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COLLAPSE MECHANISM OF TRUSS TOWER STRUCTURES 

INCLUDING BUCKLING AND FRACTURE OF TUBULAR MEMBERS 
 

*1 *2 *3 *4 *5 
Toru TAKEUCHI, Kentaro HORIUCHI, Ryota MATSUI, Toshiyuki OGAWA and Akira IMAMURA 

 
 

Although truss towers used for telecommunication, electric power transportation, supporting structures for smokestacks in power plants have been 

designed against wind loads, a higher level of safety is recently required because of the increase of anticipated large seismic inputs. The ultimate 

strength of these structures is governed by tubular member buckling which is easily led to member fracture. This paper proposes the post-fracture 

analysis methods for truss structures composed with tubular members of large diameter-to-thickness ratios, and study on the collapse mechanism 

of such truss towers after the buckling and fracture of main columns and diagonals are investigated, using IDA analyses taking these member 

fractures into account. 
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1. Introduction 
The truss towers used for telecommunication, electric power transportation, supporting structures for smokestacks in 

electric power plants have been designed mainly against wind loads. However, a higher level of safety is recently required 
because of the increase of anticipated large seismic inputs after the Great Tohoku Earthquake. The ultimate strength of these 
structures is governed by tubular member buckling which is easily led to member fracture at local buckling zone. This paper 
proposes the post-fracture analysis methods for truss structures composed with tubular members including large 
diameter-to-thickness (D/t) ratios, and study on the collapse mechanism of such truss towers after the buckling and fracture of 
main columns and diagonal members are investigated, using IDA analyses taking these member fractures into account. 
2. Cyclic Loading Tests on Tubular Members 

Studied truss towers are composed with tubular members of D/t ratios from 40 to 70; however, the cumulative cyclic 
deformation capacities of such members until fracture after buckling are not confirmed yet. Firstly, cyclic axial loading tests 
on tubular members whose D/t ratios of 40, 48 and 64, were carried out, and cyclic deformation capacities until fractures at 
local buckling zone were investigated. As a result, it was observed that the cumulative deformation capacities over 48 D/t 
ratios tend to decrease compared to evaluation methods proposed by authors in the past, and this phenomenon is considered to 
be caused by the complexity of local buckling shapes. 
3. Local-strain Concentration Ratio Evaluated by FEM Analyses 

To evaluate the local strain at complicated local buckling zones, detailed FEM analyses were carried out. Consequently, the 
local plastic strain at local buckling zone was moved to the edge of the local buckling zones when D/t ratio exceeds 40, and the 
local strain exceeds the proposed evaluation formulas. Following these studies, modification factors on the proposed local 
strain evaluation methods are proposed for large D/t ratio members as Eq.(6) and (7), which is confirmed to be valid to capture 
the test results. 
4. Collapse Analyses of Smokestack Truss Towers 

Using the proposed time history analysis program considering post-buckling and fracture, the collapse analysis for actual 
smokestack truss tower of 200m high was carried out. Although buckling and fracture of main columns and diagonal members 
were observed in three-times larger seismic input of designed earthquake level, collapse of the tower did not occurred due to 
the continuous column effect of smokestack tubes. 
5. Collapse Analyses of Truss Towers Without Smokestack 

Collapse analyses for truss towers without smokestack members were also carried-out. As a result, collapse at upper levels 
of the tower was examined after the buckling of main columns or fracture of diagonal members. The former exhibited 
overturning collapse mechanism, and the later exhibited story collapse mechanism. 
6. Conclusions 

As a conclusion, the following results are obtained. 
1) The cumulative deformation capacities of tubular members of D/t ratios of 40 and 48 by the tests reached 40-50%, while 

those of D/t ratios of 64 remained around 13%. 
2) The local plastic strain of tubular members over 40 D/t ratios moved to the edges of local buckling zones, which is well 

evaluated by the proposed strain amplification factors including the modification factors reflecting D/t value. 
3) The main columns of smokestack truss towers exhibited fractures after buckling at 4.2 times elastic limit input; however not 

collapsed due to the continuous column effect of smokestack members. 
4) Truss towers without smokestack members exhibited collapse after the buckling of main columns or fractures of diagonal 

members. The collapse occurred 1.5 times elastic limit in pin-end columns models, and 2.5 times elastic limit in fiber 
columns models. 
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