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Abstract: To address the issues of the initial cracking at the arch foot and crown and the excessive deformation of steel frames
in deep-buried, large-span soft rock tunnels, a support technology involving localized addition of long anchor bolts or cables is
proposed to adjust and improve the structural stress. Based on the tunnel structural performance testing platform independently
developed by the authors, the stress and deformation characteristics of the initial support structures under the same surrounding
rock loads are compared and analyzed between the system anchor support and multiple types of long anchor bolts or anchor
cables deployment schemes. The effects of long bolts/cables support with different circumferential spacings and layout ranges
are studied. The research results show that: (1) Under the conventional support, the initial support of a large-span tunnel under
surrounding rock loads tends to flatten, with the inner side of the arch crown and the outer side of the arch foot bearing the
maximum bending moment of the structures being the first to crack. After the inner side of the inverted arch cracks, the model
accelerates deformation, leading to the overall instability and damage of the structures. (2) Under the four conditions of adding
long anchor bolts or anchor cables for support, the structural safety factors at the initial support arch crown are 4.59 times, 2.12

times, 1.96 times and 1.80 times those of the conventional

support system, and the structural safety factors at the arch toe HEeWB: EXAARFIEESTE EBIH (51978064); 1L ARH ACIHIE K
JTRHEIIH (2021B69); H K AR RS FRETUH (51908051);
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are 5.23 times, 2.80 times, 2.34 times and 2.37 times those of

the conventional support system, respectively. (3) Placing long
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anchor bolts at a circumferential distance of 2 m within 120 ° of the arch has the best effects on improving the internal force of

the initially supported structures. The combined effects of local negative bending moments generated by the strong axial tension

at the support points offset the larger positive bending moments at the arch crown. (4) The overall supporting force of long

anchor bolts and anchor cables decreases first and then increases from the arch crown to the arch shoulder side.
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Fig. 1 Mechanism of combined support of long and short bolts
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Fig. 2 Tunnel structural mechanics testing platform
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Fig. 5 Typical cross section of tunnel structures
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Fig. 6 Typical failure modes of initial supports at construction
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Table 1 Model similarity constants

LYELN FHIR R FHABLEL
KEEL C.=16 16
Eg Y C, =1 1
% g C,=C.C, 16
R E Ce=Cy 16
AR EE 1 C.=1 1
Ik C,=Ckg 16
MR & C:=1 1
BRI R Cr=C.C, 16
JIN C,=CC; 114096
T M c,=CC 1: 65536
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f(o,6,E,u,L,8,X,X)=1 . (2)
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Fig. 7 Test devices and gypsum model
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Table 2 Statistical data of pressures on surrounding rock of long-span tunnel

W i 2 Fil %5 & /1/kPa
Rz 38 44 AR %g/%f}'%m HE T et Fik vl Hid Aok Fik ik Ik Ik
o A A B il Jil s H H
U pEIEN 15.6/11.2 2267 1109 2237 2334 2049 — — — — —
T R g fgag i 16.0/13.0 1047 1182 150.6 117.1 204.9 — — — — —
BH s pgaE 16.0/12.0 1454 135.1 98.4 54.5 36.9 — — — — —
FRENISEA 16.8/12.0 1292 642 183.8 129.7 49.5 — — — — —
HFREiEl 17.2/11.7 59.4 78.5 62.8 52.8 73.6 37.3 39.3 — — —
3] — — — —

j‘iiﬂ%gﬁ 18.2/10.1  260.0 150.0  190.0 50.0 70.0 —

% 15 [13]

j‘ﬁ%ggﬁ 18.2/10.1  240.0 2000  190.0 90.0 70.0 —
thppE R EN 18.5/11.0 4200 250.0 1500  210.0 90.0 — — — — —
§§E2£§?§% 18.6/12.6 2336 1473 115.3 89.7 93.9 139.4 1282 65.1 89.0 103.1
fi%%ffff? 18.6/12.6  227.1 1214 1342 1147  119.3 131.7 1563 73.0 71.7 105.8
v REE 20.0/13.1 6873 4473 1582 4718  196.0 — — — — —
Z R LBEIEN 20.0/13.4 90.0 9.0 15.0 14.0 45.0 — — — — —
Wz Ll piE i 21.0/15.8  240.0 2237  216.8 52.3 204.9 — — — — —
MEVARTREIENY  21.0/14.3  211.0  40.0 25.0 16.0 13.0 — — — — —
SR frg 12 21.5/14.3 19.0 20.0 — 22.0 13.0 — — — — —
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Fig. 8 Normalized results of pressures on surrounding rock
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Fig. 9 Arrangement of strain, displacement and pressure

monitoring points
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Fig. 12 Internal forces of prototype initial support
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Fig. 13 Change curves of load and displacement at monitoring
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Fig. 16 Supporting forces of prototype long anchors
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Fig. 17 Internal forces of prototype initial supports
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Table 4 Comparison of support effects of different schemes
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