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This study aims to numerically analyze the axial force, shear force, and horizontal
displacement in Tunnel B on the Pataveh-Dehdasht axis. The tunnel is part of a
national project that was inaugurated in the summer of 2023. The project's
technical specifications include 2.2 million cubic meters of earthwork, 2,100
meters of retaining walls, 110,000 tons of subbase and base layers, and 95,000
tons of asphalt. This study investigated the effect of tunnel lining thickness on
shear force, axial force, and horizontal and vertical displacement using PLAXIS
finite element software in a two-dimensional framework. Plane strain theory was
employed with 15-node elements for modeling. The Mohr-Coulomb constitutive
model, one of the fundamental stages in numerical analysis and a common model
for tunnel excavation simulations, was applied to model the soil behavior of the
study site. The results indicate that increasing the lining thickness reduces vertical
and horizontal displacement at all points while increasing axial and shear forces.
Maximum deformation occurs at the tunnel invert and minimum deformation
occurs at the right sidewall of the tunnel. Increasing the lining thickness from 20
cm to 35 cm leads to a reduction of approximately 100% in tunnel floor settlement
and a significant decrease in horizontal displacement exceeding 90% at certain
points. These results demonstrate the importance of selecting an appropriate
lining thickness for controlling deformations, enhancing load-bearing capacity,
and improving the tunnel's seismic safety.

Introduction

surrounding soil, especially under dynamic

Seismic loading can damage the tunnel crown,
sides, and floor, reducing their bearing capacity
and increasing lateral pressure, which can cause
underground structures to float and settle. These
structures, such as tunnels for improving and
expanding road and railway networks, vital
underground systems, and vast storage facilities
for solid and liquid fuels, play an important role
in a country's progress and development. These
structures must be designed to withstand
dynamic loads or loads that can be safely
handled. Analyzing underground structures is
difficult due to their interaction with the

conditions. These structures are essential to
modern urbanization, so it is important to study
their behavior under dynamic loading, such as
earthquake waves. This study numerically
analyzed the shear force, axial force, and
horizontal and vertical displacement in an
intercity tunnel (case study of tunnel number two
of the Pataveh-Dehdasht axis) using Plaxis
software.

Materials and Methods
Several methods are used today to analyze and
design tunnels. The numerical method is usually
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best for tunnels executed at shallow depths and
in soft soils. Selecting an appropriate behavioral
model is one of the most fundamental steps in
numerical analysis. In most numerical modeling
of tunnel excavation, the Mohr-Coulomb
behavior model is used. This model often
predicts lower ground settlement than tooling
results. This study investigated and analyzed the
shear force, axial force, bending moment, and
horizontal and vertical displacement numerically
using Plaxis software in an intercity tunnel. To
this end, numerical modeling was performed
using the finite element method in Plaxis
software. Plane strain theory and the Mohr-
Coulomb behavior model were considered for
the soil environment. To achieve sufficient
modeling accuracy, 15-node triangular elements
and appropriate meshing were used. The
specifications in Table 2 were used for the
geotechnical parameters of the different soil
layers. Also, the properties mentioned in Table 2
were used for the structural properties of the
tunnel lining. Then, by changing the parameter
under study, the changes in the engineering
behavior of the tunnel lining were examined.
Considering the contact surface engagement
coefficient between two surfaces, which in this
case is the contact surface between the soil and
the tunnel lining, the coefficient is considered
equal to 0.7. This coefficient's value directly
depends on the soil type and the method of
implementing the structure in contact with the
soil. In this study, however, the contact surface
engagement coefficient has the same effect in all
cases and does not significantly impact the final
result.

Results and Discussion

Since the way the environment is meshed is one
of the most important factors in finite element
problems, creating a suitable mesh is key to
solving the problem. However, it should be
noted that a finer mesh does not necessarily yield
amore accurate solution, and sometimes obvious
errors are observed. To increase the accuracy of
the model in this study, the environment around

the tunnel is meshed more finely than the areas
farther away. This type of meshing is used
because the Plexis software's analysis accuracy
is concentrated in areas close to the tunnel lining
elements. The modeling carried out considers
about 1,600 elements and 13,000 points.
Additionally, the average size of each element in
the modeling space is approximately 6 meters.
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Fig. 5. Overview of the initial meshing of the modeled
environment in Plaxis software
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Fig. 6. Overview of the mesh deformation of the
modeled environment in Plaxis software
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To investigate the effect of tunnel lining
thickness, holes in the tunnel excavation were
blocked with linings of 20, 25, 30, and 35 cm.
Due to these changes, the structural
specifications have also changed. To carry out
the desired investigations, the maximum and
minimum values of axial force, shear force,
bending moment, and horizontal and vertical

displacement at six points on the tunnel lining
were used. These points are the upper arch of the
left tunnel, the upper arch of the right tunnel, the
left tunnel wall, the right tunnel wall, the left
tunnel floor, and the right tunnel floor. These
points will be mentioned in the relevant graphs.

Table 5. Tunnel lining specifications for modeling with thickness variations

D w EA El E Structural Element
v (m) (KN/m/m) (KN/m) (KNm?/m) (MPa)
0.15 0.2 4.8 6.90x108 2.30x10* 34500 Tunnel Cover
0.15 0.25 6.2 8.63x10° 4.49%104 34500 Tunnel Cover
0.15 0.3 7.2 1.04x107 7.76x10% 34500 Tunnel Cover
0.15 0.35 8.4 1.21x107 1.23x10° 34500 Tunnel Cover

E is the elastic modulus, EA is the compressive-tensile stiffness, El is the flexural stiffness, w is the weight per

unit length, d is the thickness, and v is the Poisson’s ratio.

Examining the maximum and minimum values
of axial force in the 20 cm thick tunnel lining
revealed that the lowest axial force values were
obtained. Increasing the thickness from 20 to 35
cm also increased the axial force at different
points. Examining the maximum and minimum
values of axial force reveals that the values at the
bottom of the tunnel are lower and less sensitive
than at other investigated points. Additionally, it
should be noted that the axial force values in the
walls and arch are nearly identical. To compare

different seismic conditions and the non-seismic
condition, four different cases were investigated.
Six different parts of the tunnel cross-section
were used for this purpose: the upper arch of the
left tunnel, the upper arch of the right tunnel, the
left tunnel wall, the right tunnel wall, the left
tunnel floor, and the right tunnel floor. Recalling
the previous chapter, Figure 1 shows the
accelerogram diagrams related to the Manijil,
Kobe, and Elsintro earthquakes.
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Fig. 1. Accelerograms of the studied earthquakes
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Fig. 1. Comparison of displacement-time diagrams in the three earthquakes being compared

Conclusions

In both vertical and horizontal displacement
investigations of the tunnel lining, the maximum
and minimum vertical displacement values were
obtained in the 20-cm-thick lining. The highest
values of vertical displacement were obtained.
With an increase in thickness from 20 to 35 cm,
vertical displacement decreased at different
points; these changes were clearer in the
maximum values related to the tunnel floor.

Among the studied earthquakes, the Kobe
earthquake is more critical due to its greater

displacement amplitude; therefore, earthquakes
with stronger amplitudes are more critical than
those with longer application times.

As expected, as the thickness of the tunnel lining
increased, the applied displacement decreased
and the applied force increased. It should be
noted that, when the thickness of the tunnel
lining increased from 20 cm to 35 cm, the
settlement of the tunnel floor decreased by
approximately 100%, though this difference was
less significant at other studied points.
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Table 3. Tunnel lining specifications
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Table 5. Tunnel lining specifications for modeling with thickness variations

Y d w EA El E ol ol
(m) (kN/m/m) (kN/m) (KNm?/m) (MPa) e
15 2 4.8 6.90*10° 2.30*10* 34500 Py
15 25 6.0 8.63*10° 4.49*10* 34500 Py
15 3 7.2 1.04*107 7.76*10* 34500 by sy
15 35 8.4 1.21*107 1.23*10° 34500 by sy

el YO a4 Ve 5l cwlies il L g ol ol Caws
5 el il il il Lli o 3 g p9me 5oy
S5 g0 0N (5 970 (S polie AeS g dnien (o)
bl K0 @ S by G550 597 95 polie &S

10,97 5 6 5eS Comlur 5l g Cangn yioS (o 090

e e El o naS- g os s EAS2Y! s E

Oglite glacuwlusl (5970 (69 0 polie aieS g aiin

ools Lad VY IS g VY S 0 s 5 4 igh Linde

gy Sl g0 a0 aS 0l e caslie Ll oad

Fg Libg 50 6y S9y polie aleS 5 didn

4 Gyg7e oy polie (nfeS el Vo Zulzdly


http://dx.doi.org/10.22034/JEG.2025.19.4.1020431
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.4.3.2
https://system.khu.ac.ir/jeg/article-1-3170-en.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

Fojlad N 0,90 ¢ pwiign (owlid (yae

o0

7000
6000

5000 ]
4000
3000
2000
1000
0

(KN) (55920 (59 5

6397 Sy polie a5 el S35 a3V pioren Lo

e 03900 S 0 L.,qu ooed g oylgo 4o

B ol Yo atiy
_ = JPSCINCTINE 7 RN

B il YO ity

Fg b wed P 2V b Py soslps B seilns  Caw fig &5 G Jigi &S

e o S|y Cons e o Gl y o [ Sl y

3

Foi gy wgliso (g Cuound

Fig .12. Maximum axial force values in different parts of the tunnel with different coating thicknesses

7000
6000
5000

B penlo Ve ass
2000 S §

(KN) (5590 (59 5

o

wo oonn uul AU <A

B g anls YO aes
oo W WEOE WEEE WEE

P& 2YL wed S @Yl wed Bg soslps  Jig golps  Comw Jig A Lo Jigh &S

> . - |) - > - . ‘) . < - ‘)

Fgi gy wglio Gl Caond
Fig.13. Minimum axial force values in different parts of the tunnel with different coating thicknesses

Sedign oM (oD (S, polie AeS g Aldon ()
bl 500 4 Cod g &5 50 A Go polie &
595 2 (6 yidns Sl Sl g Canngs ylisy (g 2 90
2 B S ol a5 ool 53 a3V rizres Cul
OLa |y (g yaS polie blis (500 4y Cund Jigh 2V (wgd

..)Jbo‘;c

sloculdl Lhp gy polie aneS g i

51D K8 5 VF S 5 iy i i sl
ey Sl g0y ,0 a5 09l oo cdwlive sl 0als oold
B bm 0 S e polle aneS 5 anin
@ hp oy pole nyeS e gile Voo Cwlbsl
el YO 4 Y e 5l cwlbis Lol b g cusl sael cows

5 el @Bl olidl Glize bla (o 30 odp (g9,


http://dx.doi.org/10.22034/JEG.2025.19.4.1020431
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.4.3.2
https://system.khu.ac.ir/jeg/article-1-3170-en.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

ooy

e s om Sl | B slnlr 5 (25 s 1S p5me S GO sy 5 Sl

6000
5000 | el T et

B il YO an iy
4000

(KN) o (59 5

3000 -L5~,;L4vaaﬁwﬂ
2000
1000

Foi oYU wed By oYU wed  Fgi seylgd

Fooylgd  Comw Jigh & Cuomw Jigh &S

s“.wa‘)s“a.mu > s’;\.wb
et

Jigs gy gl Glb an

Fig. 14. Maximum shear force values in different parts of the tunnel with different coating thicknesses

900
800 Bl Yo anes
R -
9
ke 500 DL‘?)M" ol Yo
g; 300
200
100 II
9 ——— M
B YL wed B oYL el bigh s oslg
e o Sl y Conns e o

.I — S | |
Jo Goslgs  Caw g AT Cuow Jigh &S

wl)w e s‘.‘.w:b

Fgf gy Dglisto gl Caond
gy Dglite Cualidly bgh Sglite glacond 1o by 59y polie aieS N0 JSS
Fig.15. Minimum shear force values in different parts of the tunnel with different coating thicknesses

S g Aoy gw)p o Sewl a8l L1581 s0g0>
LS”‘ G’bub )_\él.mo as 09...»;‘5‘0 0 693‘ @L‘?ul} ).séLn.A
Comdes yiS oy 3,50 blai Ko a4y cod bigh &5 50
SSa ey Geizmen el 093 5 (65168 Sl i
5 Fg @b w0 Bl albely polis o5 ol
o s o 1y ol Lasis polie Jigs sloolgwo

an o S Ay

slcwbol a8l Slul> polie dieS o anciog

LIV JSCo 9 V8 Ko jo s s (b glaie
o Sl g0 a0 aS 89l o samlin ol oall oold
By obg 0 88l obuls polie aeS g aiin
polie (peS ohlae ST g e il Ve Culisl
5l cabs ol by el ssel s 4y 88l ool
b s bl [0 50 B8 slul> e ol YO 4 Y


http://dx.doi.org/10.22034/JEG.2025.19.4.1020431
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.4.3.2
https://system.khu.ac.ir/jeg/article-1-3170-en.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

Fojlad N 0,90 ¢ pwiign (owlid (yae

ooy

0.12

0.1
0.08
0.06
0.04

0.02 I
0

(m) &8l olml>

B el Y ety
I B o ol YO 4ty

L PESSONCI I RUPTI-
B el YO anio

F¥ b wed by oYL e By gosles by gonled  Cow fig &5 G Jigh &S

> - |) - > .

wl)w o« c;.wl)

Fgi g wgliso sy Coond

Oinrgy Dglite Cualuoly Jigh Dglite (glacnd o a8l Sl polis auin NS S
Fig. 16. Maximum horizontal displacement values in different parts of the tunnel with different coating thicknesses

0.06
0.05

3’51

©0.04 -

i

g, 003

E 002

B etlo Ve aies
B sl YD S
B s etilo Yo ais
B sl T S

[ ._HI Nall_ I_HI |.HI

Joi oYl e Jigh oYl el Fgi gosled  Fei soylend G Jigh BT Cuomw Jigh AT

= . . ‘) . O .

wbw ot Gz.wb

Fgi pibgy Wglito o Caond
Dby Dglite ol fig Sglite slacand jo (Bl olmlr polie aneS Y S
Fig. 17. Minimum horizontal displacement values in different parts of the tunnel with different coating thicknesses

Lol iy, Jig iS4y bogs e polie iy ;0 OlydS
oad W8 obml> polie aeS g ain owyp o
S0 4 Cad Jigh &S 0 @B olmle polde oS 04l oo
S i Combes Sl g Canpun i o) p 090 bLES
3B Sbul> polie a5 cunl [S3 @ p3Y el Jlo )55
Ol Loy polie bigi sloo s 5 i (Vb (wsb

slcwleol BB Slul> polie aieS 5 ain

Ol VY S8 g Ve IS8 jo i i 4y Bg iy Dglice
ey Sl 90y ,0 a5 00l oo cdwline sl 0als oold
By g o B obulr polie a9 ain
el YO 4 Y e 5l cwlbis Lol b g cusl sael cows
ool as adl gals ke bla jo 50 B ol


http://dx.doi.org/10.22034/JEG.2025.19.4.1020431
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.4.3.2
https://system.khu.ac.ir/jeg/article-1-3170-en.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

oo¥

e s om Sl | B slnlr 5 (25 s 1S p5me S GO sy 5 Sl

0.7
0.6 B ool Veoanay Bl VO ey,
05 | Buienlat sy Bigranlo 10 sty
0.4

0.3

(M) @ ool

o

B oYL wed Fgf oYU wed  Jigi syl

e . . ‘) . oL -

annan ||| ||

b Goslps  Cow Jig &5 o Jigi &S

wl)m = wb

Fgi Ghligy wglasto (Lo Coond

Chedogy gl Cualisly Jigh Sglite (glacand )0 (8 ololr polie anion VA JSG
Fig. 18. Maximum vertical displacement values in different parts of the tunnel with different coating thicknesses

0.35
0.3
0.25

(M) 8 olul>

o

0.2
0.15
0.1
0.05 I I
e =

B el Ve anes
B el YO aies
B s yetilo ¥ aras
B yotlo YO 4

P @Yl wed Jig YL ¥ P soilns B selps  Cwww S &S G Jigh S

wbw o« Cz.w‘)

Fgi by wylito Lo Caond
Fig. 19. Minimum vertical displacement values in different parts of the tunnel with different coating thicknesses

30 Fg5 (oYU sd aS 05 oo odalive Sliwlrs (slrosls
slabulr )3 B sboojlpns 5 &S 500l gy slog o
NP SRR oY
Soyd (pden o5 ded o plis (0) Jgu mls
o)l & bogpe aion S>3 (55550 (S5 s
G o o)lpd (G cpl el TPY Jlade b i o
kg ol by Culs Gl 4 cod ) conlis
Gy Dlyadd (S S g0 Ll 1) (g5 (55970
b @Yl lowsd @ barye aneS Sl )5 (55970
75 & o Jigh gb G w0 s &5 el (1F)
9 935 5o 518 sysme JLad Lot S Sy Culks

Ll o e 5 i Sy s 5o i
At Sl 55 (o) 2 950 Sloyiel )y Sl plaS o il
Sl Sge 18 IS IV JSE 5w
4 azgl 8,5 8 om0 90 (S D90 Ay g Al s S
Ay oy o Byl Ceend e 0 w85 O g0 Dl
LT 51 el 00 0351 5 drlone () 2 9550 sl el )y
el sy 5o polie 4ieS & by o (laosls a5
2oy it (S8 slasl @lge (B 50 o by (gt
Sl g cnl 3l a5 00g )5 ol 4 oo dlore Ol ps
30 dias Ol ssye )l (stbie (sauslis olx)

G azg b dsbige a3 oy Jigh Dyl (sl


http://dx.doi.org/10.22034/JEG.2025.19.4.1020431
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.4.3.2
https://system.khu.ac.ir/jeg/article-1-3170-en.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1404.19.4.3.2 ]

[ DOI: 10.22034/JEG.2025.19.4.1020431 ]

¥ b)l.o.oj: AR 0,99 5@4\.\.‘.9(0 Lf“wa O

ood

Walbed joss 5l G Gip 4 Ces By gl 4l
@l Slds e )00 1) gyl (S
TRV YL e slasl b Bg5 &5 53 (aeS 5 aion) 3
o (sl Bgr a8 aiS so el aS ools &, (1AA L
Saxdio (p il g Col (§0908 JSB i g Cennd S5 |

(R Sam O S 0l Gt e solmb
Foi canly @S 0 TEUY ol aicin Olpss o iieg
CalBed s plp 0 bgs S oS conl o] S5k ol sl
Sada |y Ghppide (Foew Gl Bl g 009 (wles Lo
s Conly Cooms YL wgd (Jilae o iamo o il
S S g0y Alden Sl 0 |y (hp s TN

B oy 2 0550 loyiel )b Ol posd 0oy B oo

Table 6. Percentage of changes in the parameters examined in the tunnel
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