CHAPTER S

EFFECT OF CORNER MODIFICATION ON SHEAR LAG
PHENOMENON IN TUBULAR BUILDINGS

5.1 INTRODUCTION

The high-rise tubular structure experiences nomeami distribution of bending stresses
subjected to the lateral load. This is a severan@imenon that happens under lateral load
and known as the shear lag effect. The shear lagnaly is a parental problem in the
tubular tall building. It generates much difficulity design because the peripheral columns
of tubular structures are under the influence @edent axial forces. To mitigate the above
problem modeling in terms of (1) adding additiooatner column in each direction of the
flange and web (Fig. 5.3) (2) placing the cornduom in different ways named corner cut;
corner roundness and corner recession (Fig. 5\ baen analysed in the present chapter.
The objective of the present study is to make &ortefo reduce the effect of positive as
well as the negative shear lag in tubular structifee reduction in shear lag will provide
regularity in the variation of bending stress. Thgularity in bending stresses facilitates
ease in the design of tubular tall buildings. Theation of shear lag at the different level is
as shown in Fig. 5.2, (at height 0, 0.25h, 0.5h @a&h) in a typical example plan Fig 5.1,
[Haji-Kazemi and Company 2002; Kwan 1994] for unifdy distributed lateral loading.
Other analysis, for different example models, hasilar findings to this example and
stated that a tubular tall building consists pesishear lag in the lower quarter height and

negative shear lag in the upper portion of the larbouildings.
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Fig. 5.2. Variation of axial forces in the flangedavebcolumns of basic tubular struct

Although, various researchers analyzed the shegrbia analytical as well

(9}

experimental methods, unfortunately, it is lackingdevelop a model that normalize

[a})

regulate the positive as well as negative shearln the present chapter, an attemp

nullify the severity of the shear lag phenomenoaogdeiing in term of corner modificatiol
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in the plan of tubular tall building for the horizial load are studied. These models (Fig.
5.3-5.6) analyzed by using finite element methodesiit is proven more reliable numerical
tool. The objective of the present study is to makeeffort to normalize shear lag in the
tubular structure and to get a regular patternaoiation of shear lag.

5.2 PROPOSED MODELS

The basic tubular building plan modified at the rmor The following two type of
modifications has been adopted.

5.2.1 Type First Modifications

The basic tubular building plan model (Fig. 5.1)d#fied by adding an additional column
at each corner, in the direction of the flange &l &s in the web (Fig. 5.3). The tube
dimension preserved as adopted in the first mdadwed.ratios ‘b/B’ and ‘b/D’ for models 2-
6 are 0.07, 0.14, 0.21, 0.29, 0.36 and 0.083, @.2B, 0.33, 0.42 respectively (Fig. 5.4).

5.2.2 Type Second Modifications
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Fig. 5.3. Corner modifications: Type First
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Fig. 5.5. Corner modificatior Type Second (After Kawai 1994)
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In the second type modifications of the basic bngdplan as originally adopted by Kaw
(1994). The tubular buildings plans modify are lnkee types: (i) corner cut (Fig. 5.5a)

corner roundness (Fig. 5.5b) (iii) corner recesgioig. 5.5¢). Cornr recession is furthe
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classified as shown in Fig. 5.6 (model 5-8) [Gu &uikan 2004]. In the second type of
modification, the area of the plan of basic tubwdaucture is not preserved. It changes
according to the variations of modifications in filan of the basic tubular structure (Fig.
5.1). The ratio ‘b/B’ and ‘b/D’ [Kawai 1994] for niels 2 to 8 are 0.07, 0.056, 0.07, 0.14,

0.14, 0.21, 0.21 and 0.08, 0.065, 0.08, 0.17, @25 0.33 respectively.

5.3 METHODOLOGY

Dimensions and material properties of the framde touildings areh = 120 m; dimension
of tube,b = 35 m;d = 30 m; beam and column size 0.8 m x 0.8 m; dteight 3 m; center-
to-center spacing of the columns 2.5 m; moduluglasticity E = 20 GPa and Poison’s
ratiop = 0.15, wherdn, b andd denote the height, width and depth of the tubliaidings.
The beam and column dimension, spacing and magoglerty are same for each model.
A uniform load = 3.43 kN/fhhave been considered for all models.

The proposed models demonstrated in Fig. 5.4 andsEe, are analyzed in the following
ways viz. (i) the proposed first type models aralyred by using finite element method
since its proven more reliable numerical tool. Thular buildings discretized with three-
node beam element of moderate length and linetmo@o material in ANSYS-14.5, 2013.
(i) the proposed second type models analyzed by usi®AB Pro.v8i. (2007). The
STAAD Pro is very effective in the quick calculati@nd applying boundary conditions,
which are much difficult in other software. The uksobtained closely resembled the
ANSYS software. The variations of normal stresd hance axial forces examined at the
different level (at the base level, 0.25h, 0.5h @n@h) of building with varying plans. The
variations of axial forces in flange panel as vealin web panel, depicted as in Figs. 5.7-

5.16.
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5.4 EFFECT OF MODIFICATIONS

5.4.1 Effect of Type First Modifications

For the better understanding of the variation & #hhear lag, a normalization factay)
defined as the ratio of maximum normal stress & ftange, at a level, to the minimt
normal stress in the flange at that level in tHeutar structuresThe normalization factoy
plotted as shown in Fig. 5.7. It is clehat the basic tubular model hiaighest value ofy.
The normalization factors have values equals t®,51161, 2.54 and 19.27 at height
0.25h, 0.5hand 0.75h, in the basic tubular building respetyiv is also notd that the
basic tubular structure has highest normalizi factor in upper part of the structure i.e
level 0.75h. This part is negative shear lag regiod represent that the stresses at the

are much lower than the cer of the flange at the upper level of the tubuladdiog. The

edge column at thigevel comprises tensic
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Fig.5.7. Normalization factor for mode-6

After addition of only an extra column at each @rand in each direction the axial fol

at the level 0.75 h became of same nature e.g. @ssipn in the opposite side to -
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loading face. Further, theddition of a column producea drastic change in normalizatit

factor for upper quarter height (Fig. 5.7, Model
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The addition of extra columns in the plan of basklar building attributed: (i) Reductic
of y in rapid rate for model-3 (ii) y converges of for Model B8-to the values 2.05, 1.9
1.66 and 1.42, at height 0, 0.25h, (, and 0.75h respectively.
Thus, the normalization factors, finally, ranges twadue from 1.4 to 2 (Fig. 5.7.). It
major output of the study.
FromFig. 5.13, it is quite evident that sar flow does not change quantilly as much in
the web at each level as in the flange. pattern of variations in axial forces in web pe

is same for every model at their correspondingl!
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5.4.2 Effect of Type Second Modifications

Owing the symmetry of the structures, results oy dralf part of the flange and web
depicted in Fig 5.14-5.16. The model 1 is basic ehanf tubular structures. Model 2
represent the corner cut also called as corner femarg. The variations of axial force in
flange columns are as shown in fig. 5.14b for matlelt clears that axial force in the
column no. 3, which is corner column for this modetrease where as in column no. 1 and

2 decreases at the base level.
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Fig. 5.14. Variation of axial forces in flange coins for model 1-8

Other flange column bears approximately samel daiae as in the basic model.
The corner column (column 3) in the level h/2; &Ml 3h/4 have low values of axial forces
as compared to adjacent columns. It also obsehatdhe pattern of variation of axial force
at the higher level is similar to each other’'stia model 3, i.e. corner roundness, although
the axial force in the corner column decreasesmreases in other flange columns. The

tendency of these type modifications is to nornealthe axial force. The relative
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distribution of axial forces is being tries to bgualized as compared to the basic model.
The variations of axial force in the upper storayda nearly similar pattern of variation of

axial forces to each other’s (Fig. 5.14c). The eomecession (model 4), has a different
pattern of variation of axial force as comparedhmdel 2 and 3. The axial forces in column

3 increase abruptly whereas in column 2, it is Mery at the base level. Further, it is

increases in column 1.

The variations of axial forces in another type ofner recession are depicted (Fig.
5.14e-5.14h). The axial force in column 5, 6, 7 8nd the model 5, 6, 7and 8 respectively
have highest axial forces whereas column 3, 4,dc@m model 5, 6, 7 and 8 have the
lowest value of axial forces. The axial force dases from corner column to the interior
column and after then it increases and furtheredsgs toward the center column in the
direction of the flange. The variation of axial derin the upper level do not have similar
pattern to each other’s in model 5, 6, 7 and 8.

The web columns, which are in direct influence hé aipplied external load, have
large value of axial forces as compared to therotetumns (Fig. 5.15). The pattern of
variations of axial forces in web column is mordieaed by corner modification as
compared to the flange column. It is clear from.Fdl5f-5.15h, the modification like
model 6, 7 and 8 generate instability indeed invieb panels.

The linearity have been loosed further modificatafter model 4 i.e. the central web

column doesn’t possess zero axial stress as théfarce is not zero in models 5,6,7and 8.
One of the web columns has highest positive axatef whereas other on has highest
negative axial force. There is a large variatiorthe nature of the forces generated in the

web columns (Fig.5.15g).
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The lateral displacement of tubular structuresdiss investigated (Fig. 5.16). The
lateral displacement of corner column and cenwhiran is notified and compared with the
basic model. The corner column in every modificatghifted toward the center of the
flange as comparing with the basic model. Thus, ltheral displacement of these two
columns tends to equalized as in model 7and 8.|3teeal displacement increases along
with the modifications in the central column wheyeadecreases in corner column. The
lowest value of the displacement in the centralwl occurs in models 5, 6, 7and 8 but
largest values in corner columns. The basic thredifications i.e. models 2, 3 and 4 have

nearly similar values for corner column as welfascentral column.
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Comparing these three basic modifications, thedhtdisplacement of the central
column as well as in corner column in corner rowasdnis least. The displacement pattern
also reveals that these three basic modificatioesreore suitable for the tubular structure
as they attributed the pattern such that latesgldcement of the upper storey do not revert

as in the basic model (Fig. 5.16)

55 RESULTS AND DISCUSSIONS
5.5.1 TypeFirst Modifications

The results obtained in this study can explainftlewing basics. In the tubular structure,
the transmission of shear from the web to the ceoftehe flange always lagged and
positive shear lag appears. At a certain distamom fthe base of the building, fixity
gradually diminished, as is the intensity of theeah From the compatibility of
deformation, the negative shear lags yields inupyeer part of the tubular building. It is
resembled as explain by Chang and Zheng (1987) whalyzing the negative shear lag in
the Box Girder Bridge. The bending moment indueethe flange of the tubular buildings
by the horizontal force consists two parts. One tleemal bending moment induced
according to the simple bending theory. Another nthe additional bending moment
which induced by the shear deformation of the sysf€hang and Zheng 1987]. The
Flange panel of the basic model (Fig. 5.1) behagea beam in the transverse direction
supported on two web panels. The additional cocokrmns provided in the directions of
the flange make it overhanging indeterminate stmectThe cantilever action of the beam
attached to these additional corner columns irfldrgge direction results in reductions of
total bending moment near the junction of flangd aeb. As the length of the overhang

increased, subsequently the bending moment inldhgéd of tube get reduced accordingly.
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The additional bending moment, which is the parttled total bending moment, also
reduced and proportionally less normal stress rizglail The optimum length of overhang
in flange direction can be estimated by applying elquilibrium condition at the junction
of web and flange. The additional corner columro asffens the upper part of the tube
and stiffness preserved through columns in theeptdrthe flange. Consequently, in spite
of diminishing the intensity of shear, the negashear lag not observed in any column of
model six (Fig. 5.12).

In the web columns, no appreciable change in th@at@n of axial forces, are
recognized. The extra columns provided in web tivacredistributed the additional shear

stresses, which are produced due to the increasiegf the flange and uniform loading.

5.5.2 Type Second M odifications

Small corner cut and recession are very effectveuppress the aeroelastic instability of a
square prism when the damping is very small. Amihregthree corner modifications, the

corner roundness is the most effective to suppitessaeroelastic instability for a square
model [Kawai 1994].

The shear lag effect induced amplifications ofakxorces in corner columns
lowered in the case of corner roundness [llgin &uehel 2007]. The corner recession has
highest value of axial force in the corner colunsncampared with corner roundness and
corner cut. The column at each corner has not ttiremder the influence of applied
external load. The axial forces distributed in remmay flange column in this case. The
Schuller (1997) has reported that certain buildindes permit a reduction of wind load for
circular or elliptical building by 20-40% of the we values of the comparable size of

rectangular buildings. The variations of axial fsadn the continuity columns, in the case
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of corner recessions (model 5-8), is marked wighlyi irregular variation. This irregularity
transmitted in the adjacent columns also. The mbage of axial forces is significantly
lower at the base level in model 4 as comparedtherocorner recessions. The lateral
displacement of the corner and central column ss$éne acceptance of corner roundness

over other corner modification of type second

5.6 SUMMARY AND CONCLUDING REMARKS

It proven from results demonstrated above that,atihditional columns provided at each
corner, in each direction of flange and web, stiemg the web and flange panels
simultaneously. Interestingly, it could be better riote that the provisions of these
additional corner columns are capable of produaignificant rigidity to the tubular
buildings and results into the reduction of shearéffect. Finally, it is concluded that the
technigue proposed is very efficient to neutralize negative shear lag and it make the
reduction in positive shear lag without changing #s much in the plan of the tubular
structure since the dimension of the tube is puesethroughout in model 1 to 6.

From the different models studied for normalizatidrshear lag phenomenon the following
major conclusions are drawn:

1. The structural efficiency against lateral loadsreases significantly with additional
corner columns when provided in the manner propaséuke present study.

2. The variations of the axial force found in thedel 6, normalized and the value of
normalization factors ranges from 1.4 - 2.

3. The variation of axial force in the columnsaugite regular through the height of the
building. The negative shear lag does not appeanadel 6. The optimum length of the

overhanging can be estimated for other tubuladingl plans of different width/depth.
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The corner modification of type second also hagyaificant impact on axial forces and
lateral displacement of the buildings. In this typlemodification, the plan area is not
preserved. The plan area changes according to tdwfioations. The model plan with
corner roundness has highest plan area among eagifans. The suitably modified plans
regarding reduction of the effect of shear lag pme@non are as follow:

1. The corner cut, corner roundness and cornessenes (model 4) are also suitable for
reduction in shear lag effect under lateral loading

2. Among these three basic modifications, the cormendness usually has great resistance
against shear lag effect as the axial forces inctir@er column reduces and the lateral
displacement is nearly equal to other two basicifivadions.

3. In the upper storeys, the reversal of the dafledn central column is least as compared
to the basic example model (model 1). This is dthedinding because the reversal of
lateral deflections in the upper story of the bmiddin the central columns is a reason of
negative shear lag produces at the upper leveteSime reversal of the deflection in the
corner column is less as compared with centralroalin the upper storeys of the tubular, it

produces warping in the cross-sections of the tube.
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