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Abstract: For the natural soft ground with plane strain under the self-weight of embankment filling, analytical formulae for
both the critical load of soft ground and the critical filling height of embankment are proposed based on the generalized
spatially mobilized plane (SMP) criterion with reasonable consideration of the intermediate principal stress. The lateral pressure
coefficient and consolidation degree of soft ground are also taken into account, and more applicable conditions of the obtained
analytical formulae are provided. Finally, the parametric studies combined with the results of Mohr-Coulomb (M-C) criterion
are discussed. By comparing with the results of the existing literatures, these analytical formulae are validated, and the necessity
of given applicable conditions is highlighted. It is found that all the effects of consolidation degree, lateral pressure coefficient,
cohesion and inner friction angle on the critical filling height of embankment are very significant and the consolidation degree
should not be blindly adopted as 0 or 100%. The results of M-C criterion are conservative, whereas the minimum lateral
pressure coefficient of the proposed formulae is smaller due to the effect of the intermediate principal stress, and thus its
application range is wider. The real lateral pressure coefficient of soft ground should be determined by in-situ tests, and the
variability of its strength parameters should be fully considered.

Key words: embankment; critical filling height; generalized SMP criterion; consolidation degree; lateral pressure coefficient

0 3 = % fa i) 5 ) o, 0 9 Mohr—Coulomb (M—C) ¥
HH LR AR, RS m e

5 R PR R ) B R AR, RIS ST 2800 R b REWE: M ARHSESTH (41202190 HFEI-LEREES

B A ELAT A S5 g [ 25 i Y, A s g B AR AL K WiH (2014M562358, 2016T90879); BRFE41 1SR BB H (2015

FE 7 BT, A R 5 R s M A 3 im)#ﬁT ) ) BT FBT A S HUTUA SO E 5 R S = G I H

(SKLGP2017K025)

KIEEESE . BHAT, PHEBRIRIGFIE L S E 2 R YRS EER: 2016 - 04 - 14



1252 =

+ T B % ik

2017 4¢

MRS, e I (B s R %
ko7 1.0 LR [EI S5 U N 100%. SEBR L, B3 T
T AT = FARSER A PR ARRAS, s A2
i H) 32 8 ) o, B 5 Y FL, MR ) R 5K ke=1.0
FH T AT = M R EOK R 1Y), 5 AR
SRR PRSP RARE: =, [HSE U=100%%t
ALK J1 58 A BN I B3R IEH TARIRES, =
KT B3t THAM SERRfe e v, & sl S L
TR, OFFEXMIAT T S 7T, . g
SUR T4 — RSP BRI R E L REA
X, FBRTHBEEN S o, R, EMEHRE k
38 1.0 T E SRR B IE FE R M-C #E
W 225 R T BRI T R ko#1.0, (HIE AR E
HENSRIEGE; REECRT 4R
(1 8% S I S L BERRATAR, B 08 T R IR R D) o, AN
I 77 R E ko IR, JEHE— D I Z5 R U 51N
PSR R, (E 3 OB R 0 2R
YR X IR

45— ik P HE Ve B A S B AR B 1) e ) 3 8 g
o, BN, (R BRI SHL b TR LA B =l
WA RE . o BERA RN TARE 2R K/ A ik
$t. |7 X spatially mobilized plane (SMP) N SLFR)™
S E v S eI, e ST AR PR £k [ a3 A4
JE4E s R 3 ARl A AME T M-C #EN], AMEBES
H e B 25 N A o, S RSR[5
LA = A R A R AF, 1 ELT R ARRES
THIARKIER . M—, FNLEESHS M-C
AEM e A A R], ¥ 0T o B B R e e i e, &
iRt BESTREPERZ N,

R, ASCHEE T S SMP #EN, & B ] 3=
) oy SEBRME J R E ko I 45 1 U S48 B 70,
HE 5 A b I A 28 S T I S s 7 L o P T
Wi, 45 ARMIE & HEATR LI, BUE R
WESH TR, FTAR4A5 RO R IR I
Wil Kl THR L IR Te 5 5L L.

1 FENTIRSTEI X SMP AR

I X SMP #EN /& Matsuoka 25C7ERD + 4% 7] 15 5
[H SMP #ERIf 26 b, 85I NFHEE LT ap=cxcoty
My RS (Fh, ¢, o RN EIRET R AN
BESESRD , Wb AR IEA . BUERNIE, T
SCSMP HE T 3 S AR B ik 2o

IV
L2 -8tan’@+9 , (1)

3

R, fo LR SR R A

— A E, HFRIALHN

I, =(0,+0,)+ (0, +0,)+(0,+0,) »

f2 =(o, +o,)o, +0,)+ (0, +0,)(o;, +0,)+
’ (2)

(o, +0y)o,+0,) >

f3 =(o,+o, )0, +0,)0;+0,) o

X T Th RS ARARZS B ] AR g, =0, HT X
SMP #E (1) AHRBGRBNEN, w3 ET iR
RSN R Z PR RN

(0, +0,)=4/(0, +T,)(0; +T,) - (3)

Bl (3 RN (1), BHEPHMN AR NI

" XL SMP #E g

M:l[\/8tan2(p+9—l+
o,+o, 4
2
J(Jstan2¢-+9-n2-4J , 4)

A (4 B AR ol =0, u KE
N (i, Tfbr =1, 35 u NHEFALBUKIETD
o,=no;+M—-o, =no;+(m—1ccotp - (5)

X, g :%{NIStanz ®+9 —l+\](«/8tan2 ®+9 —1)2 —4}

30 (5) B9~ RARIRZS T T L SMP #E I A7
MRS o Moy Z AR5, HAREARE . E—,
He#ddst (3) HE 7 hEEN o, KIFR; [,
) P EARESHNER ) c MNEEfio 5
M-C AEWIAH R, A A H 3 R Ao Pk 47 15 58 4 1
JE o

2 BRIEFELSE
AT B ORI I X RS, 1 (a)
PR, Bt H OSBSG-S, By By 70 AN EREEH
ELONREREE: y, BRI RIS EE, y MRt
(f) 5 B . MR S BE T, RIS B=
(Bit+By)/2, KAV B S B SEprE I 98 22 (LR 1
(b)) NEEMERIE LW EEMER, SRR IR
p=Hy, UASIEEATw 8, AF T 2002 1a) (R4 101 1
J A% 2 T PR b R R T
B,
E—
B3Ry,

% X

WRK Ly, ¢, ¢

(a) SEhrpIR



S5, T S SMP DU AR B B SR i S SR R T 1253

37 # FKHEOL,
B=(By+B)I2
p=Hy,
anassssai
WRK Ly, ¢, 0
(b) FHUHIR

1 BRIREARE
Fig. 1 Simplified model for embankment
2.1 MHsHR
(1D HnER 7
PR 56T A 8 p AF FL T B M, i 2 fios
(Bor P A By AR PRI A » IRYEH LTy 22 2
TAFZ U B 2 R A A

o, =L, +sinf,) (62)
T
o, =2 (B, ~sinB,) (6b)
T
T3, =0 o (6¢)
(2) EER

VeI M PR R I RS R IR X IR E
Z, PRI E Oy Z 51 G T N AR R A KT
[6], R R L AR B R SR AT p IO N R A3 1)

5 M SRR I A N A oM
_rZ(+k)  rZ(-k)

= 5 cos2pB, , (7a)
= 72(12+ k) _yzAd-k) cos2f, , (7b)
- :@sinZﬁ, . (7¢)
B
NENRRN -
At s
s o §

E VLZ
_ \/ P /“r\xz — ~—koyZ

2 WERE M SR DS
Fig. 2 Stress analysis at point M in soft ground
(3) HRUERT]
M RN T O B SR BRI BRI 3 (6)
SIS HEN K (7)) 2, |

YAl Z(1-
o, :Eﬁo +M+|:£Sinﬁo +M0052ﬂ1}
P 2 n 2

(8a)

q:£m+ﬁ@iﬁl{%m&+ﬁﬂi@wwm}
h TT 2 T 2

(8b)

T, = @ n2p, (8¢)

F S FPIRAS R0 A RS A EE, 45 MR B
KAEBER] of %Bﬁd\ﬁx&ﬂifﬁagéﬁﬂﬁ

+ p—
o= 9: 70 ’G O +7l —u ,  (9a)

o, = 9: 79, G _GJ +7. —u o (9b)

2.2 ||ﬁ7¥ri,ﬁj:lﬁlg
MR B 5 AN PRSP R A R R (9)
NPT AR TR SCSMPHENI S (5D, FA
MECEAHE AR A M +n* 21.0m+0.382 " Hidim,
W NSEE HA5Sn=men>0lt, MR IR ZE<T%; Bm>5n>0
I, AHXTRZE<5%; BRIRILINL T BATRETE Y,
KRN (o, -0 )2>r, Rz ANRPD Skifih, #x

%
(77+1){GZ ;G" +0.38sz}
o, +o
:(77—1){ 22 "—u+ccotgo} o (10)

R (8) FONSN (100, SRABINE X T RVRSE Z
N
z-2.

ny

[ =1DB, — (@ +1)sin B, ]+ n(nn —[ccotp —u]
(1 +1)(1-ky)[cos 23, +0.38sin28, |- (n — (1 +k,)
(11)
B R E g, BINSMET R p Bl 4+
J2 4 R P BALISUK R 7T wn N
u =pl-U) , (12)
A, UNEE PSR,
KPR FLBAKE ST un ST A LB K
Jru, B (12) AR D #
2
7 ="
ny
pl( =1, — (n +Dsin B, — n(n —1)(1-U)]+ n(n —)ccot ¢
(1 +D)(1—k,)[cos2f8, +0.38sin23] - (n -1+ k)
(13)
BB R R e I, ZIUR S S BN B
BRI SR BB X R RIR S Zina> H1 OZ 1 03, = O A
0z /0P, =013 B, =arccos[(n -1)/(n+1)], 2B, ~21",
AMAAR (13) B ZpaN




1254 Hs

2017 4¢

2

Zmax =
Ty

p{(n —l)arccos{z:_ﬂ -2yn —=n(n - —U)}+7T(I] —1ccotp

107+ DA - k) - (=D + k)

(14)
v S B X T TR VR IR B KT FRIR P Zan N B 2
SR BEBI/4, BN Zw=B/4, WK (14) 3
13 B 2 I PR I A7 3 SR
Ppa=MgyB+M. , (15)
W, My, Mo R 280, HRE N
n (+k)—-1.07(n +1)(1-k,)/(n 1)

MB:g' 1 ’
n(l—U)+2\/ﬁ/(77 -1) —arccos{n_}
n+1
(16)
M, = mcotp 1 .
n(l-U)+ 2\/E/(77 —1)—arccos{n_1}
n+

VRS S L S BN H e AR I I AT 2K
puat MRS B E 5N, AP

Pua=H\urw o (17)

Kl (15 RN (17D, BB EL BRI

TR v B H AT

H _Pus

/4 —

:MB;/B+MCC . (18)
Vi Vim

(15 (18) RINASCIHE T MARIRAS T 1)
J7SC SMP NS (5), BT S Hh R I Ty 3
SRS I TR m B AT AR, BELE A AR
FEFE IR E R T o) 8 SERRIE 71 R 2L ko#1.0
MR L[ S5 U S0 . Y ke=1.0 I, XNt H =
TR ER K R T AR 29 U=100%H, X%
S IEH TARIRESE RS 4 k<1.0. U<100%Hf, X}
N7 512 B b 7 BRI R A A [ ] 455 B (O
Fr, X (15 X 8 WEIERE. HHSHS
W, B EER I M Sehr TR L.
2.3 ERAKH

HhyFE I A 220 15) 5 BRI AR 4 m R (18)
TR : — ISR EE 9B A K,
AT GRS ¢ . IXFHIUG HFE I
T AT 1% B S e S A e B A S A AR IR
R0 A2 FE B 1, 3R 1 2 HE AR SRR AT A 20 3 FH 61
W

M, :g' (I1+k,)—-1.07(n +1)(1—k0)/(17—1)1 >0,
n(l-U)+ 2\/5/(77 —1) —arccos {77—}
n+1
Mc _ mcotp 1 >0,
n(l-U)+ Zﬁ/(n —1) —arccos {n_l}
n+

(19)
[F) B 4% [ 45 5 U=100% {& 5P TH 5, B B4R 34K +-
1IN BEHE A @ T 0 22 Bk T L SR 20 3N

77_1 >COS|:2\/E:| ’

n+1 n-1
> 0.07n7 +2.07 .
2.07n+0.07

I (200 A1 ASCRE T A 20U 71 R 5L ko
A E/MEZER, TN o T 2 R AR
o

(20)

0

3 XTEEEEUE

SR S VR A 5 — 3R P BT 40 T 7 I I
B BRI P B R R, RIRE R T P
Ri7g o, DI 77 2 Kuko21 ORI [ 25 B U, sy
B R B e SR S A SO U2 b A
SHFR I SRR 71 B Sl P B B

H _p|/4:MBVB+MCct ., 1)

/4 —

Vm Vm
X QD PRBREG—NEEM e« BEG—F
RIT e MBI T 2 Mp M M 735N
2(1+D)sing
2+b(1+sing)
_ 2(1+b)ccose 1
2 +b(1+sin@) ' cos @,

sing, =

t ’

T (I+ky)tang, —(1—k,)/cosp, (22)

:g'n(l—U)tan(pt +[1-(W2-¢)tang, | ’

B

n
~n(1-U)tang, +[1-(n/2- @) tang, | ’

et (150, 2 (18) BLA AR (20) ATLAE H,
AR5 SCHR 7T SR 5 B TR AES 5 22 5
A SR FH B 2R CSMPHE, 1 SCRR[71RFH 4
BN S — R . @A SCHW MR FECAE K
FRIBVE X SR AAE BRI L 2% T 7, T ASE SRl
OERAL; @ARTE T ANNBEH &M, X EE
P o SN ) Z 80k P MUE VG R AT T BRE , 1 STk
(715 BB ZEK

NECEGX 3 22 TiE RS AR, BTk
e TREBE L R PR I« BRI AT E B N 16.2 m,
AP EE y Y 17.5 kKN/mr; MR E A g
y N 17.6 KN/, B¢ N8 kPa, WEEHE Mo A
13.5° o & 1 A TACSHREERELEER (8)
Hagmal BIERmEEY AR SEBONE K
E RS X IR AL ) BT A R, S b
Lo, 1201, [E45E UHLO A 100%.

c




7

FKRHEOE, A T S SMP EN R BRI I 55 e R T 1255

(200 TR AEER S 0 =13.5° il AL
NIERI A, B S R E ko AT 0,60, BHIE
1577 22K ko=0.5 AN 2 BRSO BETEE, R
SCHR[7] VA S A IESCHR (7128 th I PR B H i
T 0.15~2.21 m i, i el (R R 3 ) R Mg
RS, X SRR AR & B A,
5 AL TR B MR R 8 it T 2206 P 2 RS
AR ZE S, AT ASCSS T A IE I 2 AR AL B A
G . 90 ) R ke=1.0 B, SCHR[7]5121E3C
BR[7TH 45 AR [RIQHL — 2 MR R 3 R M To 2%
5t), AHICHR[7IIEE RAE ko=0.75 I ALK T2 130k
(716, HZ80b BoR, —FHZAZERIINAK, XE
P S it o o 20 A 1 e 35 DB AP XA R R B2 A f K
(K1, SCRR[710THSESE SRR R, AR RS Bt St T
12 4 FE U

=1 530ER7) RS IESCRR 7RISR ELAR
Table 1 Comparison among calculated values, results of

Reference [7] and modified results of Reference [7]

GRS I SR 5 BE Hyje/m
B % HR[7] & 1E SCHR[7]
UY% %k p=0 b=12 b=1 b=0 b=1/2 b=I

1.0 3.14 345 363 3.14 345 3.63 3.45
0 075 1.73 206 225 1.65 198 2.17 1.98
0.5 031 0.67 087 0.15 051 0.72 —

1.0 6.64 8.16 922 6.64 8.16 9.22 8.18
100 0.75 3.65 4.87 571 348 469 552 4.70

0.5 0.66 1.58 221 032 1.21 1.83 —

ARSI S = B Hys 1) 30 SMP #EDI i
%, BERAE S b=0 Bl M—C #ENSFE 20 i) 3=
7] o, (s LAELES SRR <7, A GRS b=1
BV XCBY 18277 ¢ D) TR AE 0 o T =6 7 o, 2850 55 (] ) I
NFERLT) o AFFH ASR S AR RS, i 5 & B R
=N ) o, EIHEI S b=1/2 FHMEIESCHR[ 71045 R
+orEir, AARRBSEE U T & 8amRe, X
TR T ASCEE R IERE. Rk, AT A R
HHEET da R o, B0 -5 R R 9 X
SPRR R, FEHS T AXNMER &M, AT
R 7] LA B AG TE SCHR[ 7] 00 A 20 35 LA S R ek

4 SHEMWIH

M-C HEIIR 3 . B . AR B Ll e e %
TR A ISR, HE ARSI 44
B, TS T M-C I FL R 1 R ko1.0
RNE 5 U S0 (38 B SR I UL B Hya

:MB;/B+MCC ’ 23)
}/m }/l"ﬂ
(1+k,)tanp —1.07(1 -k, )/ cos ¢

n(1-U)tang +[1 - (1/2 - p) tan ¢ | ’

H—@

/4 —

ﬁ[:l:l’ MB:g'

n
- n(1-U)tang +[1— (/2 - ) tang] ’

X (23) WEHEKEN
[E— }tan <1
B @ @ ’

21.07—sin(p .
1.07 +sin¢

X (23) MK (24) FWRFS E AR, Bkl
RIS Hyy () M-C HENARZRA8 IE SRR [ 7] 2
0 o=0 WIRHEL,  [FIFEBCA 2% 18 8 387 o, IS .

S RIn TR T Hye ) M-C EN g2 E)
X (23), RIRAELEE UL ME SR ko FIHBIERK
TERE S (R T) ¢ JNEEAM o MR,
A iRk i B3R NI SO %, A RSB M I3 T
Eh,

o EaE & (200 A (24) BITEEE: K
FEBEF 0=13.5" W2 B3R, (HME 1 REL ko AN T
0.60 (J7 3 SMP #E) . 0.64 (M—C #EI) . Kk,
N SO 77 R BOE R 5 M kg MR /IME T UG ELE] 1.0,
[ 455 U M ko BL 0.8, 1.0, ) ¢ KN EE
A o S HTI ko B 0.75. [AIRS, T ¢ WA
&S TER, RS @ WEELE 12° ~16° ZIA]
A
4.1 BB

[ 45 U B2 FLER K I I SR, AN
[) il 45 1 U % B 3R AN [F] (1A RO SR . B3
Y5 TR S B8 ko=0.8, 1.0 I, RS IG FLE 1w
Hys RIS 25 5 U 78R R, B AT 3L SMP #EN
firgral (18). M-C #ENIfE = (23) , FXK 4, 5
VINGE

P 3 ATLUEH, BEEBLEE U s, IhaE
TR Hy BARZRYER R AR ) R ko=1.0 K,
U=100%F 1] Hyy b U=0 BF ARG KT 1.37 75 (7L
SMP #EMD . 1.11 % (M=C D, 7] WELLE Ut
I TS A R Hy (R0 AE S B2, NARYE SRR+
Heok RS BRI bl e FLsEBRE 45 FE 5, s B
%652 [ S5 % U=0 3% 100%T1H55 Hyu # A EH . [H
i, AH R 26 A R A SCEE T X SMP WU IR H g WA 5 50
T M-C #EMIfRE, HIEZRE U B8R 38 10 2 58 m
K, XYL M-C #ENIPE A i) 3 5 7] o, 8210
AT S RN, N AT e - o R) 32
710, UL, B b ¥ L5 FE T RE AN [ 2K AR

c

24

0



1256 H O+ T OB % M

2017 4¢

4.2 MEHEREH

M 77 Z 50 ko P T S A4 g R AR IR IR
ARER R (200 F1a (24) S5k HAT f/ME 2
Ko B 44T S U=0, 100%K, BIIGFAIE+
1 Hya BEOE T3 25 ko ARG R

10

—o—SMP, ko=0.8
sl —0—SMP, ko=1.0
—-M-C, ky=0.8
——M-C, ko=1.0

1 1 1 1
0 20 40 60 80 100
Ul%

& 3 BESEEX H .y IR 1
Fig. 3 Effect of consolidation degree on H

10
—o- SMP, U=0%
gl —o—SMP, U=100%
—— M-C, U=0%
~—M-C, U=100%

L & o1 L
0.6 0.64 0.7 0.8 0.9 1.0
ko

& 4 MEHDRER Hy )y RIS

Fig. 4 Effect of lateral pressure coefficient on H

HE 4 v LUEH, xR (200 Ff1xt (24) RarEp
W 2 BN 0 BB ko EERJE S N 7 BB ke XTIl
WA Hyy BT BEPEW, RIE Hy b ko
(3G T B2 K, Rl E 25 B2 U=100%H] I3 K
TR TEII N, NI b K ) S ) R B
ko» TIAS R N MO 2 HAE N 1.0 M[E 455 U=0 K,
I S SMP #E U 25 A M—C #E U fig 25 A0 B 747 HAH 22
BN, MBS U=100%0 —# 125k BAREF
170 Aok, [ESEEE U SR/ ) 250 ko TERgmm, 1H
7S SMP #ENIFRZ 15/ k=0.60 E1/NTF M—C #EN
fRE IR/ k=0.64, B EA[a) £ 7)o, 88, H
R B 5 PR R BN LR H g TR, A SRR ) B
N ko FER/IN . A FURE TS AR
4.3 BESH

FiTTT ¢ MINESE o J& RAL AR ST BT 38 5 (1) J
KBHL, WA E N EEREf o 2 12° ~16° Z[A1AR1K,
A TOE SR (200 Al (24). B ST
M S 25 k=075 B, BE3RIG FLA S Hu BESS
BT o WEEESM o WMARNKR, QIERELE U=0.
100% P A5 . o

HE 5 nTUUEH, BERET oo WEEEM o 1)
o, Im S S Hyy HEMEEOR, H)T L SMP
HENAEZ A M-C HENMRE A B TAT, REZRBZE
U=100% —FAHZEIHE . HEEE U=100%H,
c=10 kPa I [f] H4 bb c=6 kPa B A1 KT 33.2%()
X SMP D 33.9% (M-C #END, 1fj ¢=16° Kf K
Hyg bl =12° BFAXTIE KT 55.5% ) X SMP ).
54.4% (M-C #EN]D, FKEBAIGFIE LS Hy 52 N BEHE
o WIRCMIR R )T ¢ BN . B B H R R
TP R S ERN R R T ¢ RINBEIE A o, FFSIZ
WEEEES o, BB SER R v, B fRER IR BT 1)
G RS20

10

—o- SMP, U=0%
—o— SMP, U=100%

8 ——M-C, U=0%
- M-C, U=100%

0 1 1 1 ]

c/kPa
(a) Fi%H

—0-SMP, U=0%
—O— SMP, U=100%
—2=M-C, U=0%
- M-C, U=100%

13 1I4 15 16
ol°
(b) MEEHSA

& 5 SRESHX Hy, RIS HT
Fig. 5 Effect of strength parameters on H

5 & i

(1) T X SMP U T 2 37 - b B s 7t
TS BRI R B R AR, L% T o
(1 57 77+ P g 2 B0 B 45 B e, FLA ik
W, RS ME, BT Ak TR P 5 R,
A BB IL K TR

(2) et /s 2T T 4% el Hb e - P P2 A4 J A0
JE /1 BHOHAT T IR 5, 35 SOk (7] B IE ST 7]
PRI IE T H T 5 A TR, LN A AR A 1
BRSO LR S IBE X S2BR & FERUEE, | S SMP
T AT LA B P R

(3) M—C eI 25 BARMRSF, 11708 )
I S SMP Wi ARAZ RO A B0, EL R 55/ M



7

FKRHEOE, A T S SMP EN R BRI I 55 e R T 1257

F A3 BB AN TEFINE ) [ 45 5 % B S e SR
TR AR B2, AR HILE 0 5 100%34
ATVRE, TSR AR K L R AR 1O 1
5E e 5T

(4) B bR T 4 B 52 0 157 2 iy s v W
By AR HAB B E Y 1.0, ML 5E
TS T R E BB R SR [ A
REE, HABEEMIEZmER L, Maf R, |-
S SMP HENIAN M—C 7 I AR 25 2R 22 53 TRl K

SE -

[1] XA, 2% E5EMTEM] b5 hE SR TR
#t, 1998. (GAO Da-zhao. Soil mechanics and foundation
engineering[M]. Beijing: China Architecture and Building
Press, 1998. (in Chinese))

[2] AAEEE, B T B BRIE MR R
WA, AR TR, 2005, 38(4): 120 - 124. (LENG
Wu-ming, ZHAO Jian, HE Quan. A method for assessing the
bearing capacity of a soft soil foundation under
embankment[J]. China Civil Engineering Journal, 2005,
38(4): 120 - 124. (in Chinese))

[3] NANDA S, PATRA N R. Determination of soil properties for
plane strain condition from the triaxial tests results[J].
International Journal for Numerical and Analytical Methods
in Geomechanics, 2015, 39(9): 1014 - 1026.

(4] EARUE, FORBERK. FT G0 BE 1 B I I AR e
HEHI. AR, 2007(11): 90 - 93. (TONG Huai-feng,
GUO Yuan-cheng. Calculation and analysis of critical filling
height of roadbed based on unified strength theory[J].
Highway, 2007(11): 90 - 93. (in Chinese))

(51 LS, &R, AR, KRR HIE F IR R
SAHTIN. A TR, 2011(2): 47 - 49. (JIANG Guo-qin,
GUAN Tong-xin, XU Yong-fu. Analysis on critical height of
embankment on natural soft foundation[J]. Subgrade
Engineering, 2011(2): 47 - 49. (in Chinese))

[6] & #&, M=, H & A DRI A S —
PO B IETT A TR J1%%, 2013, 30(7): 142 - 146.
(ZHU Fu, ZHAN Gao-feng, NIE Lei. Study on a calculation

method of critical filling height of embankment of highway
engineering[J]. Engineering Mechanics, 2013, 30(7): 142 -
146. (in Chinese))

(71 & #6, (H &, S, & BRI ERRR S i SRS
BOHHHITA]. BERRFEFRCTERR), 2015, 45(2): 389
-393. (ZHU Fu, NIE Lei, ZHAN Gao-feng, et al. Improved
calculation method of critical filling height of embankment
on soft ground[J]. Journal of Jilin University (Engineering
and Technology Edition), 2015, 45(2): 389 - 393. (in
Chinese))

(8] AR, A LM B G R ER IR [). A+ T
FE2£3%, 1994, 16(2): 1 - 10. (YU Mao-hong. Unified
strength theory for geomaterials and its applications[J].
Chinese Journal of Geotechnical Engineering, 1994, 16(2): 1
- 10. (in Chinese))

[9] MATSUKA H, SUN D A. Extension of spatially mobilized
plane (SMP) to friction and cohesive materials and its
application to cemented sands[J]. Soils and Foundations,
1995, 35(4): 63 - 72.

[10] XM {8, M RESREIVEARERS) K#£1.0 I THEE A ] 9%
PR R 4R, 1995, 27(3): 294 - 298. (ZHAO Shu-de
Formulation of bearing capacity of subgrade with K#1.0[J].
Journal of Xi'an University of Architecture & Technology,
1995, 27(3): 294 - 298. (in Chinese))

(1] AT P ZE s, SRS T M), 3G
4 T2 B AR A4, 1985, (Editorial Committee of
Handbook of Modern Mathematics in Science and
Engineering. Handbook of modern mathematics in science
and engineering[M]. Wuhan:
Technology Press, 1985. (in Chinese))

[12] KHOL, Szth, B, Vi R Sk A R AR A sy
SRS G S U], R LRREAR, 2011, 33(1): 32 -
37. (ZHANG Chang-guang, HU Yun-shi, ZHAO Jun-hai.

Huazhong Institute of

Unified solution of shear strength for unsaturated soil under
plane strain condition and its application[J]. Chinese Journal
of Geotechnical Engineering, 2011, 33(1): 32 - 37. (in
Chinese))



