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Table 2. Number of the dowels in the quarter of the tunnel
section area

CﬁﬁL}}JA}JWJ)‘:J)beuc,\“ﬁéuuu‘d)umY’Js.:é

e
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* Corresponding to peak and residual resistance
Table 1. Rock mass properties around tunnel
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Fig. 6. Longitudinal Strain of tunnel center with different radii
in different supporting systems
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Fig. 5. Verification of the numerical simulation with analytical
result [15]
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Young
modulus(Gpa) 12 40
Poisson ratio 0.2 -
. 15.708
2 -
Cross section(m?) % 10~4
Tensile w w
strength(MN)
Compressive w w
strength(MN)
Grout stiffness(%) - 10000
thickness(m) 0.25 -
density(%) 2200 -

Table 3. Properties of different support systems
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18 796 729 55
cutting

T BAL 659 628 513

Table 4. Reduced percent of maximum strain of tunnel center
for different supporting systems
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Depth (m)
Supporting H=80 H=60 H=40
system
Dowel in presence of
shotcrete 16 13.8 13.1
Dowel i f
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shotcrete and pre-cutting
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Table 5. Reduced percent of maximum normalized stress of
dowels in presence of different supporting systems
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Fig. 13. Displacement vectors of around tunnel supported by different systems
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Depth (m) H=80 H=60 H=40
=7 =5 =3 =7 =5 =3 =7 =5 =3
Supporting systel
Dowel 616 642 543 622 588 457 542 497 349
Dowel+shotcrete 698 725 613 701 66 525 604 555 404
Doweltshoteretefpre- | 776 796 729 755 731 641 659 628 513
cutting

Table 7. Strain values of tunnels supported by different systems
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Fig. 15. Fitted curve for calculation of the strain in tunnel center
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Formula

) axx?+c
Supporting systems

Dowel c=84.8
R-square=0.94
a=37.2 b=2.33
Dowel and shot c=75.1
R-square=0.95
a=36.88 b=2.15
Dowel, shot and pre-cutting ¢=56.9

A-square=0.85

Table 6. Variables of maximum normalized stress of dowels
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Fig. 14. Fitted curve for calculation of the maximum stress of
dowels
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Simulation of longitudinal dowels performance in stability of tunnels
face
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Abstract

For safe underground excavation, different supporting systems can be used in weak ground conditions. However, rock
mass instability does not give opportunity to install an appropriate supporting system. Because, tunnel face collapses and
moves suddenly toward into tunnel.

Different approaches and methods has been developed to prevail over this condition including sequential excavation of
tunnel face, grouting of unstable and loose zones behind the face, using inclined longitudinal elements above tunnel crown
prior to excavation known as arch umbrella elements methods, installing a pre-cutting system, and pre-reinforcement of
tunnel face by fiber glass longitudinal elements. These methods may be employed either alone or together according to
the severity of the problem.

Fiber glass dowels are one of the most efficient and economic methods of above mentioned approaches. Fast installation,
flexibility in using with other supporting systems ... are the other advantages of this pre-reinforcement. Although
numerous studies have been conducted to evaluate and quantify the effectiveness of this method, some aspects such as
evaluation of the tensile force induced in the dowels has not been studied. In fact, a correct dimensioning and evaluation
can be obtained through three-dimensional numerical modelling.

Hence, this paper studied numerically the behavior of the longitudinal fiber glass dowels installed uniformly at tunnel
face along tunnel axis and may accompanied with the different supporting system i.e. with shotcrete layer as the main
supporting system or with arch umbrellas or pre-cutting system as the other pre-support method. The analyses was carried
out by FLAC 3P in different weak ground condition, say the class IV in Binyavsky category, subjected to three different
in-situ stresses implying tunnel depths. As well, four lateral stress coefficient were chosen in the analyses. The fiberglass
forces as well as tunnel center displacements are the output of this simulation.

First of all, the obtained results from the numerical simulation in hydrostatic stress condition were verified by one of the
previously presented analytical methods, then analyses were extended to non-hydrostatic stress condition.

The results showed non-hydrostatic stress causes non-uniform stress and displacements in the face. As a result, the
location of critical zones developed in tunnel face. It leads to employ more dowels on those zones. On the other hand, as
lateral coefficient increases, the maximum stress of the dowels and strain of tunnel center increases. The maximum strain
and stress occur at ko=2. However; critical zone can be developed at the tunnel crown at ko=0.5. Therefore, with increasing
the lateral coefficient, critical zone moves toward the tunnel sides. As well, the best result for the dowels could be seen
when they were accompanied with pre-cutting system. It is more highlighted to notice that using dowels in more deep
tunnels subjected to great lateral stress (say very squeezing condition) is not sufficient (because they yield) but must be
accompanied with other system.

Finally, from the results of numerous analyses, mathematical formulations were presented to fast calculate the maximum
stress of dowels and strain of the tunnel center in any different condition of weak ground condition.

Keywords: tunnel, fiber glass dowels, pre-reinforcements, tunnel face, pre-cutting, weak ground
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