W41 % 53 o o M R Vol. 47, No.3
2024 47 H JOURNAL OF SEISMOLOGICAL RESEARCH Jul. , 2024

TR, AR, 2024 IR T A BBV IREE L HEPURMERERIER RIG[)]. MBS ,47(3) 1474 - 481, doi; 10. 20015/].
cnki. ISSN1000 — 0666. 2024. 0049.

Wang D X,Gong M S.2024. Pseudo - static experiment on the seismic performance of graphite tailings concrete columns with optimal
substitution rate[ J]. Journal of Seismological Research ,47(3) ;474 —481 ,doi;10.20015/]. cnki. ISSN1000 — 0666. 2024. 0049.

BEERETABEY REEREME
DU P

EEMM,QE%M

(1. HEMERR TR R TR S TRIRE S A TRE, BRI BRI 150080;
2. MURRCH P if LA B g, BRI MRUREE 150080)

WE. MR AER;BERY TFRERRLAGEBERY IRE EHEPURMERE, X4 FHE (10% . 20% . 30% .
40% ) FABETIHSENREFINREE LT THURREE | BFABUHIR BRI ) 32 R R S, R
RS IREE AT L, B T A BRI T RA R, K5 DB R T BIREE L HIE T — R
PEFEAT TR RE, BRARE A R R IR EE AR AR | WL . RN . NI LFERERE 1 S A
A0 T HBUEERE . 45 RRI. 30% BER T A BRI TRE L HURRBE P RGRE SRR, SRR T
R, S5 mIREE R AHZERDN, UL 30% MR, AR RE A MRS UE I mE T 2
P B IRRRAE i [l il 2R AR (5 O A S v, HLREE AR A BB, 0 i BI R RBE S2 81N, SR

B e LLIB WK, MR RAFIAERERE 1 FIPUREMERE
KR, ASEREEL, JoArkRe; MR, Wi, PURtkRe

thE 4SS, TU375.3 XHEEFRINAD . A
doi:10.20015/j. enki. ISSN1000 —0666. 2024 . 0049

0 5%

fi72 A" (Graphite Tailing, TR GT) J&f158
HEATHEAT I 7 A () —Fh Tk R, R A0 551
HRRE, EARTFRGEE D74 T REWRE
o, REAERT Y SE AR 1 2Ll E
(FEVFIRAE, 20225 XI&5E, 2019), fid 24
Tk, AR EAEYHNRRCEER TiFZ2
B2 1P N Al e o - (T A N B2
Bi . MR KA LIS BT g, T R A SRR
(Torres et al, 2017) T A (2008) 3 K

« WFS HHE. 2023 -03 - 15.

XEHS . 1000 - 0666(2024)03 - 0474 - 08

4 (2011) XPfasE R R 5 s R B g T TS
YRR TY, R A B REYEE RS E KR
SYITER, SX H NI 0 A L R A S A B
PR E AL E AR — R, ] ORI AR
A (2001) #H T —FhE AR S T2,
T RE LM T BB X AENBIR, @
AUtz e T &P PR R, ks
Dk BAR N B B B s R B T — 2 B AE
M, BEMEFREE RN AOERBY HEAE, X
TR AR A JE I i AN 1, 28 N I Y A
AR A SRR &, 2200 I ORI R
fRCED M g, A B R E A A

EEWME . EMGER TR AV ITEARN S 2 LW T H (2019C11, 2021EEEVLI0301) ; [E K H SRRl 22 5

SIH (52178514, 51678541) .
E—IEEE T

A (1998 - ), Mo ATEEE, FEMNFHRE TEMS . E - mail; wdx5858@ 126. com.

SIFESEEE N, AWE (1976 —), #5Eh, W4, ETEMNFHHE TEMNI . E - mail; gmshiem@ 163. com.



%53 ]

FRBAE: RAETUCRT A SRR R EE L AETURERE U 115 475

ohEG . K, g, sklle A A TN A AR T
Y (R, 2015), RURHREE XA SR
YR D7 2 22 Horh i Py kA7 Il i, i 4F
K, BORERZ M2 2l A S By s 1E R
i [ = AU e e w3 5 SN 10 % (S NS R
(2012) HfA RS BACKRD A = K Je b3 I i
FHT BB )2, 5015 2 0 6t 2k DA A B 4K
bR, WEFME (2013) DURIRIEIE T HARET
BAIKIAE R A B IR 2 X — Mk T A 1, OF
IR X AR T 65% f1 8RB R +35% XAk
BOEH SRR A RHEL L

Bl AT W E R R e, AR BE 1
TR H S B, TR BE 4 A e AR rh R E R R
i, FEMEAE N 4l a5 R AR D Y 3 B TR
O 2808 B 190 2 3 3 R DR R A 45— R 3 A= A ]
B, PR M LR A S R G TR
RIS (Xu et al, 2018; Zheng et al, 2018), H
TaERET 58 F 780 B AR (Xt k,
2019), FrlAHA R TH0 B AR T M 4l 5kt
kil A 2R IREE T (Graphite Tailing Concrete,
fAiFR GTC) RYMBOL N s A, X FEREff o T A
SSFEATI TG YL R B, SOAT LRI R R SR D Y Aot B
K R m AESWEIR, MR 3E T A 8 Tl A ATl
A XL AT RESE A e, [ NAR 2224 35 AE 3 7 1 R T
THEFE, KW (2015) FEAHrfa B IRE L
SRELHS, RIS PR R R RN R R A SRR
B AKIK, I HHYREEM A SR 2
VA=A SE: b NI WA N B O P VI A S =2 T
AR R 10% 7245, IMEFF (2019) XF 3 Fhc
L) 28 R TR Bk - AT I AR e 9, R BA
ST IR 10% 8 oidEE, HETREE - Ik 46 48
JERATREAR 12.6% ~21. 1% , KRS (2021) FIH
AR, Kle, RBWMEP, kA A7, @R
JEFYRLE R R TR EE L, BEE T 1R Re B AR
b, MR 45 R & IR BE L PR o e bl A AR
R BRI hnmig oK, ARGk A &R 5 R
nmsN, YA SRR B A RN 20% B, TR EE 1
SREE AR

HETE WA EF GTC MWFoE F 24 TR B
ARG 2 A R B A, (H RS | A AR
SEIRGE L S5 AR 1 b g N R B R AT R,

I, ACEAEE AR TR GTC Btk
SR | BE PR S B R ) A2 e SR AR i 0 2
RAETEVE BB AR R VM e de R AC L], R LU
RAEEACRAY GTC HIVEAEAF, i i il e
T HBUREERE,

1 APRHERE Y

RGBT RAERE, KEERE (F
IR EE A LR ) (JGI55—2011) i
FRE LA T, AREY RIETREITA
PG A BN F, ST S (F
WIREE . A B AR T kbR dE) (JG)
52—2006) & G, HH & T 0, 10%
20% . 30% . 40% % 5 AR G BET BILRT
) GTC B, 45 43l GTC - 0 (3% i IR %
+). GTC-10, GTC -20, GTIC =30, GTC -40,
TREELIITREY R €30, MiEFRE CGRELY
P2 e 8 7 AR ) (GB/T 50081—
2019) X FERPELFEH (28 K) S5 H 5
PEATHU R B R0 | B TR o I A O 2
FEBME AR, BRI A AR B IR B 1 I
FERRARAR, X R RE 7 T FH A0 4K A 2 A7 P 3
55 AR R LA 6 (8 T AR o
1.1 BET AR

TRBE 1 42 BER B Lo 3 0 47 e A He i 1323,
SR EIATIIREE LA i e ST
R LA H, ARG A SRR )
M GTC -0 b+ B g /Y 10% . 20% . 30% .
40% PEATEARAS I GTC WIBC &, W1,

BRI S H 4 T 30 4 150 mm x 150 mm x
150 mm MR &+ 57y ke, Hop, RFE 45
W 6 B, R EE LS IWA, 43
B 11122 B 7 WA - U= 11 VA L W
K50 JE R P EAE R S5 R, RIeE, il &
30 > 150 mm x 150 mm x 300 mm (%5 K IR 5
ik, REG S 6 e, HHT#H I ZE
SRR RS A AR TE (20 £5) C IR
BohEE K TS, 24 R B SRR
P R B AR SR AP = N SR 28 R AT
5w,



476 o= R 47 %
®1 GTCHEAL
Tab. 1 The mix proportion of GTC

. i R (kg + m™?)

&S OBIUR (%) KR X K B R WA WA
GTC -0 0 0.56 185 330. 36 659. 63 0 1225.02 1.05
GTC -10 10 0.56 185 330. 36 593. 67 65.96 1225.02 1.05
GTC -20 20 0.56 185 330. 36 527.71 131.92 1225.02 1.05
GTC -30 30 0.56 185 330. 36 461.74 197.89 1225.02 1.05
GTC -40 40 0.56 185 330. 36 395.78 263. 85 1225.02 1.05

(a) IEJF AR
A1 FAP R e st 1k

Fig. 1 Concrete specimens in two sizes
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Tab.2 Mechanical properties from the GTC test

PR B3 HPERE I
GO SR FHIE SR THIE R
MPa (%) MPa (%) MPa (%)

GTC-0  29.39 0 2.51 0 30 180 0
GTC -10  30.41 3.4 3.03 20.7 27393 -9.2
GTC -20 30.57 4.0 3.12 24.3 26394 -12.5
GTC -30 33.64 14. 4 3.23 28.7 29073 -3.7
GTC -40 31.56 7.3 2.41 -4.0 27303 -9.5

(b) BFRGTHHALE:

B2 GTC 75 iatikieid 2
Fig. 2 Procedure of GTC mechanical properties test
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Tab.3 Comparison of physical properties between

the graphite tailing and the sand

T/ 4 24 /N
pH fH
(kg-m™3) %L K %
VaEy==Yin 2855 0.90 10.0 30. 1%
[/ 2620 2.49 7.0 21.9%
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Tab. 4 Mechanical properties of steel bars from the test

AFREAR/ JEIWSRE, Prirm L, R SRkt

WA
mm MPa MPa Jof AR MPa
i 7% ( HRB400 ) 8 443.9 540.8 0.134 196 210
2\ (HRB400 ) 20 475.7 660.2 0.141 198 43
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Tab. 5 Design parameters of the specimen
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Fig. 3 Size and reinforcement of the specimen
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Fig. 4 Pseudo - static experiment setup
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Fig. 5 Loading protocol of the pseudo — static experiment
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Fig. 6 Failure state of the specimen
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Fig. 7 Hysteretic curves and the skeleton curve
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Pseudo - static Experiment on the Seismic Performance of Graphite Tailings
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WANG Dongxu'?, GONG Maosheng
(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,
China Earthquake Administration, Harbin 150080, Heilongjiang, China)
(2. Key Laboratory of Earthquake Disaster Mitigation, Ministry of Emergency Management
Harbin 150080, Heilongjiang, China)

Abstract

In order to study the optimal ratio for the graphite tailings substituting for sand and the seismic performance of
the concrete column with graphite tailings, the concrete columns with graphite tailings at four ratios (10% ,
20% , 30% and 40% ) were tested to verify the pressive strength, the splitting tensile strength and the static com-
pressive elastic modulus, and these parameters were compared with their corresponding parameters of the ordinary
concrete and the optimal ratio for the graphite tailings substituting for sand was determined; 30%. Then a concrete
column specimen at this optimal ratio was made and was subjected to a pseudo — static experiment. Based on the
specimen’s damage characteristics, hysteretic curve, and skeleton curve, the seismic performance of the concrete
column with graphite tailings was analyzed. The results show that the compressive strength and the tensile strength of
concrete with graphite tailings at optimal ratio of 30% are the highest, and the modulus of elasticity is higher than
that of concrete with other ratios and close to that of the ordinary concrete, indicating that the optimal ratio is
30% . The concrete column with graphite tailings shows bending damage characteristics under low circumferential ,
reciprocal, and quasi — static loading, and the hysteretic curves are full and smooth, and the column has good
ductility. With the increase of horizontal displacement, the secant stiffness of the specimen gradually decreases,
and the equivalent viscous damping ratio gradually increases. The column as a whole exhibits good energy — con-
sumption capacity and seismic performance.
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