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Abstract — End-plate connections are widely used in industrial plant structures, such as pipe racks, as they eliminate the need for
on-site welding. However, brittle fractures in steel connections during major earthquakes have highlighted the need for seismic
performance improvement. While most reinforcement methods focus on welded connections in new buildings, previous studies
have proposed and validated a weld-free and drilling-free method for strengthening end-plate connections. In this study, finite
element analysis (FEA) was conducted to develop a strength design equation and define the optimal design range for
reinforcement devices. The equation accounts for the neutral axis shift of the beam and a correction factor reflecting end-plate
behavior. The predicted values closely match the results of FEA and experiments, demonstrating its validity. Analysis of
strength enhancement and beam damage indicates that the optimal yield strength ratio is approximately 0.6 to 0.8.
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Fig. 1. Bolt assembly details of specimens
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under external load (Q)
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Fig. 4. Von-Mises contour of FEA models

Table 1. Summary of specimen analysis results

N DE
FEA 1.44 1.81
k Exp. 1.47 1.78
Diff. 229 2.02
FEA 0.0117 0.0143
0, Exp. 0.0109 0.0143
Diff. 7.25 -0.14
FEA 96.96 149.58
M Exp. 92.52 146.66
Diff. 4.80 1.99

*k: initial elastic stiffness (kN/mm), 6,: yield rotation angle (rad), 17, : yield
moment (kN-m), Exp.: Experimental data, Diff. (Difference ratio):

Exp.— FEA (

FEA %)
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Table 2. Details of FEA models

FEA models Column Beam
D244 H-244x175x7x11
D300 H-300x175x7x11
D350 H-350x175x7x11
D400 H-400x175x7%11

H-244x175x7x11
D450 H-450x175x7%11
D500 H-500x175x7x11
D550 H-550x175x7%11
D600 H-600x175x7%11

(a) D244 (b) D300

(c) D350 (d) D400

]

(e) D450

(g) D550
Fig. 5. Von-Mises contour at yield in FEA models
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Table 3. Results for varying beam heights

FEA M, b NA Ratio
models (kN-m) (mm) (mm)
D244 203.05 244 204.00 0.84
D300 243.35 300 244.50 0.82
D350 268.26 350 298.00 0.85
D400 290.93 400 352.00 0.88
D450 323.73 450 397.00 0.88
D500 353.91 500 446.50 0.89
D550 389.34 550 494.50 0.90
D600 434.18 600 543.50 0.91
* M,: yield moment, b: beam height, V4 : Neutral axis
= 1.0
209 D\D/U'"’D—C 0
T 08
S 0.7
8
= 0.6
0.5
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%03
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£ 0.1
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Fig. 9. Neutral axis to beam height ratio
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Table 4. Summary of FEA results

A9} ARt

FEA k 0
models (kN/mm) (raﬁ) (kl% m) (klj\lll-u m) 0,19, MM, M08 M,
N 1.44 0.0117 96.96 136.58 3.42 1.41 0.92
E6 1.68 0.0102 99.41 154.70 3.90 1.56 1.04
E7 1.70 0.0111 108.68 163.83 3.59 1.51 1.10
ES8 1.72 0.0117 116.18 172.36 3.41 1.48 1.16
E9 1.73 0.0123 122.93 184.84 3.25 1.50 1.24
E10 1.76 0.0127 128.43 187.07 3.15 1.46 1.26
Ell 1.77 0.0131 133.48 192.87 3.06 1.44 1.30
E12 1.78 0.0134 138.06 197.59 2.97 1.43 1.33
El13 1.79 0.0138 141.99 201.25 291 1.42 1.35
El4 1.80 0.0141 145.75 204.06 2.84 1.40 1.37
El5 1.81 0.0143 149.58 207.28 2.80 1.39 1.39
El16 1.82 0.0145 151.39 208.10 2.76 1.37 1.40
El17 1.83 0.0145 152.78 211.41 2.76 1.38 1.42
El8 1.84 0.0145 154.16 210.75 2.76 1.37 1.42

*: initial elastic stiffness, 0,: yield rotation angle, 47,: yield moment, ¢,: 0.04 rad, 4,: maximum moment of model at 0.04 rad, 6,/6,: ductility, A7,/

> Uy > Yur

strength-raising effect, ,14,: full plastic moment of bearn
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E10 42.62 128.43 0.33 ES A Y FA7E 15 mmel S{AEE EISE 7|&
Ell 44.69 133.48 0.33 A3 Aate} v WEtES w SAFSE Agko] BaE|Qlo
E12 46.45 138.06 0.34
EL3 47.86 141.99 0.34 Table 6. Calculation of yield moment following correction
El4 49.02 145.75 0.34
FEA
El5 50.09 149.58 0.33 iy Mo | € (mm) | d (mm) ];,Pred‘ %’Pmd_ A
E16 50.58 151.39 0.33
517 124 15273 034 E6 | 99.41 | 829 |29335(336.54| 98.72 | 0.62
IS <173 15416 034 E7 |108.68 | 9.77 |294.82 |362.06 | 106.74 | 0.67

* M, pq: yield moment of predicted values, A, ;z,: yield moment of

FEA, Diff.: Difference ratio of 17,

250 0.4
I Difference ratio # FEA < Predicted
225 035

e
W

ratio

0.25

e
9

fference

0.15

1

e
Di

0.05

Fig. 14. Ratio of difference between FEA and predicted values

94 Fr=7F20ke] = A3 TE A2 (SA A195%) 20254 44

E8 116.18 | 11.18
E9 122.93 | 12.41
E10 | 128.43 | 13.72
E11 | 13348 | 14.94
E12 | 138.06 | 16.24
E13 | 141.99| 17.68
E14 | 145.75| 19.20
E15 | 149.58 | 20.73
El6 | 151.39| 22.60

296.24 | 385.07 | 114.07 | 0.72
297.47 | 408.50 | 121.52 | 0.77
298.77 | 427.98 | 127.87 | 0.81
299.99 | 446.94 | 134.08 | 0.85
301.30 | 462.53 | 139.36 | 0.88
302.73 | 474.28 | 143.58 | 0.91
304.25 | 483.37 | 147.07 | 0.93
305.78 | 491.43 | 150.27 | 0.95
307.66 | 493.25 | 151.75 | 0.96
E17 | 152.78 | 24.35 | 309.40 | 496.78 | 153.71 | 0.97
E18 | 154.16 | 26.19 | 311.24 | 498.61 | 155.19 | 0.98

* M, ppy: yield moment of FEA, e: eccentricity, d: gap distance, 7, p.,:

yield axial force of predicted values, A4, 5., : yield moment of predicted

values, \: yield strength ratio
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