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Evaluation of the Energy Dissipation Capacity of an
Unstiffened Extended End-plate Connection

Lee, Soo Kueon', Yang, Jae Guen®*

'Professor, Department of Architecture, Dongyang Mirae University, Seoul, 152-714, Korea
*Professor, Department of Architectural Engineering, Inha University, Incheon, 402-751, Korea

Abstract - An extended end-plate connection displays different behavioral properties and energy dissipation capacity based on
the thickness and length of the end-plate comprising the connection in the form of a beam-to-column moment connection, the
number and diameter of the high strength bolt, the gauge distance of the high strength bolt, and the size and length of the welds.
Such extended end-plate is applied to beam-to-column connections in various geometric forms in the US and European regions.
Currently in Korea, however, the extended end-plate beam-to-column connection is not actively applied due to the lack of proper
design formulas, the evaluation of the energy dissipation capacity, and the provision of construction guidelines. Accordingly, this
study was conducted to provide the basic data for the proposal of a prediction model of energy dissipation capacity by evaluating
the energy dissipation capacity of unstiffened extended end-plate connections with relatively thin end plate thicknesses. To
achieve this, a three-dimensional nonlinear finite element analysis has been conducted on unstiffened extended end-plate
connections, with the thickness of the end plate as the set variable.

Keywords - Unstiffended extended end-plate connection, Energy dissipation capacity, Beam-to-column moment connection,

Nonlinear finite element analysis, Moment-rotation hysteresis curve

1. i 2 AA 5ol AlEE L ok, EEE, Srouji et al e TR
o] AATAE A9 Aol Slol AARAFEA o]
H o (end-plate) HEH= thFer Fef o] HH A4 2.9 283}91, Kennedy et al 0] Aokt 1A EEE 9

=2 :%HQ PEB FZA|AHEl(Pre—engineering Building A @2+ (prying action) A% 15T
System) ] A2} 2552l 3lck. AA vlsre] 45, AISC 7 SRR A FTE 57 ] T s
EES Mﬁ]x]zw (Steel Design Guide)®] 47, 16, 25T 7} A2z 02 HwT Qx| 3} Alsto|th o|aldt o]0z

WELEoj itk (end—plate) HeHe} tHidend—plate) = 7|5}a}2 FAIAB] W2 AAZEA] AH9F, o] |24
= 283 PEB F2A|2Ho] tigt AAY, AAER AlS g gy 9 AEx| o) Alwo] A5 o]T<>1 ]x] oF
T 9)7] wholc), gk, @A) Sl elol o aH
Note.-Discussion open until October 31, 2015. This manuscript By g ohB oS A835F PEB LA AHof gt ﬂ:r’-E
for this paper was submﬁed for review and possible publication nz3 Astolrt Sajubatol|A] AaE il Mol
on January 17, 2015; revised February 17, 2015; approved on ) - 6]
February 27, 2015. PEB FZA|AHo| tst tfEA Q] AGLE Lee ef al*'&
Copyright (© 2015 by Korean Society of Steel Construction hEa ZskEo| 3t AdF AILE Eslo] AgHE o] oY
*Corresponding author. A AR=E TE LZ A EAD Fslodtl Ch 7]
DA A EAAS T ung et al,
Tel. +82-32-860-7588 Fax. +82-32-866-4624 labs= s ;L_ 1 S48 T, &
& IR EE d22g)E W B2 W (flushed

E-mail. jyang@inha.ac.kr

R TR =B A27W A2E(ED AI35E) 20159 49 243


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2015.27.2.243&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

(¢}

B
[oN
E
=4
o
1o
g
=
(m

|
toh
)
)
rJ
)
o
I
K
24
a
-
NI
)
l

O
THextended end—plate) 7@.?&?} AL 2% 3
Htop side extended end—plate), H|ZHE T -2Hflushed
end—plate) HgH 502 ERE} o]2g chia A3
G oA, ) i 5 =

(unstiffened extended end—plate) 7@‘?}1‘?—% Aoz A
Slglo] Wae] o A4k lo] Biate] P &
ARl oJsto] WHEE=S sQIch o] AFoA= Fig,
1(b) 9] AR SRR HSHE(TEEPC ; Top Side Extended
End-plate Connection)®]| Tt 3A}Y v]AE {3138 43
AE 8 3 5 oA 24bsEE Bkl fete s
iAo AFEE Z2 72 ABAQUS Ver 6,140]t},

2. 3AHY HIHY FUQ4LNY

2.1 H|B7Z s al(unstiffened extended end-
plate) F¥E {FILLAN

HEE5)5-5 vk H|H 7} ST aH(unstiffened extended
end—plate) A9 o YA 2AteES 4] (1) 285}
b He) Shge] SANT A BRE SAZ Aol
sholalgltt, 2, ui7) SR Mg o sl

2] 1 519 HaE F 2HAGEt B R

[\e)
n
n
ot
it
oy
oy
BN
o
ot
il

(a) Extended

Fig. 1. Geometric shapes of unstiffened extended end-plate
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Fig. 2. Geometric shape of the top side extended end-plate

connection
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Table 1. Geometric variables of the unstiffend extended end-plate connection (Unit: mm)
Analytical model i, b, g d, d, t, tr
T12-G110-B200 12 200 110 661.5 524.5 11 17
T14-G110-B200 14 200 110 661.5 524.5 11 17
T16-G110-B200 16 200 110 661.5 524.5 11 17

T12-G110-B200

— width of the end-plate

bolt gauge distance

thickness of the end-plate
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Fig. 4. Plastic hinge yield-lines of the UEEPC
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Table 2. Design strengths of UEEPC (Unit: kN-m)
Analytical model Eg'n (6) Eg'n (7) Egn (11) Design moment strength
T12-G110-B200 118.63 545.81 558.89 118.63
T14-G110-B200 161.47 541.08 558.89 161.47
T16-G110-B200 210.90 535.63 558.89 210.90
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Fig. 5. Loading cycles of unstiffened extended end-plate
connection.

Table 3. Material properties of steel

Fy F” e e E v
(MPa)|(MPa) v u (MPa)

SS400 | 235 400 [0.001146|0.081146|205,000( 0.3

SM490 | 325 490 |0.001585|0.081585|205,000( 0.3

Welding | 357.5 | 539 ]0.001744|0.081744{205,000| 0.3

Table 4. Material properties of F10T-M20

Fy F” e & E v
(MPa) | (MPa) v u (MPa)
900 1,000 0.004390 | 0.014390 | 205,000 | 0.3

Table 5. ABAQUS options for finite element analysis

Contact surface | Command Option
Washer surface
Beam - Welding | Constraint Tie
Welding - plate
Beam - Plate Allow
Plate - Column Finite |separation| Adjust
I — sliding |  after only
Plate -~ HSB Contact contact |to remove
— over
1 - HSB
_ Column - HSB | Small sliding | closure
Nuts - HSB
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Fig. 6. Stress distribution and deformation aspect of the T12-
G110-B200 connection model.
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Fig. 7. Stress distribution and deformation aspect of the
T14-G110-B200 connection model.
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Fig. 8. Stress distribution and deformation aspect of the
T16-G110-B200 connection model.
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Fig. 9. Moment-rotation curve of the T12-G110-B200
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Fig. 10. Moment-rotation curve of the T14-G110-B200
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Table 7. Comparison of the equivalent viscous damping

each UEEPC (Unit: kN-m) coefficients of each UEEPC connection
Cycle |T12-G110-B200|T14-G110-B200|T16-G110-B200 Cycle |T12-G110-B200|T14-G110-B200|T16-G110-B200
1~5 696 487 314 1~5 0.182032 0.103112 0.056054
6~10 1,645 1,320 1,043 6~10 0.301650 0.200408 0.132018
11~15 4,163 3,987 3,711 11~15 0.495620 0.372109 0.284284
16~20 7,178 7,613 7,182 16~20 0.641341 0.545211 0.432560
21~25 17,502 19,734 20,234 21~25 0.758285 0.698747 0.610618
26 6,501 7,609 8,072 26 0.181425 0.170612 0.159111
27 9,666 11,486 10,716 27 0.145671 0.143083 0.137186
28 11,547 12,263 - 28 0.166019 0.161653 -
29 14,819 - - 29 0.141119 - -
30 14,405 - - 30 0.141359 - -
Ep total 88,122 64,498 51,272 §eq total 3.154523 2.394934 1.81183
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