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SEISMIC RESPONSE EVALUATION OF LATTICE SHELL ROOFS  

WITH POSITIVE AND NEGATIVE CURVATURE 
 
 

 *1  *2  *3 
Toru TAKEUCHI, Kou MAEHARA and Toshiyuki OGAWA 

 

When lattice shell roofs with a rise are subjected to horizontal ground motions, coupled horizontal and vertical responses are 
dominated, and the responses are complicated to estimate. The authors have proposed simple evaluation methods of spherical domes, 
cylindrical shells, and freeform lattice shells for computing the responses by use of equivalent static loads. However, these evaluation 
methods are examined for shells and domes constituted only by a positive curvature. This paper presents a response evaluation 
method of shells with a positive and negative curvature by applying the previously proposed method. This kind of shell is dominated 
by two main eigenmodes: bending mode with pin supports, and swaying mode with roller supports. Results of the response evaluation 
method using the equivalent static loads are provided by comparing the complete quadratic combination (CQC) method. 
 

Keywords : Lattice Shell, Seismic Response Evaluation, Response Spectrum Analysis, CQC method 
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30 36.000 4.823 0.134
40 28.003 6.551 0.182
50 23.497 8.394 0.233
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Fig. 20   Response acceleration on ridge line by supporting point
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  Fig. A1 Elevation and half plan of PR2-P30N30 

               Table A1 Coordinate of each node (mm)
 
 

a b c d e f g h i j k l m
X 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Y -1800 -1500 -1200 -900 -600 -300 0 300 600 900 1200 1500 1800
Z 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1500 1514 1523 1525 1523 1514 1500 1514 1523 1525 1523 1514 1500
Y -1800 -1510 -1206 -900 -594 -289 0 289 594 900 1206 1510 1800
Z 0 -100 -132 -140 -132 -100 0 100 132 140 132 100 0
X 1200 1212 1222 1226 1222 1212 1200 1212 1222 1226 1222 1212 1200
Y -1800 -1513 -1210 -900 -590 -286 0 286 590 900 1210 1513 1800
Z 0 -122 -187 -207 -187 -122 0 122 187 207 187 122 0
X 900 909 917 920 917 909 900 909 917 920 917 909 900
Y -1800 -1514 -1211 -900 -589 -286 0 286 589 900 1211 1514 1800
Z 0 -128 -205 -231 -205 -128 0 128 205 231 205 128 0
X 600 606 611 613 611 606 600 606 611 613 611 606 600
Y -1800 -1514 -1211 -900 -588 -286 0 286 588 900 1211 1514 1800
Z 0 -130 -211 -238 -211 -130 0 130 211 238 211 130 0
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Z 0 -130 -213 -241 -213 -130 0 130 213 241 213 130 0
X 0 0 0 0 0 0 0 0 0 0 0 0 0
Y -1800 -1514 -1212 -900 -588 -286 0 286 588 900 1212 1514 1800
Z 0 -130 -213 -241 -213 -130 0 130 213 241 213 130 0
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 1. Introduction 

When lattice shell roofs with a rise are subjected to horizontal ground motions, coupled horizontal and vertical responses are dominated, 

and the responses are complicated to estimate. The authors have proposed simple evaluation methods of various shells for computing the 

responses by use of equivalent static loads. However, these evaluation methods are examined for shells and domes constituted only by a 

positive curvature. This paper presents a response evaluation method of shells with a positive and negative curvature by applying the 

previously proposed method. 

 2. Material and dimension properties of models in numerical examinations 

The material and dimension properties of models in numerical examinations are described. These models are defined by six parameters: 

the rise pattern, the roof shape (positive or negative curvature), the half subtended angle, the position of supports, the stiffness ratio of 

the column support to the roof, and the magnitude of substructure bending stiffness. 

 3. Seismic response evaluation of roof models with negative curvature 

The seismic characteristic of shells with a positive curvature is not quite different from those with a negative curvature. 

 4. Seismic response evaluation of roof models with positive and negative curvature 

Calculation of eigenvalues gives that the dominant vibration modes of the shells with a positive and negative curvature are constituted 

by two modes: the bending mode with pin supports (OP-mode), and the sway mode with roller supports (OR-mode). The amplification 

factors of the shell subjected to horizontal ground motions in these two modes can be predicted taking eigenvectors based on previous 

method. As the horizontal stiffness of column support increases, the OP-mode generally dominates compared to the OR-mode. The 

response acceleration distribution of each mode is also examined by applying the previous evaluation method, shifting reference points, 

and extracting a zone with single curvature. The response acceleration of the shell roof nodes can be predicted by combination of these 

two modes calculated by SRSS. 

 5. Seismic response evaluation of lattice shell roofs with positive and negative curvature with supporting substructures 

When a substructure supports a lattice shell roof with positive and negative curvature, the numerical examination provides that the 

OP-mode is more dominant in a response amplification factor by resonance between the roof and substructure, than the OR-mode 

regarding the effective roof mass. The response amplification factor, obtained from an evaluation method in the previous research, 

coincides with that from the CQC method except for a condition that  is larger than 50° and RT ranges from 0.5 to 1.0. Although on this 

condition the response amplification factor is drastically conservative, the accuracy of this factor is improved when a reducing factor is 

introduced. 

 6. Conclusions 

1) In lattice shell roofs with single curvature, the evaluation method in the previous research can be applied for both with positive and 

negative curvatures. However, the lattice shell roof with positive and negative curvatures is dominated by two main eigenmodes: 

bending mode with pin supports, and swaying mode with roller supports. 

2) The dominant vibration modes of the shells with a positive and negative curvature are constituted by two modes: the bending mode 

with pin supports (OP-mode), and the sway mode with roller supports (OR-mode). The response acceleration of the shell roof nodes 

can be predicted by combination of these two modes calculated by SRSS. 

3) Even when a substructure supports a lattice shell roof with positive and negative curvature, the proposed response evaluation method 

combining OP and OR modes is found to be valid, by using effective roof mass ratio derived from OP-mode only. 
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