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ABSTRACT: In building design codes, no attention has been paid to the interaction effect of
underground structures and building, which can change the amount of applied forces on the building.
In the present study, by using numerical modeling with FLAC 2D software, the effect of tunnel and
building interaction on the seismic response of building stories has been investigated in order to have
more accurate assessments of seismic forces on the building when we want to design it. In this study, the
model was first stimulated in the case of the presence of building alone (SF model) by harmonic shear

SV waves and the real earthquake waves. Then, by adding a tunnel to the model (STF model), the system  Keywords:
was analyzed. By comparing the result of the maximum acceleration of buildings floors in the case of . .
STF to the SF model, the effect of tunnel and building interaction on stories acceleration have been Tumnel
investigated. In low frequencies, the negative effect of the tunnel on the acceleration response of the Building

building stories was observed. In high frequencies, the positive effect of the tunnel on the acceleration
of the stories was observed. It was also concluded that the harmonic waves with the frequency equal to
the dominant frequency of the real motions applied to the models, have created more amplification in

Seismic Response

Numerical Modeling

the acceleration response of buildings.

FLAC 2D

1- Introduction

Underground structures such as tunnels in cities can
pass through or adjacent to the buildings, which can lead to
the complex interaction between buildings and tunnel that
can affect the seismic response of tunnel, building and the
ground surface [1]. Studies show that seismic waves interact
with the tunnel during the transmission process, causing
each point in the tunnel to be considered as a new source of
seismic waves that cause secondary waves in all directions.
This can affect the seismic response of surface structures
[2]. In 2014, Pitilakis et al. in a numerical study, investigated
the seismic behavior of circular tunnels by considering
the interaction of adjacent structures. They found that
viscoelastic analysis in soil increased horizontal acceleration
near the tunnel compared to the free field [1]. In 2016, Abate
and Massimino in a numerical study have investigated
the interaction between tunnel, soil and building and also
investigated the effect of the tunnel on the response of soil
and structure and vice versa. They found that the presence
of the building reduced the acceleration amplification
compared to the free field mode. Their findings also showed
that the combination of tunnel and building caused more
deamplification of acceleration at the soil surface [3]. In
2017, Wang et al. in a numerical study, investigated the
effect of underground subway stations on the seismic
response of aboveground structures. They found that the
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effect of underground structures on the dynamic properties
of the soil surface depends on the dimensions and weight
of the structure on the ground surface, which the lighter the
structure, the less it is affected by the dynamic properties
[4]. In 2020, Mayoral and Mosqueda in a numerical study,
investigated the interaction of tunnel and building located
on soft clay during an earthquake. Their research showed
that larger destructive interactions occurs when the tunnel
is located just below the building. Higher amplification also
occurs when the dominant period of system excitation is
closer to the fundamental period of the soil [5]. In previous
studies, the effect of interaction of building and tunnel on
the acceleration amplification is vivid. So, in this study in
numerical modeling by FLAC 2D, the effect of exciting the
model by different types of earthquake wave, changing the
parameters of building’s height, axial distance of building
and tunnel, soil shear velocity, on building and tunnel
interaction is investigated.

2- Methodology

FLAC 2D software was used to investigate the subject
of this study. Two modes have been considered in the
modeling. In the first case, a building which is placed on the
ground, is excited by seismic SV waves, and real earthquake
wave, which is called SF mode. In the second case, a model
is constructed by adding tunnel to the SF mode case, and
excited by the same seismic waves which is called the STF
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Fig. 1. Numerical model created for a three-story building in STF model in FLAC 2D
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Fig. 2. Comparison the result of amplification of TF to FF of the present study with the study of
Yiouta-Mitra [6] et al results.

mode case. Figure 1 shows the numerical model of the STF
model in FLAC 2D.

By dividing the amount of maximum acceleration in the
time history diagram of the points which are located on the
building’s story, in the STF case to the SF case, we evaluate
the effect of amplification or deamplification of the tunnel-
building interaction on the ratio of acceleration response of
building’s story. In order to verify the software results, the
study of Yiouta-Mitra et al. [6] was used. Figure 2 shows
the comparison of the result of amplification of TF to FF
of the present study with the study of Yiouta-Mitra et al.
results and it shows the results correspond together.

3- Results and Discussion

After model verification, by changing the parameters of
building’s height, the axial distance of building and tunnel,
soil shear velocity and at last changing the earthquake wave,
the effect of these changes on building and tunnel interaction
is investigated. Here are some of the most important results:

- The maximum acceleration amplification due to
changing building’s height is occurred on the foundation
of one-story building about 5% and the maximum
deamplification about 30% is occurred on the second story of
five story building.

- In the low dimensionless period, increasing the
axial distance between building and the tunnel, cause the
amplification of the acceleration response rate of building’s
story.

- Changing soil shear velocity can comfort the
acceleration response rate of building’s story to amplification
or deamplification and these changes pattern isn’t linear.
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- Changing earthquake wave shows its effect on the
interaction of building and tunnel with the amplification or
deamplification of acceleration response rate of building’s
story. The result showed that in most earthquakes the
harmonic SV wave with frequency similar to the predominant
frequency of real earthquake, causes more amplification on
acceleration response of building’s story.

4- Conclusion

According to this study, if a tunnel is adjacent to a
building, the dynamic interaction of the tunnel and building
with each other can cause a change in the forces applied to the
building during an earthquake. The result of the interaction of
building and tunnel shows it’s effects by the amplification or
deamplification of the acceleration response rate of building’s
story. The amount of these changes relates to many factors
such as building’s height, the axial distance of tunnel and
building, soil shear velocity, the frequency of wave which
is applied to the system and many other factors. Therefore,
examining these issues can lead to a more realistic and safer
analysis of the design of buildings constructed in the vicinity
of tunnel.
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Table 2. Parameters required to be introduced in FLAC 2D software
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Fig. 3. Numerical model created for a three-story building in STF model in FLAC 2D
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Fig.4. The general layout of the problem
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Fig. 5. The general layout of the problem

ol i 21y 053 86 55 el i) s 03,5 delge Gl sl
S5 4 byye 7 JSS 4 dogi b amd oo LS dib pa OlS el
Sl Clib ) olid b cuws (als blasle , =YA/D 5 Jae
$9y FYL Slib 53 oy (Swals laslo gl il b bl e
P 4 bgrye Glib Ol Zoly (SalS op i o5 (5550 4 W3 o0
owed O i ol yieS g AYF ol ail 0 laile gmeligh
i 5l ok gl Ol oS canl o3y &y AN il olesle
bolasbo plo 3 ail o ad ol Oypo 4 0 dib b gmliiss
bl yloislu )>T b b O%.wbdp $9) 5l obus Zwl ul)u:) EYS)
YM U glael o6 cov ¥ i 4 dogi b ol oad dibo & losLus
X0 ITXY ol K olib Glis usly ol el jus w1 =D
sdnlio A S )3 sl oad leidles dib o ST 6 yguliigh 515 )
OS5l 5 a4 ¥ aab 5l =0M/D e om0 co S 29 e
DS, ¥ dib )3 45 (6956 4 Col 0l (o8 Al Ol sl Con
Conl 228105 1) (1 5 e dilo Ol Gl Cusd B lo g bigs
ol 038] 3T Glis gl S AY 3905 )3 52l 015 0 ails (3 4
395 3 pleidlo o Y B il I Qs gl Cund (2liSa S ojls

2 DS )8l plesSasS il i & G5l sl e ANY I 7E

YA

o 5 0l W] ) Sen g 1yino Loy allie g anllas ol gl ZV e+
2 s ol yiel)ly S b (25w cpl 3 v Jae (riwcons
&lsel s () plaiil 5 g (gy900 alold o (H) el ¢l
2 Ol cpl 6 oy & SB by g0 oy s g A3 (Bl
g S8l doms 5> adlllae 3y50 pleible Clib Cld gleiS)j
Iy adllasdygo dliws (IS dwdin & S5 .l o dizlyy laidlo o
gl 5 (0) Jigs Ges 5 (B) ploilo (55 adllao )3 e oo Lt

b i 9 (@) Sy

oy g b Y
20186 g leilo g Jig S el glis)l s 31-) ¥
oledlo Slib Gl Fuwl o

o ¥ i o gli)| | 4l 0 5 ¥ ) elalezilo adlbs oyl
STEF/) i licS yy i V) I8 SIS sl 0 a8 S 415
b Sagoyl glysl S5 o dido B 9 ¥ ) b loisbo gl (SF
Ao o s NP g Ve v @ Y a9k 390

B e &2 A oS 98 e anlie V) JIF S 4 2295 L
lSe s by plS)n b alg e pladle Clib gl Jlesl zge



5
-S=5
4 +5=3
S=1
3 4
>
e
S 2 A
~=
)
1 4
0 T T
0.7 0.8 0.9 1

Amplification Ratio (STF/SF)
MD=Y,548b 0 5V ) loidlw gl gyl 15 (STF/SF) Clidd (i )50 Commd Ol i & JS0

6. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at A/D=2
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Fig. 7. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at A/D=3
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Fig. 8. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at A/D=5
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Fig. 9. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at 2/D=
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Fig. 10. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at 2/D=10
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Fig. 11. Acceleration amplification ratio (STF/ SF) changes in height for 1, 3 and 5 storey buildings at A/D=NP
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Fig. 12. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at A/D=2
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Fig. 13. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at

3
D=5 ~-e/a=0
S= --¢/a=1.5
e/a=3
2 4-e/a=4.5
> @-e/a=6
%)
e
S
S1 -
0 r —'- -~
0.8 0.85 0.9 0.95 1 1.05 1.1

Amplification Ratio (STF/SF)
MD=0 )3 (¥=8) aib aw yleidlw 1w glii,l 13 (STF/SF) Glidi (obiS )5 Connd Ol guti N F JSUS

14. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at /D=5
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Fig.15. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at A/D=7
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Fig.16. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at A/D=10
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Fig. 17. Acceleration amplification ratio (STF / SF) changes in height for a three-story building (S=3) at A/D=NP
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Table 3. Parameters related to applied seismic waves
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Fig. 18. Acceleration time history of Tabas, Bam, Kobe and Helena earthquakes
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Fig. 19. Acceleration amplification ratio (STF / SF) changes in building height under the excitation of Tabas,
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[ ]

1 \

=0-Tabas Earthquake

==Harmonic Wave (A/D=10)

0.96 0.98 1 1.02
Amplification Ratio (STF/SF)

1.04 1.06

b Sign, s 90 9 b (5105, Elgel S 00 Lo b Gloiblw (51 51 53 (STF/SF) Qlid (oleiiS ;52 S Ol pand Y+ JSd

AMD=)+

Fig. 20. Acceleration amplification ratio (STF / SF) changes in height for a three-story building under the excitation
of Tabas seismic waves and harmonic wave with A/D=10
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Fig. 24. Acceleration amplification ratio (STF / SF) changes in height for a three-story building under the
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