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Dynamic Tests on the Cement-improved Loess under the Vibratory Load
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Abstract; In this paper dynamic triaxial tests were performed to explore the order and contribu-
tion rate of experiment factors such as depth, cement commingle ratio, compacting factor, water-
dipping conditions, and vibration frequency on the dynamic characteristics of cement-improved lo-
ess including dynamic deformation, dynamic elastic modulus, and damping ratio. On the basis of
the foundation construction of the Datong— Xian high-speed railway, a large number of test sam-
ples have been obtained that include typical loess profiles of various geomorphic units. The dy-
namic parameters of cement-improved loess were tested on the GDS advanced dynamic triaxial test
system at the State Key Laboratory of Continental Dynamics. The orthogonal test method was
applied to optimize testing. The dynamic load was calculated according to the train vibration at-
tenuation rule of various depths. Loess samples of various cement ratios were created through
compaction tests. The dynamic characteristics of cement-improved loess such as dynamic deform-
ation, dynamic elastic modulus, and damping ratio were determined from dynamic tests that in-
cluded lengthy periods and a large number of cycles. The results showed that within the test fac-

tor level range, the primary and secondary order of factors that affected the vibrated subsidence
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were cement ratio > water-dipping conditions > vibration frequency > depth > compacting fac-

tor. In addition, cement ratio and water-dipping conditions showed significant influence on dy-

namic deformation. The primary and secondary order of factors that affected the dynamic elastic

modulus were depth > water-dipping conditions > cement ratio > vibration frequency > com-
pacting factor. In addition, depth and submerged conditions showed significant influence. The
primary and secondary order of factors that affected the damping ratio were submerged condition
situation >> cement ratio >> vibration frequency > compacting factor > depth. In addition, ce-

ment ratio and submerged conditions showed highly significant influence. Therefore, an increase

in cement ratio results in a significant improvement in the dynamic characteristics of cement-im-

proved loess; no optimal ratio of cement was noted.

Key words: High-speed railway; Cement-improved loess; Vibrated subsidence; Dynamic elastic mod-
ulus; Damping ratie; Orthogonal experiment
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Table 1 Factors and levels of orthogonal test

_ &
AT REVE pmi v R m ERER BAKE
1 560 0 3 0.93 kK
2 600 3 [ 0. 96 Bk
3 1500 4 - — —
4 3 000 6 — — —
5 5 000 — — — —
6 8 000 — — — —

REARBZHIE MEEGTRPE—EH®
HEERBRAKMEH N %ERESRELERENEE
GDS B A =HNIR R % E#H1T3 =85, i
BEREH @70 mm X h 140 mm MBI HHRER
RIEZY . BB T ROT .
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Table 2  The attenuation coefficient of dynamic load
and dynamic stress in different depths

R /m AR WERS) KEEEHE RSN

Fi#h/kPa  #/kPa 1B {E/kN
—1 0.413 4 96. 25 33.07 0.153
—2  0.1782 96. 25 14.26 0. 066
—3 0.081 2 96. 25 6. 49 0.03
—4 0.0411 96. 25 3.28 0.015
—5 0.024 6 96. 25 1.97 0. 009
-6 0.017 8 96. 25 1. 42 0.006 6
—7 0.014 9 96. 25 1.19 0.005 5
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Fig.1 The diagram of dynamic load changing with time

in dynamic triaxial test.
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Table 3 Results of the dynamic triaxial tests

FE mah B/ KRR LL/ % BE/m EXRHE BKER RER/on FHEE/MPa HEEL

1 300 0 3 0.93 B’k 0.932 4 31 0. 145
2 300 3 3 0.96 KBk 0.007 5 132.1 0.09
3 300 ¢4 6 0.96 Bk 0.021 8 179.9 0.115
4 300 6 6 0.93 RKBK 0.003 3 284, 2 0. 083
5 600 0 6 0.96 KBIK 0.009 9 216, 1 0. 089
6 600 3 6 0.93 Bk 0.041 9 152.6 0.13
7 600 ¢4 3 0.93 FKBK 0.02 138 0. 087
8 600 6 3 0. 96 Bk 0.044 1 108.1 0.111
9 150 0 0 3 0.93 REK 0.044 1 118.7 0. 094
10 150 0 3 3 0.96 Bk 0.123 7 87.2 0.126
11 150 0 4 6 0. 96 KEBK 0.007 5 267.5 0.08
12 150 0 6 6 0.93 Bk 0.013 3 210, 4 0.112
13 300 0 o - "6 0.96 B’k 0.374 5 93.8 0.134
14 3000 3 6 0.93 RBK 0.007 5 257.8 0.093
15 300 0 4 3 0.93 B’k 0.121 3 91. 8 0.121
16 300 0 6 3 0.96 RBK 0. 005 8 155. 8 0. 082
17 500 0 0 3 0.93 KEEIK 0.101 1 124.9 0.093
18 500 0 3 3 0.96 &k 0.159 5 87.3 0.126
19 500 0 4 6 0.96 KB K 0.015 4 267.9 0.081
20 500 0 6 6 0.93 2K 0.0318 210.5 0.113
21 800 0 0 6 0.96 Bk 0.492 2 96. 7 0.136
22 800 0 3 6 0.93 KB K 0.018 8 257. 6 0. 089
23 800 0 4 3 0.93 Bk 0.152 6 91.9 0.12
24 800 0 6 3 0.96 KB K 0.010 5 155.7 0.082
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Fig. 2 The stress—strain diagram of dynamic triaxial test.
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Table 5 Results of range and variance analysis

on dynamic deformation

HE HmEFEME F BEMH
WK E 0.1910 1.01 —
KBEH /% 0.2788 4.71 *
HH 0.0613 0.76 —
ELRAE 0.0193 0. 08 —
Bk & 0. 2020 8.30 *

T ZE O M B R AT A, K R 4B 0 L AR R K S48
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Table 6 Results of range and variance analysis of

dynamic elastic modulus

HE WEREHE F BEM
e 20. 5650 1.50 —
KEBE /Y%  66.9915 22,18 * %

YR 104. 9262 206. 29 *k
EERFEH 10. 8551 2.21 -
Bk &M 83. 6814 131. 21 * %
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Table 7 Results of range and variance

analysis of damping ratio

B R HEREH F BEMN
IR E 0. 0047 1.19 -
KEm /% 0.0163 22.69 ok
2353 0. 0020 1.15 —
EEZREH 0. 0025 1.87 -
B &M 0.0399 473. 61 'S
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