s-0.75-18.75pr 900 1.48 66.46 383.13 729.48 343.81 0.173 0.193
H450x200 L/D-10 900 0.96 - 575.52 1095.79 436.87 0.264 0.440
H450x200 L/D-15 900 0.96 - 575.52 1095.79 436.87 0.227 0.310
H450x200 L/D-20 900 0.96 - 575.52 1095.79 436.87 0.192 0.240
H600x200 L/D-10 900 0.92 - 769.56 1465.24 770.33 0.294 0.420
H600x200 L/D-15 900 0.92 - 769.56 1465.24 770.33 0.224 0.280
H600x200 L/D-20 900 0.92 - 769.56 1465.24 770.33 0.187 0.220
H900x300 L/D-10 900 0.87 - 2877.60 2739.47 2714.25 0.384 0.480
H900x300 L/D-15 900 0.87 - 2877.60 2739.47 2714.25 0.303 0.350
H900x300 L/D-20 900 0.87 - 2877.60 2739.47 2714.25 0.270 0.300
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Fig. 6. Ratios of slip moment at splice region to clip-critical moment
capacity

Table 7. Amount of slip observed in each specimen

Drift when | Drift when | Length of
. slip starts | slip ends | slip region| Slope of
Specimen (‘F;arad) (‘E/Zrad) (F‘)’/orag) slip pregion
@) ) =0 -0

s-0.80-12.5 0.39%4 1.473 1.079 1.017

s-0.75-12.5 0.423 1.453 1.031 1.055

s-0.70-12.5 0.380 1.508 1.129 0.68
s-0.75-12.5pr 0.418 1.414 0.996 1.052
s-0.75-15.0pr 0.527 1.596 1.068 1.637
s-0.75-18.75pr 0.698 2113 1.415 0.66
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Fig. 12. Comparison of test results and analysis by proposed method

Table 8. Details of selected test specimens

Length of Strength ratio
Specimen stub beam Stub beam (Panel zone
(mm) /Beam)
S-0.75-12.5 900 H-600x200x11x17 0.92
S-0.75-12.5-pr 900 H-600x200x11x17 147
S-0.75-18.75-pr 900 H-400x200x8x13 1.48




Table 9. Comparisons of analysis results with slip element and without slip element

. . Shear deformation of | Curvature at beam Rotation at slip
. Strength ratio Applied load .
Analysis case (Panel zone/ Beam) (kN) panel zone hinge element
(%) (%rad/mm) (%)
PZW with slip 072 2511 411 11.7 1.5
PZW without slip ' 254.0 5.06 12.6 0
PZM with slip 0.92 259.5 0.20 14.1 1.5
PZM without slip ' 264.4 0.21 15.6 0
PZS with slip 147 259.8 0.03 14.3 1.5
PZS without slip ' 264.8 0.03 15.7 0
Column Column
el:ﬁi:nt J_ Rotational spring el::ifnt J_ Rotational spring

&=
4

g ﬁ Moment-slip element

'\Slub beam = Link beam od '\ bazm o4
Rotational spring Rotational spring

Pin connection Pin connection
(a) Column-tree type beam-column subassemblage (b) Beam-column subassemblage with no beam splice

Fig. 13. Analytical models with and without moment-slip element
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