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=-85 STAGE 1: Provide Output;
----- 12l ADD Stucture:  Group = ALL
----- S0 REMOVE Structure:  Group = frame2
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LOAD Objects:
LOAD Objects:
LOAD Objects:
LOAD Objects:

----- S=n REMOVE Structure;  Group = frame
LOAD Objects:
LOAD Objects:

Group =aALL; Load Type =L0AD; Load Hame=DEAD;

Scale Factor =1,

Group=ALL; Load Type = LOAD,; Load Mame =VWEP; Scale Factar=1.

Group=aALL; Load Type = LOAD,; Load Mame =VEP-1;

Scale Factor =1.

Group =aLL; Load Type =LOAD; Load Mame = HEP; Scale Factor=1.

Group =aALL: Load Type =LOAD: Load Mame = HEP-1;
Group =aALL: Load Type =LOAD: Load Mame = tbm pr;

Scale Factor=1.
Scale Factor=1.

=-5F8 STAGE 2 Provide Output;
----- =g ADD Stucture:  Group = frame
----- len REMOVE Stucture:  Group = opening

=-55 STAGE 3 Provide Output;
----- =g ADD Stucture:  Group = frame2
----- Y»n REMOVE Structure:  Group = frame

----- B LOAD Objects IF Added:  Group=4LL; Load Type = LOAD; Load Mame = DEAD;  Scale Factor=1.
----- B LOAD Objects;  Group =ALL; Load Type = LOAD:;
----- B LOAD Objects;  Group =ALL; Load Type = LOAD:;

Load Mame = HEP-1;  Scale Factor = -1
Load Mame =WEP-1; Scale Factor =-1.

----- B9 LOAD DObjectz If Added:  Group=aALL; Load Type =L0AD; Load Mame =DEAD; Scale Factor=1.3
----- B9 LOAD Objects: Group=ALL; Load Type = LOAD;
----- B LOAD Objects: Group=aALL; Load Type = LOAD;
----- B L0AD Objects:  Group =ALL:  Load Type = LOAD:;
----- B L0AD Objects:  Group =ALL:  Load Type = LOAD:;

Load Mame = DEAD;  Scale Factor=0.3
Load Mame = HEF; Scale Factor =04
Load Mame =WEP; Scale Factor=04
Load Mame = frama2; Scale Factor=1.4
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Keywords Extended Abstract

Segmental tunnel Summary

Tunnel opening ) In engineering applications, in order to model the opening structure in
Staged construction modeling segmental tunnels (precast concrete parts of the tunnel lining), the interaction
Tunnel boring machine (TBM) of the segments is not considered and the tunnel structure is usually modeled

Nonlinear 3D modeling

Reinforced concrete in an integrated manner. The possibility of slipping of segment parts in the

range of openings may affect the stress distribution in the structure. However,
the extent of this impact is unclear and comprehensive information is not available.

Introduction

Nowadays, tunnels, as one of the most important underground structures, are constructed as a result of increasing
demand of transportation industry. For modeling the opening structure in segmental tunnels (precast concrete parts of
the tunnel lining), the interaction of the segments is normally not considered and the tunnel structure is usually
modeled in an integrated manner. For this purpose, three-dimensional (3D) non-linear staged construction modeling
of the opening structure considering the interaction of the precast reinforced concrete of the tunnel lining is made, and
the results are discussed in this paper.

Methodology and Approaches

In the current research, with the aim of modeling the interaction of prefabricated parts at the opening in segmental
tunnels, a non-linear 3D modeling tool has been used. Considering that in reality, the opening is implemented step by
step in the proposed modeling method, the effects of step modeling are also taken into consideration. The results of
integrated behavior modeling have been critically examined in comparison with interactive behavior modeling in three
parts: segment behavior, temporary guard structure behavior, and permanent guard structure behavior.

Results and Conclusions

The results of the research show that the current trend in the engineering modeling of the opening in the segmental
tunnel will lead to results contrary to the confidence in the shear design. Moreover, rigid modeling of segmental joints
leads to the observation of false stress concentration areas in the segments that may lead to reinforcement plans in
unnecessary areas.
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