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Fig. 3 Experiment equipment and loading diagram

THIXEERES DN

2.1 HFEEHEMBMBI-FREHL

BEFEAS [R5 DR A ZEAF T VRS T A KRR 9 25 ) A P R mT o o i 0 AT A 4o 48 - B B £
(P-s 1 20) XFiAE 1 1 2 Pk REREAT PRAL

P 4 DAy A VR 235 3 XA 251 T R ) S 8 4 a8 g -8 B i £, R T it 2, DR URE B9 25 it iR i
FEA o> 0 4 AAREIBBE: (1) TR BB OA % B Bl 4Rk R B R H &2 E MY, 32 502y F 15k 5 10k
A3 T A fih PR 458 L 32 0 AN B B i, D IR 5 (2) PR B AB i B Be it e bR e, HL L5 L2k
TR 2 -5 B OC & B A AR 5 (3) WEPE W 2B Br BC.iZ B B £k Hh Bk v BRI, PN 3 i P B 4% 1k
S Wt L REBCRE I 25 R T S o A ) R BT | R R T AR 5 (4) W Jim A2 Al B W 4B Bt CD 2 1%
B B 2 22 0 T v o L B0 6 i gl 7 W 2R TR T AT ) 5 L B B T Sk 3 ik DX S — 9 0 R R K Y B
PERIE lRE R o2 4 BT 2.

1.00
ost ¢f
w=55%
—w=158%
0.6 0551 w=242%
——w=31.8%
Z £
-
T 04h ¢ % 0.50
02| 025 \
1 D
00—~ —1 . 1 4 0.00 L . L
00 1 2 3 4 5 6 7 0.0 0.5 1.0 1:5 2.0
s/mm simm

Bl 4 R4 T AR RURE S BN 48 -4 B h 2k B 5 RS TBEREEAE = 0 3 i P AR S 0K R R N -HR R il £
Fig.4 Typical load-deflection curve of Fig.5 Stress-deflection curves of ice-bonded ballasts pecimen

ice-bonded ballast specimen under different ice contents in three-point bending test
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Experimental study on three-point bending test of frozen
ballast aggregate under different ice contents

LI Xu's YAN Ying?, XUE Yizhen', JI Shunying'

(1. State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology. Dalian 116024, Liaoning,

China; 2. School of Civil Engineering, Dalian Jiaotong University, Dalian 116028, Liaoning, China)

Abstract: Compared with normal temperature environment, the mechanical properties of railway
ballast bed in cold region are obviously different under freezing condition. The freezing strength
between ice-bonded ballast particles is an important parameter affecting the dynamic characteristic of
ballasted railway track. To further explore the bending mechanical properties of grading railway
ballast under freezing condition, ice-bonded ballast aggregate specimen with different ice content were
prepared and indoor three-point bending test was carried out at low-temperature environment. The
effects of ice content on loading force-deflection curves and bending strength were studies.
Meanwhile, fracture behaviour and the dissipated fracture energy of specimen were analyzed. The
experimental results show that the failure process of bending fracture can be divided into brittle
fracture and post-peak strain-softening fracture. The loading-deflection curves appear to obvious
loading force drop when brittle fracture happens, after that the curve present a gentle downward trend
in strain-softening fracture process. With the increasing ice content, the bending strength increases
significantly, which can be expressed linearly approximately. In the process of bending fracture, an
obvious tensile crack can be observed at the bottom of specimen with high ice content and expand
upward along the contact face between ballast particles. When the ice content is low, the energy
consumption of brittle fracture is slightly higher than that of strain-softening fracture, accounting for
more than 70% of the total energy consumption. The specimen is manly brittle fracture. With the
increasing the ice content, the proportion of brittle fracture energy decreases rapidly, and the strain-
softening fracture is the main part of the specimen failure and cannot be ignored.

Keywords: cold region railway; ice-bonded ballast; three-point bending; ice content; fracture energy



