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Fig. 2. Plan and 3D view of 30 story structure.
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Steel properties Value

. k
Weight per volume (m—g3) 7850
Modulus of elastiity (=55) 2100000
Poisson's ratio 0.3Yield

kg

stress Fy, (sz) ) 3600

. g
Ultimate stress F, (Cm—z) 5200

Table 1. Steel properties

S L ot Y J g

Load
500

Type of load
Dead load of floors (%)

k;
Equal load of internal partitions(m—gz) 100

External partitions (%) 500
Live load of floors (%) 250

Table 2. Gravity loads.
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Magnitude P(;};A Event No.
7.13 0.33 Hector Mine (1999) 1
7.37 0.51 Manyjil, Iran (1990) 2
6.61 0.18 Tottori, Japan (2000) 3
6.61 0.23 Tottori, Japan (2000) 4

6.3 0.06 Chi-Chi, Taiwan-06 5
(1999)
7.62 0.51  Chi-Chi, Taiwan (1999) 6
6.19 0.12 Morgan Hill (1984) 7
6.9 0.23 Iwate, Japan (2008) 8
6.9 0.29 Iwate, Japan (2008) 9
6.9 0.09 Iwate, Japan (2008) 10
6.69 0.16 Northridge-01 (1994) 11

Table 3. Acceleration used in time-history dynamic analysis
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Fig. 3. Design, SLE and MCERr spectrum.
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Reduce of shear
lag in braced

Corner to mid
column stress

Corner to mid
column stress

No. ratio of tube ratio of braced tube versus tube

system tube system system (percent)
1 16.0 9.0 23.4
2 14.0 8.1 33.7
3 38.0 27.4 14.2
4 20.5 15.8 16.9
5 16.2 8.4 30.2
6 31.9 9.2 33.3
7 11.2 8.2 24.7
8 12.7 10.5 17.8
9 24.9 11.0 41.6
10 13.8 8.6 17.5
11 16.1 10.0 26.9

Table 4. Evaluation of shear lag reduction of the proposed system
due to 11 MCER level earthquakes.
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Reduce of shear
lag in braced

Corner to mid
column stress

Corner to mid
column stress

No ratio of tube ratio of braced tube versus tube

system tube system system (percent)
1 8.7 53 25.6
2 11.7 7.8 29.7
3 11.8 8.0 30.7
4 10.7 7.4 11.6
5 10.9 7.6 34.5
6 13.0 10.3 28.3
7 9.8 9.6 2.6

Table 5. Evaluation of shear lag reduction of the proposed system
due to 7 SLE level earthquakes.
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frames of tubular system and 2-bay X-braced tube system due
to MCER earthquakes.
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Abstract

The tubular structures are having the capability of resisting wind and earthquake loads with the exterior tube system.
Tube systems consist of closely spaced exterior columns and deep beams around the plan that provides sufficient rigidity
and stability for tall/high-rise buildings. Another advantage of the tubular system is the significant reduction of the
building materials and increasing the architectural space in the internal plan. The mentioned cases have increased the
popularity of this kind of structural system. But the most important problem in the tube system is the shear lag. Shear lag
is the non-uniform distribution of axial stress on the face columns when the tube system is subjected to lateral loads.
Shear lag can occur in any box-shaped structural system that is loaded laterally. Shear lag increases structural
displacement, limiting the use of maximum structural capacity and causing warping of the floors. The purpose of this
research is to study the effects of shear lag on the tube system and find how to reduce shear lag. In order to do this, a
tubular structure is analyzed and designed based on the Capacity Design Approach and Performance Base Design based
on LATBSDC, ASCE 7-16, and AISC 360-10. To evaluate the seismic performance of the tubular structures, the
Nonlinear Dynamic Procedure (NDP) for two ground motion intensity levels based on LATBSDC is used. Nonlinear
dynamic response analyses for two earthquake ground motion intensities done and acceptability criteria demonstrated. In
the next step shear lag in the designed structures is investigated. Also, the relationship between shear lag and the stiffness
of the peripheral beams is studied. The result shows that increasing peripheral beam stiffness is not a good way to reduce
the effects of shear lag because of economic issues. Also, other proposed methods, such as the addition of core or internal
tubes, are not a suitable solution to reduce the effects of shear lag, given the high cost they impose on the project. Due to
the development process and the effect of shear lag on tubular structures, adding two-bay X-braces to one-fifth of the
height of the structure in lower floors have been proposed to reduce the effects of shear lag. In order to calculate the shear
lag, the column's axial stress distribution in the tubular structure is considered as the basis and compared with the column's
axial stress distribution in the two-bay X-braced tube system. The proposed tube system and tube system have been
analyzed by different levels of earthquakes and compared for performance purposes. In all the analysis and evaluations
carried out in this study, the performance and behavior of the proposed systems were better than the tubular structure.
With the addition of two-bay X-braces to one-fifth of the height of the tube structure in lower floors, the stress in the
corner columns has been significantly reduced. Also the proposed system has been able to significantly reduce the shear
lag. Therefore, in order to reduce shear lag and achieve proper behavior in tube systems, it is recommended to use the
proposed systems in this study.

Keywords: Tall buildings, Framed-tube buildings, Shear lag, Analysis and design based on performance objectives,
LATBSDC guideline.
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