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Prediction of primary lining loads for soft ground
tunnels based on case studies
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Abstract

Prediction of lining loads is one of the key issues to be addressed in the design of a tunnel, The
validity of the existing design methods is reviewed by comparing the loads calculated using the
methods with the field measurements obtained from several tunnels in Edmonton, carada, However,
the existing methods are determined not to be fully satisfactory for the prediction of primary lining
loads, To account for the stress reduction occurring prior to lining installation, the stress reduction
factor is used coupled with an analytical solution for calculation of lining loads, Typical values of
dimensionless load factors nD/H for tunnels in Edmonton are obtained from parametric analyses
and presented in a table, The loads calculated using the proposed method are compared with field
measurements collected from tunnels in Edmonton to verify the method, The method can be used
for other tunnels if the tunnels are built in stiff or dense soils, where good ground control is
accomplished during the tunnel construction,

Keywords: Lining loads, soft ground tunnel, stress reduction
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9] ringd} plate 2 (Peck et al., 1972; Muir
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A}, ofl=FE Al Zﬂ’gﬂ EdEo] A2, BE &
A, ASEI 5L F 13} Lok, ASAe] st
1. oI=2H BES5e| Uxiztoldol| &8sz 5t5
H 4 = At PNES Zol* (z) |=Z&* (D)|2to|dEAl| P(kPa) n A S
A.Northeast Line TBM Till 10.2 6.1 R&L 169 13 Strain gauges
(elec.resis.type)
B.LRT—-South TBM Till 1.8 6.2 R&L | 52-64 |0.40-0.49| L02d cells
Extension (vibr wire type)
SLRT—Phasell
C.(Section B2) TBM Till 15.8 6.3 R&L 105 0.79 Load cells
D.(Section C2) NATM Till 97 6.3 S&R 89.37 0.68 Flat jack tests
E.(Section A1) TBM Sand 17.2 6.3 R&L 46 0.35 Load cells
F.Whitemud Creek | TBM Clay 472 6.05 R&L 140 1.10 Deformation
Shale mea,
G.170th Street TBM Til 20 2.56 R&L 188 3.50 Lagging
deflection
Experimental Tunnel
H.(Section 1) TBM Till 27 2.56 R&L 103 1,92 Strain gauges
I.(Section 2) TBM Till 27 2.56 PSL 219.6 4.08 Strain gauges
J.(Section 3) TBM Till 24 2.56 PSL 135-156 | 2.50—2.91 Load cells
Banks of North
Saskachewan River
K.(Section 1) TBM Till 13.7 3.2 R&L 26.9 0.40 Load cells
L.(Section 2) TBM Till 13.7 3.2 R&L 14,2 0.21 Load cells
M.(Section 4) TBM Sand 16.7 3.2 R&L 259.85 3.87 Load cells
Notes: R&L=Rib and Lagging; S&R=Shotcrete and Rib; PSL=Precast Segmented Lining (*ct2]: m)
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(3<z/D<9)
o & Support Delay Length/Tunnel Diameter
o
¢ 0 0.1 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0<
20 0.225 | 0,296 | 0.351 | 0.375 | 0.381 | 0,394 | 0,405 | 0.410 | 0.414 | 0.418 | 0.423 | 0.427
0.6 30 0.268 | 0.379 | 0.466 | 0.504 | 0.514 | 0.535 | 0.554 | 0.561 | 0.568 | 0.575 | 0.582 | 0.589
40 0.275 | 0.409 | 0.527 | 0.579 | 0.594 | 0,622 | 0.650 | 0.660 | 0.670 | 0.680 | 0.689 | 0.699
20 0.241 | 0,325 | 0.391 | 0,418 | 0.426 | 0,440 | 0,453 | 0,458 | 0,462 | 0.467 | 0.471 | 0.475
0.8 30 0.255 | 0.361 | 0,448 | 0.487 | 0.497 | 0.518 | 0.537 | 0.544 | 0,551 | 0.558 | 0.565 | 0.572
40 0.259 | 0.375 | 0,478 | 0.525 | 0.538 | 0,564 | 0.589 | 0,598 | 0.608 | 0.617 | 0,626 | 0.635
20 0.215 | 0,285 | 0.341 | 0.365 | 0,372 | 0.384 | 0.396 | 0.400 | 0.404 | 0,409 | 0.413 | 0.417
1.0 30 0.229 | 0.314 | 0.388 | 0.422 | 0,432 | 0.450 | 0.468 | 0.475 | 0,482 | 0.488 | 0.495 | 0.501
40 0.237 | 0,329 | 0,414 | 0,454 | 0.465 | 0,488 | 0,510 | 0.519 | 0.528 | 0,536 | 0.545 | 0,553
L+ (-2 )t P (1" 3). 1% 3| o5, 71&9] S 2841 3¢
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(*etel: m)
Common TBM NATM
Variables Rib & Lagging Segmented Lining Shotcrets Shotcrets & Steel Ribs
Rib Lining Shotcret Shotcret Rib
*
H/D R X/D Spacing* X/D Thick.* X/D Thick.* X/D Thick.* | Spacing*
3 1 1 1 1 0.1 0.6 0.1 0.6 0.1 1
6 2 2 1,22 2 0.15 1.0 0.2 1.0 0.2 1.5
3 1.5 0.2 0.3
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Ef'20llM A& nD/H

(a) AERHH B2 (D < 4m)

TBM NATM
Rib & Lagging Segmented Lining Shotcrets Shotcrets & Rib
Till 0.309 0.341 0.358 0.360
Sand 0.446 0.480 0.490 0.491
Claystone 0.474 0.557 0.542 0.546
(b) CHEtH E{E (D = 4m)
TBM NATM
Rib & Lagging Segmented Lining Shotcrets Shotcrets & Rib
Till 0.251 0.328 0.327 0.331
Sand 0.381 0.467 0.458 0.462
Claystone 0.350 0.523 0.470 0.478
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