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Effect of Load Speed on Seismic Performance of
Panel Yielding Extended Endplate Connections
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Abstract - The study investigates the impact of loading speeds on steel connections with a weak panel zone. Static and dy-
namic experiments were conducted on two types of connections. While the elastic region showed similar results in static and
dynamic tests, significant differences were observed in the plastic region. Dynamic tests revealed reduced ductility in the
panel zone due to high loading rates, resembling weak-beam connections. Additionally, the dynamic tests showed decreased
strength and energy dissipation capacity compared to static tests. These findings underscore the critical importance of con-
sidering loading rates when designing and analyzing connections for extreme load conditions.
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Table 1. Test subject
. Column Beam Endplate Mc Mpy Mp .
Specimen (mm) (mm) (mm) (N'm) | (kN'm) | (kN-m) | Pz Ms:Me
S
Series | b H-200%200%8x%12 H-244x175x7x11 410%200%25 304.70 | 95.15 162.04 0.59:1:1.88
S
Series 11 b H-250%250%9x%14 H-250%250%9x14 430%250%30 558.52 | 127.41 | 279.26 0.46:1:2
S — S 5
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Fig. 1. Details of connections
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Endplate:
430%x250x30

(b) Series II
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(a) Front view
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(b) Side view
Fig. 2. Instrument installation diagram
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Fig. 3. Static test setup
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Fig. 4. Static test protocol
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Fig. 5. Dynamic test setup
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Table 2. Seismic excitation patterns by step
Ratio to Peak ground
Step the original wave acceleration
(%) (€3]
1 10 0.0348
2 20 0.0697
3 30 0.1045
4 50 0.1742
5 70 0.2439
6 100 0.3485
7 130 0.4530
8 150 0.5227
9 170 0.5924
23 AR
Table 3°f ‘KS B 0801 &A= QA S H o ul2t

AT QAP AT AL FAEAE epyep 0,
5 247) QFARHO] AR A Y AT TE ALS
AA) ANAH A e 4B A3t KS D 3503 &
BF F2E A AN A AN G 88275 %
Aol AAH Ae] 7agte wESG o R
Table 30] 2} 4|3},

Table 3. Result of material tensile test

Modulus Yield
t of @ o strength Eloneation
(mm) | elasticity | (MPa) | (MPa) | ratio g
E oyloy
<16 275 < 0.18 <
— - 410-550 -
16<r<40 265 < 021<
7 203,054 | 324.7 | 453.1 0.72 0.27
8 213,201 | 326.4 | 464.9 0.70 0.24
9 203,808 | 310.8 | 460.8 0.67 0.27
11 201,074 | 322.8 | 451.2 0.72 0.26
12 205,765 | 334.5 | 470.6 0.71 0.29
14 201,393 | 322.1 | 460.8 0.70 0.27
25 209,462 | 276.6 | 436.9 0.63 0.24
30 198,492 | 272.2 | 4353 0.63 0.24
3. 43847
A 5 EE E9Ho| YT A A@AE = A%
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4.2 general yield point method(Fig. 8 2%)& o]&
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7] AT &g 249 173 712719 AA 9] W Aol s

——— Skeleton part
—— Bauschinger part
------ Unloading part

Fig. 7. Hysteresis curve decomposition method
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Displacement, § (mm)
Fig. 8. General yield point method
AATE B9l erg Z7re] A9 Ao 3t 27)
A4, B 55 9 A 815 59 72 Aol o

3.1 Series I

S AA o] RHE-S| A7 A=
6 %rad7}A] 7% A 7to] HrAYolR] Qkokal, Aurek(Y
= WP)olA o 157.53 kN-m, F-EQE )]

Al 155.29 kN-m9] = E T} 5 step(1.5 %rad) 7}
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Table 4. Results of test
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Specimen K; M, 0, M, @)y u W, M6, n
P (KN/mm) | (kN-m) (rad) (kKN-m) (rad) (6./6y) (kN-m) (kN'm) | (W,/M,-6))
S 327 101.5 0.0095 157.53 0.0658 6.92 29.49 0.97 30.41
Series I D 3.23 108.9 0.011 146.88 0.054 491 26.02 1.19 21.85
D/S 0.98 1.07 1.1 0.94 0.94 0.82 0.88 1.23 0.72
S 3.84 125.7 0.010 231.34 0.06 6.40 63.37 1.37 46.20
Series 11 D 3.80 130.7 0.010 202.88 0.055 5.50 29.61 1.84 16.14
D/S 0.99 1.04 1.01 0.88 0.85 0.86 0.47 1.34 0.35
200 200
M, M,
150 7 150
M, M, 101.5kN'm // M, M, 1089kN'm |
100 100 f
E B
= 50 =50
£ )
= 0 g 0 7
g g T/
S -50 S -50 - iy f/
~100 ~100 e A
M, 101.5kN'm A M, 108.9 kN'm
~150 ~150 [ ____Weld fracture
-200 ~200
~0.09 ~0.06 -0.03 0 0.03 0.06 0.09 ~0.09 -0.06 -0.03 0 0.03 0.06 0.09
Rotation angle (rad) Rotation angle (rad)
Fig. 9. Moment-rotation angle of Series I-S Fig. 10. Moment-rotation angle of Series I-D
300 u; 300 [a; |
Column flange fracture
200 200
M, M,
E 100 E 100
g )
g 0 g 0
g g
S S >
= -100 = -100 / o
/ M, 125.7kN-m L M, 130.7kN-m
200 L ;,'Z// 200 b
-300 -300
~0.09 ~0.06 -0.03 0 0.03 0.06 0.09 ~0.09 -0.06 -0.03 0 0.03 0.06 0.09

Rotation angle (rad)

Fig. 11. Moment-rotation angle of Series II-S

Rotation angle (rad)

Fig. 12. Moment-rotation angle of Series 1I-D
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Table 5. Failure mode comparison

50 | M5 157.5kN'm /,
M,p 146.8kN'm Yy Specimen Failure mode
7
e S Panel zone,
) column flange local buckling
Series I
—— Static test D Beam flange weld fracture,
—— Dynamic test web local buckling
-0.09 -0.06 -0.03 0 0.03 0.06 0.09 S Panel zone,
Rotation angle (rad) . column flange local buckling
Fig. 13. Moment-rotation angle of Series I Series Il
D Column flange fracture

300

Kig=3:84'kN/mm

K. p 3.80 kN/mm

M, s 125.7kN'm

—M-p—130.7kN-m
s 231.3kN'm

-p 202.8 kN'm

200

100

0

Moment (kN-m)

-100

-200 LA

-300 -
-0.09 -0.06 -0.03 0 0.03 0.06 0.09

Rotation angle (rad)

—— Static test
—— Dynamic test ||

Fig. 14. Moment-rotation angle of Series 11
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(b) Series 1I-S

Fig. 15. Failure mode of static test
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(a) Static test

Fig. 17. Strain data of Series I

—— Panel

Beam flange

Strain (%)

0 0.5 1.0 1.5 2.0
Cumulative rotation angle (rad)

(a) Static test

2.5 3.0

Fig. 18. Strain data of Series 11
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(b) Series 1I-D

Fig. 16. Failure mode of dynamic test
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(b) Dynamic test
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—— Panel
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(b) Dynamic test
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Fig. 20. Shear deformation capacity of panel zone
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Fig. 21. Comparison of plastic energy of Series I
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