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Fig. 2 Measuring point

of internal force

TUUEM 12% ~16% ;4) CRD4 ,CRD5 1 CRD6 B9 42 %) CRD1 $ET5 T 17T (4 52 1 7 17 ) /).
2 AT 1) CRDA [y JF 42 6 A S5 HE TR U0 0 52 i de R, He B (i o e R BE TR DU 0 51 % ~

62%0;2) CRDS [y P24 CRD4 HETHUR L1 3%
FF4Z X CRD4 HETUF YL M 5 CRD4 e ZHETIUTF WU(H 19 14 %6 ~23%.
# 1 HFIHZSIER CRDT #ETHF ik

Tab. 1 Subsidence of CRDI caused by excavation of each step

5 CRD4 f & HETH R BUE B 20% ~27%33) CRD6

o o 7/ %%
ML CRDI CRD2 CRD3 CRDA CRD5 CRD6 Aur/mm
Wi A 1 41.2 19.2 12.7 15.9 6.2 4.8 50.7
W7 T 2 38.7 15.7 12.2 15. 2 8.7 9.5 48.7
b7 18 3 37.5 16.3 14.8 15.6 9.5 6.3 46,2
Wt T 4 41.4 14.9 12.2 12.5 10. 1 8.9 45.9
Wi 1 5 39.8 15.9 13.8 15.3 7.6 5.6 51.5
Wi i 6 37.1 19.5 16.1 14.5 7.3 5.5 55.4
Wt 1 7 40.3 19.1 14.6 12.8 5.9 7.3 61.0
W 17 8 39.1 19.7 16.0 13.3 8.3 4.6 47.6
W 17 9 35.8 17.1 13.0 16. 4 9.9 7.8 54.1
Wi A 10 39.6 20.2 13.7 11.9 6.1 8.5 58.9
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Tab. 2 Subsidence of CRD4 caused by excavation of each step
e fs 7/ %

gL CRDI CRD2 CRD3 CRDA CRD5 CRD6 A/ mm
Wi A 1 — - — 55. 1 24.4 20.5 31.9
W 1 2 - — - 51.9 24.7 23.4 26. 1
W T 3 - - - 53.2 24.1 22.7 30. 6
Wr i 4 - - — 59. 4 20.9 19.7 33.7
Wi 1 5 — — - 57.3 22.6 20. 1 37.2
T 17 6 - - - 62.1 23.6 14.3 41.5
W 1 7 - - - 54,9 23.9 21.2 33.9
W7 1A 8 — — - 59,4 21.3 19.3 38.2
Wt 18 9 - - - 55.6 22.9 21.5 10.5
Wi i 10 - - - 51.7 27.0 21.3 41.4
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Tab.3 Measured values of structural internal forces

", CRD1 43 CRD2 i3 CRD3 ##2 CRDA 5 CRD5 43 CRD6 F43
" F/KN M/kN «m F/kN M/kN + m F/kN M/kN +m F/kN M/kN+m F/kN M/kN+m F/kN M/kN * m
1 —267 —13.6 —373 —21.8 —414 —37.2 —462 —48.6 —539 —57.2 —557 —64.3
2 —212 3.7 —305 —6.1 —367 —14.3 —443 —25.5 —491 —36.7 —531 —43.3
3 — — —279  —8.3 —316 9.4  —407 39.7  —499 11.9  —576 52.6
1 — — —271 2.1 —329 5.9 —389 12.3  —465 7.2 —562 13.4
5 — — — — —322 —8.7 — 396 —27.9 — 486 —33.4 —577 —61.7
6 — — — — —309 —2.6 —391 10.5 —473 5.8 —559 8.7
7 — — — — — — —119 —33.8 —486 —44.7 —561 —54.5
8 — — — — — — — — —501 —6.8 —557 31.9
9 — — — — — — — — — — —572  —48.4
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Fig. 3 Excavation steps
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Tab. 4 Calculation parameters

24 TR E/MPa 7 7/kN e m™* C/MPa ¢/ (%) h/m

W LR + )2 8.3 0.45 17.6 4.95 34 4.57

EAW e o= 10.7 0.45 19.1 5.37 29 10. 43
B o 1] X 5.1 0. 20 19.1 — 29 —
FIR Al 34.5 0.17 23.0 — — —
I B < 4 34.5 0.19 23.0 — — —
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Tab.5 Numerical simulation results of structural internal forces
| CRD1 J 4% CRD2 J4% CRD3 J4% CRD4 4% CRD5 J 9% CRD6 JF 4%
" F/kN M/kN+m F/kN M/kN+m F/kN M/kN+m F/kN M/kN+m F/kN M/kN+m F/kN M/kN

2

1 —208 —15.8 —326 —26.7 —393 —38.3 —453 —44,9 — 487 —52.8 —496 —53.5
2 — 207 5.3 —319 —7.9 —379 —19.1 —426 —27.2 — 455 —33.9 — 497 —38.1
3 — — —288 —8.9 — 349 9.9 —401 31.7 —459 40.7 —503 51.3
4 — — —211 2.7 — 265 7.2 —324 7.4 —391 11.9 —473 12. 8
5 — — — — — 287 —9.4 —350 —29.1 —433 —35.2 —507 —43.1
6 — — — — — 264 —3.8 —337 2.6 —411 5.3 —498 9.3
7 — — — — — — —368 —34.1 —432 —45.6 —491 —55.2
8 — - — — — — - — —461  —7.9 —475 28.7
9 — - — - — — - — - —479  —50.1
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Study of Subsidence and Structural Internal Force of
Tunnel Excavation in Red Clay by CRD Method

ZHANG Ding-bang', ZHU Jin-feng®

(1. School of Civil Engineering, Hubei Polytechnic University, Huangshi 435003, China;
2. Zibo City Highway Adinistration Bureau, Zibo 255038, China)

Abstract: A double-track railway tunnel in laterite was constructed by center cross diaphragm (CRD) method. Based on
both the tested in-situ data and numerical results by ANSYS software, the variation of vault subsidence, bending moment
and axial force during the excavation was studied. The results show that the vault settlement caused by excavation section
1 is about 36 % of whole subsidence, and the axial force caused by excavation section 1 is about 42% ~49% of the final
axial force, the vaults subsidence increases and converges finally with time. During excavation, the axial force increases
nonlinearly.

Keywords: center cross diagram method; vault subsidence; laterite; axial force; bending moment
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