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Effects of Stiffness Characteristics of Super-Structure on Soil-Structure Interaction
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Abstract

The flexibility of base material gives considerable influences on seismic responses of a structure.
‘The effects of relative stiffness between super-structure and base material on dynamic soil-
structure interaction are evaluated by parametric studies. Two 5-story buyildings are used for
the study; one is shearwall structure with relatively higher fundamental frequency and the other
ig frame structure with relatively lower fundamental frequency. The -structures are modeled as
beam-sticks coupled with springs and dashpots representing the base material. Dynamic equilibrium:
equations of the -soil-structure interaction system are sloved by mode superposition method using
Rosset modal damping values.

_Soil-structure interaction effect is found to be major concern in seismic analysis of shearwall
structure in most cases while it seldom becomes engineering problem in frame-type structure. It
is also. found that seismic responses at lower elevation of the super-structure are amplified
though they decrease at higher elevation as soil-structure interaction effects of the system increase.
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Model Properties ] Shear Wall Str. |  Frame Str.

Translational Mass, Bottom Node 366. 86 © 21668
K-sect/ft Intermediate Nodes 814.44 161.86
Top Node 227.11 145.81

Rotational Mass, Bottom Node 3.98X10° 1.80X10°

K-ft-sec? . Intermediste Nodes 4.46X10° 1. 27X 10°

‘ Top Node 2.81X10° ©l.22Xx1ef

Equivalent Beam Axial Area, ft? 1,464.0. 104.0

Member "Propei'ties Sm;ﬂl’ Area, ft’ . 600.0 ) 87.89
. Moment of Inertis, £t 2, 76108 66. 67

& 2 7—% 73*?-‘& %ﬂ%%ﬁy ai“&‘#lﬁ gL mm :

Shear Mass L - Fepirin
Case \%?:‘;‘ Denai’ o | Horin K/ft | Rocking Shear Wall Str Frame Str. ‘ Remarks
ty, fps K-sect/fi ’ ‘ K-ft/ra é Horiz. Rockmg Horiz. Rbékiﬁg
1 500 | 2.75X10~ | 2.32 X105 | 7.457X10° | 0.449 | 0,071 0.620| 0,136 | Dense Sand
2 | 1,000 | 3.0X107 | 1.002X10° | 3.264X10° | 0.468 | 0.078 | 0.648 | 0.146 Dense Sand
3 | 2,000 3.26X107° | 4.385X10° | 1.41 X10°| 0.488 | 0.084| 0.674| 0.156 | Soft Rock
4 | 3,000 3.5XI10°°| 1.063X107 | 3.417X10°| 0.506 | 0.091 | 0.700 | 0.166 | Soft Rock
5 | 4,000 | 3.76X107% | 2.024X107 | 6.508X10™| 0.524 | 0,097 | 0.724| 0,175 | Soft Rock
6 | 5000| 4.0X107 | 3.373X107 | 1.086X10"| 0.541 | 0.103| 0.748| 0,184 | Soft Rock
7 | 6000 4.26X107° | 5.161X107 | 1.660X10"| 0.557 | 0.108| 0.771| 0.193 | Hard Rock
8 | 8000 4.76X107° | 1.025X10° | 3.207X10"| 0.589 | 0.120| 0.815| 0.209 | Hard Rock
9 |10,000 | 5.25X107% | 1.771X10° | 5.694X10"| 0.620 | 0.131 | 0.857 | 0.225 | Hard Rock
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Mode 1 Mede 2" ' Mode 3
Case : Remarks
Freq., cps MPF Freq., cps ' MPF Freq., ¢ps MPF
1 174 43.02 12.63 1.15 24.03 0.27 Vo= 500fps
2 3.88 42.78 13.38 4.50 24.33 1.19 V=1, 000 fps
3 5.42 40.97 15.96 11.84 25. 83 5.15 V.=2, 000 fps
4 6. 26 39..04 18.19 13.85 28. 45 9.01 V=3, 000 fps
5 6. 61 37.91 19. 27 13.27 30. 31 8.76 V.==1, 000 fps
6 6.78 37.29 10.76 12.62 31.08 7.68 V.= 5, 000 fps
7 6. 87 36. 94 20. 01 12.21 31.42 7.03 V=6, 000 fps
8 6. 96 36.58 20. 24 11.78 31.70 6.43 Ve=8,:000 fps
9 6. 99 36.'43 20. 34 11.568 31. 80 6.18 V=10, 000 fps
ﬁ‘ 4. FoarEd EHEREHE % LEBRARE— ) HEY
Mode 1 Mode 2
Case i Remarks
Freq., cps MPF Freq., ¢ps MPF

1 0. 665 26. 36 1. 945 8.97 Vi= 500 fps

2 0. 680 25. 89 1.984 8.30 V=1, 000 fps

3 0. 683 25.78 1.992 8.14 V.=2, 000 fps

4 0. 684 25.76 1. 994 8.12 Vi =3, 000 fps

5 0. 684 25.75 1.994 8.11 V.=4, 000 fps

6 0. 684 25.75 1.994 8.10 V.=5, 000 fps

7 0. 684 27.75 1.994 8.10 V=6, 000 fps

8 0.684 25.75 1.995 8.10 V.=8, 000 fps

9 0. 684 25.75 1.995 8.10 V=10, 000 fps
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