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Abstract

Due to excessive displacements of tall buildings occasioned by lateral loads, lateral load resisting systems
are usually provided to curtail the load effect. The resistance may be offered by Frame Action, Shear Walls,
or combined Walls and Frames (also known as Dual System). In this study, finite element based software,
ETABS, was used to generate and analyse three-dimensional building models for the assessment of the rela-
tive effectiveness of the various lateral load resisting systems. Three models were used, one each for the
three resisting systems. Each model consisted of three samples representing three different building heights
of 45 m, 75 m, and 99 m. Wind Design Spreadsheet complying with the appropriate British Standards was
used to compute preliminary wind load coefficients using the wind speed values from the relevant wind
isopleth map of Nigeria as primary data. Lateral wind load was then applied at floor levels of each of the
building samples. Each building sample was subjected to three-dimensional analysis for the determination of
both the lateral displacements of storey tops and interstorey drifts. The results of the work showed that the
dual system was the most efficient lateral-load resisting system based on deflection criterion, as they yielded
the least values for lateral displacements and inter-storey drifts. The moment frame was the least stiff of the
resisting systems, yielding the highest values of both the lateral displacement and the inter-storey drift.
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1. Introduction

In general, as the height of a building increases, its
overall response to lateral load (such as wind and earth-
quake) increases. When such response becomes suffi-
ciently great such that the effect of lateral load must be
explicitly taken into consideration in design, a multisto-
ry building is said to be tall. Tall buildings are prone to
excessive displacements, necessitating the introduction
of special measures to contain these displacements. The
lateral load effects on buildings can be resisted by
Frame action, Shear Walls, or Dual System. Peak in-
terstorey drift and lateral displacement (or sidesway) are
two essential parameters used for assessing the lateral
stability and stiffness of lateral force resisting systems
of tall buildings.

Park, Hong, & Seo [1] in their work pointed out that
the efficiency of lateral load resisting system or the
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amount of materials required for multistorey buildings
heavily depends on drift limits. Kowalczyh [2] noted the
difficulties faced by Structural Engineers in selecting
strong and stiff enough deformation resisting systems
that will curtail the drift within acceptable code limits.
Chen & Lui [3] extensively discussed susceptibility of
multistorey buildings to sway under lateral wind loading
and therefore advocated the need for good understanding
of the nature of wind load and estimation of interstorey
drift. Sindel et al. [4] reiterated the importance of the
knowledge of lateral displacements at the top of multis-
torey buildings because of its usefulness in assessing the
stability and stiffness of multistorey buildings.

In view of the foregoing, this study examined the three
deflection limiting structural systems (moment frame,
shear-wall and dual system) prominently utilized in tall
building structures, in order to establish their relative
effectiveness.
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2. Lateral Load Resisting Systems
2.1. Shear Wall System

Khajehpour [5] described Shear Walls as stiff structures
with high ductility which keeps the deformations of
non-ductile framing systems in the elastic range. He
noted that the in-plane load resistance is the principal
strength of shear walls and that the resistance against
both gravity and lateral loads can be assigned to shear
walls if they are appropriately located in a building.

2.2. Moment Frame System

Moment Frame is suitable where the presence of Shear
Wall is undesirable, especially in situations where archi-
tectural limitation is imposed. The results of Khajehpour’s
work [5] revealed that Moment Frame is economical up
to twenty stories while Smith & Coull [6] submitted that
it is economical for buildings up to twenty-five stories,
above which their behaviour is costly to control.

The lateral deflection of Moment Frame is caused by
two modes of deformation, namely chord drift which
accounts for 20% of the total drift of structures, and
frame racking which accounts for 80% of the storey drift

[5].
2.3. Dual Frame-Wall System

Gardiner, Bull, and Carr [7] in their work noted that the
wall element in dual system is responsible for an increase
of stiffness which is beneficial in terms of drift control.
Nawy [8] observed that if they were to act independently,
the shear walls would deflect as vertical cantilevers with
greater interstorey drift occurring at the top while the
frames would deflect at more uniform rate or with great-
er interstorey drift at the bottom. With rigid diaphragms
he noted that there is a forced compatibility of frame and
wall deflection at each storey and this induces interaction
forces between shear walls and frames. He showed that
the pattern of these forces is such that the shear walls
tend to support the frame at the lower stories and the
frame tends to support the shear walls at the upper sto-
ries.

3. Wind Load Determination

Lungu and Rackwitz [9] in their studies established that
wind effects on buildings and structures depend on the
general wind climate, the exposure of buildings, type of
structures and their elements, the dynamic properties,
and the shape and dimensions of the building structure.
BS6399-2 [10] is the widely adopted code for wind load
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estimation in Nigeria. For the computation of wind loads,
the Standard Method was employed. The static approach
used in this study is based on a quasi-steady assumption
equivalent to a structure that is dynamically displaced in
its lowest frequency mode and assumes a building to be a
fixed rigid body in the wind direction. According to BS
6399-2 [10], the site wind speed is given by the follow-
ing formula:

Vi =V, xS, xSy xS xS, (1)

where:

V), = basic wind speed;

S, = altitude factor;

S4 = wind direction;

S, = seasonal factor; and

Sp = probability factor.

According to the Code [10], the effective wind speed
is computed as follows:

V, =V, xS, )

where:
Sp = terrain and building factor.
The dynamic pressure is obtained as follows:

g, =0.613V} 3)

and the net load, P, on an area of a building element is
given as the product of net pressure across the surface p,
and the loaded area A, as given by Equation (4).

P=pA “

where:
p= qscpgca = (Z Prront _z Prear )

Here:

C,. = net pressure coefficient;

C, = size effect factor;

D Pion = horizontal component of surface load
summed over the windward-facing walls and roofs, and

D Prar = horizontal component of surface load
summed over the leeward-facing walls and roofs.

A basic wind speed of 56 m/s was employed in this

work, the maximum value for Nigeria.

4. Storey Drifts Limitation

Sindel et al. [4] defined the storey drift as the difference
of maximum lateral displacements of any two adjacent
floors under the factored loads, divided by respective
storey height. In terms of elastic deflections, the storey
drift, S is given by

S=5./h (%
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5& = dn-v-l _dn (6)
where:
d = maximum elastic deflections of the n™ floor

n
under the factored loads.
o, = difference of the elastic deflections between two
neighbouring floors.
h = storey height .
BS 8110-2 [11] restricts relative lateral deflection in

any one storey under the characteristic wind load to a
. H . . .
maximum of %; where H is the storey height. Higher

values of storey drift limitation S, are permitted to
vary between 0.004 and 0.008 when the non structural
elements are isolated from and not integrally connected
to the main structure. Sindel et al. [4] had proposed that
the upper limit of the elastic storey drift could be taken
as

Max.S <S,, =0.0014 (7)

5. Modeling Assumptions and Idealizations

The following assumptions apply in this work:

1) Static or equivalent static loads as recommended by
BS 6399-2 [10] are considered.

2) Dead loads are assumed to be invariant with
changes in member sizes.

3) The material of concrete is assumed to be linearly
elastic and P-A effects are not considered.

4) Structural members are straight and prismatic.

5) In order to reflect actual behaviour of structures, all
frames are assumed to be rigid in plane, hence they con-
strain the horizontal shear deflection of all vertical bents
at floor levels to be related by the horizontal translations
and floor slab rotations.

6) All connections between members of all building
models are assumed rigid while the buildings are fixed at
the base.

7) The buildings are assumed to be office complex
type meant for general use located in exposure B.

8) Member sizing is carried out based on the provision
for worst combination of load forces as stipulated by BS
8110-1[12].

9) It is assumed that window openings are installed in
all shear walls at 1.0 m above floor levels with total
width of 2.60 m and stretch to a height of 1.2 m while the
door openings 2.10 m high by 1.2 m wide are introduced
at the floor levels.

10) Major axis is taken to be the axis about which the
section has the larger second moment of area.

11) The wall piers of wall-frame structures are uni-
form.
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6. Materials and Methods

Finite Element Method of analysis was employed in the
structural modeling of all three lateral load resisting sys-
tems. This was achieved by the use of both Wind Design
Workbook by Buczkowski [13] and ETABS computer
analysis software package.

6.1. Generation of Building Analytical Models

Three building models were generated with the aid of
ETABS, representing the three lateral load resisting sys-
tems under investigation. Each model consisted of three
building samples which differed only by the number of
storeys, namely, 15, 25 and 33 storeys. Thus, nine sam-
ples altogether were generated, loaded and their three-
dimensional analyses were performed using ETABS
software. Each sample had four bays in the X direction
and three bays in the Y direction. The storey height was
fixed at 3.0 m. The bay width was 5 m centre-to-centre
equal span in both X and Y directions. This brought the
overall plan dimensions of the building to 20.0 m by 15.0
m. The general arrangement drawings for typical floors
for the moment frame, the shear wall system and the dual
system are shown respectively in Figures 1, 2 and 3.

In the moment resisting frame (Figure 1), every joint
is an intersection of beams and columns and it is this
network of beams and columns that resists the lateral
load by the bending action of the members. In the shear
wall building (Figure 2), the interior of the building
framework consists of beams and columns while the ex-
terior frame of the building consists of shear walls and
beams without any columns. Finally, the dual system
(Figure 3) has columns and beams both within the inte-
rior and the exterior framing of the building but in addition

Figure 1. General arrangement drawing for a typical floor
for the moment frame.
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Figure 2. General arrangement drawing for a typical floor
for the shear wall system.

Figure 3. General arrangement drawing for a typical floor
for the dual system.

it also has shear walls incorporated in the exterior
framework of the building.

A typical three-dimensional model with shear wall is
shown in Figure 4 for a 15-storey sample while Figure 5
shows the maximum nodal values of the wind load for
the same model, on a plane elevation.

Every building model was assigned fixed bottom sup-
port condition while a rigid diaphragm constraint was
allotted to both slab and deck members. Each model was
loaded with gravity loading in addition to wind load.

6.2. Loading
The basic wind speed was obtained from the map of

wind speed isopleths for Nigeria. In order to fully con-
sider local conditions, the works of Arum [14] and Auta
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Figure 4. Typical 3D model with shear wall for the 15-storey
building sample.

[15] were utilised. Wind Design Workbook developed by
Buczkowski [13] which implements the full Standard
Method of calculating wind loads for buildings in accor-
dance with BS 6399-2 [10] was employed to compute the
preliminary wind load which were later used as second-
ary wind data in ETABS software. Wind load was com-
puted for each of the four sides of each building sample.
A uniform shell live load of 2.5 kN/m* was assigned to
the solid slab along the negative global Z-direction. A
live load reduction was effected on the total distributed
imposed shell loads in compliance with minimum im-
posed floor load stipulated by BS 6399-1 [16] for office
buildings. The dead load for both slab and filled deck
were automatically generated by ETABS. In addition, a
minimum imposed load of 1.5 kN/m* was assigned to the
deck in accordance with BS 6399 [15].

6.2.1. Static Load Combinations

Each of the nine samples was subjected to load combina-
tion as provided for in BS 8110-1 [12]. The load combi-
nations included the following:
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Figure 5. Maximum nodal values of the wind load for the 15-storey building sample.

1) 1.4DL + 1.4WL, and

2) 1.2DL + 1.2LL + 1.2WL combinations.
where

DL = Dead load

WL = Wind load

LL = Live load

7. Results & Discussion

7.1. Results

The results of the lateral displacements curve for the
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15-storey building sample, which is typical of all build-
ing heights considered, are presented in Figure 6 while
their corresponding interstorey drifts are shown in Fig-
ure 7.

The values of the lateral displacements and their com-
parisons for the three lateral load resisting systems are
shown in Tables 1 to 3 respectively for the 15-storey,
25-storey and 33-storey buildings.

The values of the inter-storey drifts as well as the
comparison of the values for the three lateral load sys-
tems are shown presented in Tables 4, 5 and 6 respec-
tively for the 15-storey, 25-storey and 33-storey buildings.
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Figure 6. Lateral displacements curve for the 15-storey building sample.
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Figure 7. Inter-storey drifts curve for the 15-storey building sample.
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Table 1. Comparison of lateral displacements for a 15-storey building with different lateral load resisting systems.

Moment frame Shear wall Dual system A, —A, o A, —A, o A, —A, )
Storey No. A,(m) Aw(m) Ad(m) - x100% TxlOO/o A, x100%

15 0.604615 0.109858 0.104090 —450.3605 —5.5414 —480.8579
14 0.590982 0.103046 0.096937 —473.5128 -6.3020 —509.6558
13 0.575301 0.096022 0.089596 —499.1346 -7.1722 —542.1057
12 0.555257 0.088689 0.082041 -526.0720 —-8.1033 —576.8043
11 0.530564 0.080980 0.074242 —-555.1791 -9.0757 —614.6413
10 0.501224 0.072873 0.066201 —587.8048 -10.0784 —657.1245
9 0.467282 0.064390 0.057957 —625.7059 -11.0996 —706.2564
8 0.428799 0.055600 0.049584 —671.2212 -12.1329 —764.7931
7 0.385854 0.046616 0.041192 —727.7287 -13.1676 -836.7207
6 0.338539 0.037604 0.032930 —-800.2739 -14.1937 -928.0565
5 0.286959 0.028781 0.024986 —897.0432 —15.1885 —1048.4791
4 0.231240 0.020429 0.017593 —-1031.9203 -16.1200 —1214.3864
3 0.171559 0.012894 0.011032 -1230.5336 -16.8782 —1455.1033
2 0.108381 0.006607 0.005636 —1540.3965 -17.2285 —1823.0128
1 0.044341 0.002069 0.001787 —2043.1126 -15.7806 —2381.3095

As = lateral displacement for the moment frame, m; Ay = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.

Table 2. Comparison of lateral displacements for a 25-storey building with different lateral load resisting systems

Moment frame Shear wall Dual system A, —A, o A, —A, . A=A, .
Storey No. A, (m) A, (m) A, (m) A7W><100A] TXIOOA) y x100%

25 1.792066 0.472201 0.457316 —279.5134 —-3.2549 —291.8660
24 1.760508 0.458106 0.441418 —-284.3014 -3.7805 —298.8301
23 1.727206 0.443657 0.425182 —289.3111 —4.3452 -306.2275
22 1.690066 0.428714 0.408557 —294.2176 —4.9337 —-313.6671
21 1.648791 0.413112 0.391423 —299.1148 —5.5411 -321.2300
20 1.603366 0.396723 0.373687 —304.1525 —6.1645 —329.0666
19 1.553820 0.379455 0.355287 —-309.4873 —-6.8024 —337.3422
18 1.500199 0.361248 0.336185 —-315.2823 -7.4551 -346.2421
17 1.442558 0.342072 0.316370 -321.7118 -8.1240 -355.9718
16 1.380962 0.321923 0.295856 —328.9728 -8.8107 —366.7683
15 1.315488 0.300828 0.274683 —-337.2891 -9.5182 —378.9113
14 1.246220 0.278838 0.252916 —-346.9333 -10.2493 —392.7407
13 1.173256 0.256035 0.230648 —358.2405 —11.0068 —408.6782
12 1.096699 0.232530 0.207999 —-371.6376 -11.7938 —427.2617
11 1.016667 0.208467 0.185119 —387.6873 -12.6124 —449.1965
10 0.933286 0.184028 0.162188 —407.1435 -13.4659 —475.4347
9 0.846694 0.159435 0.139423 —431.0591 —-14.3534 —-507.2843
8 0.757038 0.134960 0.117076 —460.9351 —-15.2755 —546.6210
7 0.664479 0.110930 0.095442 —499.0075 -16.2277 —596.2124
6 0.569191 0.087735 0.074862 —548.7616 -17.1956 —660.3203
5 0.471359 0.065847 0.055729 —615.8397 -18.1557 —745.8056
4 0.371195 0.045826 0.038490 —710.0096 —19.0595 —864.3933
3 0.268995 0.028339 0.023661 —849.2043 -19.7709 —-1036.8708
2 0.165586 0.014193 0.011830 -1066.6737 -19.9746 —-1299.7126
1 0.065453 0.004310 0.003658 -1418.6311 -17.8239 -1689.3111

Ay = lateral displacement for the moment frame, m; Ay = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.
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Table 3. Comparison of lateral displacements for a 33-Storey building with different lateral load resisting systems.

Storey No. Moment frame Shear wall Dual system A, —A, <100% MXIOO% A, —A, «100%
A, (m) A, (m) A, (m) ; A, A,

33 3.880571 0.945613 1.003147 -310.3762 5.7354 —286.8397
32 3.833640 0.925067 0.978965 -314.4176 5.5056 —291.6013
31 3.783030 0.904177 0.954390 -318.3948 5.2613 —296.3820
30 3.727404 0.882798 0.929355 —322.2261 5.0096 -301.0743
29 3.666450 0.860756 0.903701 -325.9569 4.7521 -305.7149
28 3.600113 0.837912 0.877297 —329.6529 4.4894 -310.3642
27 3.528397 0.814155 0.850036 —333.3815 4.2211 -315.0879
26 3.451331 0.789400 0.821836 -337.2094 3.9468 -319.9537
25 3.368953 0.763586 0.792634 —341.2015 3.6647 —325.0326
24 3.281313 0.736670 0.762391 —345.4251 3.3737 —-330.3977
23 3.188469 0.708627 0.731084 —349.9503 3.0717 —336.1290
22 3.090488 0.679449 0.698712 —354.8521 2.7569 —342.3121

21 2.987445 0.649145 0.665290 -360.2123 2.4268 —349.0440
20 2.879427 0.617738 0.630085 -366.1243 1.9596 -356.9900
19 2.766526 0.585266 0.595453 —372.6955 1.7108 -364.6086
18 2.648845 0.551782 0.559164 —-380.0528 1.3202 —373.7152
17 2.526496 0.517357 0.522078 —388.3467 0.9043 —383.9308
16 2.399599 0.482078 0.484308 -397.7616 0.4605 —395.4696
15 2.268285 0.464605 0.445989 —388.2175 -4.1742 —-408.5966
14 2.132692 0.409411 0.407282 —420.9171 —0.5227 —423.6401

13 1.992969 0.372305 0.368374 —435.3055 -1.0671 —441.0178
12 1.849274 0.334916 0.329479 —452.1605 —-1.6502 —461.2722
11 1.701774 0.297459 0.290845 —472.1037 —2.2741 —485.1137
10 1.550648 0.260187 0.252755 —495.9744 —2.9404 —513.4984
9 1.396083 0.223398 0.215530 —524.9308 —-3.6505 —547.7442
8 1.238280 0.187445 0.179538 -560.6098 —4.4041 —589.7036
7 1.077448 0.152741 0.145196 —605.4085 -5.1964 —642.0645

6 0.913817 0.119777 0.112976 —662.9319 —6.0199 —708.8594
5 0.747650 0.089134 0.083415 —738.7933 —6.8561 —796.3016
4 0.579335 0.061500 0.057122 —842.0081 —7.6643 -914.2064
3 0.409744 0.037690 0.034787 —987.1425 —8.3451 —-1077.8653
2 0.241858 0.018680 0.017194 —1194.7430 —8.6425 —1306.6419
1 0.087791 0.005591 0.005223 —-1470.2200 —7.0458 —1580.8539

Ay = lateral displacement for the moment frame, m; Ay = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.

7.2. Discussion

A comparison of the values for the lateral displacements
as contained in Tables 1, 2 and 3 for 15-storey,
25-storey and 33-storey buildings respectively shows
that the lateral displacement is greatest at the topmost
storeys for the three lateral force resisting systems, hav-
ing the greatest values for the moment frame and the
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least for the dual system. For the 15-storey building, the
lateral displacement of the moment frame at the level of
the 1% storey is about 20 times greater than that of the
shear wall system and about 24 times that of the dual
system. Thus, from the standpoint of resistance to lateral
displacement, the moment frame is the worst while the
dual system is the best. The shear wall lies in-between
being far better than the moment frame and marginally
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Table 4. Comparison of inter-storey drifts for a 15-storey building with different lateral load resisting systems.

Moment frame Shear wall Dual system A, —A, o A, —A, . A, -A, .
Storey No. A, (m) A, (m) A, (m) ™ x100% TXIOM) Y x100%

15 0.004544 0.002946 0.002179 —54.2430 -35.1996 —-108.5360
14 0.005227 0.00222 0.002159 —135.4505 —2.8254 —-142.1028
13 0.006681 0.002207 0.00221 —202.7186 0.1357 -202.3077
12 0.008231 0.002302 0.002279 —257.5586 -1.0092 —261.1672
11 0.00978 0.002417 0.002342 —-304.6338 -3.2024 -317.5918
10 0.011314 0.002512 0.002386 —-350.3981 —5.2808 —374.1827
9 0.012827 0.002579 0.002402 —397.3633 —-7.3689 —434.0133
8 0.014315 0.002625 0.002398 —445.3333 —-9.4662 —496.9558
7 0.015772 0.002626 0.002361 —-500.6093 -11.2241 -568.0220
6 0.017193 0.002565 0.00227 —570.2924 -12.9956 —657.4009
5 0.018573 0.002406 0.002112 —671.9451 —-13.9205 —779.4034
4 0.019894 0.002162 0.001875 —820.1665 -15.3067 —961.0133
3 0.021059 0.00182 0.001542 -1057.0879 -18.0285 —1265.6939
2 0.021347 0.001317 0.0011 —-1520.8808 -19.7273 —1840.6364
1 0.01478 0.000593 0.000511 —2392.4115 -16.0470 —2792.3679

As = lateral displacement for the moment frame, m; A, = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.

Table 5. Comparison of inter-storey drifts for a 25-storey building with different lateral load resisting systems.

Moment frame Shear wall Dual system A, —A, o A, —A, . A, —A, .
Storey No. A, (m) A, (m) A, (m) ™ x100% TXIOM) Y x100%

25 0.010519 0.004937 0.004508 —113.0646 -9.5164 —133.3407
24 0.011101 0.004337 0.004537 —155.9603 4.4082 -144.6771
23 0.01238 0.004412 0.004645 —-180.5984 5.0161 —-166.5231
22 0.013758 0.004621 0.004804 —-197.7278 3.8093 —186.3863
21 0.015142 0.004864 0.004981 -211.3076 2.3489 —203.9952
20 0.016515 0.005129 0.005171 —221.9926 0.8122 -219.3773
19 0.017874 0.005405 0.005365 —-230.6938 —0.7456 —233.1594
18 0.019214 0.005683 0.005558 —238.0961 —-2.2490 —245.6999
17 0.020532 0.005956 0.005742 —244.7280 -3.7269 -257.5758
16 0.021825 0.006216 0.00591 —-251.1100 -5.1777 —269.2893
15 0.023089 0.006455 0.006055 -257.6917 —6.6061 —281.3212
14 0.024322 0.006666 0.00617 —264.8665 —-8.0389 —294.1977
13 0.025519 0.006838 0.006246 —273.1939 —9.4781 —308.5655
12 0.026677 0.006963 0.006276 —283.1251 —10.9465 —325.0637
11 0.027794 0.007027 0.006272 —295.5315 -12.0376 —343.1441
10 0.028864 0.007047 0.006227 -309.5927 —-13.1685 -363.5298
9 0.029885 0.006997 0.006113 -327.1116 -14.4610 —-388.8762
8 0.030853 0.006866 0.005918 —-349.3592 -16.0189 —421.3417
7 0.031763 0.006627 0.005629 —-379.2968 -17.7296 —464.2743
6 0.032611 0.006254 0.005234 —421.4423 —19.4880 —523.0608
5 0.033388 0.00572 0.004715 —483.7063 -21.3150 —608.1230
4 0.034067 0.004996 0.004056 —581.8855 -23.1755 -739.9162
3 0.034469 0.004042 0.003236 —752.7709 —-24.9073 -965.1731

2 0.033378 0.002824 0.002235 —-1081.9405 -26.3535 —1393.4228

1 0.021818 0.001231 0.001001 -1672.3802 -22.9770 —2079.6204

A = lateral displacement for the moment frame, m; A, = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.
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Table 6. Comparison of inter-storey drifts for a 33-storey building with different lateral load resisting systems.

Storey No. Moment frame Shear wall Dual system A, —A, <100% MXIOO% A, —A, «100%
A, (m) A, (m) A, (m) ; A, A,
33 0.015654 0.007624 0.007074 —105.3253 =7.7750 —121.2892
32 0.01687 0.007032 0.007138 —139.9033 1.4850 —-136.3407
31 0.018542 0.00713 0.007277 —-160.0561 2.0201 —154.8028
30 0.020318 0.007376 0.007482 —-175.4610 1.4167 —171.5584
29 0.022112 0.007662 0.007718 —188.5931 0.7256 —186.4991
28 0.023905 0.007981 0.00798 —199.5239 —0.0125 —-199.5614
27 0.025689 0.008322 0.008262 —208.6878 —0.7262 —210.9296
26 0.027459 0.008678 0.008557 —216.4208 —1.4140 —220.8952
25 0.029213 0.009043 0.008859 —223.0454 -2.0770 —229.7551
24 0.030948 0.009413 0.009164 —228.7793 -2.7172 —237.7128
23 0.03266 0.009781 0.009466 —233.9127 -3.3277 —245.0243
22 0.034347 0.010143 0.009759 —238.6276 —3.9348 —251.9520
21 0.036006 0.010494 0.010039 —243.1103 —4.5323 —258.6612
20 0.037634 0.010828 0.0103 —247.5619 -5.1262 —265.3786
19 0.039227 0.011141 0.010535 —252.0959 —5.7523 —272.3493
18 0.040783 0.011427 0.01074 —256.9003 —6.3966 —279.7300
17 0.042299 0.01168 0.010909 —262.1490 —7.0676 —287.7441
16 0.043771 0.011893 0.011033 —268.0400 —7.7948 —296.7280
15 0.045198 0.012058 0.011107 —274.8383 —8.5622 -306.9326
14 0.046574 0.012168 0.011123 —282.7581 —9.3949 -318.7180
13 0.047898 0.012212 0.011113 —292.2208 —9.8893 —331.0087
12 0.049167 0.012208 0.011038 -302.7441 -10.5997 —345.4340
11 0.050375 0.012145 0.010883 -314.7797 —-11.5961 -362.8779
10 0.051521 0.011987 0.010636 —-329.8073 -12.7021 —384.4020
9 0.052601 0.011715 0.010283 —349.0055 —-13.9259 —411.5336
8 0.053611 0.011308 0.009812 —374.0980 —15.2466 —446.3820
7 0.054544 0.010741 0.009206 —407.8112 -16.6739 —492.4832
6 0.055389 0.009985 0.008446 —454.7221 -18.2216 —555.8016
5 0.056105 0.009004 0.007512 —523.1120 -19.8616 —646.8717
4 0.05653 0.007758 0.006381 —628.6672 —21.5797 —785.9113
3 0.055962 0.006194 0.005026 —803.4872 —23.2392 —-1013.4501
2 0.051356 0.004265 0.00342 —1104.1266 —24.7076 —-1401.6374
1 0.029264 0.001822 0.001492 —1506.1471 —22.1180 —1861.3941

A = lateral displacement for the moment frame, m; Ay = lateral displacement for the shear wall system, m; Aq = lateral displacement for the dual system, m.

worse than the dual system. In the moment resisting
frame system, since the stiffness of the columns is com-
parable to that of the beams, the beam-column joints
rotate as well as translate laterally and the high deforma-
tion components of rotation and translation sum up to
give high displacement values. In the case of the shear
wall system, the shear walls act like deep beams which
are much stiffer than the columns. In this case the de-
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formation due to rotation of the joints is significantly
reduced and the major component of the deformation is
due to lateral translation, resulting in overall reduced
lateral displacement values. Finally, since the dual sys-
tem incorporates both columns and beams as well as
shear walls, the system is the stiffest of the three and the
extra resistance offered by the periphery columns further
reduces the lateral displacement prevailing in the case of
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the shear wall system. In practice, in order to reach a
decision on which of the shear wall and the dual system
to use, the extra stiffness offered by the dual system
should be weighed against the extra cost in material and
construction of the periphery columns and beams, which
are absent in the shear wall system.

As shown in Tables 4 to 6, for all storey variants con-
sidered, the inter-storey drift is greatest for moment
frame and least for dual system. Furthermore, for all sto-
rey variants, the greatest inter-storey drifts for the mo-
ment frame occur at the lowest third along the building
height, with the exception of the first storey which has
about half the drift value of the average value of the
storeys located in the lowermost third of the building
height. For the shear wall and the dual system, the drift is
greatest for the storeys located within the middle third of
the building height. In addition, for the 25 and 33 storeys,
whereas the drift is greater in the shear wall than for the
dual system at the lower floors, from the 20™ to the 24™
storey for the 25-storey building and from the 29™ storey
to the 32™ for the 33-storey building, the drift of the dual
system is greater than for the shear wall. It should be
noted that this reversal occurred only for the tall build-
ings (25 and 33 storeys) and not for the 15-storey variant.
The implication of this is that for tall buildings, there
exists a height for every building from which greater
building stiffness would be achieved by employing shear
wall system rather than dual system.

Furthermore, the lateral displacement curves of Figure
6 show that for the moment frame, the lateral displace-
ment increases rapidly from the first storey to about
two-thirds of the building height from where the increase
with height begins to dampen. The average slope of the
curve within the first two-thirds of the building height is
very gentle. For the shear wall and dual systems, the re-
lationship between building height and lateral displace-
ment is almost linear with a steep slope.

8. Conclusions

From the results of this work the following conclusions
are apt:

1) The lateral displacement in moment frames is the
greatest among the three lateral load resisting systems
investigated; the lateral displacement in dual frames is
the least while the lateral displacement in shear wall sys-
tems is slightly higher than that of the dual system.

2) Interstorey drift is greatest in moment frames and
least in dual systems while that of the shear wall system
is slightly higher than that of the dual system.

3) Among the building samples studied, the greatest
interstorey drift occurred at the bottom third of the mo-
ment frames. For the shear wall and the dual system, the

Copyright © 2011 SciRes.

drift is greatest for the storeys located within the middle
third of the building height. In addition, for the 25 and 33
storeys, whereas the drift is greater in the shear wall than
for the dual system at the lower floors, from the 20" to
the 24™ storey for the 25-storey building and from the
29" storey to the 32" for the 33-storey building, the drift
of the dual system is greater than for the shear wall.
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