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and dynamic response of structures. In this study, the effect of tunnel excavation in Tehran city on
the dynamic and static response of structures in three sections has been investigated. In the first part,
PLAXIS software calculates the following two-step session before and after excavating. The second
part of PLAXIS also performs dynamic analysis for both stages and the following acceleration response

is calculated. The purpose of the second part is to investigate the impact of excavating on acceleration

response and its use in SAP 2000 software as input for structural analysis. In the third part, the structure  Keywords:

is modeled in SAP 2000 software and the results of the first part of the displacements of footing are Urban Tunnel

applied and by using accelerating response, the structure's nonlinear dynamic analysis is performed in E "
. . . Xcavation
two stages (PLAXIS output). The results of the analysis showed that the tunnel excavation has increased

the subsidence of the foundation subsurface and the highest subsidence is in the 6th model (operation ~SuPPOrting Structures
stage), which is 1.2 times the average of the previous one. The excavation has increased and the impact ~Dynamic Analysis
of the supporting structures during the execution phase compared to the operation stage where the  Subsidence
concrete side walls are executed has been effective in reducing the subsidence by 4% and maximizing

the acceleration below 1.5 times and also in the structures the displacement increased by 1.25 times

compared to the pre-excavation phase response.

1- Introduction

Due to the increasing population, the need to build
underground structures and drilling urban transport tunnels
has become inevitable to provide infrastructure [ 1]. In general,
drilling of tunnels and other underground structures results
in the removal of piles of soil and rock at the site besides
significant changes in environmental stress conditions, and
dynamic and static response of adjacent structures. Tunneling
causes a change in the dynamic and static response of
existing buildings. Therefore, investigation and estimation
of tunneling drilling effects on adjacent structures are of
particular importance. It is necessary for tunnel design and
construction engineers to estimate the extent of drilling
response to structures and determine whether or not these
structures will be affected by drilling [2, 3]. The activities
carried out in this area are related to Dimok research, which
has done a lot of studies on tunneling in urban environments
and its contributing factors [4]. In 1993, Wang presented
equations to determine the forces generated by tunnel cover
during an earthquake [5]. Hashash (2001), has proposed an
applied method for seismic analysis and design of tunnels
and underground structures by completing Wang’s equation
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to soil and structure interaction [6]. Marinella et al., 2019
performed reinforcement on a case tunnel with a concrete
cover that reinforced in two layers of 30 and 40 mm. The first
layer having no significant impact on the load, but the second
layer being effective in reinforcement [7]. Martino Gatia et
al. (2019) used a case tunnel with reinforced rouo-plastic
mortar and a layer of galvanized steel, which was used in the
retrofitting of created cracks [8]. In this research, to evaluate
the impact of urban tunnel drilling on the dynamic and static
response of existing structures, some main analyses were
performed in three parts using two PLAXIS and SAP 2000
software. PLAXIS software was used for nonlinear dynamic
soil analysis due to its inability to perform nonlinear dynamic
structural analysis using SAP 2000 for nonlinear dynamic
analysis which was a step-by-step task.

2- Methodology

According to the modeling, to determine the effect of
tunnel drilling on existing buildings, an applied tunneling
method has been employed. In this way, first, in PLAXIS
software, by performing a static analysis the subsidence of
the existing building under dead and live load was calculated
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Fig. 1. Structure foundation displacement before excavation

Fig. 2. Post-drilling step (model six)

in two steps before and after tunnel excavation. In the later
stage of drilling, the calculation of the subsidence due to
drilling was investigated in two parts. In the first part, which
consisted of 6 operating phases, in all phases, the building
assembly was calculated. In the first and second phases, the
building was activated and in the third phase, excavation and
pile execution and concreting around drilling were done. In
the fourth phase, drilling was carried out up to -22 m and
the tunnel retaining structure was activated, and concreting
around drilling is done. In the fifth phase, drilling was carried
out to a height of -28 m and the tunnel retaining structure
was activated, and concreting around drilling was done. In
the sixth drilling of side platforms and implementation of the
Anchor element and the seventh phase, which is the post-
implementation phase (operation phase) guard structures
are removed and the subsidence of structure was calculated.
In the second part, the PLAXIS software also performs
dynamic analysis for both stages using the desired record,
and the acceleration response under the existing building was
calculated. The purpose of this section is to investigate the
effect of tunnel drilling on acceleration response and use in
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SAP 2000 as input for structural analysis. In the third part,
the structure was modeled in APSAP 2000 software and the
results of the first part of the displacements were applied to
the foundation. Using the acceleration response (PLAXIS
output), dynamic nonlinear analysis of structures was
performed in two stages.

3- Results and Discussion
3- 1- Calculate the building foundation subsidence

For the pre-drilling phase, using the PLAXIS software,
the soil and the existing building frame without drilling were
modeled considering soil and structure interactions as shown
in Fig. 1. By performing static analysis, the horizontal and
vertical sub-basement displacements were calculated under
dead and live load.

In the post-drilling step, Fig. 2, the calculation of
the subsidence under the foundation due to drilling was
investigated in two parts. In the first part, simultaneously with
the drilling implementation which consists of 6 operating
phases that in all phases the subsidence of the building was
calculated.
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Fig. 3. Acceleration response under foundation before excavation
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Fig. 4. Acceleration response under foundation after excavation

3- 2- Nonlinear Dynamic Analysis Of Soil

In PLAXIS software, dynamic analysis with Irpinia record
and considering soil-structure interaction were performed
in two separate stages before and after drilling. Then, the
acceleration response under the foundation was calculated.
The purpose of this section is to investigate the effect of
drilling on acceleration response and use in SAP 2000 as
input for structural analysis.

3- 3- Nonlinear Dynamic Analysis Of Structures

In this section, the structure was modeled in SAP2000
software and the results of the static analysis displacements were
applied to the foundations of the structure. Using the acceleration
response (PLAXIS output), nonlinear dynamic analysis of the
structure was performed in two-stage. Finally, the changes of
the structural response due to drilling were investigated and
the results of the analyses were presented in Fig. 5. Due to the
figure, the impact of drilling on the seventh-floor displacement
response, the maximum displacement of the structure increased
by 1.15 times compared to the pre-drilling phase.

4- Conclusion

In this research, first, to verification the software, used
the model of Castaldo et al. that they had done the impact of
drilling on the Italian Naples station adjacent to the Ferrari
building in 2014, all stages of his research were modeled and
analyzed. After validation, the present study was conducted in
a case tunnel located in Tehran using PLAXIS and SAP 2000
software. PLAXIS software was used for dynamic nonlinear
soil analysis. The SAP 2000 software was used for nonlinear
dynamic analysis of structures because of its inability to
perform nonlinear structural analysis. In the first part, PLAXIS
software calculated the subsidence below the foundation in a
two-step session before and after drilling. In the second part
in PLAXIS software, dynamic analysis was done for both
stages and the acceleration response was calculated below the
foundation. The second part aimed to investigate the impact
of drilling on acceleration response and its use in SAP 2000
software as input for structural analysis. In the third part,
the structure was modeled in APSAP 2000 software and the
results of the first part of displacements were applied on the
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Fig. 5. Comparison of structural change

foundation. Then, using the acceleration response (PLAXIS
output), the nonlinear dynamic analysis of the structure was
performed in two stages. The main purpose of this study was
to investigate the effect of tunnel drilling on the static and
dynamic response of adjacent structures in which the rate
of subsidence changes under the foundation and the role of
guard structures as well as the rate of acceleration changes and
displacement of existing structures due to drilling the tunnel
has been calculated. The results of the analysis showed that
due to tunnel drilling, the subsidence under the foundation
was increased and the highest subsidence due to excavation
was in model 6 (operation stage) which average of 1.2 times
was increased towards the pre-drilling stage and the impact
of guard structures at the implementation stage compared to
the operation stage where the side concrete walls are made
effective in reducing the 4% subsidence and the maximum
acceleration below the foundation 1.5 times increased, and
in the structure, the displacement 1.25 times was higher than
the pre-drilling response. The usage of this research can be
useful in identifying structural vulnerabilities before and after
construction.
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Fig. 7. Drift of 8th floor of structure (Castaldo model) [9]
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Fig. 8. Finite element model before excavation
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Fig. 9. Finite element model after excavation
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Table 3. Laboratory geotechnical parameters [12]

e sl

ol

Qf-1  QC-1 Qf-2 QC-2 0Of3 a=ly
Sb Sis pgare o) W V0. VO VEO . VWO- V0. Kg/m3
AV Joe E (ST S P YAAN Yo - WA Kg/em2
SL Gl S v -IY -I¥4 ¥ AIY4 " .
SKlasl aygl; o Yy Y Y Yy Yy deg
(/Y] PLAXIS jo S S g55 sl ol s .F Jgor
Table 4. Soil geotechnical parameters plaxic [12]
b sl e Qf-1 QC-1 Qf-2 QC2  Qf3 a8
Jowe - HS HS HS HS HS -
I Sl S SESad aSad Sl -
elesl ogasee 53 saty VAID 14 V4 VAID V4 KN /m?
6D g S ke I\ e /) /) /) m/day
GRS o ky oo ofee [++) [+ [++) m/day
Ceaglin Ho ilSw Jgue
Evef® VO OFY .- FAA.- NZE FAA- - KN /m?
(a5l 535,k Jse )10
’ Ev YYE. . OFY. - FAA- ov- - FIA- KN /m?
adsl
SIS L— bl Jge
E, V69 OYA«+ - YAA - YO+ oo YAA - KN /m?
Sdze
P Sz Crof YAy YFITY Yanwy Yy Yanwy -
Slasl ay4l3 o vy vy Yy Yy Yy Degree
elusl asgl; v Y Y Degree
S i o Ceaglie Riner - 10 - I8y 10 - IV - 10 -
WY Ges H V. ¥ A ¥ ¥ m

IAA4Q



oS! sl g, ~F-Y

o Sl ot L2l a5 ged &g @ o8] 2t )
i olSiay] i 5 g LS olaiel o olag B bs, ol
s 6y VIO wliie Jolgd 5 ole slace IS slazal 13 5 o
G5y o Bl o] i YU 5 sl o 12l Ll
(S Slred 5 S il hug e g 00d 2] Lot
sob 4005 oo Slasl o) 5 0uls £9,5 (5,10 p S Slles
lge Dy 4 Blgioe |y Ghgy cnl )3 ol Gl Jole S5
2,5 o,Lal g

SV o) Syslre jo gwws Cild glpl g g la> )
tolSiang] (g i Copxbyge 4 ks 5| bl o ) ol g (o li
Gl Suadye a4 2l Gl (bl 5 Gl g s Y
5 H o s )la 5 g )3 B (5 la> -F ol
lrad Gt F ol o gy (5 la> -0 < by Vb (5 )5
S pSE A dageds sl yo (o 3l ) R g ke -V
oS aalsl 1+ sdg Sl sl 4 sy Sl sl 2l 5l
4958 Il 5l Fomb B ol gzl ) cpgalaisd 25 515 6
i i Y o8] glym ] eSS 5 gy Sl Bas VY e,
Slaras 3 Eige 005 )agS o5l gyl VF ¢ il slomilo VL
JeSS g (il sl sniladly slaicy o)l V0 ¢l

(SIS

Sl diily 1 4 S (ol Sl a5 Jb e el
5l eolainl g S oogame jo i lajly o) Geess opluls
2 el (5y958 (Fow caslie polie 350 Cuss 4 gl ]
oyl )y 00551 Cews 4 gl dolpe (nl oigd o S Jos
B GE D g Jade o ol Gl 4 g S 515090 (5399
Dyl s, 00

B8y hays sl bl ulH(R,,,) S e e Cooglio
395 g0 08lil 03l 5 S LS il 5,8 Jke o S yidie zla
Iyl

Jisyeis (b jo S 00y Sy (V) S gludl aglj
gLl saugly (salewy 4 a5 Wb oo p> talS L ol 2y
5o ilgs o a8 el lalge alox 5l glusl saygly 09 o 0ols ylis
gLl sy adl 38 ,5b ()l 4 bogi s slaJels 5 (s by
VARD Jlo 5o o5 ails 3SasS S Sl a5l; 5l S
sl 00l 2l jealgn ) lawes

adsl ol (S ,S- AT loged yo () b Jge
iy yu5 Eref’ laie 4 %0+ Cuoglie j0 SilSw Jsaw 9 £ Y gore
S 9 WS (oo oolial B2 L°9‘°~° kSL 6,185,k ln wsdse
E, s E 7 sl 4 b )li> 5 5lbis aile gl p)k Bl

[\\"] 05)‘50 )lS d.»

VY] o leSS slojlw 10 solisw! oy wlasine b Jgua

Table 5. Concrete specifications for use in guard structures [12]
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Table 6. Elements specifications of plate type guard structures [12 ]
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Table 8. Vibration coefficient and vibration frequency of structures

q A \4 £ o f

Y Y ) o 0,los

YR [YEE L [FE YO <[-88 Y

YOFIYY OIXY  AANY

Y YVE A (S) ojle sl o i

YVE O EVA O OYY  (Rad/s) ojle wilS s

S ynd e D) oage 4 (RN JSE) Sy (2l e
JS il AWl Ko g o4l 0,8 Gla_>)...c Seelos Jdow s
il gl el et Sz g cnl 5o D YT il o W35
By o ol 5l oalial b (g 5 e pgo 5 sl (o0lai | uilS 53
SAP Jf3ile 5 5 ik oo bl by ol oty ol o0 dpuslono
O3l VAIVA 5 OIFY s 5 pgo g Jol (o8lasyl (uilS 3 Y00

g 1f g fga (Ll dolee J> b aS ooy ras 4l

V4.0

sl 00 dloes B = 0.001
ol (2l yme —O-Y

s S ST ol ) g o el 4T (gloasay ojle 4o
S5l e 53 dgbioe oueli (lie 398 Shetts 05 &
Shete il Glapuilie & Ly s (LS5 i
059> 53 o)l (55 Sl )08 ples &8ly 5o 2l e 095 o
wibo s ue L3, 059 o 1) 2 cpl a5 wdl o e L3,



A A
A

<]
&
4
P
s
~a
P
-
&
]
<
4
o

ininivicam

PrRleieleie i

>
SO *

)
~d
|

= TSI D DE |
(4

‘
- K

SiEmrcpLrLnir e N

u.l:-le.b'Ja
=
5 //_ ||
/ g \

y

¥

—

Joe 33 03l sl e VA JSCi
Fig. 18. Absorbent boundaries

A A
T
s Jaerse
A JULILLEHRTL L] LR
iy
~ NI RTTTTTE
3 (s
ALLLLLLIR R 1
\ -
AL

STRITTLITT
S aeroris

Prsard

(Jgl Jow) 6 ke 51 8 alo o ol (o 2loranle IR Sl
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Table 9. Result of structure foundation displacement, before excavation
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