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Applicability verification of UH model on coarse-grained soil and its application
in earth rockfill dam
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Abstract: Ko compression tests and constant stress ratio path tests were performed on three kinds of coarse-grained soils in
conventional consolidated-drained (CD) triaxial tests. Parameters of unified hardening (UH) model were calibrated according to the
triaxial test data, and then stress-strain relationships under the other two paths were simulated. The simulation results were compared
with those obtained from Duncan’s E-B model. It is shown that UH model can reasonably describe the mechanical behaviors of
coarse-grained soil under different stress paths, while Duncan’s E-B model behaves poorly in predicting the results. The applicability
of UH model to coarse-grained soil has been verified. Finally, three-dimensional finite element analysis of stress and deformation for
a core rockfill dam was performed by using UH model. The calculation results were compared with those of Duncan’s E-B model and
the field monitoring data. It is shown that from a qualitative perspective of the distribution of dam deformation and stress, the results
obtained from UH model are similar to those from Duncan’s E-B model. However, from a quantitative perspective, the deformation
calculated from UH model is overall closer to the field monitoring data. The applicability and rationality of UH model in the field of
earth rockfill dam have also been verified.
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Table 1 Particle size distribution of soil samples
AN TRPREZH (mm) & 1 43 LG /%

e WS

60~40 40~20 20~10  10~5 <5
giAKE LS 17.6 23.8 18.4 11.7 28.5
Rk SSI - — 26.3 19.4 543
WAk SS2 9.9 20.5 20.1 16.4 33.1
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N 0.28) HHAT T RE=H CD %, RAFEEEN
300 mm, A 600 mm, FEIJEN 600, 1 200.
1800 2400 kPa. XHATEL SS1 G 2.17 g/em?®,
FLBALE 0.35) #EAT T A =5 CD W%, WXk EA
J9 101 mm, &5 200 mm, % FH B 200 400,
800. 1200 kPa.

A U T, DR R b K P RS 4y X 3k
TEGL AL TSR I LR, A IMENL Ko R0 612
DRIk, RIS E4T T LS BHY Ko IR 4ait38F1 SS2 £HH
ST L EE AR IR o Ko 158 R AT K 2 1 A
(R L 7 S0 e A, 3R B4R 400 mm,
= ER 300 mm; 5577 bR ARG 7 KT =X
AT, mEGE RE RIS o/ os = 2.0,

2.1~2.4 FTHHT TR R L =4k CD ik
IGHhE UH AR K E-B A28, HHIZSE0HE
Ko B85 B 25N LR AR R ) - AR G &R, UH
LT R TR0 285 R 5 150 2 12 B-B B BYEAT R LG,
TE UH R ASOHR RN -+ 13

X E-B #AY, HBEHE IR TR, %
FEAI, ReNBEIREL, K Al n NPIRAS A R A 5%
RIS Z 4L, Ko 1 m V) ERARFR A SR 2
, o Fl Ap NAELLIMESRE S 4. X UH Bi8Y, 3t
G 10 NS MG FERESRN I, v NiEfate,
K N e-Inp “FIH P RIFRLZERLER, 1A e-Inp “FIH
WIEH E4EL (NCL) #HEZRR, eo AWIUHFLIR
Et, N 9 NCL ¥4k b p v 1 kPa B 5 B I FLFR EL
c NEEF1, ZWNCL E p A1 kPa It 5 A FLER
te, y NIGFCRESEL m NERBIKESEL, B
BB eo AMEHIIRIRESSHSL, Hp 9 NSy
Wi . ASCRH BT R e, R R R
SE PR A SR =4 CD WRIG N S1-RAE R R,



12 W St s, UH BB FE oks  5d A 1 B iE M 44 90 T A3 3875

THERE h 2 5 T th 20 R 22, AW R AR
MBH, R RRZE RN, FrifE fRItSH "o

o 600 kPa
o 1800kPa o 2400 kPa

——E-B A -=-<-UH 7%
A 1200kPa

BRI R Z R AT 2R B &0 e A R S5
W2 N3,

£

=

%2 RBERTH E-BHESH 6

Table 2 Duncan’s E-B model parameters of tested soils S

ke Re K n Ky m /) AP(°)

LS 0.77 530 0.56 364 0.16 52.27 6.77
SS1 0.74 485 0.70 659 0.31 55.03 7.26
SS2 0.81 831 0.41 450 0.16 59.20  12.60

3 RBLH UHEESH

Table 3 UH model parameters of tested soils

e M v K 2 ey N c/kPa Z X m

LS 192 021 0.070 0.150 0.34
SS1
SS2

1.86 0 057 087 0.1

1.55 027 0.020 0.050 035 080 0 048 047 05

1.73 0.17 0.049 0.098 028 095 0 039 072 0.1
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Fig.1 Comparison between triaxial CD test results and

model predictions
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Table 4 Duncan’s E-B model parameters of dam materials

MEL plgeem™) @/(°) A@p/(°) c/kPa Ry K n K, m

B ey ) 2.18 529 86 0 083 1155 049 456 025
R 225 522 73 0 081 1017 032 353 021
RIEE 217 512 7.8 0 0.74 1363 027 460 0.19

ikt
R

BHEE1 1.45 480 7.0 0 0.80 1100 034 360 0.32

221 304 0 96 0.79 402 044 204 042

BHEEI 1.31 469 65 0 0.77 1075 033 343 027

x5 IEME UH BESH

Table S UH model parameters of dam materials

Mk M v K A e N c/kPa Z X m

AR 1.700 0.11 0.05 0.169 0.236 1.887 269.2 0.567 0.28 0.25
WEE 1.699 020 0.05 0.192 0231 1.900 84.0 0.272 043 1.37
JRJEJZ 1700 0.19 0.02 0.100 0.236 1.155 113.3 0.462 0.23 0.11
if L

™ 1.487 040 0.01 0.100 0.240 1.170 72.1 0.593 0.44 0.55
LRz
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K5y 8 1 i 6 THARETG, HUH 6 7 41 5 T
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Fig.6 Three-dimensional finite element mesh of dam body

3.2 UH Ml E-B HEAIHMATHE &5 R
KRR 5 LT TDAD =454 FR o
XFRIAT IR THRE AR AE L OIUAM R
K H UH R 78 55 )2 ) E-B AR, @HUAA R
B ZH E-B B PRI R TR K
DUBERACPAIRE W3 6. AT LA H, UH R 5L )



3878 be) +

b 2020 4

BRI E-B AN, HAikE2 8 E-B AL
73.7%-

RIELI, KINPUBELI NI 1%~2%, i
RERE LG CHARNTTIAT ] 7K SRS 5 8 ) S B 1 LR AED
7E.0.25 DL RRO, Axer, E-B BRI SR (F
Bii)Z 50 m) 1) 1.3%, A 0.18, 1 UH
RIVTRELE N 0.9%, AifstEN 0.19, HIEA VL

®o6 RIMIMATFEMB LR
Table 6 Settlement and displacement of dam at completion
Wk b TR

70 =y e 11 o

R B KU /om KR fem Ul 171157 % /em
E-B 365.0 64.3/-58.1 49.1/-71.1
UH 269.1 51.5/-52.1 27.2/-44.8

e e R BRI R BV A SR A R .

B 7 REL 8 73 35 D e R B8 1 i KA e
UURE BB [ AL A S5 2 B o AL 7 AT H
VIR AR R IE AT AR, VIR R BCMEALT 1/3 Il
Kb BEIX I

(b) UH A

B7 RIHUIFESELE (B A: cm)
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Fig.11 Contour lines of stress level at completion(unit: MPa)



12

St s, UH BB FE oks  5d A 1 B iE M 44 90 T A3 3879

K10 S, ORE/NT N ) 2RO A 2 L
N NS RS R, Ho A BRI
B S XS PR, PR S AE R B

K11 SR, 3R T B R B GE KT R A
PR, L N 1K i K290 0.6 5 E-B BERIAALL,
UH BERAE Bz 1/2 WU &6 L i AL B
VAV SR TR
3.3 THELSR SIVA K HE L

NI DRAE R TSR AT, RS AE R
5 AR AT B 22 AT L

P 12 3 i A B RT3 R IXOR ] FL Ao
S (5 WY)D, SLASTH AT i d s AR
AN S [ A 2 8] AR T B, U A XCOR
AKEARVIEC (5 CHD, ]I HEA R I 2800 T

B

1.697.00 CINTF =S
-1 672.00

BRUTFCH
1K TR KR

[ ufir gt frpitwy 010__S0(m)

i=13%

o e I (N, - ————

<~ CH 85CH §7CH 88 CH 89 CH 90

J:i?zfz.lﬂ\l &0 A =1 545.00
CH'100 CH102 . _ 2 >
= \—h\—»—~—~+——l—%‘?f/g—l-—-——l——»—r~—2—0———‘—
H99 CH 101 CH 103 CH 105 CH 106 CH 107 CH 108
Jj.%u)zg‘\

W AREDMHES 0+330.00 WilH, ASCH CH YiREAGHAL T M, i
WY (i H SR BT 0+253.72 Wi, (HAE SR —8 i At

B2 kA E R

Fig.12 Plan of monitoring dam

Bl 13 H1, EHUSEAH T ORX WY LT
HHIEFE 1 468~1 536 m i [l 4440 i 45 s 2 Bl 28
CIFTE]) O ot NORHUASE 1 536 m =2, SR
Bt 22 25 LRI o B A R B 45 HE T PR AR AL 1)
THHEEE R, WTRUEH, BEEWUAIEST, ol &40 &
SERRIE N, SEAAE| 498 d (FFE 1636 m) B, K4
FIAH] 1192 mm. UH BRI Z5 5 SE{E RN
B, HARK S8, 498 d I E4EE 1 159 mm,
JNSZIME FK) 97.2%. 117 B-B AR50 25 5 0] L sz
fH AWK, 498 d i JEZE = 1 884 mm, ASEII{E R 1.58
£

B 14 S R PR TR I IE 5 T AR X
B, REAsER y NEEIUENZE (B 12 0z 5D BIKCPEE
2o B 14 B EUS A CH85~CH90 M i syt
Wi, RELRANSZLE Sy AN UH AEALFN B-B AR AL 7l
WA . v LAE H, fEHEA AR R A7 B (CH88~CH90)

2000 © SR 11667
E-B 4!
| 600 L === UH 1% 11637
—o— RIUHH 72 11607
£ g
£ 1200 | o i £
& P L
& <00 02" 11507 2
| i P
SPtas 11517 %
- o ,*
400 6,-* 4 1487
-
0 ! ! 1457
0 200 400 600
I} &)/d

B 13 X A T 4 B AR 2
Fig.13 Time-history curves of compressive deformation of
the core

3000
o HfEE
—— E-B##
< 2000 - - - UH f
£ T~
Um \\\
& CHB6 o ™~ JQ\CHS9
B o000k ®o  CH88 TS
CH85 CH87
O 1 1 J
0 100 200 300
y/m
(a) CH85~CH90
3000 o SR
—— E-B A
--=- UH %
£ 2000
£
i
&
=
= 1000 |
0 1 1 1 J
0 100 200 300 400

(b) CH99~CH108
e B SEE 51 B SCER22], PR IEIRIZ) 1 678 m B MR S0 o

B 14 TR AT RIE S TR E R
Fig.14 Comparison between monitored settlement and
predictions

SEMME SRR, HEEE y AR, DR E
Ny FEE BN . EX ST IR ) CHSS ~
CH87, SA 588 2 FHo, SHME MmN . &
& F, UH BRI RS Sei{E 8oL, E-B
FERILE 3 < 100 m B PTFFE K.

] 14(b) S BUS  CH99~CHI108 I s Szl it
B, HEZRANSZL 7o) UH AR E-B A5 1
MWME. 5K 142580, 7E CH103~108 Wl sl &,



3880 be) +

71

% 2020 4

SEIME B AR p BRI, BN PR Y
HTH AR . SR O R CH99~CH102 Wl s AL,
DURRBEABWA K Bk L, PR HER AT DL I
T Z AR A HE AR IR, {H E-B B2 IR 7E
SEUT A O35 PR B A R K

R B U R R TN 45 B AT IR, BINAH
SRS MEMNIRZE S, 43 e LA

§:|(Spred _Sreal)/sreal x100% (4)
3=Z5i /n (5)
TN e g A8,y 70990 D05 I S T e 1 U0 L H

TME: n XA A H -
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gE LR, mIh A  R A A I
[T EE, HE—3BIRAE 7 UH BERLE 7 300 TR S
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