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Experimental study on mechanical characteristics of coarse-grained
materials of subgrade under static-dynamic loading
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Abstract: The coarse-grained soil is widely used as the filling materials in subgrade construction due to its excellent
mechanical properties. However, the significant deformation of the filling materials caused by long-term loading severely
impacts the safe operation of the roadbed structures. In order to reveal the deformation and strength evolution of the
coarse-grained soil under typical subgrade stress levels and traffic loading conditions, a series of static-dynamic characteristic
tests on the coarse-grained soil are conducted. Furthermore, an in-depth analysis is performed on the differences in the breakage
characteristics under static-dynamic loading. The research indicates that under low confining pressure, a smaller axial strain can
reach the peak stress state, and the increase in the confining pressure can significantly enhance the peak strength of the filling
materials. Under different confining pressures, the fill materials exhibit shear expansion during the shearing process, with the
final volumetric strain of samples under the confining pressures less than 300 kPa all exceeding 0. In the dynamic tests, the
axial accumulation of the filling materials increases with the dynamic deviator stress, decreases with the confining pressure
under the same load cycles, and the axial strain generated by the first 500 loading cycles constitutes 80% of the total strain. The
particle breakage pattern in the filling materials under static and dynamic loading differs significantly. Under static loading, the
particle breakage primarily occurs in the form of edge fractures and overall rupture. Conversely, under dynamic loading, it

predominantly involves surface abrasion and slight edge fractures.
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Fig. 2 Grain-size distribution curve of test sample
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Table 1 Schemes of analysis of mechanical properties of soil-rock

éo

mixtures

WIS g o, /kPa q“™/kPa N
SL1 20 — —
SL2 40 — —
SL3 60 — —
SH1 100 — —
SH2 200 — —
SH3 300 — —
D1 20 20, 60, 100 10000
D2 40 20, 60, 100 10000
D3 60 20, 60, 100 10000

2 BHONEERE SR

KH T WA E (SLy SH) BT IR, DI
R R IR 2= B SR SFORHI [ 2 37K F, - AN TR B s T HE
IKBI TG 45 R 3 Fros . AS[R] B T e (i e
i 152 7 257 52 T b A e A 5 1 K N /R E
o AEAN[A] B s T 18 1] 2 7328 B A R R A BRI AR R
NI N A ) N AR A AE B 2R S, AR B S L B



$ T 2

By W, S EED e AR T B RDRORL ) SR BT AT 249

JE R 0 B R Ak A W E 20 kPa B, Al ) AR
TE 1.6% I S 77 4b TUE(EARAS, 1M Bl & 300 kPa K,
il 1) B AR TA B 13% M) A GSka TR . A&
TR AR S R BB AR AL IS, (HE AL
A L s (3G N T ek 5, 7E R 300 kPa B R 1)
B R OAIE . ARG BRI i B 8 B
HREEA S ME 3 (b) Firax, AT AR IIEAR (i
DB S I L I L B N 2R M 3G K 1 R R

AN E IR ERN AT o, / oy B R R AR ARk
MR aE 3 (o) Frn. ATLURIL RS T i 2k &
EBAFAE IR I 22 5, AR B T 25 7 i A )RR
PUgE K, HREBEZERE, meaEE T MENER
GBI K EH R RE R R . BRI S, AH R A
NS (R AL 32 B B R PR3 I mags /s, H B2
ThaE, HELN T,

XTECA BT 3 (d) ATRAR I, RRE 7 S 28 i )
Ti4] N2 7 7K T T P PR A 2 A8 340 2 B M 4 BY 45 i B K 1
R AR T R 1 B M R 4 15-0.15%
T v ] 2% A T AR 1D /N A 827 i L 34 i/~ B
i, 300 kPa [l 1/ IMARIARIA ] T -0.8%. 1X5K
B BB PR 38 I R 1) T UKL IS A%, AR RS T R
AORAS o A, REEEANRI 61 T 1 BY M AR 52 B 6l e
)38 oot ek 553, ELARR L R 1 B TR sz oz KT s Bl O
ME3 (D "TLAEH, BREE 300 kPa iFE, HAR
FE AR R T RIS, X R R AR B
FENIKPIa B N EREAE R T, HER& 2 2RI
A H 2B R .

2000

—¥—03=20 kPa —=—0,=110 kPa
03=40 kPa —s+—0;=200 kPa ET L )
1500~ =60 kPa ——0,=300 e
]
Ay
s
1000+
bE
&

:

0 3 6 9 12 15
HhE A /%
(a) IR FRLEE 8 B 0 B2 2

= 1500}
e g=a+bos

S a=107.06487
é 1000 b=5.50818
= R?=0.998
o
g

0 5IO 10IO 15IO 2(I)0 2I50 300
ﬁ] EG:;/[(P&
(b)) A I Bl i WA 13 28 A 1 2%

15
—+—0,=20kPa ——5,=100 kPa

03=40kPa —a— 03=200 kPa
12 M 0;=60kPa —v— 0,=300 kPa
o \"'\u\,\
i e e T

0 3 6 9 13 15
B R AE £1/%
(e ) AREIBET R A i 22

—=—0;=20kPa —v—0;=100 kPa
4l 03=40 kPa —+— ;=200 kPa
03=60 kPa —«— ;=300 kPa

0 3 I6 9[ 1l2 15
SR N AR £1/%
(d) 7 L A o 2 B s v o 2 7 A i 2%
3 AEIEETHKEIRIG SR
Fig. 3 Results of drained shear tests under different confining
pressures
DB FREDRE L SEDRL 5 B ARF I, SR FH Mohr-Coulomb

UGS AN R B R K =ik S BT U0 45 Rk AT b, 19
i 20~300 kPa Fil & T AARHIIH SR S0 P BB £ 7331
5& =209 kPa, ¢=472° .

3 BAREERR DT
3.1 RFAEMRT

WEWE, R ERNAR g & o R A TN AR
g FUPEPERIAE ™ SLE, W 4 i WU,
B IR E3E 0, AR B I SRR R AR TR 11
TG 0RO B R e K By, ELE AR AR AT
M s e s T REE. B’ S B8R TARRESG T
R S A A N AR KR RS, ITLLE AR R &R
AR b ) SRR N AR E A (1 IR I K S R AR
€, HATA R A T2 e FE 11 YA 22 g sl B M ik
AR, MRS R R, HURL - f S A S
A5t B R 3 A Wk S, AR LR R, R R
1Fi) I AR Ut 5 S 7 7 R BE i 38 K. B TR AR
FETEAF XIS 1 LA BBl P SE R, BT AR IR 1
G B BRI BT, x5 EE i bR A
(BT DI RZAK A AR K 1) 22 56



250 = * 7% R 2023 4
0.30
0.40r —=— ®™Pl=20 kPa
0.25} 0.35- —o—¢*™P'=60 kPa
W S —a—¢*™P'=100 kPa
£ 020 £4MP) F0.30
5 L 21 0.251
g 0.15 & =
'E gacq| ﬂi L
&£ 0.10 1 g 0-20
?ﬁ 0.15
7 0.15
0.05} o -\__\-
0.10F
0 10 20 30 40 50 0.05

TS IMBIHN
[ 4 S8R AN RIAEBN N TR EE

Fig. 4 Schematic of resilient and plastic accumulated axial strains
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different conditions
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