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ABSTRACT

In engineering design methods, it is assumed that the structure is located on a fixed base, and the effects of
the soil environment on the structural response are generally ignored. However, research showed that the
environment of the soil and the structure can interact with each other. This phenomenon is called soil-
structure interaction effect. Therefore, the soil environment should be modeled in structural analysis. There
are different methods for soil modeling. One of the practical methods is to use separate springs to model
the soil environment. In this article, the effect of the number of floors and the period of the structure on the
soil springs’ stiffness has been investigated. In this regard, three-dimensional structures with the number
of floors 1, 3, 5, 10 and 15 were modeled in Opensees software with continuous soil environment. Then,
from the results of the structural analysis, the reaction of the soil under the foundation was calculated and
relations were presented to determine the stiffness of the soil. These relationships are dependent on the
structure’s period.

Keywords:

Soil-structure interaction, Winkler model, Elastic foundation, Two-parameter foundation, Period of
structure, Soil stiffness.
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(FSV=2) i G ojlw ) S gidkw 0 S Jidiw Cad 1) Jgu

Joints’ distance from center of the footing

" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
1.02 1.01 1.01 1.00 0.99 0.99 0.98 0.98 0.98 0.99 0.99 0.99 0.99
1.02 1.01 1.00 0.98 0.98 0.97 0.96 0.95 0.95 0.95 0.94 0.94 0.94
10 1.03 1.01 0.99 0.98 0.98 0.97 0.96 0.96 0.95 0.94 0.93 0.93 0.92
15 1.05 1.03 0.99 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87
(FSV=3) aib ¥ ojlw pj S (Joew 4 SIS (S S oY Jgur
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
1.02 1.01 1.01 1.00 0.99 0.99 0.99 0.98 0.99 0.99 0.99 0.99 0.99
5 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95 0.95 0.95 0.94 0.94 0.94
10 1.04 1.02 1.00 0.98 0.97 0.96 0.96 0.95 0.95 0.94 0.94 0.93 0.93
15 1.05 1.03 0.99 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.88
(FSV=4) 4o B o3l 303 S gidhaw &1 S gidhas Carnd ¥ Jooir
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
1.02 1.01 1.01 1.00 0.99 0.99 0.98 0.98 0.98 0.99 0.99 0.99 0.99
1.02 1.01 1.00 0.98 0.98 0.97 0.96 0.95 0.95 0.95 0.94 0.94 0.94
10 1.03 1.01 0.99 0.98 0.98 0.97 0.96 0.96 0.95 0.94 0.93 0.93 0.92
15 1.05 1.03 0.99 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87
(FSV=5) aib Ve ojlw o5 SIS (w 4 SL (Joew Cound :F Jgu
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
1.01 1.01 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.96 0.95 0.95 0.95 0.95 0.95
10 1.04 1.02 1.00 0.98 0.97 0.96 0.96 0.95 0.95 0.95 0.94 0.94 0.94
15 1.05 1.03 0.99 0.96 0.95 0.94 0.93 0.93 0.92 0.91 0.90 0.90 0.90
(FSV=6) aiub 10 ojlw ) S Soew 4 S Soiw Coni 10 Jgoa
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
1.01 1.01 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.96 0.96 0.95 0.95 0.95 0.95
10 1.04 1.02 1.00 0.98 0.97 0.96 0.96 0.96 0.95 0.95 0.95 0.95 0.94
15 1.05 1.03 0.99 0.96 0.95 0.94 0.93 0.93 0.92 0.91 0.91 0.90 0.90
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Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
0.323 | 0.321 | 0.318 | 0.316 | 0.314 | 0312 | 0.311 | 0.310 | 0.311 | 0.312 | 0.312 | 0.313 | 0.314
0.212 | 0.209 | 0.207 | 0.204 | 0.202 | 0.200 | 0.198 | 0.197 | 0.196 | 0.196 | 0.195 | 0.195 | 0.195
10 0.114 | 0.112 | 0.110 | 0.109 | 0.108 | 0.107 | 0.107 | 0.106 | 0.105 | 0.104 | 0.103 | 0.103 | 0.102
15 0.089 | 0.087 | 0.084 | 0.081 | 0.081 | 0.080 | 0.079 | 0.078 | 0.077 | 0.076 | 0.075 | 0.074 | 0.074
(00l aumdli T/T1 9 g FSV=3) allb auw o3l 3 S Jdew 4 S 5w otV Jgo
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
0.322 | 0.320 | 0.318 | 0.316 | 0.314 | 0.312 | 0.311 | 0.311 | 0.311 | 0.312 | 0.313 | 0.313 | 0.314
5 0.212 | 0.209 | 0.207 | 0.204 | 0.202 | 0.200 | 0.199 | 0.197 | 0.196 | 0.196 | 0.195 | 0.195 | 0.195
10 0.115 | 0.113 | 0.110 | 0.108 | 0.107 | 0.107 | 0.106 | 0.105 | 0.105 | 0.104 | 0.104 | 0.103 | 0.103
15 0.089 | 0.087 | 0.084 | 0.081 | 0.081 | 0.080 | 0.079 | 0.078 | 0.077 | 0.077 | 0.076 | 0.075 | 0.075
(00 (oumannii T/T1 3 g FSV=4) aldo B 03l 3 ) S S 4 S S Comnd 1A Jgu
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
0.321 | 0.319 | 0317 | 0315 | 0.314 | 0.313 | 0.312 | 0.312 | 0.312 | 0.312 | 0.313 | 0.313 | 0.314
5 0.211 | 0.209 | 0.207 | 0.204 | 0.203 | 0.201 | 0.199 | 0.198 | 0.197 | 0.196 | 0.196 | 0.195 | 0.195
10 0.115 | 0.113 | 0.110 | 0.108 | 0.107 | 0.107 | 0.106 | 0.105 | 0.105 | 0.104 | 0.104 | 0.103 | 0.103
15 0.089 | 0.087 | 0.084 | 0.082 | 0.081 | 0.080 | 0.079 | 0.078 | 0.078 | 0.077 | 0.076 | 0.076 | 0.075
(00l puoanndli T/T1 33 9 FSV=5) albo Ve 05l ) S Soow 4 S Soew Conni 1A Jgu
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
0.320 | 0.319 | 0.317 | 0.315 | 0.314 | 0313 | 0.312 | 0.312 | 0.312 | 0.312 | 0.313 | 0.313 | 0.313
0.212 | 0.210 | 0.207 | 0.204 | 0.203 | 0.201 | 0.199 | 0.198 | 0.197 | 0.197 | 0.196 | 0.196 | 0.196
10 0.115 | 0.113 | 0.110 | 0.108 | 0.107 | 0.107 | 0.106 | 0.106 | 0.105 | 0.105 | 0.104 | 0.104 | 0.104
15 0.089 | 0.087 | 0.084 | 0.082 | 0.081 | 0.080 | 0.079 | 0.079 | 0.078 | 0.077 | 0.077 | 0.076 | 0.076
(00l ounnli T/T1 33 9 FSV=6) alubs S 03l 1) S Soew 4 S Sew S 1V Jooo
Joints’ distance from center of the footing
" -0.5 -0.458 | -0.417 | -0.375 | -0.333 | -0.292 | -0.25 | -0.208 | -0.167 | -0.125 | -0.083 | -0.042 0
0.320 | 0.319 | 0.317 | 0.315 | 0.314 | 0.313 | 0.312 | 0.312 | 0.312 | 0.312 | 0.313 | 0.313 | 0.313
0.212 | 0.210 | 0.207 | 0.204 | 0.203 | 0.201 | 0.199 | 0.198 | 0.197 | 0.197 | 0.196 | 0.196 | 0.196
10 0.115 | 0.113 | 0.110 | 0.108 | 0.107 | 0.107 | 0.106 | 0.106 | 0.105 | 0.105 | 0.104 | 0.104 | 0.104
15 0.089 | 0.087 | 0.084 |0.082 |0.081 |0.080 | O0.079 | 0.079 | 0.078 | 0.077 | 0.077 | 0.076 | 0.076
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