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Fractional strain rate and its relation with fractal dimension of granular soils

SUN Yi-fei', SHEN Yang!, LIU Han-long?

(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing, Jiangsu 210098, China;
2. College of Civil Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Due to the wave-load and tidal load, granular soils, such as sand, often suffers from long-term cyclic deformation.
Cumulative strains of five different granular soils under different loading conditions are analyzed by using the fractional calculus, and
its there exists a fractional strain rate for granular soils subjected to repeated loads. Unlike the traditional integral strain rate which is
varying with the load cycles, the fractional strain rate remains constant for a given loading condition. To investigate the physical
origin of the fractional approach, fractal breakage theory of granular soils is used. It is found that the fractional strain rate has a strong
connection with the corresponding fractal dimension of a given granular soil. It decreases with the increase of the fractal dimension.

Keywords: granular aggregates; fractional calculus; bounding surface; critical state; constitutive model
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Fig.1 Shear strain accumulation rate varies with number
of load cycles for sand!'!
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Fig.2 Volumetric strain accumulation rate varies with
number of load cycles for sand!'S!
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Fig.4 Axial strain accumulation rate varies with number
of load cycles for ballast!”!

0.5
X 04 o 0/=30kPa
2 a 6/=60kPa
& 02 o /=120 kPa
&
10° 102 10¢
TEHRIRBLN 1 IR
(a) LRMEXT AR
0
it o 0/=30kPa
o 9 o o]=60kPa
g 10° ° o o o/=120kPa
=S 4 8 g o
= 104 89 nn
* 858 4
106 L 1 ]
10° 102 104
T RHL N /X

(b) AU AL AR
B 5 EREUMR AR REEI RS R

Fig.5 Volumetric strain accumulation rate varies with
number of load cycles for ballast!”!

K 6. 7 NAFIRARIERE . AT IR BT AR
PRARNAE B BE AN BB AR R & AEARTF N



I 2018 4F

300 = +
102
- S o iifif, o,=41.3kPa
e 10°T 2 o i, o,=68.7kPa
=~ | o ﬁ o WA, 0‘3:41.3 kPa
i 10 o a A1, 0,=687kPa
& o3 8
;._3: | Qo
=z
= 10 8
L 8
o
107 L 1 1 1 1 ]
10! 10 100 10 105 106
TEERUEL N 1 K
(a) MFANAR
1021 o JEfE, o,=41.3 kPa
_100f 8 o i, 0,=68.7kPa
i 104 ° 3 & ﬁ‘;‘/f[, 0'3=41A3kPa
% T o & A f¥fi, 0,=687kPa
o107 o 8
=10
2 0| 8
X 107 8
10¢f 8
106 L ! L ! L g
100 10? 100 100 10° 109
TER BN/

(b) BIYIRIAZ#
Bl 6 IEREREAE AR MR BEIEI KA AR

Fig.6 Strain accumulation rate varies with number of load
cycles for ballast and subballast!!”!

10° r b d,=19mm, q_=439kPa
4 d,=19mm,q,_ =60.6kPa
X 10 b od,=38mm,q, =512kPa
oy o o d,=38mm,q,_=60.6kPa
5 | :
> q
& jo2f ® > o
‘:'_;S a % o go
ol
h >
N o 4
10° b ¢ " g8 E
10? 10° 10
TEARTHN /IR
(a) MFRRIAR#
10' » d,=19mm, g _=43.9kPa
4 d,=19mm, g _=60.6 kPa
< 100 o d,=38mm,q,_=512kPa
~ E} o d,=38mm,q,_=60.6kPa
B 10F ¢y ’
b ° 4
Z o2t © > ° P
X > © o 8 |
Z N >y 0 °
=100t SN
104 L~ \ .
10? 10° 10
TEAREL N IX

(b) B
B 7 BERUSER N RFEFERREEIZR L

Strain accumulation rate varies with number of load
cycles for crushed rock!!8!

Fig.7

B TRAREUIN R AR R 2 TR
PRI AR H AL bR T R BN 1R
B, HE—Ris (20 X @) TR AR,
PRI 1 7 0 AR -

\Dyve=bl(a) (5
X a=1-4, ADHHNERBRRNNL, o

B, HARRIARTE A Jrkkagne 121, s (5) wrA,
A TAL GBI RNARER, R 7 B AR
(R, HNARZR g &, KAMUS Z G 200
A . FHIEH McDowell 25131 43 A e 3L
W BN BUS R R TR 4EFE R &R, LAIE
TN Y AR ZR R 3R ) 5 S

3 M NARR SN R R

3.1 MR FEBRE
ML AE 2 fpid P o ) SORL 22 R AR B e
B AR, kSR Coop ZFUIERD IR
SR FE R ORI, TN AR A (R BURL AR R £ TR
o AR McDowell SFUSHARE P BRI d KT
I PRV ORL AR N, T & R AR R
N,(d>1)= A" (6
s A NMREE R A, R RORL o A 1) 0 T 4
J£ o S RURE PO B A L SR T AR B S, T DA
A
S, =nl’y,N, = AAy "], 7
Ky, AR R R TR 24, kL i T
BRI,y BRI T Lo ORI B N ) AT
ANWTF=AE RN, do SRR P ORL ) S5/ IV RELAS 2 AN
HiIkDN, IX BB E REOIEN FOE R Lo I ko iR
FETE 22 U0 N A FAGF 805 1 b R AR A
: 2 A4,-3,2-4, Ok
S =mhiy Ny = Adgyemk ™ Lo "~
3.2 MRS NRRE S AR
N 2 R A R i R e ORL R Xot
AR RIRIN, Ueng S512OMREH 1 2 R 0RL A B FE
R S RURL B K (1) Bl 5 R
24-3p° _3p/Mg"’ +
9

v

(8

P'EY +qEP =Mp'eP +

(3_M)(6+4M)_QS

g 9
36+ M)
v eR
p'=(0+20})/3; g=0|-0} (100
o HE— R
(1D

e =gl +2&0
e? =2(51p —gf)/fi
Reb Py S ABINE— ZERE M R
ISR Q NPRRTERE. NITEST, K
A (8) RAFIRK (9, FFBILFIEEEGRE:

G—Aﬂm+4M)QA4Jﬂfﬂj

SR 12
6+M)3+M)

rep
pe, =



BT

PR TR MR 1 BB AR R 2 5 ) TR AEFE (Y% & 301

BB (12) /il

&r =bk“f3% (13)
A
,_ (3= M)(6+4M) IR
6+ MG+ M)p T

H—HAER (1. (1), Fxtkk (13) &
H

1/(4,-2)

k=[(4, - 2N/ a+1] (15)

Hal (15) AT, & fEINEWIEnEad f2 i
TGN, SRJEET RS, R UIRI L RO RR R A
TEMMEIVIH I B, BEAE R TERIAR e, MURLA] (1)
i EeEETai, e maagieiEil, 5
Indraratna 25711 Coop ZEUOIiRLE 45 B — 3. X
F—UmE, ¥ N=1/AK A5 LIS H 5%
B85 0 T4 2 TR R SR K AR

a=(4,-2)/ (k" -1
3.3 SEHHr

A (14, (16) SRR kS
B b, adtirobr. B (14) w750, S8 %+
REITTEL p' ~ TOIRSE y, - BEBERE M. 2 IR4EE
Ay VLRRIRERLAE Lo 521, 315 b BEE TEARSEL y, 1)
g N, SR AR R AR T RE ) A R R I
FHIFERE MG N, 5 Cho ZERIAIHE 7T 45 B — 2.
AL, b BEAE TR p' SN ge/)y, 2 B R HOK,
RAEEA R S, 5 Lackenby U016 45 B
(L3 —3 X TEBRE M. 7TR4ERE A, F
WRLRLAR Lo S2m, W 8. 9 . MIA 8 HHaATLL
B, MERFESRE M Em, S5 b 1EEAR
/N, B R B R AR TR R 03, 5
RIS 45 R — 5.

(16)

102

= 10°F  __ p=100kPa O\
..... p =200 kPa N
e p =300 kPa R
QAA YIS =1
lO 4 1 1 1 1 1 ]
0 05 10 15 20 25 30

B8 BEEABMARXSE b KM
Fig.8 Effects of critical state friction parameter
and stress on b

0.05 §
QAyr(3-M)(6+4M)/(6+M)/(3+M)/p’= 107

0.04

B9 FORORARR T4 SH b KR
Fig.9 Effects of particle size and fractal
dimension on b

HTE 9 KB, Bl R A UL 2 A 0 4
FERSEIN, 280 b MR R IZEE TRE, &
W AR ) T 3 T A HARSUR IR IO RE 0 o
sbAh, BEAE AR NRIARI BN, b EEEN, R
B BURE PR K AR TR I RE TR, 51 6.
7 " Suiker SR Sevi SEUSIAIG 45 R —

B0 (16D W%, REDRL 43 BB AR 2 (1 B4
a 5EARMIITEYERE A, DLKBURIBIRERE JT ki A 2R
B 10 73 B H o B UKL 73 A1 PR 0 T 248 P2 AN
RLRAAERE /T ko IR 2R o
1.0
0.8
0.6

0.4
0.2

IR BN E o

AN

150 o)

I)‘O
4 3
g T

B 10 ok T4 BEAIRE R Xt 2> B 3 o KIS
Fig.10 Effects of fractal dimension and degradation
rate on o

SRR, 52406 ARG,
$ o Bl A AR TIURL 23 A (1) 70 T8 4 B 1) 386 i B A1
KT T A (A5 R/E CaBR) B AR
Pridt— BT R TR — AR AR R, 5
Indraratna S52VEF 0B HE ) = RiHPK RS S5 R — 2
PRIE, TR A ER A G R DR A 9 3E R,
DL 58 HL s S R — BB TR I RE /. th4h,
X TRl —FhIaG LA (HIAE 3 TR 4EE— 20, BEE
FESZAa T JIR0HE N, SURL e B3 hn, > B
B o BB PR RN ESRAE T 1 2 H B
BRI o NAZAFTAE, HZEHNAK CILE
100 o 75 2 ST ARRL = 1 73 BB R A IS A IS g it £



302 Fer +

% 2018 4

BRI A, HOHCAT BIE DR f 3 502,
4 4 B

C1) AURE ARG i 28T A7 AE 73 BB ) B A%
o HP AR RA R TEG B AR,
FELE TE M BT T N FR N HL, FTUAER 5
IR AR Z AL . BB a - SH b K
I 1O I AS T E 0 i

(2) a ZEEPRLEL R W, HE DB
FERIIEIN o BB RS/, R IR BT ASIE 1 BE 0
5o BEAN, HAE 2 BIGURE Y AR RURL A5 Y BE 77 A5,
[RVAE FRIATT A6 1 £ 52 A 19 NI FL R RE 180, o
FARIAZ /N, AEARAEEREAN K o S A4 R 73 H i 2
VES JIAKIETYRT, Jyidt e G ik, T DAL
NHHL

(3) 2% b BHEAFENER RS, . U
Lt /IR I AT BEAR, PR AR AR SR T O g
Ji¥hng. tehh, b SEREA AR S BRI
RN, KW AR KA BE ) BEE BRI
TOLHE BRI TR AN -

R R, ARSI RS T LRoHDR
FEZSE AT TSR IT I, B FeEh 2 dE il
T LR R T RIN T BARREE,
Afpt— BT, BRbz b, AT 2 2 b
AR ARG UKL A7 73 TYERE 2 18] ¥ % Z 2 T 2R HE
T, HIEMEA At iR RiE.

B A0SR AR ) R R SCBAR AN TR GEA  f
XHES B AR K.

Z % XX W
(1] BRAK SEOESE (0. (BIRATER T oA RLR 12 A

PERFTT]. A AR, 2010, 32(8): 1151—1157.
CHEN Sheng-shui, HAN Hua-qiang, FU Hua. Stress and

deformation behaviors of rockfill under cyclic loadings[J].

Chinese Journal of Geotechnical Engineering, 2010,
32(8): 1151—1157.

[2] WANG Z, YANG Y, YU H S. Effects of principal stress
rotation on the wave—seabed Acta
Geotechnica, 2016, 1—10.

31wk, BR, MNPk, & FRIEEI B T
#r EARE AR AL ], A L0, 2011, 32(10): 2957
—2964.

SHEN Yang, YAN Jun, LIU Han-long, et al. Stability of

interactions[J].

high relative density silt under cyclic principal stress axis

rotation[J]. Rock and Soil Mechanics, 2011, 32(10):

[5]

[6]

(8]

[10]

[11]

2957—2964.

BRAK, SRk, . T BV IR I HE ARl 5)
FIANRERIRF L[], &+ TRER, 2012, 34(11): 1961
—1968.

CHEN Sheng-shui, PENG Cheng, FU Zhong-zhi.
Dynamic constitutive model for rockfill materials based
on generalized plasticity theory[J]. Chinese Journal of
Geotechnical Engineering, 2012, 34(11): 1961 —1968.
E&, A, ke, R RPN B
FORIREFE[]. A L TR, 2015, 37(11): 2024—
2029.
WANG Lei, ZHU Bing, LAl Xiang-hua Cyclic
accumulative deformation of sand and its explicit
model[J].
Engineering, 2015, 37(11): 2024—2029.

SUN Y, XIAO Y, HANIF K F. Fractional order modelling

Chinese  Journal of  Geotechnical

of the cumulative deformation of granular soils under
cyclic loading[J]. Acta Mechanica Solida Sinica, 2015,
28(6): 647—658.

INDRARATNA B, SUN Y, NIMBALKAR S. Laboratory
assessment of the role of particle size distribution on the
deformation and degradation of ballast under cyclic
loading[J]. Journal of Geotechnical and Geo-
environmental Engineering. 2016, 142(7): 04016016.
sk, WIUK, TKIEOC, . AR BRBR O R kLA
AR TEAT A TL[T]. & L LREEAR, 2015, 37(5):
784—791.

ZHANG Ji-ru, HU Yong, ZHANG Bi-wen, et al. Fractal
behavior of particle-size distribution during particle
crushing of quartz sand and gravel[J]. Chinese Journal
of Geotechnical Engineering, 2015, 37(5): 784—791.
AR, TR LR, A L TRER, 2015,
37(3%F) 1): 16—20.

XU Yong-fu. Fractals in soil mechanics[J]. Chinese
Journal of Geotechnical Engineering, 2015, 37(Supp.1):
16—20.

YIN D, WU H, CHENG C, et al. Fractional order
constitutive model of geomaterials under the condition of
triaxial test[J]. International Journal for Numerical and
Analytical Methods in Geomechanics, 2013, 37(8): 961
—972.

THIN, 27, BREEE, 55 BT o8t n e am
ABIAT IWR[]. &+ TSR 2015, 37(38F) 1):
178—184.

THEITR



