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Abstract—Today, reinforced concrete (RC) structures are the most common structural system in Iran
and in the world. Due to good performance in the construction of concrete walls, dual system of RC
moment resisting frame with shear walls is one of the common structural systems in the structural
engineering. Given the possibility of structural and environmental conditions, soil type, and owner needs,
it should be mentioned that between dual systems the system such as intermediate RC moment resisting
frame and intermediate RC shear walls have the most application in construction engineering.
Determining the appropriate system including optimal span length and compressive strength of concrete
for a specific number of floorsis one of the important issuesin designing in terms of economical design.
In this paper, the effect of these parameters has been investigated in the structural construction cost by
analysis and design of the many structural models. Generally, it can be concluded that in RC structures
including intermediate RC moment resisting frame and intermediate concrete shear walls, increasing
span length will lead to therisein the structural construction cost, and increasing the strength of concrete
will increase of structural construction cost despite decreasing therelative weight of structures.

Keyword-Optimal Span, Moment Resisting Frame, Shear Wall, Concrete Compressive Strength,
Intermediate Ductility

I. INTRODUCTION

A structural system based on the national Iranian regulations that is highly applicable for the reinforced
concrete (RC) structures can be referred to dual system of moment resisting frame with shear walls. Dual system
in which structural frames and shear walls tolerate the gravity loads and resist against lateral loads are provided
with a series of shear walls and with a set of moment resisting frames. Dual systems have a vast usage in Iran.
Because of good performance of the RC shear walls in the concrete structures, dual system (moment resisting
frame and shear wall) have been considered as typical issuesin structural engineering.

Based on the Iranian national standard [1], linear analysis is limited to the height of 50 meters of a building
with this system. Many residential complexes in Iran have height less than this limit, so the result of this study
and optimization of the system will be useful for designers, engineers and owners.

Regarding optimization of RC concrete buildings, many studies have been performed. The effect of ductility
levels of ordinary, intermediate, and special for RC frame structures studied by Babaei [2]. Sanael and Babaei
[3-4] have studied optimization of continuum structures using cellular automata (CA) method and they applied
the method to optimize the weight of these structures.

Babael et a. [5-6] studied multi-objective optimal design of steel frames with outrigger-belt truss system for
buildings with 20 to 50 story numbers, and proposed optimum number and locations for trusses. Other studies
on multi-objective optimization of steel structures have been performed in the literature [7].

Fadayi and Grierson in 1996 [8], studied the optimization of 3D RC structures using optimality criteria (OC)
method. Cam et al. studied flexural design of RC frames using genetic algorithm (GA) [9]. Many other studies
have been performed in the field of optimal design structures [10-12].

The main purpose of this paper is to propose the best economical layout for dua system of RC frames with
shear walls, satisfying architectural reguirements such as providing parking area for cars. Therefore, many
models are defined so that to cover different story numbers, usual soil types, and different arrangements for
columns. Similar studies have been performed for other steel and RC structural systems [13-21] and the building
models are according to these references to compare the results.
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Il. METHOD

To investigate the effect of number of floors, span length, concrete strength and soil type on the total
structural cost in RC moment resisting frames with shear walls 54 building models with different story numbers,
different arrangements for columns and different strength for concrete selected. Buildings with 5, 10, and 14
floors, and with span length of 5.6, 7.5, and 11.2 meter, based on parking area needed by architectural
requirements, are defined.

In Iran, soil is classified into five types and only two types of them, type Il and Il, are usual. So, only these
two types are considered for the models. Compressive strength for concrete of 30, 40, and 50MPa are
considered for the models. Analysis and design of building models are performed according to the ACI [22] and
Iranian codes [23-25]. Story heights are assumed to be 3.5 meter. Figures 1 to 3 illustrate plan of the models and
shear wall locations for different arrangements of columns.

Fig.1: Building plan with span length of 5.6m

Fig. 2: Building plan with span length of 7.5m

Fig. 3: Building plan with span length of 11.2m
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IIl. RESULTS

According to the analysis and design of the building models, the following results are obtained.

A. Five-story building group

In this group, the results show that the construction cost rises with increasing of span length, and weight of
the reinforcement bars and required concrete volume will increase. Increasing the concrete strength is one of the
textures of concrete weight reinforcement and can decrease the volume of concrete to some extent. But
considering the high cost of concrete, totally the cost of construction will be incensed Reinforcement material
weight, formwork, and concrete volume in soil type I11 will increase as equal as soil type 1. The comparison of

reinforcement material weight

, formwork, concrete volume and construction cost of structures in 5-storey

building group are provided in Figures 4 to 7 that they confirm the above — mentioned points in this group.

600.0

Compare reinforcement in a meter square in 5-storey buildings

~ ) bl bl
£ 500.0 B .g
> N B
2 . i
= 5t .‘.:

Lo L *h

' 400.0 - e b
= - ! ? - o B B E
s . 3 T
o N B e Bl B

g 300.0 - R R T % R e
S N RN E N E ‘R
o "R R R R ‘B
Y= ¥y . - > 5 3 s
= 2000 -t et LR
0 by = oy » [} -

2 ‘FREER R ‘BB
© Sl B B B B B -
@ ﬁ‘ ] E‘ B BN . . -
= 100.0 By BN Sl RN e RN

S . I e Y N B e &

o % N B BN B o A
() he MM B N P
b= B B N B A N B
"6 ° ] ] 1 m 1 1] n n n 1] 1] 1 1 1 I 1] 1] 1
= Alll Alll Alll Alll Alll Alll Alll Alll Alll Alll Alll | Al | Al | Al Alll Alll Alll Alll
C30 | C40 | C50 | C30 | C40 | C50 | C30 | C40 | C50 | C30 | C40 | C50 | C30 | C40 | C50 | C30 | C40 | C50

5.6 5.6 5.6 5.6 5.6 5.6 7.5 7.5 7.5 7.5 7.5 75 | 11.2 | 11.2 | 11.2 | 11.2 | 11.2 | 11.2
L1 Armature weight of one square m |368.9 | 362.3 | 368.1|390.7 | 381.0 | 389.0 | 449.8 | 442.7 | 439.4 | 452.2 | 447.9 | 445.4 | 538.2 | 530.0 | 509.2 | 539.3 | 539.0 | 536.7

Fig. 4: The comparison of required reinforcement material weight in 5-storey building
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Fig. 6: The comparison of required concrete volumes in 5-storey building
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Fig. 7: The comparison of construction cost of structures in 5-storey building

B. Ten-storey building group

Construction cost rises with increasing span length and aso the weight of reinforcement for concrete
structures and concrete volume will increase. The increase of concrete strength is one of the features of concrete
weight reinforcement and can decrease the volume of concrete to some extent. But considering the high cost of
concrete, totally the cost of construction will be increased. Reinforcement material weight, for matting, and
concrete volume in soil type I11 will increase as equal as soil type I1. The comparison of reinforcement material
weight, formwork, concrete volume, and construction cost of structures in 10-storey building groups are
provided in Figures 8 to 11 that they confirm the above — mentioned pointsin this group.
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Fig. 8: The comparison of required reinforcement material in 10-storey buildings.
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Fig. 9: The comparison of formwork in 10-storey buildings
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Fig. 11: The comparison of construction cost of structuresin 10-storey buildings

C. Fourteen-storey building group

Construction cost rises with increasing span length and aso the weight of reinforcement for concrete
structures and concrete volume will increase. The increase of concrete strength is one of the features of concrete
weight reinforcement and can decrease the volume of concrete to some extent. But considering the high cost of
concrete, totally the cost of construction will be increased. Reinforcement material weight, formwork, and
concrete volume in soil type I11 will increase as equal as soil type I1. The comparison of reinforcement material
weight, formwork, concrete volume, and construction cost of structures in 14-storey building groups are
provided in Figures 12 to 15 that they confirm the above — mentioned pointsin this group.
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Fig. 12: The comparison of required weight of reinforcement material in 14-storey buildings
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Fig. 14: The comparison of required concrete volume in 14-storey buildings
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Fig. 15: The comparison of construction cost structuresin 14-storey buildings

D. Comparison of 5, 10, and 14-storey buildings

With the increase of floor numbers, the cost of structure construction will increase non-linearly and the
weight of required reinforcement material, formwork, and the concrete volume will increase too. The
comparison of atypical type of reinforcement material weight, formwork, and construction structure cost in 5,
10, and 14-storey buildings are presented respectively in the Figures 16 to 19 that confirm the above- mentioned
issues. The cost of 14-storey is bigger that of 10 and 5-storey building.

With the investigation of figures in the entire stories, the increase in all of construction cost of structures and
required reinforcement material, formwork, concrete volume and also the span length can increase too. The cost
of 11.2m span Is bigger than 7.5m and 5.6m span. In all of the -stories, the increase of compressive strength
with the weight of reinforcement can decrease formwork and concrete volume but with the consideration of high
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cost of concrete, the total cost of structure will increase. In al of the floors, the weight of reinforcement
meaterial, formwork, and volume of concretein soil type Il is more than soil typell.

Total required reinforcement - N/m2
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Figure 16: The comparison of required concrete in 5-storey, 10-storey, and 14-storey buildings
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Figure 19: The comparison of medium concrete volume in the groups of 5, 10, and 14-storey.

E. Optimized structurein 5, 10, and 14-storey floors

Based on the conducted research and comparisons and also the mentioned Figures in al of the floors, the
number of floors, span length, and soil type were all considered in the costs of intermediate reinforced concrete
moment resisting frames and intermediate concrete shear walls with joist block with span length of 5/6 and
compressive strength of concrete is 30MPa which is considered as optimal type. In soil type Il and in 5-storey
buildings, the financial cost of construction will be optimal.

Buildings with span length of 7/5 meter can be considered as optimal. However, due to high costs or making
use of double joist block in the ceiling, the cost of structure cost is higher than the length span of 5/6 meters. To
evaluate, the number of storey, span length, concrete strength, and soil type were al considered in the
construction cost of intermediate reinforced concrete moment resisting frames with intermediate shear walls and
with joist blocks of 45 structure models and in 5, 14, and 10-storey were designed their span lengths were 5.6,
7.5 M, and 11.2 meters respectively and their compressive strength in concreters of 30, 40, and 50 mega Pascal
have been analysed and designed.
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I'V. DiscussioN AND CONCLUSION

After analysis and design of structures with different spans, floors and soil types, generaly it can be
concluded that in the intermediate reinforced concrete moment resisting frames and intermediate shear walls
with joists block beam the factors such as the increase of the floors, the increase of span length and poor soil
will lead to increase of structural cost, and increase of concrete strength even with relative decrease of structural
weight will lead to increase of structural construction cost. It is economically more efficient to consider the
minimum span for short buildings and the lower compressive strength for concrete in strong soil.
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