455 3 b = W 3 Vol. 45, No.3
2022 4£7 JOURNAL OF SEISMOLOGICAL RESEARCH Jul., 2022

SRR, XV, B JRMEE. 2022, W2 5 a0 B AL A5 HLAB PR M RE L 5t HL ISR R [ 1], HORR ST ,45 (3) 1388 - 398,
doi:10.20015/]. enki. ISSN1000 — 0666. 2022. 0033.

Zhang L. Q,Liu G T,Mao C X. 2022. Pseudo-static experiments of three types of typical IDC communication cabinets[ J]. Journal of
Seismological Research ,45(3) :388 —398,doi:10.20015/j. cnki. ISSN1000 - 0666. 2022. 0033.

P 2 £ a0 BL RN B (S AR S R 1 RE
a7 3 bb it Ge

KRR, feE, BRE

(1. ZRAtpolh R HARTREERE, BRI BIRIE 1500405 2. o EHLE )R T ) 0F 58 i
W= TS TR ESIE, BIpIL WG/REE 150080)

. AT RE PO SURLE (S AU OIS AE , RIS 2AERES R, X 3 Bl AR RT /9 6 5 PR Bt
P77 AEE AR I a3aae, S s ST MUAR A FROCAS AL 4 SRR Sl . 3o v X AR LARL S0 S0 EA T T 90 98 B2 A
JERETT T KPR N, B RAUEBUR AR IR (E, U SR, W A SR e | R AE 45475 8L

4, W HURET) - A2, AREN] . X TISE S, AR SARSETT 2

IR B3t 2 S 4%

YRR SEAE SRR ST 2O SCHE R L], 7R S7 AT FROC /O HrAR BL IN  2% E
KR GEFEHUE; UK, PURTERE; BORPLE; ) - IR AR

hE4S%ES . TU3S2; P315.9 X ERERIRAD . A
doi:10.20015/j. enki. ISSN1000 — 0666. 2022. 0033

0 5%

HIERREPE 0> (Internet Data Center, fij FR
IDC) EAE RGN A0 05, AR 48 B
MR A AT S, RS RGP R E
B —3 (BREEE, 2021), @5 AU N H
PO N R EE NS Z —, NE & MRS S
KVM UL FEAALRASHAL . b as . el ik
2. MIZBRE . HZ/ BT, RRE#HEF S
M55 f, HoREZSHR, REM IRIIE R & & 2Pk,
PRAUE L W2 4 U5 Inl 3R BE A%, bR & A i, iF
2 SR 23 AN [R) R B 1) % 3 00 4 L 2 R 3
(Bt gh 55, 2008 ), i {5 HLAE — B & A i IR

« WFE BHEE. 2022 - 02 - 20.

XEHS . 1000 - 0666(2022)03 —0388 - 11

" R A RO D BB KO, Az E R K
AR, T LA {5 MILAE B B B T X ECHE o0 A
Hi R 5 2 A AR AR IR 1B A5 R 55 B E 2,

H T 9 28 B0 rhoc 38 15 s R e 1y
WFoE BB AR ATy 1H . XA R AT R E
VRS SrBr R B0 A 56 58 A B e 93 M 45 T vk
PFgE, FEMG (2011) 76 S48 B AN E 15 i & =
P LA 5 A AS [5) D) R 15 1A% 1) 1l R & 1 4y
Mrork i SEmt b, 25 T = NI 15 W& FE A R 55
WHbFE ZU BT B SOIRES ;. B4 4E (2012) X
DO b2 IE (5 A 78 RN DL AT 41534,
S T A AR R AR, S T A
BEE L 72 S 100 A R A b 7 ¢ B Ak PR A Ok
XURFER: (2014) X 7R 45 250N T 0 PR VL T 38 4 i

EE&WB: EHEARPFESIH “BalfE RO BEIFAE CHE IR (52178513) BEH).
FE—EEEM: KER (1974 -), BIEER, WL, FENFLREMIUE . BEREIURMEITA | 82 a5
Yz, SR I . E - mail: zhangliangquan2006@ 163. com.
SBEEEBN: TREE (1974 ), OIFEH, M, ERNFEEH TR YURALEF R G R K F A0 m i pre .

E —mail: maochenxi@ iem. ac. cn.



55339

RAE SRS I Z R PO SR R HUAR DR R RE UL 00 L i 389

FHEAT T A AR PO A A RIS (2020)
SCHUEBFSE T UG T 6.0 R 5 i 15 3 45 1Y)
RGO, BRI (2021) X =m ik 6. 4
PR X AE RE AT T REFE WA, R
A TR H AN [ R B 43K

PR T AR E R A TR, A Sk iR
B ol A BR T 43 A 5 T AT AT A OGO . TR 4 SR
FEYE (2003) %38 15 HL IR 150 2% 1Y Bt 2 1 g 1k
RGBSR AT T A A A E R
(2014) FEST T HIF A IR B A8 HLAE ALY 38
i HyperWorks {4 X2 AL RUFEAT T 25 MR35 o0 B
A B A3 A RESCAISE (2019) JEFHIZ XK
ST 138 {5 HUAR R % 32 05 2 A B X R
PEBEM R BT ASE (2019) R4 TE(E R
WRPUR MBI AE 8 R G, HUASE
P VR b ot R P ) SR TR O, 3 Tk B ek
R m bR e, BEEERGT
FHMA (EF K, 2019) MZESEAHUE (R
=“MBa, 2020) MRS AR, s BRgs 2 Fhik
BRI i N I e S s B i 4 S8, T 5E AR
T WK R iR AR R R 4y, dEmGE T B
Tt 20 RN 15 £ ALAR 1) b 52 B vk il ;PR S
(2022) #4777 36 FOBEMEHERIRS) G 1k5, JFHE
TR AR LS AT T IR A iR S 45 R

5 MLAE Y Hb 52 5 01 2 B0 0 R R
R PP Al 0 Atk T 2 AR A5 ofE T S 9 3 A AL AR
HRE Sk, S R AR A FR TR A N
177 38 2 32X 56 41 A0 58 {5 LAR 9 ) 25 1 e S
K H A5 45 =CAR 2, T Rk S b R T A R
A RTHIAE G, ARSCHEEE T By b oW 3
(6 A) AR GEYAE, XTI IEATEIEE
T INBGAE, WA L0 kA B, Ry
TEB R X, ZR A HLAR 19 00 ) A2 9% B s A0 1)
LI, LA K Ty — A5 TR iy m] 0 0] A0 [l i 28
&, NJE S IDC {5 HLAE 1 o 50 A PR T B L
i 752 5 101 P o3 A B AL R Al

1 EAEHUERES

M AF LA AE A B0 v o0 B e 2 1Y iR 45
SRR O RN, AW b TE AT B B2 e A
BRI T AR, B BCE £ R IR 55 2%, ROk i B2
TS A, HoREAEK, BRI IIIEIR &L
e, BRIE B4 U in) o B AE, HLAE 1k
MR BR, 2 1 45 T ARG I 3 Fld 4L
RIS 5L, 1 45 T AL R B N R T A
B RURE, 3 R0 IDC B EHLAE R B T NS
EPUN ) FREAESE . SMEZR R (Kl 1a) Tk
s E Sy, [l A AL B AR HT M 17 7 i) fg
HARRME, B4k 8] 22 5% A 3 0
WHEZLZEAE (& 1b) BN, EZHTFRZK
BEAERRA RS A E S, AR AR S DL R R
A PIAMEZL A i E 2 2 IRENETE 2, K E Sl
WAIMESR; MRSIBai (FE 1c) 5RARPIHES
T S — ARV

WE 2a Fix, R 3 F IDC 8 (F L
B A (] 1Y) 56 B2 A v B2, (HERBE AN TR] 7 A
Hh o R0 AS TR 1 3 1 1 4% o MILAE R 43 )
% 600 mm x 600/800/1 000 mm x2 000 mm ( L)
THI 600, 800, 1000 44%F 3 FRSFHLIE, JH X,
Y XAy i), H 3 R LAY A o2
SAHE, M IEA 3 R MR, A2 AR A
500 mm, % — 2 &AL A 100 kg BLE (
2b), AR A BT A 87. 5 keg/95 kg/122
kg +3 x 100 kg =387.5 kg/395 kg/422 kg, HHlL
FEIE# i AR R E &, W A PLEY
T o I R M 5 N A T IR 5 e S
e, WE 2c Fin, BMPEREET 2 &6
FUAE RSTRBLAE , WY HLAE Y X Jr i fn Y Jy ) (R
AT ) FEATLER R, LRI AN R R
BLARFE P A 7K SF- 5 1) 19 e AE 8t 5 4 =X A8 g
IR/ S-WiLi SE N

F1 KEFEENEEENHSH

Tab. 1 Main mechanical parameters of the cabinets in the experiment

AR B B R/ mm? PUAE A b1 5 MR T i/ kg [(MER T § HUAE ./ kg
HWEHLAE G36642 2 600 x 600 x2 000 Q235 87.5 100 kg x3 387.5
WEHLAE G36842 2 600 x 800 x2 000 Q235 95 100 kg x3 395
WEHLHE G36042 2 600 x 1000 x2 000 0235 122 100 kg x3 422
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Fig. 1

The main structure of the cabinet
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Fig. 2 The test cabinet (a), weight stack (b) and sensor arrangement (c)
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Fig. 3 The standard tensile specimens (taken from the cabinet body)
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Fig. 4 The destroyed specimens and the loading device

400 400
> e © =
300} il \ 300
= : | 800 X-1 g —— 1000 X-1
S S 800.X-2 s —1000X-2
s 5 2007, 800.X-3 S 200 ——1000X-3| |
E R | 800 7-1 E 1000 -1 |
100 800 Y-2 100 ———1000Y-2| |
—— 600Y-3 | 800 ¥-3 ——— 1000 7-3 L
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
RNAZ & (%) NAZ & (%) NAE & (%)

B5 600 (a). 800 (b). 1000 (c) 3 ZHXAF R 5 — B % W &%
Fig. 5 Stress — strain curves of specimens with length of 600 mm(a),800 mm(b) ,and 1 000 mm(c)in tensile test
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Tab.2 The main mechanical parameters of cabinets

W/ (kg +m™3) P AR/ MPa Jitt IR 3 B/ M Pa e PR3/ MPa JERRMAS (%) MRV AE (%) JEJE/mm
2

7 850 2.08 x10° 278 373 0.14 2.82
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Fig. 6 The displacement sensor layout in

X (a) and Y (b) direction
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Fig. 7 The displacement history
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Tab.3  Damage process of 800 mm long cabinets when being loaded in X direction

0 b Be g = X-1

X-2

X-3 X-4

PLFe/ RS 1 18 mm/(0.9% )

PUAE R AR TR

36 mm/(1.8% )

90 mm/ (4.5% ) 100 mm (5.0% )

il fiidvading]

GEVIS R Rl GEIRINE VNG S

. — (AR T AT THERG H MRS . AT S Ak
EInRViEs e . .
!zml P25 FET M B A 1A SRl ey ag]
R4 B XFEmER 3 FHAERRGEZRTRE
Tab.4 Damage preocess of three types of cabinets when being loaded in X direction.
Piks/ ks
WA B G 5 SEBILE L f LI
600 HLAE 800 HLiE 1000 HLAE

X-1 18 mm/(0.9%) 18 mm/(0.9%) 18 mm/(0.9% ) 18 mm/(0.9% ) FERE | AT S T 4R I 54 5%

X-2 2 mm/(2.1%) 36 mm/(1.8%) 42 mm/(2.1%) 40 mm/(2.0% ) TN B H, 45T R FBAE B AR A

X-3 90 mm/(4.5%) 90 mm/(4.5%) 80 mm/(4.0%) 86.7 mm/(4.3% ) — AR TN TRERBE H , AR A 432

X-4 100 mm/(5.0% ) 100 mm/(5.0% ) 90 mm/(4.5%) 96.7 mm/(4.8% ) FERRE | TR S A 4% 5T
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Tab. 5 Damage process of the 800 mm long cabinet when being loaded in Y direction.

0 Be g = Y-1 Y-2

Y-3 Y-4 Y-5

1%/ 1%

24 mm/(1.2% )

36 mm/(1.8% )
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Tab. 6 Damage process of three types of cabinets when being loaded in X direction
IR AR St
B BL S 600 BLIE 800 BLIE 1000 HLA IR AL A Rt
Y-1 18 mm/(0.9%) 24 mm/(1.2%) 24 mm/(1.2%) 22 mm/(1.1%) FEJRCAE | AT R4 I 06t B 2k
Y-2 60 mm/(3.0%) 36 mm/(1.8%) 42 mm/(2.1%) 46 mm/(2.3%) A DA JEG PR, AR T 0 s 8 A A
Y-3 70 mm/(3.5%) 80 mm/(4.0%) 60 mm/(3.0%) 70 mm/(3.5% ) {00 A AR JE 1
Y-4 120 mm/(6.0%) 120 mm/(6.0% ) 120 mm/(6.0% ) 120 mm/(6.0% ) HMIESEAE 5 WU R AR [ K2 5% T 24
Y-5 180 mm/(9.0% ) 180 mm/(9.0% ) 180 mm/(9.0% ) 180 mm/(9.0% ) FEJFCRE | AR i b 248% 51 5E
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Fig. 8 The force — displacement curves of cabinets with lenth of 600 mm (a),
800 mm (b), 1000 mm (c¢) in X and Y direction respectively
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Fig. 9 Force — displacement curves of cabinets with
length of 800 mm in the loading phase X -3 in X
direction (a) and Y —4 in Y direction (b)
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Fig. 10 Comparison of the force — displacement behavior of cabinets with length of 600 mm (a),

800 mm (b), and 1000 mm (c¢) in X direction and Y direction respectively
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Pseudo-static Experiments of Three Types of
Typical IDC Communication Cabinets
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(1. School of Civil Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

(2. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,

China Earthquake Administration, Harbin 150080, Heilongjiang, China)

Abstract

In order to investigate the damage characteristics of the commonly used communication cabinets in the internet

data center (IDC), obtain parameters of mechanical property, and accumulate basic data for establishing accurate

finite element models of six cabinets with various sizes, pseudo-static experiments were carried out on them. During

the tests, each cabinet was loaded in X direction and in Y direction respectively. The displacement on the top of

each cabinet gradually increased until the cabinet was seriously damaged. The damage process and some special

types of damage were observed, and the hysteretic curves of bearing capacity-displacement were got. The test re-

sults show that for such communication cabinets, the cracking of bottom beam joints, the loss of door and side

panels make up the key damage mechanism, which should be taken into consideration when establishing the finite

element model.

Keywords: IDC cabinet; pseudo-static test; aseismic capacity; damage mechanism; force-deformation

hysteretic curves





