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Seismic Performance Evaluation of End-Plate Type
Non-Welded Reinforced Joints for Major Member Damage Prevention
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Abstract - This study addresses a reinforcement method for beam-column connections using Energy Absorption Stiffeners
(EAS) to prevent damage to principal structural members such as beams and columns. To facilitate the application of joint
reinforcement in existing structures, a non-welded and non-drilled connection detail considering field conditions is proposed. A
quasi-static cyclic loading test was conducted to evaluate the damage mitigation effect on principal members, and finite element
analysis(FEA) was performed to enhance the performance of the EAS. Through parametric analysis of stiffener thickness, a key
influencing factor, the optimal yield strength ratio of the EAS to the beam was determined. The results indicate that beam
damage was mitigated when the yield strength ratio was approximately 0.34 or lower.
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Table 1. Details of specimens
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Fig. 1. Details of specimens
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Fig. 2. Bolt assembly details of specimens
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224949

W5 SS275 AAE AHEStleH B &
ZAL S Y3t H-244x175x7x11
2 AlZte H, 715 FA9 Zdole 47 2,400 mm,
1,800 mm= SF{ch AAA HA| A] HO| upeF 2=
= WASH] Hsh of 2 OJ A ] /g 7HA BIA|A]

4ol(L,) ool BF= WA A1E AR5k Fig.
4= AEA A" ARE Uil HedR EHE 54
SHA| F+st7] S8 AFA shol AR A 15 A5t

3 1,000 kN €3F9] 3% 3]# 0] 7Hs3t AFojolg &
71835kt 718 T2 EE2 FEMA 350019 Hghn
HHE7HARE wEth

A=
5 AR Be

7283 =R A36A Ao (B A193%) 2024 12 347



]

Rl

FARA LS AT A

Sdlo|=y £8 g Y] A

31 A=A At

AgA o] AHeE AL BE $S2758 HA 6}
o 74 A2 EAL otsty] 98] A= 1A
AlSHAT. AgA o AFSE Ao FAER 23
AFst] AFAFHEE AetAch AR GAH
T} AE BE KS D 3503 QuF 7RG el ZAClo) A

AA et 712S wrEstg o AE A It= Table 20]
[ okttt

o )

B Jo

7h

3.2 A &32H

7 YA g £ % wHE-ug

£ Figs. 5-69] L Qlck. ¥ A A
0.03 ad oI /15 EA 2o 4
rade] 4 §4 % B2 755 B A Thero] HAIste

th. 0.1 radof A 01 CTEFolE o A S FHo}
ek Fo A AY EEFY S HIFSto] EASE &
EXTeH AEA DEQ 4% 0.04 rado]l A EAS©] A4

5 Ao 4] Fho] WAL 715 SRA 7 Wl
7] AZTE. 005 radol A EAS Tgro] WAt o] %

Table 2. Results of material test
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Fig. 5. Fracture results of specimens
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Specimens Steel grade o,(MPa) o, (MPa) E (MPa) Y.R (%) Elo.(%)
web(7t) 343.33 474.85 206718.50 72.30 26.84
Beam/Column
flange(11t) SS275 312.88 456.87 202595.88 68.48 27.33
Stiffener of EAS(15t) 322.51 470.27 209876.67 68.58 28.11

: 0, =yielding stress; 0, = tensile strength; E = elastic modulus; Y.R = yield ratio(oy/ 0,); Elo. = elongation
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Fig. 6. Moment-rotation angle results of specimens
Table 3. Summary of experiment results
. k 0 M, M,
Specimens Y Yy L 0,/0 M, [, M
P (kN/mim) (rad) (kN-m) (N-m) /0, ul oM,
N +) 1.51 0.0101 80.14 137.13 3.97 0.97
-) 1.47 -0.0132 -102.43 —144.26 3.03 1.02
DE (+) 1.79 0.0151 130.17 204.40 2.65 1.23
=) 1.80 -0.0138 -127.56 -192.98 2.89 1.20
NDC () 1.67 0.0101 97.56 178.42 3.94 1.36
-) 2.10 -0.0124 —150.78 -211.46 3.22 1.46
NDE ) 1.11 0.0170 108.88 171.69 2.35 1.16
=) 1.77 -0.0122 —124.69 -196.84 3.27 1.27

" k = initial elastic stiffness; Hy = yield rotation angle of specimen; My = yield moment of specimen; 8,= 0.04 rad; }/,, = maximum

moment of specimen at 0.04 rad; 0,/ 0, = ductility; , M,
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Thickness: t

(b) Axial force of EAS

Fig. 8. External force behavior
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lumn : H-244x175x7x11
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Fig. 9. Modeling details of the FEA model
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Table 4. Summary of FEA results

FEA 6 M, M,
Models A (kN/]:nm) (rachl) (kan) (kN-:n) 019, MM,
EI8 0.51 1.84 0.0144 153.26 210.75 2.77 1.13
El6 0.45 1.82 0.0144 150.94 208.10 2.77 1.12
El5 0.42 1.80 0.0142 147.19 207.50 2.77 1.12
El4 0.40 1.79 0.0139 143.88 204.06 2.82 1.10
E12 0.34 1.78 0.0134 137.69 197.59 2.87 1.06
E10 0.28 1.76 0.0129 130.63 187.07 2.93 1.01
E8 0.23 1.72 0.0117 116.02 172.36 3.41 0.93
E6 0.17 1.68 0.0101 98.33 154.70 3.95 0.83

N - 1.4 0.0117 96.96 136.58 3.42 0.74

* \ = yield strength ratio; k = initial elastic stiffness; ¢, = yield rotation angle; 1/, = yield moment; 6, = 0.04 rad; A/, = maximum

moment of model at 0.04 rad; Hu/ H,y = ductility; bMp = plastic moment of beam
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Fig. 12. Behavior characteristics of FEA models
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Fig. 13. Strain results of beam and EAS
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