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Dynamic deformation characteristics and modified Hardin-Drnevich model for
light weight soil mixed with EPS particles
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(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: To investigate the dynamic deformation characteristics of light weight soil mixed with EPS particles, the influences
of different mixed ratios and confining pressures on the backbone curve and the parameters of Hardin-Dmevich model for light
weight soil are studied through the dynamic triaxial tests, and the modified Hardin-Drnevich model is established and verified.
The results show that the backbone curve of light weight soil exhibits obvious nonlinear and strain-hardening characteristics.
The relationship between reciprocal of dynamic shear modulus and shear strain of light weight soil increases linearly, indicating
that the dynamic deformation characteristics of light weight soil can be described by the Hardin-Drnevich model. The reciprocal
of the maximum dynamic shear modulus and that of the maximum dynamic shear stress decrease with the increase of confining
pressure and cement content, and increase with the increase of volume ratio of EPS particles. On the basis of the Hardin
formula, the expression for model parameters is proposed by introducing the relative structure k and the generalized pore ratio €',
and the modified Hardin-Drnevich model is established. By changing the stress state and stress path, the relative error between
the calculated value and the test value is less than 11%. The predicted results by the modified Hardin-Drnevich model for the
backbone curves of light weight soil are good, which shows that the modified Hardin-Drnevich model can describe the dynamic
response of the special structure of light weight soil under complex stress conditions.

Key words: light weight soil; dynamic deformation characteristic; modified Hardin-Drnevich model; relative structural degree;

generalized void ratio; dynamic triaxial test
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Table 1 Physical properties of soil
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Table 2 Dynamic triaxial test schemes of light weight soil
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Fig.1 Backbone curves of light weight soil under different confining pressures
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Table 3 Calculated results of structural parameter & of light weight soil
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Table 4 Calculated results of generalized void ratio ¢’ of light
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Table 5 Values of regression parameters of formula for maximum

dynamic shear modulus
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Tmax £ EHRT L2 B SR ) o U FINER
BRI k5 LR e, R ST EIA R
45 N A RS b Rika, IR

b= (%j +B-(e)"+C-(o)™ » (12

Kb By oy my s NERELETA RS
AIH] Matlab R2018b #fFREATHUA TS, JLIAld
ZHOT RS RN 6 s,
x6 B L KB NNEISHE
Table 6 Values of regression parameters of empirical formula for

parameter b

72 n B n3 C n4

0.0834 1.18 0.037 -12.3 0.437 -0.8

K& 6 TS HEARANX (12) t, RARGT
Hardin-Drnevich B8 24 b 193RIEN, W (13).
EREERR, XRBHISE b R T AL
IR B G S A TSR, ANREME R
[ s SN LN NIEZ A7V
b= (0.0834

1.18
j +0.037-(e")"** +0.437-(a)) " . (13)

gt FRrR, (7)), (1) A1 (13) NAEIE Hardin-
Drnevich F 7%,

4 {ZIF Hardin-Drnevich 284 g4 35 1iF

N T YAEE IE Hardin-Drnevich #HY7E & 44 N /)
A NG Y, I SR R PRSI A AR, X
2T B SRS . O B R AS B SR IE B
W7 RWE 7w, ABAER TR R E LR
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Table 7 Dynamic triaxial validation test schemes of light weight soil by changing stress state

EPS Bk AFIB A L KB BIKFE 43 [i5] 45 & 7 fil &5 7 /7 b PRBNIHR BFRAEIA
be/% ad% w/% 7/d o./kPa K fiHz JE %
40 10 50 28 125, 175 1 1 10

[FIIRFE AL JPIRAS, F o, =125, 175 kPa [(I%&fE T
SR L AT o
R RN BT A S R a] ) e e K Bl B B
FIHE ARG, JEARHE12 1 Hardin-Drnevich #5545k 15
HH S 50 B S AR I AR R A
B 5 AT%, BEAE S BT R R, B R
iR EA S —8, XRPUER VRS, &
1E Hardin-Drnevich £ (1 i &5 5 B 4. PLRKAE A
BT IRZE T, RINA R R 24 T =3 i 4ext
WETLHE N 0.08~4.72 kPa, X% ZERTEE N
0.38%~~6.36%, iX K B {& IE Hardin-Drnevich A4 %] A
[ o F7ARAS 1T 2R ) TR Tl 51
701
60
& 50
E’ 40

2 30
R

=20 o R
10 —o— BRI

1 1 1
0 0.01 0.02 0.03 0.04 0.05
BBY Ay,
(a) b=40%, a,=10%, 0,=125kPa

= 20 o RIH
10 —o— BRITHEAME
0 001 0.02 0.03 0.04 0.05
BT R Ay,

(b) b,=40%, a,=10%, ,=175 kPa

5 NEE AR TR EES RGBT
Fig. 5 Comparison between calculated and test values under
different stress states

B S IR AR ) SR IR AR TP R E T 3 Ry
%, WK 8. IR LXK EPS BIKLARIE A L
be N 40%, KB ac h 10%, EKFEH 50%, #e
Wiy 28 d, WEH LTI 100 kPa, [HZER 7L
1.0, FREIFN 1 Hz, SFEPEHHECN 10, 75
RN R SERE R RN AR . £ETT R N

BPLEE, IFORFFINBIEEAAR . T =N AN i
T OL, FE N 2L R P B 28 E S5 18 KR N R R
FEAE N (Bl BRI DL, DA B DR AN AL

FER AINENGT NS AR SEAE T, N RE A 2
TEZ TR, 45 be=40%, a=10%If) % & L1E
0, =100 kPa 55 T tmax 1) 60% B 3E 3N /7 N EEAE 1
TN

*8 NENNBENBRELTH=HINEANS R
Table 8 Dynamic triaxial validation test schemes of light weight

soil by changing stress path

VE S TR TR=
1E5ZI 1E5ZI 1E5ZI
n# n# n#

H6 2 3 2% 3 2%
1/10 Tmax 2/10 Tmax 4/10 Tmax
2/10 Tmax 4/10 Tmax 2/10 Tmax

...... 6/10 Tmax 6/10 Tmax
6/10 Tmax

BUER g R SR, fEE 6 (a) H, LURIGE
NFEUERAT IR Z T, BRI S50 E 2 (R 4
SR ZTEHEN 0.17~1.89 kPa, AHXFiRZETEHE A
3.00%~4.18%. fEE 6 (b) 1, HERLHEAY S50
Z I3 R 25BN 0.68~3.31 kPa, AHXFIRZETE
BN 3.35%~8.36%. K 6 (¢) FPfAlH5(E 55
HZ B4R Z GBI 0.50~4.35 kPa, FXTiRZE
Yo A 1.85%~10.94%.

22 FRrR: OFER 6 (a) M (b) o, ZEB6EEn
B AT A S A AR AR — 3. XK
f&1E Hardin-Drnevich A5 2566 B N4 2614 & T
LM R R L. @1EE 6 (b, (o) H, fn#k
77 2 SRR BN S A I EN AT I, A I AR A
B PR AT E . FINE B, 4k
INT 410 tomax B, ARFEAE TR S50 M3l gk
F 410 tmax B, IRFEL T IEW FESDRGS. BT REL
FARMN SR S v REIRE A AN 5], B A Ay B 4k 3
K, BRI EAESREEAREES. ER—3hEI N
AT, BRI EARRIEN B R ER DN . @A
] PP S5 90 FEE I 040 2 2 28 N 47 PRI S Ay B A, L
W o for SR A I AE B SR FE () 60% LAY, B IE Hardin-
Drnevich #5840 & -5 i & T2 v 52 1) . BEE
IS 77 BR A% AN TET BRI AR B S A D A, BT B 5K
IEARL IR PRI ARG R 2248 K, (HAERAE 11%3E B A .
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Fig. 6 Comparison between calculated and test values under

different stress paths
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