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EXPERIMENTAL STUDY ON DYNAMIC STRENGTH PROPERTIES OF
LIGHTWEIGHT CLAY MIXED WITH EPS BEADS SOIL
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Abstract: A series of laboratory dynamic triaxial tests are carried out to study the dynamic strength properties of
lightweight clay mixed with expanded polystyrene beads soil(LCES). Firstly, the material will be in failure when
the compressive strain reaches 5%, which can be considered to be a suitable dynamic failure criterion of LCES,

and then the effort is focused on the confining pressure, cement content and EPS content effect on the dynamic
strength properties of LCES. The test results indicate that the dynamic strength of LCES increases with the
increasing confining pressure and cement content, however, the effect of confining pressure on the dynamic
strength declines when the cement content increases. The dynamic strength of LCES initially increases and then
decreases with the increase of EPS content, so LCES may has an optimal EPS content for the dynamic strength.
Cement and EPS have considerable effects on the increase of the dynamic strength paramete of LCES, but they
have few effects on the increase of the parameter ¢, The relationship of dynamic shear strength and cyclic
number(z,-N;) can be simulated by the power function properly. By considering synthetically the influences of
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confining pressure, cement content and EPS content, dynamic shear strength curves of LCES are normalized, and

the dynamic strength formula is obtained.

Key words: soil mechanics; lightweight clay mixed with EPS beads soil; dynamic triaxial test; failure criterion;

dynamic strength
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Fig.2 Dynamic strength curves of LCES under various confining pressures



* 4280 « FAA D1 TR 2007 4¢
60 or
2
| R?=0.949 7 v DTil | R®=0.9695
’ S § Lo
A e DT31 2
R*=0.9756 R'=09348 o * DT31
40 + A DT41 50
& o . ® A DT41
< [ R°=0.9316m
> R*=0.992 4 =
30 40 ) n
R?=0.9345
R®=0.9810
201 30
10 L L ] 20 | | |
1 10 100 1000 1 10 100 1000
N¢ N¢
(@) o, =50kPa (b) o, =100 kPa
701 8or
A R?=004784
v DT12 i v DT12
ol RP=09409 = DT22 70 = DT22
B R2=0.982 1 A ADT42 } 60 F i 4 DT42
& 5t [ R?=09329
S . ® ool \\l
oo .\.\-\.\. i 0.97ZN\'\\\'
40+ L
R®=0.9737 40
30 | L ) 30 L L !
1 10 100 1000 1 10 100 1000
N¢ N
(c) o, =100 kPa (d) o,=150kPa
{13 AFKJeS & T LCES H3h ke HhLk
Fig.3 Dynamic strength curves of LCES under various cement contents
60 20r
R? = 0.936 7% M R?=0.9680 @
% = DT22 - v DT21
: ;o
4 DT24 601 °
s R?= 0.9660 . R?=093204 A DT24
©
< R?=0.970 7Y, < R?=0.989 2
ol RP=0s316 N 4
50 R®=0.9235
A
\4
A
30 L L ! 40 1 1 1]
1 10 100 1000 1 10 100 1000
N¢ N¢
() o, =100 kPa (b) o, =150 kPa
70 F 90r
, v DT31
60 R°= 0.950.9 = DT32 v DT31
, * DT33 80 " DT32
sol R*=0.9725 4 DT34 ® DT33
g R?=0.9756 5 A DT34
& R?=0.962 8 < 70f "
401 >
A 2=0.9821
sor 608 R?=0.964 8
A R?>=0.962 1
20 ! : ! 50 . , R°=09523
1 10 100 1000
1 10 100 1000
N
f Nf

() o,=50kPa

(d) o,=150kPa

Kl 4 A EPS # ALL T LCES [¥1z)H05 th2k
Fig.4 Dynamic strength curves of LCES under various EPS contents



26k W2

=

U, 5. Rt EPS BURHR GBI A8 st R E IR DT AT

AL EF, B 4 PRE S RIL, LCES g5
Jehfids EPS 5 N LU 11 1Y K1 14 K AR J5 X BE 2 i),
MHAZE EPS AL/, FhnmfEtks. ZRIE 5
Jinif LCES AR R K, & sk B ol
TR EPS BN Vo 39K E V,, JiT» 15 EPS
Wik 57KV UKV S K Bk IR AR R A KA R
MBSk e L, 7], LCES HBx EPS Bk
ANGERR g K e L) Bk T 14 22 FOFLBR L3 K, X2
S0 LCES M3smEFAK; 75 EPS & A LU K1 [H]
I, KV LT AR AN Vg kB Vi, BT K
VoS B U 1 m® LCES v 2747 (R /K e it &,
RIAIE EPS AL Z R, AR LCES i
T MKIE R, AR Vg 17K TE LAl
AR Ve 17K T b Bl &5 1K /K o =2 A R ),
PAZKYe 1 2 [R5 3R K Tk e+ 1 I AE, XX
s LCES Mghumfs; ik, EWEMLEA
T, EPS A LLIAR XS LCES )58 (152 m Lk
AR, IRAEAIWT EPS B AL AL & 4f LCES 1Y
AR ESE L R P . ARG B4 . EPS
BAAE 0.87~2.17 JulE N AL, LCES KI5
| N A

EPS
(Vel)

AREL
(Ver) Kt 2

(Vez)

EPS
(Ve2)

5 LCES MAR sim &
Fig.5 Scheme of volume constitutes of LCES

5 ENREIERST

Bl 6 BT AARIEAS AR N 1 7y i Mohr
Ryl 2y LCES HIss sk, MEEE 6 nTL
RO, Fbt. B SEE AN, B KV
FI K, LCES ) Mohr 3 ) [8] B ARZEW Ok, Bk
BET R, 1K T KRB A i T R R 1)
Figh)), {f£3 LCES Bfi —EMbthrom/s. Xt —
P AR AN HL A 1 I

MFTSCHI AT C 40, ZKJB AT EPS ik 2 5

* 4281
100
N;=20
cy=17.8 kPa
< 0y=12.8°
& S0F
=
0 |
0 50 100 150 200
o /kPa
(a) DT11
150 Ny=20
cy=52.3 kPa
=15.9°
1oof
o
o
<
[
77
L 0 )
—100  —50 0 50 100 150 200
oJkPa
(b) DT42
1501
N;=20
cy=46.2 kPa
100F  ¢;=12.0°
[
o
<
=
—50 0 50 100 150 200
o /kPa
(c) DT23
150
N¢=20
cy=42.4 kPa
100 @y=11.9°
]
o
=
&
50
, ﬁ _
—50 0 50 100 150 200
oJkPa
(d) DT34

K6 AR LCES fI3)m s gk
Fig.6 Dynamic strength envelopes of LCES under various
mixing proportions

LCES Zha S ¥ EE A Z, BrLUKIE EPS FUkit
WARFEH AR TR 2 N . Dl 8 Jith
RIS I 28R FA N, = 20 1M, il
LR LATH] LCES MBhmETEMR ¢ 0o M HTTRE



* 4282«

HAT D1 TR

2007 4

IETA St SEFRAR R, ¢y @, 1T LA & /K JEFI
EPS B AL AR B R BOC R Uk R IE, BAk
LB F

¢, =0.366 +10.040sin(33.573V,) +0.509C, (1)

¢, =6.550 - 2.848sin(41.453V,) + 0.083C,  (2)

L C AV, 051K Ve BRI EPS B A L.
Q) @UFEARIAFRELL T LCES 13)
SRIETRAR, SRR ST 2 TUNME 5 R GG A AT
b, HpRapE 7 fis. i 7 wf%n, 5 i
AR B, B A RQ)ANQ2) Tl LCES (85 &
bR AT . WSK(), QRIBF AR H,
LCES Wzl Efats KN SKIE & MR R,
I EPS # A LU ¥ 5 m ] LLIE I 15 5% s A0k 2R, 1%
5 Bk E gk o 43 1% LCES [8) a5 bt
KV S B AR, BE EPS 5 A LU IR K 1 S 4
KGN EE 8. W 7 Ik n LLE H,

601
4
r o
50 /\/,/
P 2
< 401 /\ /
< 4 /O
2y ()
301 0/
o/D N;= 20
4 .
20-0/ o Wi
—— FME
~ o 4 N N N N O O 0O O < <
EEEEEEEEEEEEE E
OO0 0OO0O0O0O0O0O0O0o0o0D0
RS
(@) R®=0.9779
201
o]
>
o AN °
157 \© 8\0
— . * D
< o\ AN
S . ’\
10
N, =20
o W
—— HUlE
— N N N &N O M 0O MO < < <
EEEEEEEEEEEEEE
[apNaRN RN alNaRNalNalallalN ol alNalNalia)
KRG
(b) R®=0.9390

K7 Bl R bs e (5 (e
Fig.7 Measured and predict dynamic strength indices
of LCES

LCES zhitEfads c Hb—M TR IR, X
72 LCES 7R Inaod # b Ry At A A= A Bl A= (1 bz
PR/ LR A iR AR AL, o,
HEARZ D, XU K IR EPS Uk ()45 A0t
C AR R DTHRA K, TR g (R i A AR A 6

6 #Z5RE LAV —LFIFEE LN

i /K Jefl EPS kL5 N, 1§43 LCES [13)
SRIERFE R Ak, BT LA REAS B — AN AT AR & % 18
KIETEA EPS BT LCES M8hsm/E A
X, IAIXHx LCES kit 5 M IR K 7
fifi.

ISR 36 AL ke &5 AT PRI, 1,
5 N Z AU LR S e s BOC R, |

75 =a(N,)" 3)

A a, b S IRAEAC b A R A A DG 1) 0
LCES MahnmEeil & thzkin &l 2~4 s,

METSCHIHT R B 40, LCES 55 5 bl 4 [l
FERZK e & RGN HER, B EPS & A LY
KSR G0N, BB K &= A EPS
BN R shsm g ) —4, AR5 3103)+ &
$ra, brfE. %02, 4 F(C, V)=3851-
1.963sin(82.257V,) + 0.105C,, Llz,/(c*® F(C,, V.))
HPAFR, NOABEARRR, FEA DGR T 216 Nl
IR ZA R, Wik 8 BT,

101
09
08

0.7

z-CI/( O-CO‘SelF(Ve ’ Cc))

06

0.5 1 ] ]
1 10 100 1000

N¢

K8 LCES [zhas/EIH—fh £k
Fig.8 Normalized dynamic strength curve of LCES

HRER B G RIEATRE Mr, £5 2B )
Rk



26k W2

=

U, 5. Rt EPS BURHR GBI A8 st R E IR DT AT

* 4283«

7, = 02%'[3.851-1.963sin(82.257V, ) + 0.105C, ][N, %"

(4)
e O'Cj"JHSo

7 4 it

ARSI = W) R E AR TR
EPS MRV A5 56 0 - I S SR vk, 5 EAESL T
J. KV S A EPS AL, 38 T N4
b/t\,

(1) 7EHT T S AECLE N LCES [3h N AR B N
BB R N2 e AUERD b, i T AR
iK% 5% % LCES KR FRHE .

(2) LCES ZhBTam S ih 2k o,-N, 775 £ e bR B o
Y

(3) LCES [¥iayiim 3 A [l H A K I 75 5 (1385 K
M, H T /K & 3K 2150 LCES Hitki
W (ZEL: s, BT LA Xt LCES Zhi i 1) 5w biti
K& B BB TN . EPS BN 0.87~2.17
WARALIT, Ff#E EPS # A LLEIHE K, LCES Kishik
E R DN

(4) /KYeF EPS MURLIKI#B AN LCES ) L
T ¢y MHE R DTiRAH 2K, 10X oy (B i 1 FH AR KT
BN

(5) L% IEHIE. Ked =M EPS ALK
RN, TTLKE LCES I 8h5m s ith &k AT 8 i i) —
th, FA3EIT LCES mghsmE A, L LCES
et 5 N iR S 2% .

& X3k (References):

[1] 4. R OIHETIRA T TR R I [ 12 ik
SC][D). BEAL: I, 2005.(DONG Jinmei. Study on engineering
characteristic of light heterogeneous soil mixed with expanded
polystyrene[Ph. D. Thesis][D]. Nanjing: Hohai University, 2005.(in
Chinese))

[2] S, BERH= 775 T - v - SR - X SRS

3]

4

[5]

6]

[7

(8]

[]

[10]

[11]

[12]

+ &M v 2 RERA T[] 1 & JERE, 1994, 42(10): 25 - 30.

M S, R TR o MERN]. 1 & BERE, 1989, 37(2): 7-
11.

YASUHARA K. Recent Japanese experiences with lightweight
Geomaterials[C]// Proceedings of the International Workshop on
Lightweight Geo-Materials. [S. I.]: [s.n.], 2002: 35 - 39.

RS VRIS YA SR BURL IR 5 42 BT L ) AR M [ 2
{78 3C][D]. FEAT: Y #E K2, 2005.(J1 Fengling. Study on mechanical
properties of lightweight bead-treated soil made from dredged soils[Ph.
D. Thesis][D]. Nanjing: Hohai University, 2005.(in Chinese))
TAKAO S, TAKASHI T, KOJI M, et al. Field placing test of
lightweight treated soil under seawater in Kumamoto port[J]. Soils and
Foundations, 2001, 41(5): 145 - 154.

I 4. ROR LRI TR U A (SLS) IR L[], & 02,
2001, 22(3): 245 - 248.(MA Shidong. The properties of stabilized light
so0il(SLS) with expanded polystyrene[J]. Rock and Soil Mechanics,
2001, 22(3): 245 - 248.(in Chinese))

BT, BTG, AR, G BERGUI L O Ko KB
& TR AGFYELCY 5 31 IR T 22 oY S Sxatiniidks. [S. 1.]: [s. n.],
1996: 2495 - 2 496.

PEIC, BRBOE, BRESC IS B RARBC R Hr 0], b
I, 2006, 32(12): 86 - 87.(SUN Guangwen, CHEN Yinghui, CHEN
Zhongyi. Analysis of damage mode of core mixing pile[J]. Shanxi
Jianzhu, 2006, 32(12): 86 - 87.(in Chinese))

PARK D. Evaluation of dynamic soil properties: strain amplitude
effects on shear modulus and damping ratio[Ph. D. Thesis][D]. New
York: Cornell University, 1998.

FXFE, Kz, T WEOREER KT - EAHLEIRIST[]. ST
KE2E3R, 2005, 39(1): 148 - 153.(WANG Wenjun, ZHU Xiangrong.
FANG Pengfei. Analysis of reinforcement mechanism of nanometer
silica fume reinforced cemented clay[J]. Journal of Zhejiang
University, 2005, 39(1): 148 - 153.(in Chinese))

BFE, BOREE. LTRFS ML 2 i dbst: S EKFRIKE
ik A, 1996.(QIAN Jiahuan, YIN Zongze. Principles and calculation
methods in geotechnical engineering[M]. 2nd ed. Beijing: China Water

Power Press, 1996.(in Chinese))



