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Fig. 1. Schematic diagram'of the effects of seismic soil-structure interaction
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Fig. 2. Structural column layout plan
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Table 1. Dimensions of beams and columns in building floors
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Fig. 3. Summary of subsurface conditions in Babolsar city
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Table 2. Soil properties and layers under study
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Fig. 4. Structure and soil layers modeled in MIDAS GTS NX software
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Table 3. Calculations related to the pile stiffness modulus
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Table 4. Results of interpretation of the bearing capacity of piles tested by static load testing
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Pile Pile Specifications Proposed Corresponding Alloawbale Capacity

Name™"| Ultimate | Settlement(mm) (Ton) SF=2.2
| load (Ton)
Length Diameter Butler 2- Davison Chin- Brinch-
| (m) | (cm) &Hoy Line Kondner Hansen
PT-1 25 T 100 880 640 560 690 36 315
PT-2 . 30 100 760 500 520 640 46 290
PT-3 25 100 720 500 550 909 884 635 31 288
\
PT-4 30 100 820 700 680 1000 837 750 32 340
Average25m. 800 545 555 909 884 662 - 300
*® 1 u
Average 30 m 790 590 580 1000 837 695 - 315
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Table 5. Comparison of foundation settlement results with and without piles
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Table 6. Comparison of foundation settlement results in two models: soil-structure interaction and Winkler spring
model (cm)
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Fig. 11. Soil settlement beneath the foundation under seismic loads in SAFE software
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Fig. 12. Settlement of soil layers.beneath the foundation under vertical loads in MIDAS GTS NX software
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Table 7. Comparison of soil settlement results beneath the foundation in two models: soil-structure interaction model
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elected horizontal earthquake acceleration from the PEER ground motion database

Return NGA Scale factor R PGA || PGV | Frequency
Based on

Period No Earthquake Yeer || recordgd) " CMS M (KM)  Mechanism (9) (m/s) (Hz)

72 1 Superstition Strike slip
2 Hector Mine 1999 56.4 Strike slip 0.14 0.15 3.34
3 Hector Mine 1999 | 1,836 42 Strike slip 0.22 0.24 6.93
4 San Fernando 1971 68 22.7 Reverse 0.16 0.15 5.40
5 Duzce Turkey 1999 | 1,613 25.7 Strike slip 0.1 0.11 5.74
6 Chalfant Valley | 1986 549 16.3 Strike slip 0.26 0.22 3.94
7 chi-chi Taiwan 1999 | 1,476 28.4 Reverse 0.3 0.29 4.72
8 Landers 1992 850 Strike slip 0.3 0.34 5.47

475 1 Kobe Japan 1995 | 1,100 0.44 2.56
2 Chi- Chi Taiwan | 1999 | 2,746 0.37 4.2
3 Hector Mine 1999 | 1,762 0.45 7.83
4 Chi-Chi Taiwan | 1999 | 2,746 0.36 4.21
5 Denali Alaska 2002 | 2,113 0.27 12.21
6 Kobe Japan 1995 1.121 0.44 2.25
7 Chi- Chi Taiwan | 1999 2,639 0.29 2.73
8 Superstition Hills | 1987 729 1.31 6.54 | 238 Strike slip

0.23 20.29 7.83
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Fig. 14. Selected and scaled,ground motions for two return periods: a) 475 years and b) 72 years

(IS0 sloli gl -0-7
VO Sl b)) Jls! slacglss coweS s sl WEDP oo Ol ey &S 4> g asdllas 8,90 o3l Jow sl

lyady A sadanle ke polie o gone o) 088 o lis |y glaal o sla sbuls 5Slas sadaulxe ke polio
bl (2Kl w04l o calin Ko 0 a5 jshilas aias s LS Wls FYO 5 VY iS5l slboo g0 gm oz mhaw ;2 (6l p
el Slasle Gl plpls ai)ls (6526 B! Jlo VY et 3l 6ye0 (ol SSI > 5 ol 4l cdl> jo laids s slo
0,90 5l oad ;53 duslie 50 (saw 3l 28,5 onol Llad o Slls @SLL 5], S Ol g ce addllas cpl jo 0nl
O el il 5. Ske (ol b cdls 550 40 @S (g b 4 el gl kol ol @il (5 ohg 4l YO cliSL
0,9 b abaalyls o sy e A0 V0 4 VY g VY Sl 1o SSIcdl jo ol cpldlesl VA LD il ,0) %080 glail
Wlgs o0 SSI (28,8 Jlai (o sae ool ply i co (iuldl ) glaids o il mSTas SBESgls b i L Jle TYO cussl
@ o), dilale )0 ade aily gloleasls FEMA P-2091 b sl iy 050 50 0g Judoo josdlyd bl 4 xie
o)jbﬁww‘msbws‘c g.)jl.u o)ab)a.mv&bdsm%sa u;).la))bso...‘ac.wb ‘_;“)‘\) (SSI) o)l.....aj&_{l} JA.AS)\A)‘ J..J\)

> 50 g WY toN ol b b jo 4l o dslllas ol 0 a0 s 7y b (o ralS pl ploaesioeiial 8l el

a5 sl VOFA tON ol — S Sl Ll

'4



L] L]
L ES £
ol k. &
25 8 & g &

b = =]
20 A . & e
P g g <2

107 . z £

i I =3 =3

5 7 (72 = o

i L rl B D ot ®
0.077 i Tl 7 e S e ma R St R e e i [l
a5 -1 96N0 05 10 15 15 -1 05 00 05 10 15

Interstory drift (%) Interstory drift (%)

slaib o b o luls GSTas s mbaw 1 gl p g5, sludel o sudidmwlxo glo; ) s EDP VO s

Fig. 15. Seismic EDPs calculated along the height for each hazard level: maximum inter-story drifts
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ABSTRACT

High-rise buildings have always been important subjects for researchers and structural designers.
While seismic analysis of these structures is critical in engineering, the effects of soil-structure
interaction often receive less attention.,However, considering soil-structure interaction in seismic
analyses provides more accurate and realistic estimates of structural performance during earthquakes.
This study investigates the impact of soil-structure interaction on the seismic behavior of high-rise
buildings with mat and pile (deep) foundations. The main goal is to evaluate foundation settlement
considering soil-structure interaction and compare it with the fixed-base condition, which ignores soil
effects. A 33-story high-rise building with a core frame structural system was modeled, analyzed, and
designed using ETABS software. For a more precise analysis of the soil-structure-pile-mat interaction,
the continuum soil modeling software MIDAS GTS NX was used to calculate foundation settlement
under continuum conditions. Comparing these results with those using the Winkler spring model in
non-continuum software shows that foundation settlement considering soil-structure interaction is
greater than that predicted by the Winkler model. Furthermore,7saccounting for soil effects reduces
foundation settlement compared to the fixed-base condition. Additionally, including soil effects in
seismic analysis increases inter-story displacement. These findings emphasize the critical importance of

incorporating soil-structure interaction in the analysis and design of high-rise buildings.

Keywords: seismic interaction of pile soil and structure, seismic performance_of buildings,
continuous environment modeling, finite element, tall structure
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