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ABSTRACT Lightweight soil is a novel technological material that boasts characteristics such as low density, high strength, thermal
insulation, vibration isolation, environmental friendliness, and cost-effectiveness. These features make it highly suitable for a wide range
of applications in geotechnical engineering, including roadbed backfill, soft foundation treatment, and tunnel load reduction. The
influence of vibration loads resulting from transportation, earthquakes, waves, and other factors on the mechanical properties of
lightweight soil has garnered considerable attention in recent research. This paper expounds on the influence of factors on the dynamic
deformation characteristics and dynamic strength properties of lightweight soil. These factors include the mix ratio (such as the content
of lightweight materials, dosage of curing agent, and moisture content), stress state, vibration frequency, dry—wet alternation effect, and
freeze—thaw cycle. Additionally, we summarise the calculation model for the dynamic shear modulus and damping ratio of lightweight
soil. The findings reveal that the incorporation of curing agents, such as cement and fly ash, substantially improves the resistance of
lightweight soil to dynamic loads. Additionally, the distinctive pore structure of lightweight soil markedly enhances its vibration
isolation effect. As dynamic strain increases, there is a nonlinear decrease in the dynamic modulus of lightweight soil while the damping
ratio increases nonlinearly. Adjusting the content of lightweight materials and the dosage of curing agents can markedly improve the

seismic reduction effect of lightweight soil, thus granting it greater dynamic stability. The coupling effects of dry—wet cycles,
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freeze—thaw cycles, and dynamic loads may lead to a degradation in the dynamic performance of lightweight soil. To extend its service
life in practical engineering applications, the implementation of a waterproof layer is recommended. Model tests and numerical
simulations substantiated the commendable dynamic stability and durability of lightweight soil in real-world engineering scenarios.
Finally, following a comprehensive literature review, this paper identifies potential research directions. The study of dynamic
characteristics in lightweight soil is still in its infancy, with the dynamic properties of novel solid waste lightweight soil remaining
largely unexplored. Further exploration is required to fully understand the response mechanisms, mechanical properties, and constitutive
models of lightweight soil under the combined effects of complex environmental factors and dynamic loads. Additionally, there is a need
for continued research into the design and construction methods of lightweight soil across various engineering settings. In conclusion,

this paper serves as a valuable reference for investigating the dynamics of lightweight soil and its extensive application in geotechnical

engineering.

KEY WORDS lightweight soil; dynamic modulus; damping ratio; dynamic strength; engineering application

A U 1 52 o ] A DA, 3 [
SR £ S H OB S, B B AT
iz i 9 24 2 o ) B AR A sl R A S AR i e [ R
DUALRE . HOB A 2%, S0 A i IR IR L | s b
e i ) 24 3 [ Ak B A R E B R O R
R 8 B | RS | TR IE A ), A% b Kk
A P51 DRHE K TR, T = TAPRLZ ARSI
b T HEABURR . SRR R R
s AR RBUR L BRI PR 2RI
JIod 5 111

BEEERERS L@ L B0
JesE) | BB R CRAR O AR U R
TURLAE )« JBEBER BRI K 58 70 TR & 1846 5 2 LR,
/N T R AR B B TR R AR R TR
B A 5] ] 4 52 B 4 o O O 2 M (EPS) B2 5t
L MRAR R AR R . AT AR OR S fE
Dol R 1 1] 2 BT DAL A, G AR B | B L AR Tfe
5 A8 R I M A T [ 3 AR S JE O A R o) 6 Y
BRI L, A R L R A
BFRE TR ZRED U kg i+
AP T iR R B AN K ST DT | B Sk B A R, i
AT R R AL R AT, T MR S (R ST IR
B 2015 4R, K FE A A A 2 % a2 BT LVE )
(JTGD30—2015) Hr i % 1 42 oo A4 B % 8 (9 11
J7 ik, ARG o S ml Al 2E 1 4% o )2
TE I S5 A B0 TR N A, A TR G Y 2 1 B RS
fg= AN K= g i AN NS R = N UL I X S
07 3, PR 7 BT BE TR B AR AR R L PRI
S5, Xt AR 2 e AR BUORFE . A, R AR AR 36
iy 2 A N 2o AR Rt 4 07, O R 5k 5 A
SR AT 5 22 U, NS 25 W 3 R A T R o o
JEHEAT TR B AP R R R 2 . RAWT 4%
R (BCAE L BPIRZS | RS HBIAER IR

RGP0 55 ) A I e o gl g~ e R AR A R, X
B A0 TR HA

A SO e o & Bl 0 e R AR SR I T AT 2R 0A
EEASE PRI T R L i e AR fl
PURE I Y0 e e i AN L1 L N R YA
SPURIE R, FE RN 4 T R B R R
TR 56 0 R (A AL %) BF 5 0 R 5 e Jim %o BT T 9
{14 e BRPE AT R B

1 BRI ATRFERR

1.1 BRIVGBHEIEE . EEL

FEPRAE RN 2 i oo g Y R ST /N N AR Y
Rl (30 07 2% AR /N 107 PR i 4 3l ) R ik 5%
B FEZIE, WAL, A 3 =™ P g
PR iy g U410 4 ) 2 00 1 4% T 1= ) 1R 3 5 D1 4
T (G - AR SEAETS, SRR A i oo 1 50 I A5
AR BT+ Gay KT 3N =l g0 45 SR )

[l N A 2 2 6 /N AR TR 52 5T A B 5T D AR
(Gg) FIRHJE H (1) 2B AL FLAE T SR AR 22 A 58, e L%
TSR R R in 4 5 5T - EL A 2l 5 DD ARE S A s B
Je LU 100 ] 1 R T AR e R Bl B AR X IR TR
Bt Gy B2 s AR, Bl 3l 5T 1 AR IR Y 3
i, 7N ARV B N R BT+ Gy AEZe i)y, T A dEZ
PR G R, AT 3 E Cwp) B 388 o el 360 VR B2 T
Gy S 0/, 2 WY I 18 U 4 o A et 55t A 14
iR N AR LB 22, I 7 5 A% 38 1 TR g i 4 2R
AR, WOR T 4 fe /INBHLE L (A ) 788 738G K5 7K T
5 3 10 3G 0 JB0RE [R] 285 4 A3 5, IR sl ok #2 rh
BT BB/ DN, W Ay, 3B W0/ s AT, ] 4
Bl 0 5 0T 1 A FSE MR/ IN, A B (1 25 [T R 28
KV /)N. Pistolas 2517 A AR BRI AE X 82 0 + A
A —E A, BEAR ISR O BB/ IN, A 171G K
ZE e 2 AU DA A R AR XTSI 3 B £ Grnax FT Amin



B R ) e DA S RO P

-2101 -

180 . - - 12
o Foamed lightweight soil
& Dynamic shear modulus Damping ratio
% 160 —+w<=0% ——w=1% ¥V o-m= w=0% 110
({ —a— 2% —v—w=3% Y,V'AP — o wel% =
£ 140 — ',vfk' a2 8 =
-§ "A,:“’} - v- w=3% -%
g 120 | , 16 5
I Y =)
g : £
< P,
% 100 e LA 4 g
2 Bl o
£ 80 P al ¥ 2
& e |

60 1 1 0

10+ 1073 1072 10!

Dynamic shear strain, y,/%

218 WRURGR S0 SB[ S m e S

Fig.1 Results from the column tests on foamed lightweight soil!'®
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Table 1 Calculation model of the initial dynamic shear modulus of lightweight soil
Material type Calculation model Model parameters Test type Ref.
) #Fa(eeq) Ay, n are the fitting parameters. o7 is effective confining
Sand—EPS mixtures Gmax = AoF (eeq) (0' g) ‘ pressure. F(e,q) is a power function related to the void ratio Resonant column (8]
of soil.
Rubber—sand mixtures Gmax = 111 (2) x0.1% e is effect%ve confining pressure. py is atmospheric Resonant column [9]
po pressure. X is the rubber content.
D1 P2s P3» Pa» Ps and n are the fitting parameters. a,, denotes
Clay—EPS beads o.\" the mass of cement per volume of the lightweight soil. T is L.
= P Ps)| == ) . . . . .
lightweight soil Gmax (m +paawTP + paVe )(g'r ) the curing age. V, is the mixed ratio of EPS. ¢, is confining Dynamic triaxial [13]
pressure. o, =1 kPa, is the reference stress.
Rubber—sand mixed Gmax =aX ™77 +6.5 . . .
1 0.5504 X is the rubber content. p is confining pressure. Resonant column [18]
sot a=8.2721p"
EPS—sand mixtures; )24 b P’ is the effective stress. 4 and b are fitting parameters. o, =
Rubber—sand mixtures Gmax = A(i) 1kPa, is the reference stress. Bender element {12, 19]
A is fitting parameter. £ is the ratio of the unconfined
05 compressive strength of lightweight soil to that of plain soil.
EPS particle Gmax = AK" F (e )(0' 0) F(¢’) is a power function related to the void ratio of Dynamic triaxial 23]
lightweight soil F(¢)=(p - e,)z J(1+¢) lightweight soil. o7 is effective confining pressure. ¢’ is the y
n relative void ratio of lightweight soil. n; and #, are fitting
parameters related to the shape of the fitting curve.
EPS particle A and n are fitting parameters. OCR is over-consolidation
lich twsi ht soil Gmax = AF(e)OCR" (0—6)0'5 ratio. o7, is effective confining pressure. F(e) is a function Dynamic triaxial [24]
& & related to the void ratio.
. . m, n and g are fitting parameters. g, is unconfined
EPS composite soil Ginax = (e + Wes compressive strength. g, is confining pressure. Resonant column  [28]
o7, is effective confining pressure. C,  is the non-
Rubber—granular soil o 180x (b ot ol ncR uniformity coeiﬁment of soil. e.q is equ1valeptﬂ void ratio. Resonant column, 29]
materials max = usCeal G Rg and ng are t- e parameter that reflect thef influence ot." the Dynamic triaxial
rubber content in the value of the G,,. p, is atmospheric
pressure. b and x is the fitting parameter.
Rubber—granular soil (a—-R)? R is the void ratio of rubber—granular soil. o3 is confining L
materials Gimax = AX b+R X0y pressure. 4, a, b and n are fitting parameters. Dynamic triaxial (301
a and S are material constants associated with the substrate
Lishtweight o \K material content. k is the material constant in relation to the
£ & Gmax = gﬁws (J) effective confining pressure. p, is the standard atmospheric =~ Dynamic triaxial [31]

sand—mycelium soil Pa

pressure. Wy is the substrate material content. o7} is
effective confining pressure.

27 14k 00 5% e 52 5 = BELJEAE ML 5 5 B0 A
AR, 205 £ BHE HLHI PT R4 /KR KL= 4
TRACHE TR 55 (C-S—H) R BLBHJE , 1 Wik 5% EPS.
5 kL 19 64 BHBHJE , C—S—H 5 + i ki 5 EPS. 14
52 SR 2 ik %) 465 4 BELJE 21,

K204 TR L&, e EEE
i R 2 Je AR A A, LA AR SR W48 R T A L
JNE 3 PR 25 0 3l A % 4 PR R X R I A i | B
JE LR 5% i R . Ak 222 3 5r 5 T+ 3l B3 DA
AR et B, angk 3 Mg 4 s, SR L
A Z X BPS B+ AR IR e -, R A
SR R R A sh AR | B BT R A R AT
WAMESE.

B2 5 38 v AR NG+, Alaie 55 Chenari* %
A P As N 5 E0Ch 0.9% 19 EPS FUkz B i
10 b — = T AR S T 25 55 D) NI FE REAIR 30% ~ 63%,
FHJE LL g 2 20 2 1% IR far 2 AE T, EPS R T -
- A B T 04 (B 5 N g Bl EPS B 3 i T
R, A= AR AR Y, BICHE A8 &t bl EPS 1 &
ST/ =

gi LRk, A RS 44 T RS L (AR 42
RIS R R B R SKRE) M
T2 (H L IE | IR s A 32 45 ) 4% ot + Bl A
s MBELJE HE A R . SR 5 N RS | AR R R A
AN IRAS DL K IR AE I | R ARG I L B R
{5 b 25 BRI PR 3R 0 A5 J5T - Bl ) AR IR R 1 5 e R



AR5 R B )RR AT S - 2103 -
160 (a) Rubber-sand mixtures, ;=100 kPa!") 40 - "
< Sand Rubber-sand mixtures ¢:=100 kPa!") (b)
& 140 - 20% Rubber-80% Sand —=— Sand —8—20% Rubber+80% Sand
gﬂ MM 2 30% Rubber+70% Sand 35 1 30%Rubber+70% Sand
o 120 R . - s 30 Foamed lightweight soil, 5:=100 kPal'®!
= L i Foamed lightweight soil § 2% Foam+8% Cement
3 a =100 kPa Q —e— 29 Foam+12% Cement
= 100 Heesag —>— 20, Foam+8% Cement | & 25 [—— 2% Foam+15% Cement
3 I\"'l'\.h 5 —e— 29 Foam+12% Cement = EPS lightweight soil> ﬁ‘
£ 80 " —*— 29 Foam+15% Cement | = 20 20% EPS+10% Cement
5 oay bﬂll EPS lightweight soil o0 —¥— =50 kPa —— ;=100 kPa ﬁ{
R 1on. 20% EPS+10% Cement | ‘2 15 [—e—0,=200 kPa
z JuvE \\1.\ —¥— 0,=50 kPa—4—0=100 kPa g JJ
2 40 o~ —— ;=200 kPa A 10 g
g 3
£ RN 5
0
0
10° 10* 10° 10?2 10" 10° 10! 107 107 1073 1072 107! 10°
Dynamic shear strain, y,/% Dynamic shear strain, y,/%
B4 REUShgyiRsE: fUE AR, () Sy UIRLE; (b) BELE 1P 1029
Fig.4 Dynamic shear modulus and damping ratio of lightweight soil: (a) dynamic shear modulus; (b) damping ratio* '®**
F2 FEEXRFLEE | S S m
Table 2 Influence on the dynamic modulus and damping ratio of lightweight soil
Main conclusions
Influencing factors (increment) Ref.
Dynamic modulus Damping ratio
Dynamic stress amplitude Increase first and then decrease or decrease Increase [33]
Dynamic axial strain Decrease or first increase and then decrease Increase or decrease first and then increase [34]
Vibration times Increase first then decreases Increase [33]
Confining pressure Increase Decrease [35-36]
Initial consolidation stress ratio Increase Minor influence, no obvious regularity [26]
EPS (rubber, foam) content Increase first and then decrease or decrease Decrease first and then increase or increase  [12, 35]
Density Increase Decrease [37]
Water content Decrease Decrease first and then increase [37]
Cement content Increase Decrease or minor influence [38]
Curing age Increase Decrease [39]
Vibration frequency Increase Increase [39-40]
Intermediate principal stress coefficient Minor influence Minor influence or decrease [26]
Direction of principal stress Minor influence Minor influence or decrease [26]
Freezing temperature Increment [22]
Freeze-thaw cycles Decrease [21, 41]
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Table 3 Attenuation model of the dynamic shear modulus of lightweight soil
Material type Calculation model Model parameters Ref. Remark
sp A . . . . . . s
Rubber—sand mixtures G 1 (a/v0) Va 18 the dynamic shear strain amplitude. yo, A' and B 9, 18] Based on Davidenkov’s
Gmax 1+ (a/y0)?E are soil test parameters. model
G 1

Gmax 1+ (ya/y0)f

EPS composite soils e = 0.506 X{

—0.068 % (Vi /Vg)l 113

7, is the dynamic shear strain amplitude. y, is the
reference shear strain. ¢ is soil test parameters. o, is
1.474 % (mg /mg)0-50! : - - 1o
: /1M confining pressure. mj is the weight of dry soil. m_is  [15, 28]

Based on Darendeli’s
model

the weight of cement. Vg is the volume of EPS. Vg is

the volume of the cemented soil .

xad13 _0.119

EPS—sand mixtures,
Rubber—sand mixture, G 1
fly ash bubbles mixed Gmax  1+7alv:
with light soil

G 1
Rubber mixtures Gmax 14+ ( Axol x(1+ R)m) X yP

7, 1s the dynamic shear strain amplitude. y, is the
reference shear strain.

A, m, n and p are fitting parameters. o3 is confining
pressure. R is the mass ratio of granulated rubber. yis  [30]
the dynamic shear strain.

Based on the

(16, 25] Hardin—Drnevich model

Based on the
Hardin—Drnevich model

R4 BFLME AT

Table 4 Calculation model of the damping ratio of lightweight soil

Material type Calculation model Model parameters Ref. Remark
. G V Amin 18 the minimum damping ratio of lightweight
Rubber—sand mixtures A= Amin + /10(1 "~ Guax ) soil. 4y and B are soil test parameters. 9, 18]
Fly ash bubbles mixed _ | G4 M Amax 18 the maximum damping ratio of lightweight [16]
with light soil A= Amax| 1= Gmax soil. M is a fitting parameter.
. G . i’
Rubber—sand mixtures A= Amin =b AM.crRe b, 1 and R, are fitting parameters. [17] Based on Darendeli’s
Gmax © ” model
Amin @nd A, are the minimum and maximum Based on the gravel soil
EPS lightweight soil A= Amin + /lmax(l + k?’ﬁ) damping ratios of lightweight soil. k, m and n are [28] model proposed by
fitting parameters. 4 is the dynamic shear strain. Rollins
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