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Seismic Performance Evaluation of Staggered Truss System by
the Shape of Truss
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Dept, of Architectural Engineering, Hanyang Univ., Seoul, Korea
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Abstract

The purpose of this study is to evaluate the seismic performance of Staggered Truss Frame(STF) system while changing a shape
of truss. The model of this project is a office building of ten floors with Pratt, Howe, Warren, K and Vierendeel truss system applied
on each model. Next step is to select the section of elements which satisfy the highest demand capacity ratio by structure design
considering gravity load, earthquake load and wind load and then calculate natural period, base shear and story drifts. On the basis
of these values, Capacity Spectrum Method(CSM) shows the plastic behavior of STF system such as performance point of Design
Earthquake(DE) and Maximum Considered Earthquake(MCE), vield state, plastic hinge etc. to be compared with other truss systems.
As a result, Vierendeel STF system especially was found to have the highest strength and stiffness to the corresponding earthquake
and all the models for each truss shape fulfilled the target performance level.
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Fig. 1 Geometry of staggered truss Fig. 2 Structural behaviour of staggered truss framing system
framing system for the lateral loads
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Fig. 3 Model building; (a) plan, (b) y-direction section, (c) 3-dimensional model
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Fig. 4 Truss types used in the models
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Table 1 Design lateral loads for the model buildings

Seismic loads

Wind loads

Seismic zone 1

Zone coefficient 0.22
Soil profile type Sg
Response modification
Factor(R) 3.0

Importance factor(r;) 1.2

Basic wind speed{Vo) 30m/s
Ground surface roughness B
Gust effect factor(G,) 2.2
Importance factor(Z;) 1.0

Table 2 Group name and the descriptions

Member description

9-10F Column
5-8F Column
1-4F Column

Truss top chord beam
Truss bottom chord beam
Longitudinal girder

1-9F Transverse girder
10F Transverse girder

Truss vertical member
Truss diagonal member
1F Diagonal brace
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Table 3 The section for each group and the total average DCR
PR10O HW10 WR10 K10 VR10
Columnl | H 350x175x7/11 1 200x150%9/16 I 200x150%9/16 I 200x150%9/16 LH 400x200x6/9
Column2 | H 434x299x10/15 H 434%299x10/15 H 434%299x10/15 H 434%299x10/15 H 434%299x10/15
Column3 | H 400x408x21/21 H 400x408%21/21 H 406x403%16/24 H 406x403%16/24 H 350x357x19/19
Girderl H 298x201x9/14 H 248x249%8/13 H 300x150%6.5/9 H 354x176x8/13 1 600x190%16/35
Girder2 1 250x125%10/19 H 244x252x11/11 1 300x150%11.5/22 | LH 400x200x6/9 H 594x302x14/23
Girder3 H 588x300x12/20 H 588x300x12/20 H 792x300x14/22 H 440x300%11/18 H 390x300x10/16
Girderd LH 350x175%4.5/9 | LH 300x175x4.5/9 | LH 300x175x4.5/9 | LH 400x200x4.5/6 | 1 300x150x8/13
Girderd H 350x175%7/11 H 350x175%7/11 1 350x150%9/15 H 350x175%7/11 1 250%125%10/19
Trussl LH 300x175x4.5/9 | H 148<100x6/9 LH 200x150%3.2/6 | H 248x124x5/8 H 428x407%20/35
Truss2 LH 300x175x4.5/9 | H 446<199x8/12 H 200x204x12/12 1 200x150%9/16 -
Truss3 H 294x200x8/12 1 350x150x12/24 H 294x200x8/12 LH 400x200x6/12 H 244x252x11/11
Avg. DCR 0.549 0.537 0.525 0.443 0.549
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PR10 : Pratt Truss Type 10 story Building
HW10 : Howe Truss Type 10 story Building
WR10 @ Warren Truss Type 10 story Building
K10 : K-Truss Type 10 story Building

VR10 : Vierendeel Truss Type 10 story Building
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Table 4 Dynamic characteristic for each model
Model Natural period Weight Base shear

(sec) (kN) (kN)

PR10 1.43 1,791 3509.7
HW10 1.40 1,961 3524.8
WRI10 1.31 1,824 3512.8
K10 1.21 1,885 3518.5
VR10 1.08 3,618 3681.0
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Table 5 Story drifts(m) for each model
Story drifts(x10°m)
Floor
PR10 HW10 WR10 K10 VR10

10F 7.3 6.6 6.1 5.2 5.4
9F 14.7 13.7 12.5 10.2 10.4
8F 15.2 14.4 13.1 10.3 10.3
F 23 22.1 19.9 15.6 15.8
6F 21.1 20.2 18.2 13.9 13.8
5F 28.8 27.7 25.0 19.2 19.2
4F 25 24.2 21.8 16.3 15.9
3F 31.5 30.6 27.1 21.1 20.5
2F 33.1 32.0 25.8 24.2 12.6
1F 30.8 28.8 25.4 26.7 12.9
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Fig. 5 Story drifts for each model
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Table 6 Base shear(kN) at the participation modes

Mode PR10 HW10 | WRI10 K10 VRI10

1 1706.7 | 1749.1 | 1848.7 | 2068.4 | 2246.7

1 &4 1801.8 | 1842.7 | 1958.6 | 215565 | 2406.2
Ratio(%) | 105.6 105.4 106.0 104.2 107.1
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Table 7 Pushover analysis for performance point

37}

Table 8 Pushover analysis for initial collapse point

Level Model Roof displ.{(m) Base shear(kN) PR10 | HW10 | WR10 K10 VR10
PR10 0.1274 5515 5,(m) 0.255 | 0.194 | 0.206 | 0.132 | 0.132
HW10 0.1235 5541 s{m/sec®) | 0.272 | 0.243 | 0.274 | 0.246 | 0.416

1.2<DE| WR10 0.1156 5852 v (kN) 8617.8 | 7748.0 | 8630.4 | 8021.1 | 13077
K10 0.1039 6117 V,(kN) 3509.7 | 3524.8 | 3512.8 | 3518.5 | 3681.0
VR10 0.0998 7953 o, 246 | 220 | 246 | 228 | 355
PR10 0.1516 6163

P I ol I o FaE0) AUEES WE55, o % AAUAAT (1)
K10 0.1258 6879 o] go = o] Azl 2T AG(0)E AT
VR10 0.1242 9363
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Table 9 The number of plastic flexural hinges

Level PR10 | HW10 | WRI10 K10 VRI10
10 44 14 44 24 0
1.2XDE
LS 0 30 10 20 0
10 42 12 54 20 9
MCE
LS 26 56 32 44 0
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