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Abstract

The main objective of this research is to study the effect of the
underground structure numerically (e.g., tunnel) on the seismic
performance of the nearby surface structures due to the coupled interaction
Tunnel-Soil-Structure Interaction (TSSI) using the nonlinear time history
analysis method with the assistance of the finite element software PLAXIS
2D package. Many parameters have been considered in this study,
including; ground medium (soft soil, stiff soil, and rock), the tunnel
position related to the surface structure horizontally (X/D=0, 1, 2, 3, and
4) and vertically (H/D=1, 2, 3, and 4). Therefore, also comprises the tunnel
lining properties (flexible and rigid lining), the system periods (up to 10
sec.). In addition to that, the embedded depth of the surface structure has
been studied. Furthermore, constructing a new proposed circular tunnel
beneath Germany's Frankfurt building center (FBC) has been investigated
as a case study.

The results show the importance of considering the soil-structure
interaction in the analysis and design of the surface structures set on soils
with a shear velocity of less than 600 m/s. The inter-storey drift (IDR)
increase was 20% and 36% in the case of stiff soil (Vs=410 m/s) and soft
soil (Vs=170 m/s), respectively, causing structure collapse compared to the
fixed base.

The existence of a tunnel has a significant effect on near high-rise
surface structures, and this effect could be positive or negative, according
to many factors, including the soil properties, the tunnel properties, the
height of the surface structures, and the position of the tunnel related to the
surface structures horizontally and vertically. At shallow depths, the close
tunnels (X<2D) amplify the structure response about (5-16)% in the case
of soft (Vs=170 m/s) and stiff (Vs=410 m/s) soil while attenuating the



response significantly about (10-50)% in case of rock medium. In contrast,
the far tunnels (X>2D) cause attenuation ranged in (5-10)% in the case of
soft (Vs=170 m/s) and stiff (Vs=410 m/s) soils, while causing significant
amplification ranged in (10-35)% in the case of rock medium. At deep
depths, the same trend has been observed in soft (Vs=170 m/s) and stiff
(Vs=410 m/s) soil, while for rock medium, the tunnels cause significant
attenuation of the most distances ranged in (10-50)%. It can be concluded
that the location of the tunnel at (X/D=1) is a critical location that causes
negative effects in soft and stiff soils and a positive effect on rock medium.
Also, the far tunnels (X>4D) have a negligible effect on the buildings.

Concerning the lining properties generally, the flexible tunnels
amplify more than rigid tunnels by a maximum difference of 15% in case
of soft (Vs=170 m/s) and stiff (Vs=410 m/s) soils, particularly in the case
of close tunnels, whereas rigid tunnels attenuate more than flexible tunnel
in the rock medium with a maximum difference about 33%. Besides, the
effect of the lining properties decreased and vanished with depth. Hence,
the flexible tunnel has a more hazardous effect on the buildings.

The effect of the tunnel is tremendous, whether in amplification or
attenuation, and the effect decreases with periods of more than (4.0 sec.),
where the amplification ratio may reach 1.5 in periods lower than (1.0 sec.)
and up to 1.18 in case of periods (1.0-4.0 sec.).

The underground basement reduces the response of the structure by
about half. However, the negative effect of the tunnel gets higher in the
case of the one-underground basement, and the positive effect gets higher
in the case of the two-underground basement, i.c., deep embedment. Thus,
it is recommended to increase the embedded depth to improve buildings'
seismic performance and mitigate the effect of tunnels.

The case study results confirm the findings of the parametric study,

where the Frankfort tower has moderate to long periods with a two-



underground basement. The tunnel has a slight effect or a positive effect at
most locations, especially the deeper depths, while the negative effect

appears at 15m around the Frankfurt tower at shallow depth by about (3-
10)



Laliid)

) e (oW s ai all clina) Hala 0 s a1 (e e 1 Cangdl
(Ll g 2 5l 5 aaall il Jadas ) @l jidall 5l o ga g 4 58l dpadanadl cilinall ) 5150
PLAXIS 2D saaall jualiall eali ys saebusay ol je (ga2all Jidall 43yl aladiul,
Aalid e dn o) gum Jals o) ¢ (panaTi g el Jall o3 (& liie W)l ol il (e el 330 5
L see 5 (X/D=0,1,2,3,4) Ll 33l a8 g ¢((5sdma Jamgy « Adia 4y 5 ¢« 5535 5 4 )
(e 8 5m Gee 5 Lkl 853 ) gl ¢ (alay (g 0) il Ailday pailad ¢ (H/D=1,2,3,4)
Tor ot Adline aflgar dan i LAl al g8 a8 AN Gl e Y] s Liidl)
Al AllaS L) a8 1) )y 5850 8

ol g ilaill 8 jlaie W) lay Laiall o4, 5l Jadaall 580 a4 daa) gl < yekil
il ekt Anl/ yie 600 (e JBI (al dlgal Ao jun Ay 5 e Bapdiall (YY) (358 Cliiall
410 ) dadall & 50 s 894365 %20 conds Laiall 5l glall s 48851 A Y1 A 33l
Liiall ) o gand lld (g2 Cum ¢ il e (A55/ i 170) ddpmaiall 4 53 5 (480 s
) Gl a8 ae A5 laally

e i)Y Al cilinal e Tagale piliad 3all 3 s o) Liagl il @ jelil LS
paibad @il pailiad Led La (Jalse saal Wy b 5l o) (sS0 38 L500 13a
b Gal sa s Al 8 L5 L gae oadand) Laiall Aunilly séill ad ga g Liiall g ldi ) ¢ sl
s %0(16-5) s Hlaies Lasall Llatiad (30 3 55 (X<2D) A Al G03Y) ellaiall (3lac )
Alaia) U8 Lety (A0 e 410) Alall 2 5315 (R e 170) Admall 4y ) il
sl GV Al b pSall e pauall L sl Al (594(50-10) Llaiay B sale S
Alall 5 ddgmall 4, 3 Al (3 90(10-5) laies Liial) Adatil 8 Q5 Suaas (X>2D)
Gl dga g Al (8 (g saall Tansll Al (96(35-10) By Lo sale mdiial Caaas Lay
(g oiall o gl) 6 Lain ¢ Alally dmall Qo (G 4l bl (IS ¢ 5 S Gleely
Y6(50-10) dandy lilued) e I sale daadd Gaaat (JasY)

Alaiu¥ apduci SIS pall G 8 ale (S0 Gl Dlay pailiad ady Lad
Liiall (e Ay 5l BUEY) La gead diliall 5 ddpaall oyl 8 A00a SV GlaY) (e Liall
GEY) e i) ISy L) s JIES 400a ISV GEY) e ¢« %15 o laie Gl



N a5 saall dilay 80 Gl LaaDly LS 9433 o )laie (3l 5 (5 pdaall Janll &4l
Gl Gee B34 ) ae

G i O i) i de 3l s il A ey o35 Ll ¢ 1 ity L 8
Ala e sas (A5 1.0) oo BV i 31 ol yiall cald il e aliiie je 5 S S
ol i ellas il cleLinall iy o Lanall die 3005 538l 30l ) ae ) i 5 el ) apdzal)
S Ly 485 1.0 o JIY) <l il 1.5 ) sl A Josi s (A5 4.0) 050 LS)
(Al 4,0-1.0)) il 1,18 aad

L) (e Jliy iy o Ll e s 3 (e 3305 ) ) L) il s
e sl ol Haal jeday ands gl 8 cCaaill I diay S S8 Lasall 4301 3150
Y LA jelay puSall e g ¢ (GaLY) Cind aaly i) e 3 Gemr sl Ll
(oY) cand cpigla) e 6 e 4 shaall cliinal e gall

4l 3 g (Frankfurt tower) <y sSil8  d Agiadail) Allal) Gl o il (380 555
Blac V) La saad g a8 sall (o S 8 Tan Cadla IS 7 i) Gaill 80 of G cdalall Allal)
Ohay ol Alainl) 3oy 3 Gl aludl AU jeda Lain ¢ (el L0 We () 5Sy 5 4
o) e e e 15 2 e Gall asa 5 2ie %(10-3)



Jem sl Finals
fdigl) 4

Aiaall Autigl) ad

EURE WSS R

Adlad) i) et Ao Laial)-4g jilio 543 o JANAE) il
daSaiylall Jlaal caas

o) A yivale Al
asle b ialal saled U llkiia (o ¢ 35S Jom pall faala (b Fuatigl FIS (ulae
oY iy ) LSS n / il sl

d—\ﬂuﬂeﬁ

Olad J) als ‘“?.\ﬂ“. vy

il

PR EN I PRCPY
Suall )55 48

¢ 2021 51442



