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The optimal design of soldier pile system in deep excavation
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Abstract Timoshenko beam elements and linear torsional elements are adopted for the ring beam nonlinear FEM based on Winkler model is used

for the soldier pile then the effect of ring beam is analyzed under the continuous deformation condition. The optimal design parameters are the po-

sition of struts the depth of every excavation step as well as the size of ring beam which are solved by the complex method based on the mini-

mum pile deformation and optimization strategy presented in the paper. An integrate optimal system is formulated in this paper.

Key words soldier pile system the ring beam the construction procedure the complex method the optimal design

M;
Ui=U; E; T; M; =Ug - 31[t/'mT; - S%MLL‘ML' 1
0;=0; E; T, M; =0g - S%TiiTi - %MiiMi 2
! Ug Og
3.‘%1‘ 5?%‘
SPM‘L‘ S%Mii
2
2
n
T T, T, M, M, M,
3 2

i

U = 2505, 3
j=1
0, = > %M, 4
j=1
L n i
l Ui
* 98 - 14
0, E; T; 2000 - 08 - 27



method

)

U, = 0Ty = Oy = 25 04T,
j=1

O = ObmiTs — OpM; = 2 T,

j=1

AT + BM
CM + DT

U

0

B

T= D-CB'A "' 9-CB~'U
M=B 'U-B 'AT

78

T

M

0]

D

complex

56

10

b/h<6

b= 1.0~2.0d
0.15

145

bxh
0.1d h= 0.3~1.0 b



5.2

146 2001

M< lhy-hy =12 17
Cmins h(’ i+1 hcis Cmax i=12 n 18
A:;Shpi—hpi,] 1=12 n 19
|H. - he; <E, i=n+1 20
5.1 A oMYV
A 3 N
h, h. hg E;
: 0.2 m
A ky,
? ox Kv0_E AR 2o
mi, K | e ﬁﬂ‘gfﬂd
2P | reoEm -
3 Rz K2 T
B2 o |
- J'céwp_z Yoo W Eg My < | =
kﬂ" Kr
+E3 -
ALEE YUYV
Refne 1y 1
D dus 24 ~| 3
n 2n +1 - v O E Tl
1 2 ‘
Cmin Cmax
1
4 m Al
Fig.1 The optimal calculation of construction
5.3
A%
3m
4 m
2 3
18
Cmin Cmax
0 =0.14%H,
3
0. M V
mind; j=2n+1 11 1
maxo; < 6 1=12 2n+1 12 1
maxM; < M =12 2n+1 13
maxV,< V i=12 2n+1 14 2
maxNy;< N;  i=12 nj=12 2n +1 3 ~7
15 3
h‘pi + A] < h(‘,i 1=12 n 16



2 147
4 9
5 p M
VNT A
6 2 ~ 5 9
0 = 0.3%H,6 = 28.8
mm A =0.0m Ay =3.0m N =720
I ~ 7 kKN M =1400~ 1600 kN m V =800~ 1000 kN
2 1 Coin =2.0m C, =50m
9 2 Coin =4.0m C
=6.0m
I ~ 8
3 1
=1.0d h =0.3b 1
10 2 b=1.0d h =0.3b 3
1 ~ 10 1 2
5
1
Table 1  The calculated output of different ring beam section before optimization
b/d  h/b A, M,/ kN- m V,/kN N, N, M/ KN m V,/kN T,/ kN- m
/107 m? /kN /kN
1.0 0.3 1.108 788 661 561 491 652 506 234 379 141 80 21 0.5
1.0 0.4 1.098 787 655 561 488 651 505 282 499 171 112 36 0.2
1.0 0.5 1.084 785 647 563 485 648 504 329 614 201 142 52 0.1
1.1 0.3 1.098 787 654 561 488 651 505 301 545 173 116 29 0.2
1.1 0.4 1.075 786 642 565 483 647 504 366 710 213 157 48 0.2
2
Table 2 The calculated output of different ring beam section after optimization
b/d  h/b A, M,/ kN- m V,/kN N, N, M/ kN- m V,/kN 7,/ kN- m
/ 107 m? /kN /KN
1.0 0.3 0.649 879 1281 649 372 543 515 214 103 128 16 26 3.9
1.0 0.4 0.645 873 1298 651 370 543 515 256 149 155 30 44 6.6
1.0 0.5 0.637 870 1311 653 368 542 514 298 193 181 43 63 9.5
1.1 0.3 0.644 872 1295 650 369 543 515 272 157 156 30 35 4.8
1.1 0.4 0.631 870 1315 653 367 541 513 332 219 192 46 59 8.0
3
Table 3 The calculated output of the optimal construction and soldier pile with and without ring beam
P A, M,/ kN- m V,/kN N, Ny hg  he  hs  hy o hyp
/mm /107 'm? /kN /kN /m /m /m /m /m
21.03 1.60 591 1085 550 561 697 540 2.6 6.6 9.6 2.0 6.0
1b 8.09 0.64 927 1352 693 372 543 508 2.2 5.0 9.6 0.0 3.2
1 17.71 0.95 1395 912 562 486 547 574 2.2 5.0 9.6 0.2 3.2
2b 16.45 2.42 1231 957 701 492 936 — 4.2 9.6 — 2.8 —
2 37.27 4.14 1031 1863 710 528 999 — 4.2 9.6 — 2.8 —
1b 2b b=1.0d h =0.3b 12
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4
Table 4 The comparison of ring beam effect obtained from load and stiffness method
M,/ kN- m V,/kN
§/mm A/ 107'n? ! . N,/kN N,/kN
10.5 1.23 811 722 565 509 666 508
9.2 1.11 788 661 561 491 652 506
88% 90% 97% 92% 99% 97% 98% 9%
5
Table 5 The comparison of ring beam effect with variable pit length
) A, M,/ kN- m V,/kN N, N, M,/ kN- m Vi/kN T,/ kN- m
/ /mm /107 /KN /kN
30 8.99 1.077 783 643 562 483 644 504 256 385 141 82 26 0.5
35 9.35 1.112 788 664 560 491 652 506 251 382 141 81 16 0.1
40 9.16 1.108 788 661 561 491 652 506 234 379 141 80 22 0.5
45 9.26 1.119 790 667 561 493 655 506 234 379 141 79 27 0.1
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