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Applicability of Pseudostatic Analysis for the Seismic Design
of Temporary Retaining Structures in a Deep Excavation
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Abstract

A preliminary study is conducted to develop seismic design guidelines for temporary retaining structures in a deep
excavation. The study involved a comprehensive literature review of the seismic design standards applied domestically
and internationally, as well as various methods to calculate seismic earth pressure for pseudostatic analysis. The FLAC
2D, a two-dimensional finite difference analysis program, was utilized to perform pseudostatic analysis using the
Semirigid pressure method, Wood method, and Mononobe-Okabe method. The resulting analysis data for the wall moment
and axial force of the strut were compared with the dynamic analysis outcomes to evaluate the applicability of
pseudostatic analysis. The Semirigid pressure method predicted the most reasonable moment for Stiff walls experiencing
horizontal displacements up to 0.4%H. Predicting the axial force of the strut exactly was challenging because the
pseudostatic analysis cannot consider dynamic soil-structure interaction; however, it is deemed available for conservative

preliminary review to ensure safety.
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Table 1. Soils and rock properties for numerical analysis

Basic properties Static analysis Dynamic analysis
Unit weight Friction E K G Ed Kd Gd Vs
(kN/m?°) (deg) (Mpa) (Mpa) (Mpa) (Mpa) (Mpa) (Mpa) (m/s)
Loose sand 1,700 25 20.0 222 74 148.7 165.2 55.1 180.0
Dense sand 1,900 30 60.0 58.8 226 454.9 4459 171.0 300.0
Rock 2,500 37 4,000.0 2,469.1 1,626.0 6,150.0 3796.3 2,500.0 1,000.0
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Moment —6.83E+05 —7.66E+05 —777E+05 —7.45E+05 —7.84E+05 —6.74E+05
Case 1-2 (N - m/m)
(Dense sand) Ratio
& 112.1% 113.8% 109.2% 114.8% 98.7%
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Moment Diagram for Design (N-m)
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Table 3. Maximum bending moment along to the wall (Case 2, 3)

Static Time domain analysis (B) Pseudo static analysis (B)
(A Kobe Northridge Semirigid Wood M-0
Moment 3.12E+05 3.74E+05 3.92E405 3.85E+05 417E+05 3.30E+05
Case 2 (N - m/m)
(Shallow rock) Ratio
119.9% 125.8% 123.5% 133.6% 105.8%
(B/A)
Morment —291E+05 ~3.18E+05 ~3.28E+05 —3.26E+05 —3.35E405 —2.95E+05
Case 3 (N - m/m)
Deep rock i
(Deep rock) Ratio 109.3% 112.6% 111.9% 114.9% 101.3%
(B/A)
Moment Diagram for Design (N-m) Moment Diagram for Design (N-m) Moment Diagram for Design (N-m)
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Fig. 8. Max. moment for design (Case 2)
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Moment Diagram for Design (N-m)
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Fig. 9. Max. moment for design (Case 3)
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Max. Axial force for Design (N)
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Fig. 10. Max. axial force for strut design (Kobe earthquake)
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Table 4. Comparison

of axial force in time—domain and pseudo static

analysis (Case 1)

Static Time—domain analysis (B) Pseudo static analysis (B)
St A Kobe Northridge Semirigid Wood M-0
Force Force (kN) Ratio Force Ratio Force Ratio Force Ratio Force Ratio
(kN) (B/A) (kN) (B/A) (kN) (B/A) (kN) (B/A) (kN) (B/A)
Strut 2 552 588 106% 602 109% 738 134% 800 145% 666 121%
Case 1-1 | Strut 3 780 823 105% 854 109% 980 126% 1047 134% 893 114%
Strut 4 925 989 107% 1027 111% 1129 122% 1196 129% 1030 111%
Strut 5 118 1218 109% 1259 113% 1326 119% 1394 125% 1214 109%
Strut 6 1285 1457 113% 1503 17% 1515 118% 1591 124% 1380 107%
Strut 7 1220 1495 123% 1612 132% 1512 124% 1609 132% 1331 109%
Strut 8 454 872 192% 1091 240% 863 190% 1002 221% 608 134%
Strut 2 457 504 110% 518 113% 597 131% 653 143% 539 118%
Strut 3 688 725 105% 738 107% 836 121% 901 131% 767 M%
Strut 4 842 870 103% 881 105% 994 118% 1067 127% 914 108%
Case 1-2 | Strut 5 981 1009 103% 1017 104% 1139 116% 1220 124% 1043 106%
Strut 6 1060 110 105% 1121 106% 1230 116% 1318 124% 1114 105%
Strut 7 927 1023 110% 1049 113% 1108 120% 1200 129% 974 105%
Strut 8 328 486 148% 539 164% 511 156% 599 183% 3N 113%
Table 5. Comparison of axial force in time—domain and pseudo static analysis (Case 2,3)
Static Time—domain analysis (B) Pseudo static analysis (B)
St (A Kobe Northridge Semirigid Wood M-0
Force Force Ratio Force Ratio Force Ratio Force Ratio Force Ratio
(kN) (kN) (B/A) (kN) (B/A) (kN) (B/A) (kN) (B/A) (kN) (B/A)
Strut 1 224 254 114% 274 122% 301 135% 349 156% 267 119%
Strut 2 390 423 108% 445 114% 486 124% 534 137% 435 111%
Case 2 't 3| 402 436 | 108% | 459 114% 506 126% 554 138% 444 110%
Strut 4 352 390 111% 413 117% 456 130% 503 143% 389 110%
Strut 5 382 429 112% 450 118% 482 126% 527 138% 414 108%
Strut 6 538 593 110% 610 113% 630 117% 671 125% 565 105%
Strut 7 381 423 111% 431 113% 449 118% 478 126% 400 105%
Strut 8 79 95 120% 98 123% 104 131% 15 144% 86 108%
Strut 1 238 258 109% 270 113% 306 129% 347 146% 280 118%
Strut 2 401 422 105% 433 108% 486 121% 530 132% 445 111%
Strut 3 413 433 105% 444 108% 505 122% 548 133% 454 110%
Strut 4 377 394 105% 405 108% 464 123% 504 134% 410 109%
Case 3 Strut 5 453 467 103% 478 105% 527 116% 561 124% ar7 105%
Strut 6 704 716 102% 724 103% 755 107% 783 111% 716 102%
Strut 7 675 685 101% 691 102% 698 103% " 106% 678 100%
Strut 8 354 360 102% 360 102% 358 101% 359 101% 355 100%
Strut 9 197 202 102% 202 102% 199 101% 198 100% 198 100%
Strut 10 76 80 104% 80 105% Ve 101% Vs 101% Vs 101%
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