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Abstract
In this study, the influence of twelve concrete mix ratios and two rebar grades on the cost of 3, 7, 12 and 20 story RC 
building frames was investigated. Cylindrical concrete specimens having different mix ratios (by mass) were prepared 
with Ordinary Portland Cement and locally available fine and coarse aggregates. The compressive strength of concrete 
was tested on the 28th day of curing. A linear equation is proposed to predict the compressive strength of concrete keep-
ing it as the function of the percentage of cement and the ratio of coarse and fine aggregate. Based on the compressive 
strengths obtained from different mix ratios, buildings of the same model were designed using the ETABS, as per the 
provision in Bangladesh National Building Code-2006 (which has a great similarity with the latest ACI code). Also, each 
building was evaluated individually for the two most conventionally used rebar grades. Therefore, in total 96 buildings 
were evaluated to obtain the total materials cost for each of the mix ratios and rebar grades. It was seen that (1) for low 
rise building the cost becomes lower when the lower strength concrete is used, (2) for medium to high rise building high 
strength concrete can be considered cost-efficient, (3) the mix ratios having a higher coarse aggregate/fine aggregate 
ratio tends to increase the cost, and (4) 500 MPa rebar was found cost-effective compared to 400 MPa rebar.
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1 Introduction

Minimization of the cost of construction can help a lot to 
get affordable buildings for housing, healthcare, business, 
and educational purpose. In this study, 12 different con-
crete mix ratios having different compressive strengths 
and 2 conventionally used rebar grades were evaluated 
in minimizing the cost of construction for 3, 7, 12 and 
20 story RCC building frames. The building models were 
designed in ETABS 2015 by following Bangladesh National 
Building Code (BNBC) considering the buildings were situ-
ated in Dhaka, the capital of Bangladesh. The prices of the 
construction materials were taken into consideration as 
of the FY-2018. Many researchers are seen to do identical 
works in this area of knowledge. The results in short of a 
few of them are presented below.

For example, in a study, a mathematical method based 
on a modified regression theory was formulated for the 
prediction of concrete strength. The model can prescribe 
all possible mixes that will produce the desired strength of 
concrete. It can also predict the strength of concrete under 
a specified mix ratio [1]. Another study reviewed and sum-
marized the cost optimization of concrete structures. The 
study suggested to design concrete structures based on 
cost minimization rather than weight minimization. It was 
concluded that there is a real demand to perform research 
on cost optimization, especially for large structures with 
many members where optimization can result in signifi-
cant savings [2]. Similar research was done on the cost 
optimization of reinforced concrete flat slab buildings fol-
lowing the provisions of the British Code. Here, the optimi-
zation process was handled on three different levels. In the 
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primary step, the optimum positioning of the column was 
achieved by an in-depth investigation. In the next step, 
for each column layout, the most favorable dimensions of 
structural members were found adopting a “hybrid opti-
mization algorithm”. Finally, another thorough inspection 
was done to determine the optimum number and size of 
reinforcing bars of reinforced concrete members [3].

Other researchers studied mix proportioning of high-
performance concrete. They have suggested special 
performance requirements using conventional concrete 
materials can be achieved only by selecting a low ratio 
of water to cement. It demands the use of high cement 
content. For heavy structures, higher strength of concrete 
is preferable because it reduces the use of steel which is 
the most expensive among the conventional construction 
materials. The use of chemical and mineral admixtures can 
cut down the cement content and this results in cost-effec-
tive HPC [4]. Another attempt was made to determine the 
most economical span length for framed RCC building. For 
that, code enforced guidelines supported by mathemati-
cal investigation were followed. The cost appropriateness 
is justified in terms of the required concrete volume and 
reinforcement. Comparing all the facts for a given live load 
it is seen that shorter spans in the rage of 5–6 m are more 
economical [5].

Ahmad [6] conducted a study on optimum concrete 
mixture design using locally available materials. In his 
study he found that, water

cement
 , coarse aggregate
total aggregate

 and total aggregate
cement

 are 

the crucial criteria affecting the design of a concrete mix-
ture as well as cost. For specific strength and durability, 
single water

cement
 must be selected and should be maintained 

constant. However, to lessen the amount of cement within 
constraints resulting in optimum design of a concrete mix, 
coarse aggregate

total aggregate
 and total aggregate

cement
 may be varied. If the amount 

of cement can be reduced maintaining the same concrete 
strength it will be cost-effective. On the other, in a study, 
it was found that as the height of RCC buildings increases 
it becomes less profitable. The main causes of such hap-
pening are increased dead load. Other supporting factors 
are lesser stiffness, higher foundation size, and excessive 
time consumption. In this situation, the “steel–concrete 
composite” frame system can offer a better, effective and 
economical solution to most of the problems in medium 
to high-rise buildings [7].

Moreover, modern-day innovative construction prac-
tices and techniques in able to save effectively both the 
energy and money. Therefore, effective financing in these 
sectors allows the beneficiaries to save the cost of struc-
tures that are more effective, demand-driven, productive 
and profitable. Even such approaches can build buildings 
that use less energy and can be more cost-effective [8]. 
Interval of columns in building to a large extent shapes 

the gross cost of the materials. Because higher span 
length needs a higher dimension of column, beam, and 
slab. Subsequently, it can increase the dead load of the 
structure, which can lead to a heavier size of footing as 
well. The minimum overall dimensions of heavily loaded 
floors columns can safely be suggested “one-fifteenth” of 
the usual span. On the other hand for roof columns hav-
ing a comparatively lighter load the minimum size can be 
“one-eighteenth” of the usual column spacing [9].

Similar to the column, the beam is another major struc-
tural element of a building. Many structural engineers like 
to use the thumb rule to select the beam depth: 19 mm 
per 300 mm span, considering the depth of the beam 
twice the width. Experience proves that such considera-
tion is cost-effective as well [10]. In general, industrial and 
warehouse multistory RCC buildings are massively loaded. 
For such cases, a flat slab with column panel and capitals is 
proven to very effective. Only shorter to moderate column 
spacing are economically feasible for heavily loaded build-
ings. The use of one or two waffle slab is also considered as 
an alternative and economically feasible slab system that 
can offer a larger span without the obstruction of column 
[11].

In general, the cost of the RCC becomes cheaper if the 
grade of steel is improved. That’s why, in terms of total 
steel use, it is seen that steel of 400 MPa and 500 MPa is 
cheaper than 275 MPa. Also because of higher spacing 
allowance, tied reinforcement is generally cost-effective 
than spiral reinforcement in columns [12]. Even reuse of 
so-called waste materials (e.g. stone powder, arsenic-con-
taminated sludge, etc.) can also give similar or sometimes 
batter strength that the conventional materials [13–15]. 
Also, carbon-based wastes are considered resources in 
construction industries since they can secure both the 
economy and environment [16–18].

2  Materials and methods

During concrete casting, Ordinary Portland Cement (OPC) 
of CEM I, 52.5 N (ASTM C-150, Type-1) was used as binder 
materials. Constant water to cement ratio(0.45 ± 0.02)
was also maintained to have good workability (slump: 
65-75 mm). As coarse aggregate, well graded crushed 
stone chips (19 mm downgraded) were collected and as 
fine aggregate, Sylhet Sand having a Fineness Modulus 
of 2.67 ± 0.01 was used. They were chosen maintaining 
the provisions of ASTM C150 for cement and according to 
ASTM C33 for fine and coarse aggregates [19, 20]. The mar-
ket prices of these materials are presented in Table 1. 12 
mix ratios were chosen including the standard mix ratios 
used in practice. For each of the mix ratios compressive 
strength test was conducted on three samples. The three 
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results were averaged and the compressive strength of the 
corresponding mix ratio was found. The mass based mix 
ratios and the corresponding 28 day compressive strength 
are listed in the Table 2. Samples were molded and cured 
in accordance with ASTM C31/C31 M-15 [21]. Compressive 
strength test of the samples were done as per the guid-
ance of ASTM C39/C39M-15a [22].

The deformed bars were chosen according to ASTM 
A615 [23]. The price of 400 MPa and 500 MPa steel was 
same:$600 per ton. Models were designed for 3, 7, 12 
and 20 story buildings. Each model had the plan shown 
in Fig. 1, (floor area per story = 24 m × 24 m = 576 m2). In 
total, 96 (= 4 different heights of buildings × 12 concrete 
mix ratios × 2 grades of steel) building models were cre-
ated in ETABS-2015 (a well-known and popular software 
used in structural engineering for integrated analysis, 
design and drafting of buildings). The design of the build-
ing models were such that the columns and beams were 
near to failure under the applied loading condition. The 
column dimensions were selected in a manner to keep 
the ground floor column’s PMM Ratio or rebar percentage 
close to 4.0%. It is to be noted that, in the study, only the 
material cost (of cement, sand, stone and steel) was calcu-
lated for beam, column and slab.

The loads and load assigns in ETABS are shown in the 
Table 3. Few other factors which are considered constant 

for each case as per BNBC-2006 [24] are shown in Table 4. 
After design and analysis the models in ETABS, following 
data were obtained to proceed to the next phase of the 
study:(1) the total volume of steel (of slabs, columns and 
beams) used in the design for each of the models and (2) 
the total volume of concrete (of slabs, columns and beams) 
used in the design for each of the models. Later, these val-
ues were inputted to obtain the cost of each materials as 
well as the total cost for each models. Note that, the design 

Table 1  The market price (FY-2018) of cement, fine aggregate and 
coarse aggregate

Cement Fine aggregate Coarse aggregate

$5.6 per bag (50 kg) Local name: Sari Balu
Price: $10/m3

19 mm crushed stone
Price: $43/m3

Table 2  Mix ratios and the corresponding 28  day compressive 
strength

Mix ratio (by mass) Compressive 
strength (MPa)

Number Cement Sand Stone

1 1 1 0.5 33.5
2 1 1 1 25.2
3 1 1 2 21.4
4 1 1.25 2.5 20.0
5 1 1.5 1 22.5
6 1 1.5 2 20.5
7 1 1.5 3 18.6
8 1 2 1 21.8
9 1 2 2 19.5
10 1 2 3 17.5
11 1 2 4 15.3
12 1 3 3 15.1

Fig. 1  Building model (plan view)

Table 3  The loads and load assigns in ETABS

Load assigns Load values (kN/m2) Acting on

Live load 2 Slab
Partition wall (PW) 1 Slab
Floor finish (FF) 1.5 Slab
Wall load 25 Beam

Table 4  Factors consideredfor analysis as per BNBC-2006 [24]

Subject Value

Wind speed in Dhaka 210 km/hr
Zone coefficients, Z 0.15
Structure importance coefficients (I) 1.00
Response modification coefficient for structural sys-

tems, R
8.00

Site coefficient, S (i.e. Stiff or dense soil condition 
where the soil depth is less than 61 meters)

1.00
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of foundation as well as its cost estimation was not done 
in the present study.

3  Results

Since the cost of coarse aggregate is much huger than 
that of sand, therefore it can be said that in a mix ratio, 
the higher the CA

FA
 the more costly the construction will be. 

Therefore the 12 mix ratios are divided into two sets as 
presented in Table 5.

Using the software, SPSS-Version 2017, a linear equa-
tion (Equation-1) is proposed (having R2 = 0.95 ) to predict 
the compressive strength of concrete ( � in MPa) keeping 
it as the function of percentage of cement (C) and CA

FA
 . The 

lower and upper limit of cement percentage is 14–40%, 
and of CA

FA
 is 0.5–2.0. The input values for Eq. 1 are also 

shown in Table 4. The corresponding comparison of the 
compressive strength of concrete found from experiment 
and calculated using Eq. 1, are presented in Fig. 2, which 
have a vitiation ranging from + 6.7 to − 7.8% with the 
experimental result.

3.1  For 3 story building

For 3 story building with 400 MPa steel, the cost versus 
compressive strength of concrete is presented in Fig. 3. The 
shape of the curve does not represent any regular shape. 
But if the concept of the two sets of CA

FA
 is introduced than 

better representation can be achieved (Fig. 4). Also, the 
total dead load of the building frame is shown behind the 

(1)� = 6.27 + 0.62C + 0.14
CA

FA

curves as area. Same approach is taken in Fig. 5, for 3 story 
building with 72.5 Grade steel. From the Figs. 4 and 5 it is 
evident that, the 500 MPa steel is cost effective than 400 
MPa steel. By using 500 MPa steel for a 3 story building 
(576  m2 per story)on an average $2170 can be saved which 

Table 5  Mix ratios and 
compressive strength of 
concrete grouped into two sets 
according to CA

FA
 ratio

Mix ratio no. Cement Sand (FA) Stone (CA) CA

FA

Cement  % (C) Compressive 
strength (MPa)

Set-1, CA
FA

≤ 1.5

 12 1 3 3 1.00 14.30 15.1
 10 1 2 3 1.50 16.67 17.5
 9 1 2 2 1.00 20.0 19.5
 6 1 1.5 2 1.33 22.22 20.5
 8 1 2 1 0.50 25.00 21.8
 5 1 1.5 1 0.67 28.57 22.5
 2 1 1 1 1.00 33.33 25.2
 1 1 1 0.5 0.50 40.00 33.5

Set-2, CA
FA

= 2

 11 1 2 4 2.00 14.29 15.3
 7 1 1.5 3 2.00 18.18 18.6
 4 1 1.25 2.5 2.00 21.05 20.0
 3 1 1 2 2.00 25.00 21.4
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Fig. 2  Comparison of the compressive strength of concrete found 
from experiment and calculated using Eq. 1
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is 7.20% of the total material cost. Comparison of various 
materials cost just for 500 MPa steel is shown in Fig. 6, here 
classification based on CA

FA
 is not maintained.

3.2  For 7 story building

For 7 story building the cost versus compressive strength 
of concrete with 400 MPa and 500 MPa steel, are presented 
in Figs. 7 and 8 respectively. From the Figures, it is also 
evident that the 500 MPa steel is more cost effective than 
400 MPa steel. By using 500 MPa steel for a 7 story build-
ing (576  m2 per story) on an average $5495 can be saved 
which is 6.30% of the total materials cost. Comparison of 

various materials cost just for 500 MPa steel is shown in 
Fig. 9.

3.3  For 12 story building

Identical scenario is also seen for 12 story building. 
The cost versus compressive strength of concrete with 
400 MPa and 500 MPa steel, are presented in Figs. 10 and 
11 respectively. It is evident that the 500 MPa steel is more 
cost effective than 400 MPa steel. By using 500 MPa steel 
for a 12 story building (576  m2 per story)on an average 
$9354 can be saved which is 4.83% of the total materials 
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Fig. 4  Total cost versus compressive strength by grouping mix 
ratios for 3 story building with 400 MPa steel

11000

11500

12000

$26,000

$28,000

$30,000

$32,000

$34,000

12 18 24 30 36

To
ta

l C
os

t

Compressive Strength of Concrete (MPa)

De
ad

 L
oa

d 
(K

N
)

Dead load Set-1 Set-2

Fig. 5  Total cost versus compressive strength by grouping mix 
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Fig. 6  Cost comparison of materials for 3 story building with 
500 MPa steel

27000

28000

29000

30000

31000

32000

$76,000

$81,000

$86,000

$91,000

$96,000

12 18 24 30 36

To
ta

l C
os

t

Compressive Strength of Concrete (MPa)

De
ad

 L
oa

d 
(K

N
)

Dead load Set-1 Set-2

Fig. 7  Total cost versus compressive strength by grouping mix 
ratios for 7 story building with 400 MPa steel
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Fig. 8  Total cost versus compressive strength by grouping mix 
ratios for 7 story building with 500 MPa steel
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cost. Comparison of various materials cost just for 500 MPa 
steel is shown in Fig. 12.  

3.4  For 20 story building

For 20 story building the cost versus compressive strength 
of concrete with 400 MPa and 500 MPa steel, are pre-
sented in Figs. 13 and 14 respectively. From the figures 
it is evident that the 72.5 Grade steel is more cost effec-
tive than 400 MPa steel. By using 500 MPa steel for a 20 

story building (576  m2 per story)on an average $23789 can 
be saved which is 3.65% of the total materials cost. Com-
parison of various materials cost just for 500 MPa steel is 
shown in Fig. 15.

4  Discussion

The present study tried to find the influence of concrete 
mix ratios and rebar grades on the cost of RC building of 
different stories. From the existing literature review, no 
such attempt was found on a large scale. On a smaller 
scale, the output of this research partially matched with 
few researchers. For example, as found by Ahmad [6], 
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Fig. 10  Total cost versus compressive strength by grouping mix 
ratios for 12 story building with 400 MPa steel

50000

52000

54000

56000

58000

60000

62000

64000

$1,74,000

$1,79,000

$1,84,000

$1,89,000

$1,94,000

$1,99,000

$2,04,000

12 18 24 30 36

To
ta

l C
os

t

Compressive Strength of Concrete (MPa)

De
ad

 L
oa

d 
(K

N
)

Dead load Set-1 Set-2

Fig. 11  Total cost versus compressive strength by grouping mix 
ratios for 12 story building with 500 MPa steel
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ratios for 20 story building with 400 MPa steel

90000

100000

110000

120000

130000

$5,50,000

$6,00,000

$6,50,000

$7,00,000

12 18 24 30 36

To
ta

l C
os

t

Compressive Strength of Concrete (MPa)

De
ad

 L
oa

d 
(K

N
)

Dead load Set-1 Set-2

Fig. 14  Total cost versus compressive strength by grouping mix 
ratios for 20 story building with 500 MPa steel
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the ratio of different aggregate was an important factor 
for cost optimization, is also found true in the present 
investigation. Span length- 6 m was also maintained as 
per suggestion [5]. The general opinion of proving cost-
effective options by high strength steel also proved to be 
the same from the current outcomes [12]. Yet, the need for 
a wider study is felt [2] considering story number, concrete 
strength, and steel strength. It is hoped that the result of 
the present study can fulfill this demand, maybe in a small 
range. Though this study was carried out as per BNBC-2006 
(which has significant similarity with the latest version of 
American Concrete Institute (ACI)), yet it can also be done 
as per other codes as well.

In this study, all calculation is done focusing on a single 
building model (Fig. 1). It is expected that the cost will 
be changed as per the building plan and market price of 
construction materials. Yet identical result is supposed to 
have, as got in the present study. The gist of the research 
discussed as follows:

1. The total material cost of RCC building varies signifi-
cantly with the compressive strength of concrete.

2. As found from Figs. 6, 9, 12 and 15, the cost of sand was 
not significantly changed with the concrete strength. 
The cost of stone and steel are seen to be decreased 
as the concrete strength was increased. Also, the cost 
of cement was significantly seen to be increased with 
the concrete strength. The qualitative presentation of 
cost variation per increment of concrete strength of 
different construction materials is shown in Fig. 16.

3. For 3 story RCC building frames higher strength of 
concrete does not help in reducing the total cost. The 
total cost becomes lowest when the lowest strength 
of concrete is in use.

4. For 7, 12 and 20 story RCC building frames the total 
cost gradually increases with increasing compressive 
strength of concrete. But when concrete strength 
crosses 25.5  MPa the total cost starts to decrease. 

Therefore, high strength concrete can be considered 
as cost-efficient for mid to high rise buildings.

5. Concrete mix ratios having a greater portion of coarse 
aggregates ( CA

FA
≥ 2 ) increases the cost.

6. The total dead load of the building frame decreases 
(more than 10%) with increasing compressive strength 
of concrete (in the range between 15.1 and 33.5, as 
shown in Table 2).

7. In every case, 500 MPa steel rebar is significantly cost-
efficient (even up to 7.20%) compared to 400 MPa steel 
rebar.

5  Conclusion and recommendation

The entire study was conducted using the local market 
price over a simple building plan. Both of the above can 
indeed be changed as per place. Therefore, the above 
study is only applicable to the mentioned constraints. Yet, 
such an initiation can play a documentary baseline for 
bigger and more generalized studies. Also, the costs for 
foundation, formwork, labor and labor cost, etc. have not 
been taken into consideration. Therefore, more studies can 
be conducted keeping all of them in the count.
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