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Analysis of Soil Pressure and Structure Optimization of
Unloading Retaining Wall by Finite Element Method
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(Guangxi Key Laboratory of Geo-Mechanics and Geo-Technical Engineering.,

Guilin University of Technology, Guilin 541004, China)

Abstract; The finite element method is used to analyze the soil pressure distribution of unloading retaining
wall, considering the influence of soil deformation, displacement, soil-wall interaction and so on. Taking the
length and position of unloading plate as optimization parameters, the structural design is optimized. The re-
sults show that the finite element calculation results of soil pressure are close to those of the traditional theory.
but the distribution graph is a curve, which is different from that of the traditional one. When the soil reaches
the ultimate state, the earth pressure increases. With the increase of unloading plate width, the soil pressure
behind the wall decreases, but the change of position has little effect on the soil pressure. The optimal width of
unloading plate is 0. 3 times of the height of wall, and the optimal location is 0. 5 times of the height of wall
from the bottom.
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ficient; effective anti-overturning coefficient

Ao Al X e i 0 A R A AR A Ty RIS E T S T S e A et e X
Z— o W T A AR E MRS I s B )T b TN L T 5 AR B e i T R AR S AR A
TER B KA T8 s TR AR B0 Iz A T B S B O 1 R S8 S A 4 D A R B 1 R S R Al

KRB 2018-09-07
BEMESE: W QT7T) 5 BIE 2 A S B 3 5 T TR SOH A A SMREAY BF 9 . E-mail: bbsz2004 @ 163.
com.

EEWEB: EZRAKRFLSTIIH (51768015)




41 W A I P A R TR A BROT AT K S5 R L1 57

oK — 2 PRIXE. B 5 X T S R 58 1 B O R 1 S B L R B KR B RS A5 B g T O RS IS B
F 35575 1 - B R T B B8 A B L AR BRARAF T RN A A R O A G —. HOR AR ST iR 1
FERE 1 8l AR R WA A28 8 ARSI A% | b 5 A A A R e e T AT R S 5 S £
FE 3 9 B 45 R A A 22 e 00 B S5 ) P 8 o B 5 AR Xl A6 4 5 A Y A 8 A U8 43T R B
T Ty RSN e ] DR AT 340 A R R L K SR SR 4 5% T g A% RS R g ) i
TR 7 N B S s T A S Sk /N LR R R A R B B A BR T T ik A S o U A N A
POAETT R L AR R B I g AR AL R S AR A AT P 3R 5 TR AT B XA BT B 0 )
i R4 8% 10 £ R g 43 A R T A BROT T i 43 T AS (] A AR K BE BT KPR g 4 A A5 BB
A AT AR B A G0 T S A K b T I e A o AE %A BROTA B R 2B R A AR AR R AR i
AT R 27 R A BROCTT 3R IT R 1 AR L A BIF S A 3R A% — S8 R (HATS A 52 36 A SCHE 20 M BUAT 30 4
PHtE A Iy TS 5 1 W R Al b A BROT IS I A TR T3 A R iR 2 2 s A T T R A UL )
B o 35 BUA 7 kT A5 R AT X LA VA 5 LS AR BE AL O A 2 L i AR A A 2 B
A7 W2 88 T 0 20 A1 Y R I R B A R T AR RO A AT B AR R O AT AT A& K A AR
AR B 25 R DA DA ) 2 1 5 BEAT AR I A B3

1 HEEETENRRITETESN

L1 MEHERZE
H AT 2B KR A B A3 0 45 7 S A =R B R ) B TSR 5 k. TB 10025 — 20064 2 #%
S S EAch /% WU 1< B <o | R T /= Vi = w A SO 2 < A0 7S N 1 e sUS WA  [1& Y LR B e
W R 28 R s ) 23008 Bt . AR Bk TE AR K R R It H g 8 AR 1Y B 9 L
RN EEGRZ M LR AT S LIRS Sk LR Z E . — O B8 BRI 1. 27 ~1. 43, F 5§
TR A P e/ PR R JLSE N E S PR (A 25 L O AT R BB R R R R R
WITREAE M 1.4 %, T8 sy s BE R AR 70 A A AL 8 Dy TR S Y 1/2 Ab.
(O B H RSB R & 1T BT 7 5, 7T 2 2% 5 8 2P 3% + 6 3153 R A 55 07
S BR R AR B2, 28 BE S B B AR AE R AT 5 B VR R iR
E, = Wcos(l; + @) /sin[ (a; + ) + (0 + ¢) ]+
E, = W,cos(8, + ¢) /sin(6, +g0+62az)AE,l 0
AE = R;sin(0, —0,)/sin(0; + ¢+ 8, —az)
R, = E cos(a; +81)/cos(f, + ¢). (
XOFELE, 05008 bR R T1 W Wy 435008 bR RSB IR 750, Ry bR — B
0, N T SRR s 0 BRSSO 500 e SN BV EREE UM s Ry Oy BRSO B AR )56
& 3 bR SRR R A s o I RN EE A
SL 379—2007¢ /K T4 ERE BT R g5 7 5 i 20ps £ 0% R 33 O ik O R Y
e N R CEL ) IR SE b A TR B4 17 8 yhy g 230030 5K TR 0 o 5 58 B R A A
15°— /2 MRMERAGH E TR, B+ (ELO M T8+ K H1 (ED a0 58

Eo = G+ 570 DK, 1
] ] ] - (2)
E.,= {?thz TL?[Zth +vhy ] hy +?(7h2 + vy +q+yH)(H—h —h; —hy) } K, [

XK, HESTIE S RZEL K, =tan® (45" —¢/2) shy JAFHE G UL BR800 B sk, e 53 50 0

AT AR BRI b =+ tan oy = el = e H O3 B A G

EE 0 M E AR, b el W& TS A A R RS R T O s AT £ R
1.2 HfitEFZ*
o7 P4 8% 4 )52 2 FE )2 3 B O LR TR TR A T B vk T 6 e 1 B R 8 L A EE K T

http: // www. hdxb. hqu. edu. cn



o8 A R e Al CA R B 2R O 2019 4E

PSR 28T BUR @ MRS IRAE T ok 2 B O T S s ) BRI Sy G AR e 2 1) D O =
FATE s £ RUA S5 B T PRAR b ) B Ay o A AR R D 1) s ) S P AT DU T 5 B 0 K 1R 4 A L R
A AR ALK S TR 8 b g A3 A 2 VA AR T BE AR 2 B e SR TR LA S IR L AR A O AN e A
BIBT + b R 3 435 BB R WA = A8 5 g B i i A T 0 T B3 L DA Sy B0 A i 748 459 47 7 28
yho X R G LR A BRSO R SERE N L i SOK e M O 457+ o/ 2 R 2 AL i 3T S FE
LIRS EREER yhy K L/ (LA+-20) s G5 T7 A0 L 15 7 38 BEW/0N o T30 10 b TR 7 0/

Zia LA BB VRS 5 i S T B AN G —, BB B Bk TAR R G R B K
AT LA | 5 0 A AR LA P A DR R DR DR A R OT T 1 4 TS A 4D AR P R R TR

LR Ak 2 A+
2 ETERTEHEHEELENSH 1o B
y 10 piss il
2.1 ERTHHEEHRSY 2 :
Bi S ANSYS P37 47 BRI BB B SRS R 45 10 0] : :
ERW U CREEFEER o Ny S F S R PR R AR
BT 10 ms TUSE 2 ms b FRERE 4.5 ms AR B 7E 0 : :
S L 5 1 m, 55 3 m. 1 A BR TR R i R4 G s m)
PR bR R R 8 A 0 O Fig 1 Finite element model

and meshing (unit: m)

(PLANE 82) , FiICAT Jy 4% °F- 11 I 7% [ 50 2% & 44 1 5%
F B L TRPE A B 3% J5 3 - M BER F Drucker-Prager SRS PERIRL 3 S 80N 3R 1 R, £ 1
Yy RERE e WEIR I 5o NWNEEEA  E TR p IARA H s /452 Ml B 452 R 0

F 1A BT Y S

Tab.1 Physical parameters of finite element model
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Fig. 3 Horizontal stress diagram Fig.4 Plastic strain diagram in ultimate
without unloading plate state without unloading plate
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Fig. 5 Distribution diagram of horizontal soil pressure stress on wall back without unloading plate
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Fig. 9 Plastic strain diagram with unloading plate
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Fig. 10 Distribution diagram of horizontal soil pressure stress on wall back with unloading plate
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Fig. 11 Distribution diagram of soil pressure stress with different width of unloading plate
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Tab. 2 Effect of width of unloading plate on stability of retaining wall
b/H E,/kN E,/kN L /m L, /m G, /kN G, /kN l,/m l,/m
0.1 38. 28 163. 39 5.93 1.92 116.12 25.00 2.48 2.50
0.2 38. 84 158. 32 6. 08 1.79 200. 37 50. 00 3.04 3.00
0.3 53. 15 152. 34 6. 44 1.77 267. 81 75.00 3.58 3.50
0.4 66. 88 131.13 6.79 1. 85 332.32 100. 00 4. 06 4. 00
0.5 70. 83 116. 20 6.92 1.83 401. 80 125. 00 4,53 4. 50
0.6 70. 82 110. 96 6.94 1.83 473.98 150. 00 4.99 5.00
b/H DIE/KN  Mg/kNem > G/kN  M,/kN+m ks ke M,/kN +m  ky/M,
0.1 201. 67 540. 63 141.12 350. 71 0.65 0. 28 58. 06 0.004 821
0.2 197.17 518. 84 250. 37 758. 67 1.46 0.51 200. 37 0.002 535
0.3 205. 49 612.52 342.81 1221.13 1.99 0.67 401. 71 0.001 661
0.4 198. 02 696. 35 432. 32 1 749. 00 2.51 0. 87 664. 64 0.001 314
0.5 187.03 702.61 526. 80 2 381.23 3.39 1.13 1 004. 50 0.001 122
0.6 181.78 694. 50 623.98 3 115.77 4.49 1. 37 1421.94 0. 000 966
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Tab. 3 Effect of height of unloading plate on stability of retaining wall

b/H E,/kN E./kN li/m l;/m G./kN G, /kN l,/m l,/m
0.65 2.73 221.98 7.66 2.48 168. 00 75 3.80 3.50
0. 60 9. 62 208. 04 7.38 2.28 197. 40 75 3.75 3. 50
0.55 20.71 191. 54 7.06 2.11 220.57 75 3. 67 3.50
0.50 35. 42 171. 88 6. 74 1.93 247.05 75 3.63 3.50
0. 45 53.03 152. 00 6. 44 1.77 270. 32 75 3.59 3.50
0.40 73. 40 132. 50 6.18 1.61 293.12 75 3.57 3.50
0.35 92. 68 110. 40 5.87 1.41 315. 93 75 3.57 3.50
0.33 112.54 88.55 5.56 1.17 337.81 75 3.56 3.50
0.25 133.04 68. 97 5. 26 0.97 359. 21 75 3.56 3.50

b/H DIE/KN  My/kNem  >'G/kN  M,/kN+m koo ke M,/kN * m
0.65 224.71 571. 41 243.00 901. 47 1.58 0.43 252.00
0. 60 217.66 546. 10 272.40 1002.51 1. 84 0.50 296. 11
0.55 212.25 5561.11 295.57 1071.28 1. 94 0.56 330. 85
0.50 207. 30 570.73 322.05 1158.19 2.03 0.62 370.57
0.45 205. 04 611.21 345. 32 1 233. 67 2.02 0. 67 401. 71
0. 40 205. 89 667.58 368.12 1 309. 88 1. 96 0.72 439. 68
0.35 203. 08 699. 65 390. 93 1389, 42 1.99 0.77 473.89
0.33 201. 09 730. 25 412.81 1 465. 31 2.01 0.82 506. 71
0.25 202. 01 766. 07 134,21 1 542. 74 2.01 0. 86 538. 81
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