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Dynamic simple shear characteristics of fiber-reinforced
granitic residual soil

LIU Feiyu', FU Chen’, YU Wef

(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, P. R. China;
2. Zhejiang Huadong Geotechnical Investigation and Design Institute Co., Ltd., Hangzhou 310030, P. R. China)

Abstract: In order to study the cyclic shear characteristics of fiber-reinforced granitic residual soil,
polypropylene fibers were mixed into the residual soil. The horizontal cyclic simple shear test of fiber-reinforced
residual soil was carried out using a cyclic simple shear apparatus. The influence of different fiber contents (0%,
0.3%, 0.6%, 0.9%) and cyclic stress ratios (0.15,0.20, 0.25, 0.30) on the dynamic characteristics of granitic
residual soil was analyzed. The test results show that with the increase of cyclic stress ratio, the dynamic shear
strain increases. The addition of fibers effectively restrained the development of dynamic shear strain of residual
soil, and the higher the fiber content, the smaller the dynamic shear strain. Fibers increase the critical cyclic
stress ratio of the residual soil. Under the critical cyclic stress ratio, the number of cycles at failure for reinforced
samples is much greater than that for unreinforced ones. This indicates that the addition of fibers increased the
toughness of the soil and greatly prolonged the failure time of the soil sample. Under the same cyclic stress

ratio, the larger the fiber content, the greater the dynamic shear modulus and damping ratio. For the dynamic

Y 5 H 85 : 2024-03-08

EETIH HEK A AP H 4 (52378355 ,52078285)

fEE RN X €A (1976- ), 5 8082, RGN £ 8 1 30 12520858, E-mail: lyzju@shu.edu.cn,
Received: 2024-03-08

Foundation items: National Natural Science Foundation of China (Nos. 52378355, 52078285)

Author brief: LIU Feiyu(1976- ), professor, main research interests: reinforced soil and soil dynamics, E-mai: lfyzju@shu.edu.cn.



14 + K5 x4

FAROF & L)

% 48 %

shear modulus, the smaller the cyclic stress ratio, the more obvious the advantage of fiber reinforcement. The

improved H-D model can be used to analyze the dynamic response of granitic residual soil under different cyclic

stress ratios and different fiber contents.

Keywords: granitic residual soil; fiber reinforcement; shear characteristics; cyclic simple shear; cyclic stress

ratio; shear strain

1A R Tz A A T [ AR U T
DX A Sy [l 321 4 R T 00 0 R0 ik TR R 4R
[ % e o' D = o Sl e S =1 o S = R - U/
PR S8 K Gy o3 i S5 R 3K S0 KRR R BOIE 1 R
A SES PR L AE R W RSN AR R R AR AR TR B B
FIY I MEE W R, A TR R A K
v B AR AR Sy [a] 3 0 R R AT R R AL 3 DA s H
figo UTAFEA, N TG WULF 4 32 1 i KPR 4
BUAAR AR AR SS9 T oA R B R -
PRI FE B I 2 —

(S8 W0 A ) | 37 s A S DR T e
Fo BuSEY T T TIRAE IR R AR X B TR
FEPER 2, 45 R W], 2F 4k fe A R0 R 2 4k
M & B o Correia 2P, Arabani 2 HI Bao %% 1 ,
21 HE 9 RE AT R0 i AR Y R B AP AR T R )
Reza Tabakouei 25 % B, £F 4 K B Fh 28 DL SRk A
ROSE 19 48 A AR 6 b Bt 4= 0 2% 1k BE 52w AR K .
Owino %738 3ot [ 25 38 50 i 52 1 25 4 4 8 X [ 25 &
BOBERBENE W T X RE L 4E R A
BB J7 SRR G40 B B . Yang 551U o B
XU 50 BF 9% 1 45 4 A 0 0 ) -89 kKOG &R .
Ganiev 48" i = 40 45 300 AF 5% K B, AT 4
(38 0 2 BEARAD + PR iR NI EE o Liu %% 3, B %
TR R B0 OB 35N, 25 2 A7 A 9 5 R 2 R B0
U, £F 48 I 23 0055 VR I BRI R . 0 R
GO A A VA U TR 0 R T U T 4 R B A i B A TN
[ 958 U ok A v A A R 2™ EE Y (), DGk B4R S
BRCRME R . o RAE A i i g
FRIVES AR A HOLER 50 Al 21 4 X TR 68 o BE e M AR IR
PERY S A B B 4T 4 B o 0. 206 I IR BE L3 38
PUHE S8 fe Ko R AR R B, MICP Bk 4 2F 4
PINHEs R N /S = I U W DA o X A

FE £F 2 Jin 7 5% B2 4 J7 T, Tamassoki 58" DL HB
£ 4 RN PR e ok s W RN AR AR - ng bR
B 3 56 A1 TG A B Bt e 3k 56 B 104 B BT 5 B S B0
gL A B ok TN K CBR. 6 FEF4E i - 093 )
Pk B A — Y8 F 5% . Reehana "S53 T 416 25 fif 2%
T 25 4k X B2 K A 3h 07 1k e R RZ e, 25 SRR W £F 4
BIIMAREAL T AR LR 3, 1o T B4R 1) 52 %

M. Oliveira %5 BL, 76 3 fif 2 #9274k B W 2 A
L (9 U 5 LR A 2 PR 0T A v A 45 )
o Zhao SF*WF IR R W] LR K R TR AR X £ AR
2y 57 YIS AR JE LA BRI o Sheikhi 471l
Aok it T L A B S A7 A Aoy 28IF 5 55 A A B
A& I, FE2F 4 2 5 KT 206 B a4 FE 798 30 i 80T
2 BL IR BIAE . Wang 5505018 T R AU L R A2 5
TN A BR UK BE 21 4 & B LT 4R B A5 50 T
o 0 VR A B U 9 A A S AR S ST Y e B B R )
T2 Y Sy A R R XK B ) R AU
A ] S B T A RO Ty S R

FI X 27 48 I 77 5% AR 1 i BF R 2 R 4 T
JVRFPETT I, 5T B fir 20T £ 4 il sk AR b ) ce
AE A BIF 5T fiF A7 IIE , TR I, A o B4R 5T 41 48 i A €
M A R LRI AT 8N B iR, EE W
By B BT AL AT AR 3R 3 U1K IR dE B i
(EEINNANE RO RIATE 2L : 2 2% o KR RIS AP EA
2 T A5 A B AR AR Y TR S R i A BRI AR AR

1 KRHBRERTRE

1.1 RWiEH

i 50 >R FH A A0 B B 5 A G 1 1 R g, G B A8
TRV A8 3 5y U1l 5, s B8 AR P 8 1) B 1) A 26 a8
5o R 1N PRI

|

/|
i

mmw g y
e R s

1 GDSTEH BB
Fig.1 GDS cyclic simple shear apparatus

&1 EMDCSS &2
Table 1 Ranges of parts in EMDCSS

PEREVE I/ mm e KA R /Hz e /kN KRR
B . 25, A 5. B4 50 mm,
H) . +15 gyl.2 ROKREE 25 mm




%4 X k&,

4 o oo i 7

X]

BERMR LG LT

15

1.2 RIEHRL

TS R TN T AR A AR L, AR
MRELL A KRBT R 2 mm 0 S
B 2, T I M 45 4 AR BEAT A 7 4
KEEN 5 mm, A SCR WA 2 R . XAy B AR
50 mm | 5 & 20 mm A9 B FEIE K

F2 HREERBRINERYESH
Table 2 Basic physical parameters of granitic residual soil
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Fig. 2 Fiber-reinforced residual soil
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Table 3 Basic physical parameters of polypropylene fibers
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Table 4 Test schemes
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Fig. 7 Dynamic strain of residual soil with different fiber

contents varying with the number of cycles at CSR = (.25

2.4 {EIRRL A7 bk 3t 3h BT R 25 B BN

&l 8 it /s ML 445 1 Ry O A i) CSR T AE i A
B R A 2l 5 A i AR AR . BT 8 T, CSR
K ERFR A 3 5 AR B . 4 CSR 0. 1538
% 0.20.0.25.0. 30 B, A1 R 14 3l 85 )57 AF 45 5138 m T
0.49% .1.69% .4.24% . RI CSR A AR 255 g3
1B - A B A2 T 2002 A 1S

& 9 fif /s Sk N=1 000 I} R 7] CSR T 4% #L 4 3
5Y N AR Rl 2 4R AR A i 2 . 2 CSR 2 0. 15 il
0. 20 B}, i % 2F 442 5 (38 0, 20 59 1 A2 S AR AR /)N
JEH Y CSR 2K 0. 15 B, 2l 57 1 A5 Bl £F 4k 42 4t 1 22
B AR A AR BT AE CSR B /NI, 47 4 78 + 3%
HREIG , KK RS A& AT M6 ).
B, £F 4 19 85 O R 5 MR R AR 1 K/ 5 24 CSR

% 4 XN &, F FhmBIL R B RR LGS E TN 17
= CSR40.15
3r or o CSRA0.20
A—CSRH40.25
SF v CSR40.30
Rap T
) Y
Bl
&
R
LR p—
1 FESH B W BFIp B oy
2F A
0 é 1‘0 1‘5 26 23 3‘0 3‘5 0 Oﬁ 2;)0 4(‘)0 6(‘)0 8(‘)0 lﬂlf)O
PEERREL DEPREEIELN
(a) AR B8 f=0BMAECSRTHRBIHIAMTSHEAELMN
XZ %
ol Fig. 8 Relationship curves between dynamic shear strain
10 and number of cycles of residual soil under different
=
3 st ”M” CSRatf.=0
% o PAAAA Uﬂm}ﬂﬂﬂnﬂ”
® il UUUUU 0. 250 , 50 5 R A8 BT 44k 5 1 1 0 43 500 W T
sl
tglg T STLIE: 0.956% .1.174% .1.62% ;24 CSR Jy 0. 30 i}, 3h 5
-100 g TR B .
R R 45 I T 1. 842% 2. 5945 2. 883 Y% . B E
(b)bﬁj’;ﬂ BURE AR % A R 9 BT R, CSR A, 27 4k % 4% A
o - B R K R O 24 A R AR B B Ok 4T 4 7E
= h 87 [ a5 B 12 N PR 7 b 1
o 6 "”fl“*ﬁw R, I S S AE — R L 4 %
o . train-ti _
6D TYRAIC SR ST ee MR D) R SR e 2 ) R AT B
RN R 52 ) £ 44 50 1 24 R A PR K . 2 R T 4
20} 22281832‘1___ B 48w I AN R L by el 2, 4 S + Bk
Sosf Z 0] P EE ) B ARG, £F 4 5 2F 4 22 1R) Y 4 ok g v
z I AE - 5 kA TSR B4 T LV TE Y T8
1.0 iy SN 2
i . T A R Rk D 55
05 ' -
ke ’ —=—CSRH0.15
L L L L L L | —e—CSR40.20
00 0 200 400 600 800 1 000 4+ —a— CSR240.25
GRS —v—CSRH0.30
E7 CSRA025SHARAA4BETHMR LM THFER s
BT e 2% 2
)

2k

1k \

0.0 0.2 0.4 0.6 0.8 1.0
B R%

9 N=1000FEMEHARTEFEBENLRTHE

Fig. 9 Relationship curves between shear strain and fiber

content of residual soil at N=1 000

2.5 A4EBENHEYEESHERBRIEMNZME
CSR M 0. 250, AR £F 4 15 5 F 3h 55 ) 5 F
BHLJE. L i 1 21 18 5028 1k iy il 22 181 10 TR o 7E )
— Y B T b E 6 2 ORI 38N, o 5 BT
FIBHJE L3 i 52 58 TR B R R TR B 3 3 K,
WEER S B DIAE AP le i K. S4B RN
0. 9% B, BURE (Y 2h B D) AR it 52 5 18 KU Wl 1
B, ORI Y 5 U IR SR AR KR B
e Rl T DG R = N < 2 N A e o N VAP 7



~ N . N . "
18 AR5 xR B T FROP E L) % 48 %
120 . f=0 r g
= 03 s | — CaRpom
or . ﬁ;gi‘)"//: . 4 CSRA0.25
M 40 v CSR40.30
ful T
= = |
] Mok |
60 K |
= = |
Bl ¢ g0
R . " £
|
00 4 10F
ol — L L . L — ol . . . ) -
0 200 400 600 800 1000 6 30 @0 @0 80 1000
TR TEIRRE %L
2 BB I AT TR Ve K (g AR e sk .
(a) 2l 5y A% 5 A AR BF R 72 Al il 22 (a) 2 57 LAk B 75 B U5 B0 735 Ak oy
04 — 0 018 = CSR0.15
o el —o—CSRA0.20
o [=0.6% —4—CSRA0.25
03} - [=09% 0.14f v—CSRH030
012}
a A
3 10 -
= | 2ol |\
’ NN, 0.06 \"*"’“ﬁft—ﬁt—tﬁ
01t — aoal \ ~
i MRS e SHE RS S
002}
0 00 40 60 00 1000 0 200 400 600 800 1000
TR R TR

(b) BHJE L BEAE PR 0K iy A2 A i £
E 10 CSR A 0.25 B 45 4 hn 5 + 3h 5 Y14 2 F0 (A fe LL e
IR R B R T 4L #h 2
Fig. 10 Dynamic shear modulus and damping ratio of

fiber-reinforced soil varying with the number of cycles
at CSR =0.25

BN LASY B B B 1 Bl 5 YR G i R e A
/NI BE Tt 5 B AR PR U B, A 85 U] A8 E
BB, B ARARTE B K 4 4k 5 2 ) 00 e 4 D
W, HCBR A5 T2 B RE g 3% 08055, B 58 YIRS /)N
117 BELJE BE 1) 386 R mT 09 R £F 4 7 4 b % B &F 4
Hﬁﬁt?@ﬁ%ﬁ’]lﬁﬂﬁ BHIE T2 TE 0 & R, i 15 1
5y DG ARSI FETE Z A R At .
BN A1tk 33 B BT Y148 2 5 BE fE bk B &5 I
& 11 Ca) BF 7R 9 AS R 30 07 07 L 2l 5 DA i
BEJE IR B AR f th 2. PTLLE B CSR 34
i R AR Y B Y DR R AR S # . CSR R
0.15.0.20.0.25.0. 30 B, HxF i (9 %) 4 2 59 U] #
09 h 52.33.44. 24 .39.15.35. 30, £ W CSR 1Y
BRREAR TR W G 8T VIR i o & 11(b) TR
S AN G A8 B0 02 7 H T BELE B B A 24 vk 5K A8 Ak il
2. B CSR K 0. 30T BHJE Lb I & B A% , 76 FoAth CSR
TR AR R K A AR AL BB AE BR R ) B 5 RELE
b 2Z [ AN A7 7E B 5 A G o
2.7 HHEBEXIEFEIRE N HF 0
R TR APl o (= e N 2 N R S N (BTN
o MR J) /N Tl FHE R, TCis ik T £
ﬁwﬁﬂ AR AN 23 R A IR Y A 2

2.6

N 77
YR

(b) BELJE Ho Bt 78 B v 5 i 42 1k ith 2%

E11 f=0BAEBEREALETHEVIEERERE
BB 18 TR o B B R 4K Bl 2k
Fig. 11 Dynamic shear modulus and damping ratio
varying with the number of cycles under different

cyclic stress ratios atf, = 0

T3 HRF 45 T e FAE R iﬁiﬁ't}]f””’r KR,
B G BU R BIR™, L3l 9 7 AR 35 5] 1596 1F R ik
R IR B b o & IZE?FjﬂKIEJQ??H% NAE

5 AR ) B A A PR RO AR A 2 . T LA
A SRR N He D T AR B 6 PR R Y

R4, 2l 57 AR e B K TR E L Y6 R L
KT HEAG B, 3l 57 1 A8 s & J , AR PR kAR
Ko HRAE I LA PR N g L S AP B RN 0%
0.3%.0.6% .0.9% B, 1A XF 1 B I 55156 26 12 51
e 435124 0. 305.0. 31.,0. 325.0. 335, B £ 4 9 fin A
AE 42 = AR B G AL E A0 A b, FLEF R RO,
I A6 247 A3 b

Bl 13 BT 7 e 408 20 07 3 B 3R 3K ) Xof
7 A 98 B R B . T DU A A R A I A
PRI HE R BRI BE IR (13 ) s i A £F 4 Jm , i FE &
263 — Be i () /Y B35 U1 AR08 |, ik B IR s SR 4k B
BN 0%.0.3% .0.6% .0.9% I, i RE 8 IR i 14 9%
R R B 5 oA 13,190,300, 320, it B £F 4k /9 i A
NN L e o /N7 N R 1 I O e N
RIET i RAGAEN T — @ B L& T K
4 Pk



% 44

NG, F e mBIREEARLGFHLTHR 19

= CSRA0.27
16 - o CSR40.28
3 A CSRH0.29
Br 4 v CSRA0.30
bl t *CSRH0.305
.
f\ *
Rl ¢
=
R o8r
ﬁ *
A
4F o
2t ’w
|
0 200 400 600 800 1000
TR AL
(a) ;=0
18
= CSRH0.29
161 +—CSRH030
. ? 4 CSR40.31
+ v CSR40.32
12t ¥ * CSR40.325
2 g
10t ¥
=
e i
=R .
R 6F
al
2f '?ﬁ
or 1 1 1 1 1 1 ]
0 200 400 600 800 1000
TEERRE %L
(¢) f=0.6%

= CSR40.28
16 o CSR0.29
“ 2 —4—CSR40.30
R4 v CSRH0.305
b d QR Y
1l b, +—CSRA4031
X *
N
Aot
2]
ﬁk’ 8 +
®
6 5
4+ *
F7
di P
oLt . . . . L
0 200 400 600 800 1000
BT RES
(b) £=0.3%
18-
= CSR40.30
16 - ’ o CSRA0.31
f —4—CSRA0.32
lar 4 v CSRH0.33
el P - CSR40.335
Jéé( 10} J
5 P,
&R o8t ¢
® ol i
*
L pra
4 &
2| [eeeeneee
=
ol_* . . . . N
0 200 400 600 800 1000
TEERREEL
(d) f=0.9%

E12 ARALEBETHRINTEETEBIRRYAXABE

Fig. 12 Relationship curves between residual soil dynamic shear strain and number of cycles at different fiber contents

350

0.‘0 0‘.2 0.4 0.6 6.8 1‘.0
YEB %

E13 H{EHFHEREHSFEBSEZHNXRML
Fig. 13 Relationship curve between the number of cycles

and the fiber content at sample failure

3  4F 4 fn A5 % X £ Hardin-Drnevich
A H) (& IE

% ] Hardin-Drnevich X il £& 45 5 (H-D & %1 )
XA CSR AR £ R A X A 3R 10 G/ G-y R &R
i 2R 17 03 — 4k b B LA 1A

G 1

‘1 (2)
GO N
1+(y)

A
H— A AL BEE G/ Go-y 5% 25 M 22 AT LI SE B0
J52 e 2 14 2 A R A B R R L 2 SR T
LA Jf 7R o PR 14 R, 3 B AR LU B 25 3l A2 6l /) 5
[l — CSR N, £ 4k 45 5 B, 5 07 UIRE & LU R % R

JEREN Al — SR 448 T G ER N ) R, B BT )
A5 et LY e U A R R

FE T 5 4 A sk AR 1 58 B DA & H-D gAY
UG 30, 15 28] 5 3 5 UIA & LA S B S50 A
B, SR B L SEEIE LR, UGS
B T A ok B S A PR N T L AT 4R A O, Bt
KU TR MRS A BSRAREREZ
[) ) O F&

oap=aC’+a f."+ a,Cfi + a;C+ a, fi + as
(3)

Ko WA SEA M Bsay~a; N TR C
RGN I [T B.

ZHA B =i A ) #HATIIG AL
B SRR ) b A 4i 5w 0y mH 5C R WL 15, 7
AR ay~a; MR 6, MWEI15H T LIE H , BEE 75
NGB B R A (BN B AT B, A /N
AT B E £ 45w 01 K UG S80S 1Y
Kk, H A 13 77 72 B9 AH ¢ R E R332 0. 99, ik
KX ()RS HH I A UE A B H IR AR 5 2 (7] (1) [1]
VHOCF o 1o 50 208 B 2F 48 5 30 [ 3/ | i s R A
KRB/ INET 4 5 1T A 000 B8 g S v M R BB 23
2 B BRI, JC ¥ 58 4 S e B A 2 4 5 3 L TR
178 o B, 764 A8 IF A R A7 T A% 15 T B i



20 T RE xR A

FAaROF % )

% 48 %

080 REAl WAL
5 [20%  —f=0%
0751 ©/703% —/=03%
A £20.6%

£=0.6%
070k v /=0.9% —f=0.9%

. . . . . . L
0.0 0.1 0.2 0.3 0.4 05 06 0.7
7%

(a) CSR40.20

o0 r . IR W
00 v u [70% — f£=0%
© [=0.3% — £=03%
095 F A [=0.6% — f=0.6%
v [=0.9% — f£=0.9%
0.90 |- '
=3
% 085 |
0.80
075
0.70 |

S S S S
00 02 04 06 08 1.0 12 14 1.6 18 20
%

(b) CSR }0.25

KB B
10w n 0% — oy
0 /=0.3% —f=0.3%
Af=06% — F-0.6%
0.8 v [=0.9% f':o,g%
=3
S
S
04
02
. L . . .

05 1.0 1.5 20 25 30 35 40 45
9%

(¢) CSR K 0.30
14 AEBAEAETAEMG LIRS LE
Bié Rz 35 Y R 4L i 2
Fig. 14 Curves of dynamic shear modulus ratio of fiber-

reinforced soil with strain under different cyclic stress ratios
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Table 5 H-D model parameters of fiber-reinforced
soil under different CSR
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Table 6 Equation coefficients of fitting parameters

A and B
%%%& %) ay as as ay as
A —0.24 —20 163 7 —91 13
B —2.9 —101 72 31 —44 10

CSR S/ % A B
0.20 0 1.181 4.138
0.20 0.3 2. 302 8.18
0.20 0.6 2. 424 8.74
0.20 0.9 2.929 8.305
0.25 0 0.415 3. 689
0.25 0.3 0. 854 5. 287
0.25 0.6 1.134 7.031
0.25 0.9 2.243 8.167
0.30 0 0.334 3.456
0.30 0.3 0.505 3.159
0.30 0.6 0.621 3.447
0.30 0.9 0.684 3.938
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Fig. 15 Regression relationship between fitting

parameters A, B and test variables
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