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Experimental Study on Dynamic Elastic Modulus and Critical Dynamic
Stress of Cinder Improved Soil Subgrade

ZHANG Xiang-dong, REN Kun
(School of Civil Engineering, Liaoning Technical University, Fuxin Liaoning 123000, China)

Abstract: In order to study the dynamic characteristics of cinder improved soil as subgrade filler under
medium and low confining pressure, taking cinder improved soil as the research object, the dynamic elasticity
modulus and critical dynamic stress of improved soil under different confining pressures and frequencies are
studied by laboratory experiment using GDS dynamic triaxial test system. The attenuation model of dynamic
elastic modulus is established based on the analysis of the influence of different confining pressures and
loading frequencies on the dynamic modulus. According to the uncertainty of the critical dynamic stress, a
fuzzy linear regression model of critical dynamic stress of cinder improved soil is established by structural
element method. The experiment result shows that (1) the dynamic elastic modulus of cinder improved soil
decreases exponentially with the increase of loading times; (2) the dynamic modulus increases gradually with
the increase of confining pressure, showing roughly linear relationship; (3) the dynamic modulus decreases
gradually with the increase of frequency, the decline rate of dynamic modulus decreases when the loading

frequency is more than 3 Hz, and the attenuation model can better reflect the influence of frequency and
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confining pressure on the dynamic elasticity modulus; (4) the critical dynamic stress of cinder improved soil

is negatively correlated with loading frequency, the low — frequency loads have a great influence on the

critical dynamic stress; (5) there is a positive correlation between the critical dynamic stress and the

confining pressure. The established fuzzy linear regression model based on the structural element method can

better reflect the relationship among critical dynamic stress, frequency and confining pressure. It has higher

accuracy and can provide a reference for the construction of road engineering and determination of critical

dynamic stress.

Key words: road engineering; dynamic characteristics; dynamic triaxial test; cinder improved soil; fuzzy
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Tab.1 Testing parameters

WIS BiFR/He [ kPa NS IR E kPa
1 30 130 170 210 230 250 150
2 50 180 200 220 250 270 150
3 : 70 190 220 250 270 290 150
4 100 230 250 270 300 310 150
5 30 130 160 190 220 240 150
6 50 170 190 210 230 250 150
7 ? 70 180 200 220 240 260 150
8 100 180 210 240 270 290 150
9 30 110 140 170 200 220 150
10 50 130 160 190 220 240 150
11 ’ 70 170 190 210 230 250 150
12 100 170 200 230 250 270 150
13 30 120 140 160 180 200 150
14 50 110 140 170 200 220 150
15 ’ 70 130 160 190 210 230 150
16 100 180 200 220 240 260 150
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Fig.2 Schematic diagram of hysteresis curve
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Tab.2 Model parameters

OIS A B c R?
5 166. 41 347.31 879. 96 0.991
6 184.76 353.56 877. 63 0. 983
7 197. 00 355.33 1 080. 28 0.979
8 212.31 359.73 1 213. 86 0.976
2 192. 4 374. 16 1 060. 69 0.994
10 182.5 330.33 670. 05 0.981
14 174. 24 319. 63 624. 36 0. 984
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Tab.3 Critical dynamic stress fuzzy data

Il 4 Bl 73 W/ R 2/

e 7/kPa Hz kPa P B
1 (210, 220, 230) 30 220 10
2 (220, 235, 250) 1 50 235 15
3 (250, 260, 270) 70 260 10
4 (190, 205, 220) 30 205 15
5 (220, 230, 240) 2 70 230 10
6 (240, 255, 270) 100 255 15
7 (190, 205, 220) 50 205 15
8 (210, 220, 230) 3 70 220 10
9 (230, 240, 250) 100 240 10
10 (160, 170, 180) 30 170 10
11 (170, 185, 200) 5 50 185 15
12 (220, 230, 240) 100 230 10
13 (270, 285, 300) 1 100 285 15
14 (210, 220, 230) 2 50 220 10
15 (170, 185, 200) 3 30 185 15
16 (190, 200, 210) 5 70 200 10

AT AdE PSR £ 1 B ARy, = & + ayx, +
a0, XTI EAE AT M, FrAS BIE R
¥y, = (207.664 2 + 15.619 8E) + (-12.124 2 -
0.359 6E)x, + (0.748 1 - 0.035 2E)x,, (10)
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Tab.4 Test of fuzzy linear regression result
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FE x/Hz x,/kPa y/kPa

1 1 100 (270, 285, 300) (257.21, 270.35, 283.50)
2 2 50 (210, 220, 230) (207.68, 220.82, 233.96)
33 30 (170, 185, 200) (180.59, 193.73, 206.88)
4 s 70 (190, 200, 210) (186.27, 199.41, 212.55)
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