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Abstract

This paper analyzed structural behaviors of the staggered truss system, typically used in low seismicity regions, resisting the
lateral loads such as wind and seismic load. A comparative study of cost and efficiency was carried out by analysing and designing
the 10~ and 20-story buildings with various types of truss, including pratt, howe, warren, K-, and vierendeel, which may typically be
used in staggered truss system. In design, column and truss members are selected in group, and the efficiency of the member design
was judged by average demand capacity ratio of the all members in same group. And economic analysis of the system was
investigated by the quantity of the structural members. As a result, staggered truss system with the pratt truss and warren truss
showed the most economical and efficient performance for 10-story building, and 20-story building, respectively.
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Fig. 1 Geometry of staggered truss
framing system
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Fig. 2 Structural behaviour of staggered truss framing system for

the lateral loads

Fig. 3 Lateral loads applied to the staggered truss
framing system
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(a) plan

(b) y-direction section
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Table 1 Design lateral loads for the model buildings
Wind Loads

Seismic Loads

Seismic Zone 1

Zone Coefficient 0.22

Soil Profile Type Sg
Importance Factor(Ig) 1.2
Response Mod. Factor 3.0

Basic Wind Speed (Vo) 30m/s
Ground Surface Roughness B
Gust Effect Factor(Gy) 2.2
Importance Factor(Iw) 1.0
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(c) 3-dimensional model

Fig. 4 Model building
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Fig. 5 Truss types used in the models
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Fig. 6 Demand capacity ratios by joint connection types of central bay
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Fig. 7 Demand capacity ratios of top and bottom chord members by joint connection types of central bay
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Table 2 Models and the descriptions

Models Description
PR10 / PR20 Pratt Truss Type 10-/20-story Building
HW10 / HW20 | Howe Truss Type 10-/20-story Building
WR10 / WR20 | Warren Truss Type 10-/20-story Building
K10 / K20 K-Truss Type 10-/20-story Building
VR10 / VR20 Vierendeel Truss 10-/20-story Building
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Fig. 8 Joint connections of the truss models

Table 3 Models and the descriptions

Model Group Member Description Model Group Member Description
Column 1 17-20F Column
Column 1 9-10F Column Column 2 13-18F Column
Column 2 5-8F Column Column 3 9-12F Column
Column 3 1-4F Column Column 4 5-8F Column
Column 5 1-4F Column
10-story G?rder 1 Truss Top Chord Beam 20-story G?rder 1 Truss Top Chord Beam
Building Girder 2 Truss Bottom Chord Beam Building Girder 2 Truss Bottom Chord Beam
Girder 3 Longitudinal Girder Girder 3 Longitudinal Girder
Girder 4 1-9F Transverse Girder Girder 4 1-9F Transverse Girder
Girder 5 10F Transverse Girder Girder 5 10F above Transverse Girder
Truss 1 Truss Vertical Member Truss 1 Truss Vertical Member
Truss 2 Truss Diagonal Member Truss 2 Truss Diagonal Member
Truss 3 1F Diagonal Brace Truss 3 1F Diagonal Brace
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Table 4 Members and maximum demand capacity ratios for each group and the descriptions

PR10 HW10 WR10 K10 VR10

Section DCR Section DCR Section DCR Section DCR Section DCR
Column1  H 330x175x7/11 0.954 | 200x150x9/16 0.996 1 200x150x9/16 0992 | 200x150x9/16 0995 LH 400x200x6/9 0.981
Column2 H 434x299%10/15 0.975 H 434x299x10/15 0.928 H 434x299%10/15 0.921 H 434x299x10/15 0.915 H 434x299x%10/15 0.951
Column3 H 400x408x21/21 0.96 H 400x408x21,/21 0.955 H 406x403x16/24 0.945 H 406x403x716/24 0.927 H 350%357x19/19 0.093
Girder1 H 208x201x9/14 0.948 H 248x249x8/13 0.929 H 300x150x6.5/9 0.976 H 354x176x8/13 0.947 I 600x190x16/35 0.991
Girder2 1 250x125x10/19 099 H 244x252x11/11 0.939 | 300x150x11.5/22 0.954 LH 400x200x6,9 0.961 H 594x302x14/23 0.855
Girders H 588x300x12/20 0.984 H 588x300x12/20 0.992 H 792x300x14/22 0.904 H 440x300x11/18 0.966 H 390x300x10/16 0.947
Girderd LH 350x175%4.5/9 0.992 LH 300x175%4.5/9 0.934 LH 300x175x4.5/9 0.981 LH 400x200%4.5/6 0.239 1 300x150x8/13 0.93
Girders H 350x175x7/11 0.996 0.92a8 | 350x150x3/15 0.991 H 350x175x7/11 0.932 I 250x125x%10/19 0.943
Truss1 LH 300x175x4.5/9 0.894 H 148x100x6/2 0.939 LH 200x150x3.2/6 0877 H 248x124x5/8 0997 H 428x407x20/35 0.886
Truss2 LH 200x175x4.5/9 0.969 H 446x199%8/12 0.977 H 200x204x12/12 0.995 | 200x150x9/16 0.991 - -
Truss3 H 204x200x8/12 0:98 | 350x150x12/24 0971 H 294x200x8/12 0.935 LH 400x200x6/12 0.966 H 244x252x11/11 0.084

PR20 HW20 WR20 K20 VR20

Section DCR Section DCR Section DCR Section DCR Section DCR
Column1  H 340x250x9/14 092 H 250x250x3/14 004 H 336x249x8/12 0999 H 250x250x9/14 0.941 H 250x250x9/14 0963
Columnz H 388x402%15/15 0.995 H 350x350x12/19 0.957 H 350x350x12/19 0.951 H 350x350x12/19 0.964 H 350x350x12/19 0.978
Column3 H 414x405x18/28 0.928 H 414x405x18/28 0.867 H 406x403x716/24 0.997 H 414x405x18/28 0.883 H 414x405x78/28 0.886
Columnd H 458x417x30/50 0.782 H 428x407x20/35 0.977 H 428x407x20/35 0.971 H 428x407x20/35 1 H 428x407x20/35 0.999
Columns H 498x432%45,/70 0.99 H 498x432x45/70 0.95 H 498x432x45,/70 0.903 H 498x432%45,/70 0.928 H 498x432%45,/70 0.747
Girder1 H 300x300x10/15 0.937 H 344x348x10/16 G914 | 300x150x10/18.5 0911 H 386x299x9/14 0.926 H 404x201x9/15 0.954
Girder2 H 300x300x10/15 0.945 H 336x249%8/12 0.961 H 386x200x9/14 0.96 H 336x249%8/12 0912 H 912x302x18/34 0.852
Girder3 H 388x402x15/15 0.862 0.963 H 890x299x15/23 0.937 H 588x300x12/20 0.965 H 390x300x10/16 0.943
Girdler4 H 244x175x7/11 0975 ki 0.931 H 244x175%7/11 0957 H 244x175x7/11 0947 H 244x175x7 /11 0.933
Girders 1 2500125%10/19 0.956 | 250x125%10/19 0.957 | 250x125x10/19 0.961 | 250%125%106/19 0.96 | 250125x16/19 0.96
Trussi 1 350x150x9/15 0.928 LH .250x150x%4 5/9 0933 LH 300x150x4.5/6 0.939 H 250x125x6/9 0.932 H 912x302x18/34 0.94
Truss2 300x150x11.5/22 0.084 LH 450x250x6/12 0.981 H 208x202x10/16 09383 H 354x176x8/13 0918 = =
Truss3 H 294x200x8/12 0979 | H 396x199x7/11 0993 H 298x201x9/14 0.942 H 396x199x7/11 0.895 H 506x201x11/19 0996
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p71E HEHH]
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Table 5 Average demand capacity ratio(DCR) for each
model

Avg. DCR
Column Total

Avg. DCR
Column Total

Models

Models

PR 10| 0.635 0.549
HW 10| 0.530 0.637 | HW 20| 0.576 0.480
WR 10| 0.523 0.525 | WR 20| 0.594 0.492
K 10 0.535 0.443 | K20 0.586 0.436
VR 10| 0.646 0.5649 | VR 20 | 0.586 0.518

PR 20 | 0.598 0.463




0.525

Average DCR

Fig. 9 Average demand capacity ratio of each model
for column(top) and all members(bottom)
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Table 6 Quantity of structural members in each model

Quantity (kN) Models Quantity (kN)
Truss | Girder | Total Truss |Girder| Total
PR 10| 348.5|1,442 1,791 | PR 20| 1,351 | 4,971 6,322
HW 10| 482.6 | 1,479 | 1,961 |HW 20| 1,014 | 4,689 | 5,702
WR 10| 403.1 1,421 | 1,824 |[WR 20| 962 |4,431|5,393
K 10 | 504.7]1,380| 1,885 | K 20 | 1,169 (4,614 | 5,784
VR 10| 375.2 | 3,680 | 3,618 | VR 20| 60 |8,680|8,740
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Fig. 10 Comparisons of the quantity of structural
members in each model(unit kN)
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