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CivilFEM with 

ANSYS team up 

to simulate the 

excavation 

process and 

obtain the forces 

and stresses 

acting on the 

concrete arch, soil 

and anchorages.   
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Excavation phase 

PLOT NO.   1Perfil P-10

FASE 1: Situacion inicial

Tension principal maxima S1

-22.038
-19.17
-16.303
-13.436
-10.569
-7.701
-4.834
-1.967
.90054
3.768

Perfil P-10

FASE 1: Situacion inicial

Tension principal maxima S1

Tension principal minima S3

-67.462
-60.037
-52.612
-45.187
-37.762
-30.337
-22.912
-15.487
-8.062
-.637477

PLOT NO.   1

Movimiento horizontal

-.003204
-.002026
-.847E-03
.331E-03
.001509
.002688
.003866
.005044
.006223
.007401

Movimiento horizontal Movimiento vertical

-.040093
-.03576
-.031426
-.027092
-.022758
-.018425
-.014091
-.009757
-.005423
-.00109

PLOT NO.   1
-34.624
-18.534
-2.444
13.646
29.736
45.825
61.915
78.005
94.095
110.185

-313.836
-278.742
-243.647
-208.553
-173.458
-138.364
-103.269
-68.175
-33.08
2.014

Fase I: Situción inic ial

Tensión Máxima

Tensión Mínima

Phase I: Initial 

Situation 

Maximum 

Stress 

Minimum 

Stress 

Phase I: Initial 

Situation 

Maximum Principal Stress S1 

Minimum Principal Stress S3 

Horizontal Movement    Vertical Movement 

Tunnel Excavation Analysis 



The graph shown below was obtained after running a 

finite element analysis of the excavation model.  

Forces acting on the sheet pile at end of excavation phase 

Perfil P-10: Esfuerzos en la pantalla (Situación final de excavación)
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Tunnel Excavation Analysis 

Tunnel section 

COL  1

COL  2

COL  3

Forces acting on 

concrete tunnel 

PLOT NO.   1
-909.174
-878.511
-847.848
-817.185
-786.522
-755.859
-725.196
-694.533
-663.87
-633.207

Tensión vertical. Frente de avanceVertical Stress. Tunnel Advancement 

Forces and Moments on 

Concrete 

PLOT NO.   1
-.018494
-.014481
-.010468
-.006455
-.002443
.00157
.005583
.009596
.013609
.017621

Movimiento vertical. Frente de avance
Longitudinal 

Section 

Longitudinal 

Section 

Vertical Movement. Tunnel 

Advancement 



PLOT NO.   1
.010925
.05
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REVESTIMIENTO Y BULONADO

Inverso del factor de seguridad ( lastificación)>1 pInverse of Factor of Safety (>1 Plasticity) 

Lining and Reinforcement 
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Safety 

Factor 

concerning 

Plasticity 



CivilFEM with 

ANSYS meshing 

capabilities 

allow to 

combine 

simultaneously 

automatic and 

user defined 

meshes. This 

fact allows good 

simulation of the 

model’s real 

behavior.  

Modelo Completo Detalle

Geometría del modeloModel Geometry 

Complete model Detail 
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PLOT NO.   1
-1039
-890.53
-742.109
-593.687
-445.265
-296.843
-148.422
0
4.243

Revestimiento de Hormigón.

Tensión Principal S1

Fase 4

Fase 5 Fase 6 Fase 7

Fase 3

Stresses on 

concrete arch 

during the 

different 

construction 

phases  
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Concrete Lining 

Principal Stress S1 



PLOT NO.   1
-2.186
-1.797
-1.407
-1.018
-.628633
-.23931
.150013
.539336
.928659

-45.662
-44.133
-42.605
-41.077
-39.548
-38.02
-36.492
-34.964
-33.435

-3.683
-2.31
-.937203
.435731
1.809
3.182
4.555
5.927
7.3

Fase 2: Gunita y Bulones

Esfuerzos en el hormigón proyectado

Momento Flector (m, T)

Esfuerzo Axil (T) Esfuerzo Cortante (T)

Tunnel Excavation Analysis 

Forces 

acting on 

projected 

concrete  

Forces and 

moments on 

Shortcreet 

Bending moment 

Axial Force 

Shear Force 

Phase 2: Concrete Reinforcement 



PLOT NO.   52 22

PRES
20.305
20.632
20.959
21.287
21.614
21.941
22.269
22.596
22.923

Direcciones Principales Deformación Plástica

Fase 2: Gunita y Bulones Terreno

Principal 

directions 

and plastic 

deformation  
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Phase 2: Soil Reinforcement 

Principal Stresses          Plastic 

Deformation 



Conclusions 

• CivilFEM with ANSYS tools allow carrying out 

sophisticated and precise analysis to simulate 

excavation phases. Postprocessing of results, are 

automatically carried out for solid, beam and shell 

elements.  

• Tunnel reinforcement is calculated and checked by 

code automatically using CivilFEM with ANSYS .  

• Advanced analysis leads to cost and time 

optimization. 

• Parametric analysis allows changing material 

properties and construction process easily. 
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