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A Study on the Quantitative Evaluation of the Load Distribution Factors

Considering the Design Conditions of Tunnel
— Especially for the Ring-cut Excavation Method —
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Abstract

2-D numerical methods have been applied to analyze the stability of tunnels because of
computation efficiency. though the ground around the tunnel under construction shows 3-D
deformational behaviour due to the transverse and longitudinal arching effects. Load distribution
factors are introduced to the 2-D analysis for the consideration of the effects of the tunnel
advance in three dimensions. The load distribution factors influence significantly the ground
deformation and the load of primary supports like shotcrete and rockbolts. According te the
previcus studies for 3-I0 numerical studies, it was shown that load distribution factors were
heavily dependent on the ground deformational properties, tunnel size and the advance length of a
tunnel. However, as the quantitative methods evaluating the factors have not been presented vet,
constant values have been assigned to the factors for Z-D analysis even if the conditions for
tunnel design are different. Accordingly, this paper presents the method to evaluate quantitatively
the load distribution factors through the regression analysis of 3-D analysis data on 72 design
cases. Also, new meodification to the load distribution factors are suggested for the ring-cut
excavation method because the conventional 2-D analysis is not able to consider the support

effects of the core left on the tunnel face.
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(d) Group 4 {T=15cm, L=2.50m}

{a) Group 1 {T=10cm, L=1.25m)

CASE| « 8 r | Variation ]
1| a9% | 41% | 20% |E=16X10' t/m’ D =6m
2 | 38% | 34% | 28% |E=16x10' t/w, D =Ym
3 | 38% | 28% | 4% |E=16x10° t/mi D =12m
4 | 47% | 32% | 21% |E=50%10' t/m". D =6m |
5 | 46% | 27% | 27% | E=50x%10" t/m’. D =9m
6 | 45% | 22% | 33% |E=50x10" t/m% D=12m
7 | 52% | 27% | 20% |E=16x10° t/m’, D ~6m
8 | 51% | 23% | 26% |E-L6xX10° t/m’, D=9m |
9 | 50% | 19% | 3% |E=16X10° /m" D ~12m ]
10 | 57% | 24% | 18% |E=50% 10° t/m", T =6m
11| 55% | 21% | 24% |E=50X10° v/m', D =5m |
12 | 54% | 18% | 28% |E-50x10° #/m’ D~12m
(b) Group 2 {T=10cm, L=2.50m)
lcase| « A y | Varation |
13 | 4% | 49% | 7% |E-16X10° t/m’ D =6m |
14 | 44% | 41% | 15% |E=16x10' t/m’. D =9m
15 | 44% | 36% | 20% E=16X10' t/m’ D =12m |
16 | 54% | 38% | 8% |E=50X10° t/m% D =ém
17 | 53% | 33% | 14% |E=50x10' t/m’. D=9m
18 | 53% | 29% | 18% | E=50%10' t/m’, D =12m
19 | 59% | 32% | 9% | E=16x10° t/m’, D =6m
[o0 [ s8% | 20% | 13% |B=16X10° Um', D =om_|
21 | 58% | 26% | 16% | E-16x10°-/m’ D =12m
22 | 63% | 29% | 8% |E=5.0%10° t/m’, D =6m
2 | bz | 28% JO%W E=50X1(° t/m’. D =0m
@ | 62% | 26% | 12% [E=50x10° v/m’ D= 1Zm
(c) Group 3 (T=15cm, L=1.25m)
CASE a i Fid k’)f V Variation ]
25 | 37% | 44% | 19% [B=16%10' i/m’. D =6m
26 | 36% | 37% | 27% |E-16x10° /m', D =9m
27 | %% | 31% | 3% |E=16X10' t/m’, D =12m |
28 | 44% | 35% | 19% |E=50x10° t/m% D =6m
29 | 43% | 29% | 28% |B=50X10' t/m’ D =4m
30 42% 23%‘= 5% | B=50%10" t/m% D =12m4
1:31_ 529 | 28% | 20% |E=1.6%10° t/m" D =6m
32 | 51% | 23% | 26% |E-16%x10° /o’ D=9 |
| 33 | 50% | 18% | 32% |E-16X10° t/m', D =12m |
34 | 56% | 25% | 19% | B=50X10 t/m’ D = 6m
35 1 54% | 21% | 25% | E=50% 10 t/m’, D =9m
36 | 54% | 17% | 2% |E=50X10° t/m". D =12m

@E a I Variation
37 | 41% | 53% | 6% |E=16x10°
38 | 41% | 45% | 14% |E=16x10° ¢/m’ D =5m
T3 | 41% | 40% | 19% |E=16x10' t/m’ D =12m
0 | 50% | 2% | 8% |E=50x10% t/m’, D =6m
11 49% | 36% | 15% |E=50%10' t/m’, D=9m
2 | 9% | 2% | 19% |B-50x10' t/m’ D =12m|
42 | 56% | 35% | 9% |E=16X10 t/m’. D=6m
44 | 56% | 30% | 14% |E=16X10 t/m’, D=g
45 | 36% | 26% | 18% |E=16X10° /m’ D =12m
| a5 | 61% | 31% | 8% |B=50x10 t/m" D =6m
47 | 0% | 28% | 12% |E=50X10 t/m’ D=9m |
\E | 60% 25%1 15% | E=50X10° t/m" D=1211Ll
(e) Group 5 (T=20cm, L=1.25m)
case| « | 8 | 7 Variation
45 | 34% | 46% | 20% |E=16x10' t/m’ D =6m
50 | 33% | 38% | 26% |E-=16%10' t/m’ D —9m
51| 32% | 32% | 36% |E=16X10' t/m’ D =12m
52 | 42% | 37% | 21% |E=50%10' t/m’. D =6m
53| 42% | 29% | 29% | E=50X1¢' t/m’, D=9m
54| 41% | 25% | 34% |E-50%10" t/m’ D = lzﬂ
55 | 50% | 29% | 21% |E=16xX 10 t/m’. D = 6m
56 | 50% | 21% | 29% | E=16X10° t/m" D =9m
57 | 49% | 15% | 36% |E=16X10 t/m’ D=12m
58 | 35% | 25% | 20% |E=50%10 t/m’ D =6m
| 59 | 55% | 17% | 28% |E=50X10° t/m’ D =9m |
Leo | s4% | U% | 35% |E=50x10° vm' D=12m
(f) Group 6 (T=20cm, L=2.50m)
CASE '3 B ¥ Variation
61 | 40% | 55% | 5% |E=16X10' t/m". D =6m
62 | 39% | 47% | 14% |E<-16%10' t/m" D -9m
63 | 38% | 42% | 20% |E=16X10' v/m’. D =12m
64 | 48% | 4% | 8% |E=50X10' t/m’ D=bm
65 | 47% | 37% | 16% |E=50%10* t/m’. D=0m
66 | 47% | 32% | 21% | E=50x10' t/m’ D =12m
67 | 55% | 36% 9% |E=16%10 t/m’ D:ti?
68 33% | 3% | 16% |E=16%X10" t/m’. D=9m
69 | 53% | 27% | 2% |E=16X10° vm’ D=12m
76 | 60% | 31% | 9% |E=50X10' t/m" D=6m
70 | 8% | 27% | 15% | E=50%10° t/m’. D =9m
Iz | s8% | 24% | 18% |E=50%10° ¢/m’ D=12m
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