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Mechanical Properties of Coarse-grained Soils in Red-bed Deposits

under Triaxial Loading and Unloading Conditions in Southwest China
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Abstract; To investigate the mechanical properties of coarse-grained soil in red-bed deposits under triaxial loading and
unloading conditions, triaxial compression tests involving loading-unloading-reloading cycles were conducted on two types
of coarse-grained soil samples from a slope featuring red-bed deposits in Sichuan Province. The tests yielded strength and
deformation characteristics of the specimens under various loading and unloading scenarios, revealing the features of
unload recovery modulus and its relationship with confining pressure and stress levels during unloading. The results
indicate that: (1) The coarse-grained soil samples from the studied red bed deposits exhibit characteristics consistent
with the Duncan-Chang constitutive model under triaxial compression. (2) The normalized unload recovery modulus,
based on standard atmospheric pressure, exhibits a positive linear correlation with the normalized confining pressure.
(3) The dimensionless coefficient n,, representing the unloading rebound modulus during the unloading phase is not
equal to the dimensionless coefficient n characterizing the initial tangent modulus during the loading phase. (4) With

regard to the influence on the unloading rebound modulus, there is no collinearity between the confining pressure and the
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stress level during unloading, with the confining pressure having a more significant effect. (5) The rebound modulus of

the tested coarse-grained soil samples is approximately 3.5 to 4 times that of the initial tangent modulus, significantly

greater than the corresponding values for clays. These findings provide valuable insights into the understanding of the

mechanical properties of coarse-grained soils in red-bed deposits.

Key words :red-bed deposits ; coarse-grained soil ; triaxial compression test ; Duncan-Chang model ;loading-unloading process

FURL 3 H R A D+, — RO R R K
F0.075 mm [ FORLG RS BT 50% Y EUE R
Pt A R RRLER IR A £ MR+ B TR
SRR R K RAF U R L R TR TR N AN G
A R TR AL A R Y TR, ) T N T A
1 P BEIEL A S b S s T A S ME R 3 T 4255
SCPR TR

FEURL A 1Y g 2 P o g A OC TR BT v i e A 8L
Ko DV =5 R0 2 DR A A
SASEARE AT I ST, AR S R T N AME K
= HAER B SRURR RS T R R TE ERE . £5
BRF AN TN f oL 4 g 2 B, DA
X HELARE A 2 26 [ e o A 20 T X LR
FHZARIE [l 5 B AT A B2 S

H I, FERDAL AT AR DG T3 3 A e, L[] A
AW BUE, A0 : Duncan 28758 + A1%E 156 /Y
LRt B I EIAR S N RS A 0, 0 FEA 3L
HZE S s 2K, K ZEE R K, =1.2 ~
3.0 KW FImb Mgkt K, =3.0 K, X F#®W K, =
1.2 K, Hop 1A THA] SR, ax 265 T 0 45 3 1Y
SRR FAETIE T A K, il e — P, e
KT EEHEAT T 3 Bl [RIARE 4 % = Sl Ak -
B~ B BT, 15 1 ] s i BE Y ) K1
R IR £, HLIR s E,, 5 58 n 2w 1h Ul
LA B, 1 AR B i AR A R BB &R T B
Rt IRt 2 FioHDRL 4 4 PR BT T IR - B
AR =l [ 5 HEK BT, 20 B Hsm B AR TP A A
PR = e S5 T R R 25 5, 45t TORDR 4 ]
SRR 1Y) & FBUE S -2 L &R

B 7SS HO0 , 58 S8 ¢ Duncan-Chang £
R E LSS, bR b, B PR 25 S XA ]
FRRLRL L, 38 JH Y Duncan-Chang #2082 4UBUE I A It
Fa5t . JEER T AR UL O B S A WURLRE - R4 T
T =HhE S KB UIA S, oA 1ORDRL R R ) —
A8 Kt BERRPE , H R T Duncan-Chang #58 1) 22 5
P LA BAR TR 2 80 & B B ks 2 R R
B = B 9T TR UL A 1 1 7 1 AR R B Dun-
can-Chang 1 5 ) 3& F 4%, #2 14 T Duncan-Chang #5 7
YRR B, ARG EAT T e I B R =

AERE AL, 15 ) Duncan-Chang 58 GRG0 b 1 i M
AT AR N 7 AR (EL T TR 2 AR v () A
(R 2 71 o

ST, DAEEXHRLRE 5 H S R 560 BF 58 5 T I
W AV 225 5 S SR, AN TR) b DX A R
BRI 25 S R O )1 X £
JEHERUAHER, £, LY B R 5 A B AR R
RIF) e BEAR, PAFE T 21 J2 HEBUACKDRE £ (14 fin 12
SEVEFOR IS IR D ST, AR SCRFC R S LA
FRAELIYE TR v B 2 FpOR [RDHDRL 3R 617
TR R = PR A e A 2 - E1ER - FEmEkat
B, MR 25 AL, SR H Mohr-Coulomb 5 £ 315, 5K
BRI PUBT SR S8 ¢ o A [FAIIT, SR HL Duncan-
Chang BEAIFIAR IR FE 1) 77 27 P B, 78 45 BT BL A A 45 2
AIATAOBERE I, 27 A 1 28 1 RN D 280 7R A 56 110 4
8 AL S IR B 6 NS EEBEE 2 1) .

1 IEMBRFEEHSTESIE

FRCRE 1 5l b -7 988 728 S 2 R T S LXK J A
S o 0 o 2 L1 2 MR T 5 ol L T , (5L 4
AR S AR A o T 28 T A A BT B 0K,
BEAREAE 40° ~50°1], %30 3R T RERHEH 5, A%
FEEER)Z YRR A+ ea R ARt &
TR R SRR 5E , TR R H , E B RSy
SHAT AT R TR, R, LR IR S 3, KA
6, B KTELT .

L7 T B RS 2 F, - RE A 514 B 43
S R BB R IR (2, B OREAR g 70 mm, B AT WA
R R AT, LAt R R 3, R R AL
Ul
2 RWHIE
2.1 REEAEH

AR S, ok B0 7 B[] g AR £
BE A LR B AT 401 56, - F 10 IBURE G iy 2% 4
1R

ot PR E R, 7 == 240 P 205 B 6 i A T 1
WIH . MR SIRIEA, HRE A TR B 4 B35 I
BWEEH 2 g/em’ 1,96 g/em’ 55 6% K /K AR T



i
[@)}
&

WRASHE , 247 : N0 28 P 1 R LT 2 AR AL £ g 2

2024 4F 12 J

100

80

60 -

40 F

20

ANTEERLAR 9 5 R L %

O Loty s b v b b b b 1 1
6040 20 10 5 2 1 05 025 0.75
TR E A% /mm

1 8 A B BIBRI R AL t 22

M) ERESIK o 25 aRI  RT 45, D -4
B3k 2 mm 9 - B8, DL 0% 5 0 ORL AR R . ()
EF, X i 52 8 A i A 3l 5T I (B3 U) R
29 0.8 mm/min) ,f35] AL A FHAE B FRITH5N
JEE 452 f 4% )k 31. 53 kPa, 23. 83° f1 18. 99 kPa,
33.59°,
2.2 REMBSMRA*

X IR 52 18 A R RE - (B AT A A (150 mm | 5
300 mm) PEAT = R AR IR o IR RS R U1k
SEARTE S AR TS A DISZ-150 K g = ik 56
BL, BT 0. 002 ~ 5 mm/min, Jo4% I 3 , & 1%
P AUTE T Sy A R 0 BRI SE . TR
FEHURL A, A5 R HIAS [ 45 A HE KR
2.3 RBRBRETE

IR AL G HIFE 23 RS 2 A, EE
VEALRANE

(1) AR R RN 25 B oK, R M 5
BARN) T, R B R Ay R R s 1
WOk, o 2B E

(2) XA BRTBUE (1% B2 5 5 KRR /5 1)
AR5 K &, A B R AR KT 0.5 mm RLRE
H SR AHRLAR SRR, E R RS IE

(3) TEAX A R ) 28 W el R IS 88 b Il v 26 A, T
B PR B T 5 I P FLAT , 22 B R T o AR S A
WETERIE LW+ TAEER RN,

(4)BJZEE A A 5 B3, )2 % 5L
JERRFF—3, A )2, o AT 5 58 , # H  S0 e
it T AE IR BN BR85S B2, FIAS RO 3 o 52 7 B2 AR
HEAS 2 BEAR ], SR 5 R 16 o

(5) #FP ATt , b 35AR 5 R, EIBR X T
BCRURAT , o A 1 S B v B, U R 25 AN AR OR T
+ 2 mm, FE ESEUF IR B, R PSR FHLE

(O)FIHTT LR ENE, BEIET =R
ACHILIEE T, 73 30K 6 s kA8 L B 0 S s 4 5 % i

T

(T FTIFAREETF R, kA B b 0L R Hs o il
JASRU IR Py e ol /i A N E e B W =¥ s s e~ [ S ]
Il 3R 5 A TO S i, 15 B BB 43 il A 50 kPa,
100 kPa 200 kPa 300 kPa F1 400 kPa,

(8 ) ftt s R B A5 oy A4 i 2 42 ol =, e [ oAy
50 kPa % & 85 Y] 24 0. 7 mm/min , 4y Bl R
1 mm/min; ZEFEAT IR - EI2K - 7500 20000 R 45 X 5
b Bl R SR RS R gk s ) O =X B B 2 G g S
U ) T, VR F ) AR O S AT R
A0 2 U A ) e )

(9) MR T ISR 25 o, 28K [ e, W T [ <
EHHESIR LS SRR RS S RERTT, P

3 WEERSHM

3.1 KWHER

FilJE & 50 kPa, 100 kPa,200 kPa, 300 kPa A
400 kPa I, T4 A TAE B 80 =8l 45 856 0 3l R
- Bl AR S R R WA 2 BN o ARG 45 R
BRI 5 PR g n & 3 R, WA+

BEA PIFEE ] ¢ =25.53 kPa, NEHEMR ¢ =42.6°; 1

BB IR S1 ¢ =15.4 kPa, NEEHEf ¢ =43.5°,

1200
1000
800 -
600 -
400 -

4 /kPa

200 5~ 400 kPalf (1) —e—400 kPaf] [ (2) —e— 300 kPalf [k

0 —&— 200 kPalflJk  —®—100 kPalfl/k ~ —=— 50 kPalfl/k
0 5 10 15 20
A1) N AR /%

(a) LFEA

2500 - —e— 400 kPalfil
—— 300 kPalfl [l
2000 F —a— 200 kPalflJE
—e— 100 kPalfl £
—=— 50 kPafHl /i

1500 |-

4 /kPa

1000 -

500

0 5 10 15 20
Bl AR /Yo
(b) £4B

B2 EN=HEFLENHE -HEEEXRBEE

1EFE 4 100 kPa.200 kPa 300 kPa Fl 400 kPa
B, L FE A AE B FEINER — B128 - FRmak S0 T ryfh
-l AR R LR AP 4 TR, AT, 1R
SRR BRSO HIF R RS WS
BTAFAE IR 2R o 33X 150 B T 3 R, 181 2 [l i 3



%6 41 Wb, 45« =Rl EaR T PO RS S22 HERUARHDRL + 1AM B 2024 4£ 12 A
~ —w=-= 50kPa
R I 100 kPa o, -0, = &1 (1)
& 800 - 200 kPa a + be,
- 300kPa ______ - . S N
S o0 - oo, —— BRI R R (kPa) ;
= 400 ) o —— R/ B J1 (KPa) 5
B 200 | Y a] W AE B AR
TN R R : L i TR 1 NS - S N
0 0 500 1000 1 500 2000 SR a b RIEA 30N
VEFI N /1 /kPa 1 o
(a) LFEA — = E, =kP,()" (2)
2000 f ----- 50kPa a P,
o 1600 [ < 200 kpa _ 1 _ R,
g —-—- 300kPa b - ( _ ) - ( _ ) <3)
5 1200 - ——— 400 kPa O = 03)u O, —03)¢
2 ol T T 2 B — ) IR (MPa) ;
= 400 /‘// """"" e T ™ S (kPa) ;
<< N \', ! \ L \ 1 Y ¥
0 0 500 1 000 1 500 2000 2500 k TEH R IEAL;
VL. 71 /kPa Rl'ﬁﬁﬂ‘ tt
b) -#B
® (o) - 0y) —— TR BRI 1 125 (KPa) ;

B3 RRGINEREASECHEEEGKLE

AIE T R AR, FE N 237 A B AR
1200 -
1000 |
800 -
600 |

)k /kPa

400 e— 400 kPalH [E(1) —e— 400 kPalHE(2)

200 ' —e— 300 kPafl/E  —&—200 kPaffl/E
i —e— 100 kPalf J1i(1) —=— 100 kPaf J£(2)
00 5 10 15 20
1A AR /%
(a) LFEA
2500
—— 400 kPa[fl £
2000 b~ 300 kPalHJE
—e— 200 kPalfl [
& 1500 L —™=— 100 kPalfl &
<
1% 1000 [
500
0 . . . )
0 5 10 15 20
e AR / Y%
(b) LF¥B
4 ME-HE-BENBEEETHHE -HEEEXER
22 [E
M55 RE %) Bl 1) 28 15 31 20% B, oA H P S A

4000, TS, CRE A ] A2 T8 2 v RO W /)
SRR SCRASTEFRAE, H LW & B AR . X B Tk
TR F) VP i 5 T B 2 DA AR R A ), Wi A2 ) —
(2R AE T, R Hh [R1 R A 32 ] e 2 SR /0N, PR T
SIS T 5 3 e ) R i/ S 8 T AR R
3.2 RILZEERH Duncan-Chang B 4347
Duncan-Chang 5 B 3 W F) — 142 5 & S X
4 AR N

R B AR BR 32 ) 22
(kPa)

R4 Mohr-Coulomb 5i FEEN] , fil IR 32 3 g 25 1) 3
KA

(0'1 - 0'3)111[

(o — o), = 200051¢_+Si2no;smgp (4)
Duncan-Chang 8 if 9 K il 57 25047 8 4>, B
Iz B 6 4 AdE ¢ o £ K on AR LE Re; HIZ
B2 AR5 AR 0 4 (0] SR R f) TC R A 2 R K, A
Mo €@ TERICE 240, N IR S A 06 X0 , i
B HAR 6 DT SR E 45
(2% a.b R, KFin

AR F AR A LR B A T - 5 %

AL E S B, nlL, o 22 A Y 56 R U R
M UEIIAIRE (1 ) 2 R T LR T Duncan-Chang
BRI A

FRAE 2515 2] 1 14 A 5 +4F B 1) Duncan-
Chang B S a b E, R N5 1 .22 Fion. 1AE A
5 RE B )G U A i I R IR 1 5 R ek 1 R
54k, 75 B 2 400 kPa I}, — 3% 43 51 24 7 40 MPa,
36 MPa; 7 A [A] Hil Hs 4% 1 T — 38 09 8 3K 1 23 0
F0.78 ~0.97 F10.76 ~0.85, +#t A 5+t B7E

R EEF 1g( ) 'ﬁlg(‘”)aé?imlﬁmfﬁr A,
Wi ] S P e R, — i &k W
lg(Pf) = 1gK + nlg(%f) o, ATFEAEEAE A B

ANBEFK=251.19.n =0.33, 1K B MRS K =
145.84 .n = 0.65,




WRASHE , 247 : N0 28 P 1 R LT 2 AR AL £ g 2

2024 4F 12 J

0.06 - —o— 400 kpalfl
0.05 —— 300 kPaf| /&
. —a— 200 kPalHJE
& 004 —e— 100KkPafHlIE
= —=— 50 kPafilJE
§ 0.03f Lol -
5
= 002 )
0.01
0.00 ‘ ‘ ‘ |
0 5 10 15 %
e R A e /Y%
(a) A
0.08 - —e— 400 kPalf{JE
—a— 300 kPaffl /i
T 006 ~—® 200kPaffl/i
& —=— 100 kPl
T — Afs
S 0.04
S P
< 0.02 /
0.00 § . - n Y
Hli i R AR,/ Y%

(b) 1HB

|5 FREETFREN " - o XFE

3

#F1 L1H# AR Duncan-Chang A B F

o3/kPa | q/MPa~! | b/MPa~"' | (03 —o,)/kPa| E,/MPa R,
50 4.99 2.680 325.80 20.04 0.87
100 3.91 1.660 535.28 25.57 0.89
200 3.08 0.822 954.23 32.47 0.78
300 2.80 0.707 1373.19 35.73 0.97
400 2.51 0.540 1792.15 39.84 0.97

%2 L% B H Duncan-Chang $REISE R

7N A [F)— BB T AN [ 57 7 7K~ B 00 28 Il S A8 o 92
BN WO AR IAB AR, 403k 3 Frm.
£3 IHASIHBNHHEREER

o3/kPa | q/MPa~! | b/MPa~! | (03 —o,)/kPa| E,/MPa R;
100 2.74 1.640 513.44 18.50 0.84
200 4.34 0.890 955.20 23.04 0.85
300 3.34 0.568 1 396.95 29.94 0.79
400 2.76 0.413 1 838.71 36.23 0.76

R —— LA
30F —e— t4tB
300 b ZeERE

< 250 f
&) r
2 200 F
150
T 2 3 4
1g/(a/Py)
T3
E6 ﬁcﬁﬁ’]lg( )'ﬁlg( )5@%!

(2) A ] S R A K, A n,
H1 T 1A — PN e R s B [T 3, R T 1]
i B P S g T K ) AR R DAy S T B A R

05/kPa +#f A E,/MPa +# B E,./MPa
100 87.80 57.00
200 178.03 130.50
300 257.49 187.67
400 297.18 281.66

SFTEIR, - TR ES, HRE A 5 4R B 7R

o3\ > —
HIET lg(P ) '31g(Pa)9é%’<ﬂnl§l7Fﬁmo uf i,
&2 AR B 2 K, JE— Ik R TS
jylg( ')—ng +n1g( ) F AT R A Y

HIEC ] P R ALK, = 89125 .0, =0.90, H K, =
3.55 K.n,, =2.7 n; 4 B HIZ A S PT R AL K, =
572.796 .n, =1.132, H K, =3.9 K.n, =1.74 n,
W, A KR - A 1Y S50 28 11 AL B 249 O ) Ay D) R A
Y 3.5 ~ 4 WL R T BEA R AR 1.2 ~
3.0 /51",

3000
2500 F
2000 F

—a— +FEA
—e— B
E — &MEE
1500F

1g/(Ew/Py)

1000

500\ Il Il Il Il T N SN S SN TR NN SN O T T B
1 2 3 4

1g/(05/Py)

E7 mﬁsaﬂg( ) 5 1g( "*)aez@

B FREE R W, 5 0 FFRHHAE . AU
FARAES IR B n,, (EBCH IR B BEAY n fH,
MR ARGE AR L T 89 E,, 5 2 K, 5 O
{8, PACAE e K, 09— U7 3, A HH T3
SEIRNGR 4 FR, UL, AR AL BRE B B9 K, S
G390k 1 477.91 862. 54 , —F 73 il L™ A8 SE 1S B 1Y
SR E 2 66% 51% o P, X R AU, 5505 ikt
AES AR R, A EILRE n, =n

x4 K RELTESERRK

+HEAMK, 4B 1K,
o3/kPa - -
I R R
100 869. 86 567.65
200 1 403.16 828.23
1 .477.91 862.54
300 1775.27 915.11
400 1 863.35 1139.18




5 6 1] WRASHE , 25« =Rl 7Y i S22 S RRAHLRL £ 2 5T 2024 412
Reloading[ J]. Rock and Soil Mechanics, 2012, 33 (4) . 1061 -
A
4 Z5ip 1066.
e p - (8] #&tEAK, ARfem, EUMBL, 4. MR LA 5558 BRI R =i
> 7 —1 LA N NN S —
(1) %3050 R A A9 21 2 HE B AORR A 7 = WBFIE[)]. IR Al K22 240 ([ RBI2EER) , 2011, 42(4) .
B4R 25T, 1R 22 B Duncan-Chang AR #4452 71 572 -578.
fl?%fi R EI] . j(/J\jZ@jj%FﬁiEE rﬂ@%%iﬁﬁﬁq&ﬁiﬂqx&&ﬁ CHU Fuyong, ZHU Jungao, WANG Guangi, et al. Large-scale
sz %?E . %:‘F;l:/%rﬁjt/_:{‘}j—iﬂguﬂ_,f‘t%ﬂ ﬁﬁ‘f)ﬂf *ﬁ% %Uﬂ Triaxial Test Study on Deformation and Strength Characteristics of
= D 5 D = —
v . N Coarse-grained Material [ J ]. Journal of Shandong Agricultural
— A 22 A S 2k ‘
1’{3I%FZI_JI jé r /EE*H% IJ.II_O o University ( Natural Science Edition) , 2011, 42(4) . 572 -578.
Y/ = H 11— 7 £ #‘—‘4 J £y 2o — o/ e N ]y . )
(2) HTHRHEITUR R — BB S o) s e, vk, 5. 8 Mo esem ). 4 &
— Al = [A] S B M EAE S, U B s A, AN, 2011, 33(6) : 950 - 954.
7[’£ Duncan-Chang *ﬁﬂ *Fﬁ%ﬁ%%éﬂjﬂjﬁ; Km ﬂ:‘[] ZHU Jungao, WANG Yuanlong, JIA Hua, et al. Experimental Study
nll'.%\%?ﬁ%ﬂﬁ [E[ ﬁ*ﬁ%ﬂﬁ%ﬁﬁmﬁ“ﬁ . on Resilience Behaviour of Coarse-grained Soils[ J]. Chinese Journal
(3 ) %ﬂ*ﬁm‘fﬁﬁ?ﬁ@fjﬁ*ﬁﬁﬁgﬂﬁ%% ?ﬁ( n L:Jj][] of Geotechnical Engineering, 2011, 33(6) ; 950 —954.
I oR ur et L et w . U
T R e (107 JAE . HUBL - = BSOS BUR S HBIE (D). st Wit
BB R B R R R n .
S RTA Lt — N oLy . oy y .y
ﬁkg/ﬂ\élil %E/—J—\‘ , @ﬂﬁ{um#%*ﬁffﬁ/ﬂﬁ%ﬁf% Kur ZHOU Jianfang. Triaxial Test of Coarse-grained Soil and Study on
’f_ﬁ y [nd }T_DZ.*%%: ]ﬁ ?% il‘l E,(J ?p‘f% _\l%_ [':[j 2’\] 51% ~ 66% | Duncan Model Parameters[ D]. Nanjing: Hohai University, 2008.
W SR B 0, = (11 9RO, AR, HUBRL £ 95 AR RSO RF [1].
k)%, 2004, 25(10) ; 1587 —1591.
%%iﬁjﬁ . ZHANG Ga, ZHANG Jianmin. Study on Behavior of Coarse-grained
Soil and Its Modeling[ J]. Rock and Soil Mechanics, 2004, 25(10) .
(1] ZEBEs, BSOF. HOHLR KM =9 D g s [ 1], 7tk 1587 ~1591.
Hi, 2011(3) ; 86 —88. (127 f#hms, FEREAR, Zehh, 45 HURL A9 B0 R 56 5 R0 MR 4
LI Xiaoyun, ZHAO Baoping. Research on a Certain Coarse Soil by [J]. &dJy2, 2015, 36(5) : 1322 - 1327,
Large Tri-axial Shear Test[ J]. Northwest Hydropower, 2011 (3): XU Han, CHENG Zhanlin, TAI Pei, et al. Centrifuge Model Test
86 — 88. and Numerical Simulation of Coarse-grained Soil [ J]. Rock and Soil
[2] HJELMSTAD K D, TACIROGLU E. A Coupled Hyperelastic Mechanics, 2015, 36(5) : 1322 —1327.
Constitutive Model for Resilient Response of Granular Materials[ J]. [13] JTG 3430 -2020 2y TIAB MR S].
ASCE, 1997 178 — 189. JTG 3430 -2020 Test Methods of Soil for Highway Engineering[ S].
[3] MARSAL R J. Large Scale Testing of Rockfill Materials[ J]. Journal [14] SREERE, REEAN. &K B L & W AR A HE R BT 0T 58 B2 1Y
of the Soil Mechanics and Foundations Division, 1967, 93(2) : 27 - AL LT ] RO BB EOR , 2023, 14(5) 134 -39,
43. ZHANG Gengwang, SONG Jiajie. Impact of Moisture Content and
(4] S, byt MUUR 1+ M = H RS R 5 5 ~ R Filling Soil Content on Shear Strength of Loose Rock Mass[ J]. High
AR D], AKFIZER, 1982,13 (9) . 22 -31. Speed Railway Technology, 2023, 14(5) : 34 -39.
ZHANG Qiyue, SI Hongyang. Shear Strength and Stress-strain [15] FLIR. AT R X RS A O T B ik [T]. S gk i 4
Properties of Coarse Grain Soil Determined by Large Scale Triaxial A, 2023, 14(1): 32 -37.
Compression Tests [ J]. Journal of Hydraulic Engineering, 1982, WANG Andong. Calculation Method for Rock Load of Tunnels in the
13(9): 22 -31. Horizontal Stratified Rock Area[ J]. High Speed Railway Technology ,
(5] RO, R, B HREK SRR PRR AT TR 2023, 14(1): 32-37.
WAL, 2014, 22(5) ; 792 —796. [16] fLIEE, KRRE. XAy - sk RLR S Ir s my A [T]. A4
SHI Zhenming, ZHAO Xiaowei, PENG Ming. Review of Studies on J15%, 2004, 25(6) : 971 -974.
Large Scale Triaxial Tests of Coarse-grained Soils [ J]. Journal of KONG Dezhi, ZHU Jungao. Comparison of Several Methods for
Engineering Geology, 2014, 22(5) : 792 -796. Improving Duncan-Chang Model [ J ]. Rock and Soil Mechanics,
[6] DUNCAN J M, CHANG C Y. Nonlinear Analysis of Stress and Strain 2004, 25(6) : 971 -974.
in Soils[ J]. Journal of the Soil Mechanics and Foundations Division (17] Bt R LR IM]. bt P EDKFKH € R, 2007.
1970, 96(5) : 1629 — 1653. YIN Zongze. Geotechnical Principle[ M]. Beijing: China Water &
(7] #EsK, KRB, B8, 55 MR LEE - PRI =R Power Press, 2007.
WHELT]. =4 432, 2012, 33(4) ; 1061 - 1066. (18] ) {5, W% N2AIM]. 2 M dba: R KA R, 2016.

CHU Fuyong, ZHU Jungao, JIA Hua, et al. Experimental Study of

Mechanical Behaviour of Coarse-grained Soil in Unloading and

LI Guangxin. Advanced Soil Mechanics [ M]. 2nd ed. Beijing:
Tsinghua University Press, 2016.



