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EXTENSION OF ROD-THEORY-BASED SIMPLIFIED ANALYSIS METHOD FOR 
HIGH-RISE BUILDINGS TO SOIL-STRUCTURE INTERACTION MODEL 

 *

Akiko KISHIDA 

Takabatake (2012)1) proposed the one-dimensional extended rod theory as a simple but accurate method of dynamic analysis of 
super-high-rise buildings. In that method, the building is replaced by a one-dimensional rod with an equivalent stiffness and a fixed 
base. However, super-high-rise buildings, especially those constructed on soft soil, should be designed considering soil-structure 
interaction (SSI). This paper proposes a new one-dimensional rod model that is supported by a sway-rocking system to account for 
SSI effects. Results from this model agree well with those from frame analysis and suggest that the new model could be useful for the 
primitive design of super-high-rise buildings. 
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Fig.1 Proposed one dimensional rod-SR model. 
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Fig.3 Plan of T1model. 

Fig.4 Plan of T1-3Dmodel. 

Fig.2 Elevation.  

Fig.5 Static analysis result for T1model. (Fixed base, 

before modifying GA .) 

Table1 List of column sections. 

STORY (mm) 

21 ~ 30 800 800 16 BCP 

11 ~ 20 800 800 19 BCP 

1 ~ 10 800 800 25 BCP 

Table2 List of beam sections. 

STORY (mm) 

21 ~ 30 H 340 250 9 14 SN400B 

11 ~ 20 H 340 250 9 14 SN400B 

1 ~ 10 H 440 250 11 18 SN400B 

Fig.6 Static analysis result for T1-3Dmodel. (Fixed base, 

before modifying GA .) 
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Fig.7 Frame model for calculating denominator first term of GA . 
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Fig.10 Condition of piles and soil. 
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Fig.8 Static analysis result for T1model. (Fixed base, 

after modifying GA .) 

Fig.9 Static analysis result for T1-3Dmodel. (Fixed base, 

after modifying GA .) 
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Fig.11  Static analysis result 

for T1model. (Including SSI, 

before modifying GA .) 

Fig.12  Static analysis result 

for T1-3Dmodel. (Including SSI, 

before modifying GA .) 

Fig.15 Static analysis result 

for T1model. (Including SSI, 

Comparison between two

analytical methods.)

Fig.13  Static analysis result 

for T1model. (Including SSI, 

after modifying GA .) 

Fig.14  Static analysis result 

for T1-3Dmodel. (Including SSI, 

after modifying GA .) 

Fig.16 Static analysis result 

for T1-3Dmodel. (Including 

SSI, Comparison between two 

analytical methods.) 
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Table3 Natural circle frequency. (T1model, 1D rod.) 

Vs Vs

4.073 4.022 3.997
11.047 11.023 10.971
17.306 17.245 17.163
25.088 25.052 24.979
32.521 32.441 32.242  

Table4 Natural circle frequency. (T1model, Frame.) 

Vs Vs

4.019 3.970 3.945
11.232 11.203 11.145
18.433 18.369 18.274
28.262 28.207 28.071
38.862 38.725 38.319  

Table5 Ratio of natural circle frequency. (T1model.) 

Vs Vs

1.013 1.013 1.013
0.984 0.984 0.984
0.939 0.939 0.939
0.888 0.888 0.890
0.837 0.838 0.841  
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Table6 Natural circle frequency. (T1-3Dmodel, 1D rod.) 

Vs Vs

3.102 3.086 3.076
8.284 8.274 8.251

12.936 12.915 12.883
18.850 18.836 18.807
24.330 24.295 24.214  

Table7 Natural circle frequency. (T1-3Dmodel, Frame.) 

Vs Vs

3.086 3.070 3.061
8.737 8.724 8.697

14.640 14.609 14.560
22.891 22.859 22.783
32.287 32.204 31.977  

Table8 Ratio of natural circle frequency. (T1-3Dmodel.) 

Vs Vs

1.005 1.005 1.005
0.948 0.948 0.949
0.884 0.884 0.885
0.823 0.824 0.825
0.754 0.754 0.757  
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Fig.19 Natural vibration modes 

for T1model. ( SV =100m/s) 

Fig.20 Natural vibration modes 

for T1model. ( SV =50m/s) 
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