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Abstract - Pipe-rack structure is generally designed as a steel structure, but size of each column and beam is small because ver-
tical loads on the structure is relatively low. In addition, due to the surrounding environment, the end plate joint is mainly used
as on-site bolting rather than welding. In this paper, seismic performance evaluation of pipe-rack structures was conducted for
three types of extended type end plate connection using the panel zone reinforcement and end plate thickness as variables.
Connection of the pipe-rack structure which is commonly used is the type of panel zone yielding occurred before other mem-
bers, and its ductility and energy dissipation capacity was calculated 24.2 % and 19.5 % higher than the type of reinforcing
panel zone by plates. As a result of the test, it is judged that yielding of the panel zone in a steel structure such as a pipe-rack

structure can be beneficial in the seismic loads.
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Fig. 1. Pipe-rack connection
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Fig. 2. Test set-up

Table 1. Test specimens

. End plate thickness |Panel zone thickness
No. | Specimens
(mm) (mm)

1 PY 25 7
2 BY 25 23
EY 10 23
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(a) PY (b) BY and EY
Fig. 3. Details of panel zone
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Fig. 4. Details of end-plate



AEEYo|E Hotiol uhy] 3o g sfojzdf
U3/ds= B7Isl7] flste] AdAE FR9
Pl whet w7 S 4= s 382 Table 29+ 2
o] ¥ B T (M,), 715 FAS BEM,), 75 e
EY A& (M,,), AEEH I EQ] (M), 715 EHAY
BEMy) T 57HA = 575t o, 7wk FEjof £
ARAA| 9] HA = FA AFTE AISC 3R AAIAA
A|(Steel Design Guide) 482 Z313510d 4] (1) - 4] (11)9]
e} AAFSEIH: o|df o] & Alitol] AMH A2 B
$S2759] B EE AHESFAATE. Table 3= ZF AAA| 9|
571A] 5] Fefjol] whE FrE A 23t Foth PYAEA]
O] 4 M,, <My <M, < My <M., BYAHA| Q] ¢ M,
<My <My <M, <M., EYAZA Z- M, <M;<M,<
M. <M. =02 o7t e A& SRIE 4= ok

ZE°

+  H(beam)
M, =F,Z (1)
*  7]-&(column)

M, =2x M, @)

«  3§d Z(panel zone)
P

e 95 olBiE - 0}9 - 1A

ol =&d|o| E(end-plate)
2
M, = FytpY,

s=24/b,8
Bolt rupture: M, = 2P,(hy + h)

B7} 71 5-EW R (stiffened column flange)

2
Mcf = chftctYC

b
YC: ﬁ hl (i+l>+ho<L+l>]
2 Dsi S Dso s

2
+§ [hl(ps,- +5) + hy(py, + s)]

1
szz,/bpg

71 M, My: O] £AJRHE,

Fp: BO FEALE,

Z: &/diA,

M: 7189 &4 RHIE,
P; 2835,

®)

(6)

@)
®)

)

(10)

(11)

hi=7  (R=04p) 3 P 7159 R,
2 = =
06r a1 (14 3beter\ P Pl Fyow: 715 QIS FEALE,
oorarea dyd,ty, | dy— Iy h (4 d: 716,
=My =H te: 715 F1E A,
Table 2. Specimens design
Four bolt extended unstiffened end-plate design strength Four bolt extended column flange strength
End-Plate (e and Bolt force model Stiffened column flange geometry and
yield line pattern yield line pattern
be
bD
g P —
= : -
d, L - 2Pl // \\\\\ 5
@ ‘ e | e
P ¢ Pso
7 i o Six I
. N Py 3 ™ si
-0 | o o o oV
hy s M,, " ho K
hy L n e
. . N [p ! . . ) N 12 f
%z
g
[ ] ® PS
K

=018 = A 34 A5 2 (FE Al180) 2022 10 271



shol ze SFTHR ) 1ol B AW A7

§ 5 g
(=) rz
T FFUIM
ﬁl 1N
o &
m 2
ook E
EF
=

|m

N

;(] Eﬂ ZP_Q_ _9_

U

Table 3. Theoretical value of specimens design (Unit: kN-m)

Specimens M, M. M, M, My
PY 153.5 306.9 77.7 249.4 86.9
BY 153.5 306.9 255.4 249.4 86.9
EY 153.5 306.9 255.4 39.9 86.9
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Table 4. Result of material test
Tvpe t 17 F, Elongation
P (mm) | (MPa) | (MPa) (%)
7 318 470 25
10 440 575 22
SS275
11 307 465 25
25 408 540 21

t: thickness of coupons, F,: yield strength of steel, F: tensile strength of
steel
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Story drift ratio (%)
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Fig. 5. Cyclic load protocol

Fig. 6. Set-up for specimen PY



3.1 RHE-3]AZ oA

Fig. 72 PYAZA Q] LA E-5] M7t 248 Yepdlct
o BREL AHRHES, 3)H2-2 F7o] it 314
2V& Uehdct PYAAA S A9 3137} 0.06 rad7HA] A
3o] MP=|HA] 0.051 rado]A] 178.2 kN-me] Hf 2=
7FUERg o, 3132} 0.058 radoflA] o =] 85.1 %
22220] 156.7 kKN'mZ Z'E A5}/ drayslgict. viEse

]

\I

d

2719 4 2k A A Wd £0] WYo] fetoz
solg 2 PekshA ek o, o) F 7% EaA o)
Aol WS Zw7} Bhets) gdshe] Aol
FaE9lh. Fig. 8 PYAEA] 48 2 F F)

&2 UEhfe, 715 Sax9] A4ugo] 24 tehg
Ag Bhelst 2= 9l

Fig. 92 BYA®A 0] BHE-3]47 42 Liehuict.
BY A1 5187} 0,05 rad7Hx] A3o] Al glond, 2]
o] &= 0.05 radof|A] 186.9 kN-m= YEGTH BYA S
Ro] 79 587 0.05 rade] ¥HE7}e] cycleo] IFE WA
A7t st AL BT 4 9k HEo] 27] 44 7

X,
ﬂ?l

200
—
150 M, — —
—~ 100 rd
g M, /
50 K f
z j
=z 0 s
=
g /
S -50 y
b= /
-100 Z
o £ Cyclic
150 S == — - — Envelope
-200

-0.08 -0.04 0 0.04 0.08
Rotation (rad)
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Fig. 8. Specimen PY after test

Fig. 10. Specimen BY after test
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Fig. 12. Specimen EY after test

Table 5. Result of test
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Specimens M, M M, %) O Ke U
(KN-m) (kN-m) (kN-m) (rad) (rad) (KN-m)
PY 153.5 174.4 154.5 0.0101 0.0631 15,362 6.27
BY 153.5 174.4 157.4 0.0090 0.0508 17,512 5.65
EY 153.5 174.4 120.6 0.0089 0.0769 13,600 8.67

M,: beam plastic bending moment, Mj,;: beam plastic bending moment using yield strength from coupon test, M,: yield moment of specimens, 6,: rotation
value of initial yield point, €,: rotation value of the point where strength is reduced , Ke: Initial stiffness of specimens, y: ratio of 6, and 6.(= 6,/6,)
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