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Table 1 Basic parameters of MWCNTs
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Table 2 Physical index of clay
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Figure 1 Stress-strain curves of clay with different MWCNTSs contents
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Figure 2 Variation in shear strength of clay

with different MWCNTSs contents

2.2 MWCNTs W&+ Hsrss EiEfREm
VR-ECEEME RS T TREAN &
1Z B9 R B A R R A (1) Fial(2) .
g

1 T 05

m = sin @; (1)

T, =c + otan @, (2)
Xi.r, WY 1, kPa;o WIER /1, kPa;c A%
RI1 kPaso HNEEHEM, (°) , A SCHEE T BR-JE
5SS AR MWCNTs 882+ 1 N
FESE A R 100 5 WL 3 IR 4,

MIE 3 AT LAFE H, MWCNTs XF 25+ 6 N B 4%
A BEE, 24 MWCNTs B84 0~ 1. 0%,
P E H5 ) B B 45 i1 Km0/ JE TR T RE 2
MWCNTs 4% B g Bff 25 -8 7 £ 2R, g om 7 50

20
|
18}
S 16t
& 4]
&
i 12 + ]
=
or \ -
8t l\_/
0 0.5 1.0 1.5 20
MWCNTsBE/%

B3 WNEZEMAS MWCNTs BEXFHE
Figure 3 Relationship between internal friction
angle and MWCNTs content

180
160 | . 0"

140 | \
120 .
100 |
80+
60
40t
20rm

FHR S1/kPa

6 0,‘5 1.I0 1.I5 2j0
MWCNTs$B&/%
B4 HEHS5 MWCNTs BEXFR
Figure 4 Relationship between cohesion and

MWCNTSs content
2 0] B S S5 7E T ; 24 MWCNTs B8 1. 0% ~
2. 0% I P B J82 1 B R A JIT 8 A, (H 2 78 Ak i B O
AR R Al fE b6 % MWCNTs Bk, 45
T W VR RS 58 T 1 B R 25 1 T, DA T S5 380 PN B 452
MM R,

i 4 3R 5 MWONTs B RZ T UE
HOMWCNTs $BE1E 0~2. 0% , 265 ST 4 St 2 8l
LT MG g8 TR B, B T2, MWCNTs £ &
TE0.5% ~ 1. 0% i 2 0 30 A ey i, 26 56 00 3k )
KM, MWCNTs B a1 1.0% ~2. 0% B, il £k
ERE T REBERR RN BB R TR
JIT MWCNTs BIZER 77,

3 WMKEERSNT

wE s pros, W =R B IR L E AR
MWCNTs & 1 UE 4T SEM JE 5043 4, 1 33 oF



55 4

BRIE % , %5 BRANOKAS 2hoME 26 1 07 A 4 B8 S BIOM ML ol F 52 89

5% MWCNTs 45 & % ok P A 1A Bl 08 65 449 B4 52 i B0
B DA FE U] AR B YIRS A AL, &
5(a) 7R B JG MWCNTs $ & B9 RE, Hod ok /)
FLBR A AT B R 57, A JS0RE ] B2 fil 55k % FLBR
RGFPERR G, B 5(b) \5(c¢) 5(d) ITLLAE
O MWCNTs 5 5 ¥t & 78 4 J0RE 2 1, K B 3k
BT KRS, B MWCNTs J5 FL B A8 %0 Fin R
PR E T U WA, B BAR A (6
0.5%) ,MWCNTs Fff % 7 + J50ki 2 18, 351 78 £L i fif
1L BR A WD 5 BE R B R I R rh AL B A

(a) TMWCNTs$B & (b) 0.5%MWCNTs$B &

HZ (i 1% M 2% ) 847> T 048 5 0k,
JEL R AT RE & i T MWCNTs A< &5 R~F 5 L B R~
AT, 7E 0. 5% B 1 AF, MWCNTs 31 78 3 + fL B 3%
ST A Y SRR R A AR BT B R K
AREH MWCNTs BRI (KT 0.5%) , HAH
40 9 VE U 58 T MW CNTSs o 26 4 9 0 BT e 4%
VERT, AL BT s BE /N, 2% BT ik 38 A MWCNTs
R T AR B GIOW AL R 2 AL DT S e T e 5
SREE, MWCNTs £ & £ 76 — > B {E, Bl & & 1
0. 5% It 57 58 B 35 I fe R W 4

e
[ |

(d) 2.0%MWCNTsB &

(¢) 1.0%MWCNTs# &

B 5 ETSEMKAE MWCNTs BEXMER T HNEN
Figure 5 Micro structure of modified clay with different MWCNTSs contents via SEM
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Experimental Study on Mechanical Properties and Micro-mechanism of
Clay Modified by Carbon Nanotubes

CHEN Zhengfa', CHEN Zhenfei', LIU Jianpeng', LIU Guifeng', LI Yan®

(1. School of Environmental and Safety Engineering, Changzhou Univesity, Changzhou 213164, China; 2. Shandong Dazhan Nano-
materials Co. , Ltd. , Binzhou 256600, China)

Abstract. Studying the influence of multi-walled carbon nanotubes (MWCNTSs) contents on mechanical prop-
erties of modified saturated clay is of great significance for its design and application in refuse landfill clay liner
materials. Triaxial compression tests and scanning electron microscope (SEM) tests were performed to analyze
the influence of different MWCNTSs contents on the shear strength and the mechanism of mechanical properties

was revealed from the microstructure evolution. The triaxial tests results showed that the shear strength in-
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creased first and then decreased with the increasing MWCNTs content, and the maximum value was detected at
0.5% MWCNTSs content. The shear strength of samples doped with MWCNTs was greater than that without
content. The cohesion strength showed similar change tend with the shear strength and the maximum value ex-
isted between 0. 5% and 1. 0%. The internal friction angle first decreased and then increased with the increas-
ing MWCNTSs content, and the minimum value appeared at 1. 0% content. The results indicated that the shear
strength of clay could be significantly improved by mixing MWCNTSs with 0. 5% —1. 0% content. The MWCNTs
altered the microstructure of the clay, which was the main cause of the change in the soil macroscopic mechan-
ical properties. SEM results indicated that the contact between clay particles was relatively close and the large
and small pores showed a uniform distribution in the specimen without MWCNTSs content. The number and size
of pores in the soil sample changed significantly after adding MWCNTSs. It increased the compactness of the
specimen with lower content, in which the threshold was determined to be 0. 5% content, leading to the in-
crease in shear strength. It could be observed that the number of pores increased but was less than the speci-
men without content with the increasing MWCNTSs contents (1% and 2% ). It could be attributed to the reason
that the adsorption and cementation of MWCNTSs on soil particles were weakened due to lubricating effect, re-
sulting in a decrease in shear strength.

Keywords: multi-walled carbon nanotubes; clay; soil modification; shear strength; microcosmic mechanism
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Seismic Fragility Analysis of Rigid Frame Bridge Near-fault High-speed Railway

LIANG Yan, YAN Shichang, ZHAO Boyang, WANG Yan, ZHANG Chaoyang

(School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; To study seismic response of high-speed railway bridge under near-fault earthquake, this study took
a high-speed railway rigid frame bridge as the sample of study, the whole bridge model was established by
OpenSees and seismic fragility curves were established by reliability theory, bridge fragility under near-fault
and far-field earthquakes were compared and analyzed. The influence of near-fault ground motion velocity
pulse effect on seismic response of bridge structure was studied. The results showed that under the action of a
near-fault earthquake with velocity impulse, the fragility of bridge members and systems in each damage state
was significantly higher than that of far-field seismic motion. The fragility of bridge systems in near-fault and
far-field seismic action was higher than that of a single component. The seismic fragility evaluation system u-
sing a single component could overestimate the seismic performance of the bridge. Compared with the first-or-
der boundary method, the second-order boundary method took into account the correlation between bridge
members. The upper and lower bounds of the fragility curves were smaller and the seismic fragility of the
bridge was more accurate. In rare earthquakes, the system’s fragility under near-fault earthquakes increased
by percent point of 3, 13, 23, 3, respectively, compared with that under far-field earthquake. The influence
of velocity pulse effect on seismic response of bridge structure should be considered in the evaluation of the
seismic performance of bridge structure near fault area.

Keywords: high-speed railway bridges; near-fault; fragility; boundary estimation method



