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and east. Furthermore, only about one percent of Malaysia's buildings are earthquake resistant,

and Malaysia needs to think of ways to deal with it by constructing more seismic resistance KEYWORDS

buildings. This research aims to study the implication and cost consequences of the double-story Cost Implication

building when an earthquake occurs. In this study, the evaluation of double-story buildings will be Double Storey
investigated by comparing the structural and cost implications of double-story buildings with Earthquake

seismic and without seismic loads. The analysis of an architectural drawing of a typical double- Seismic Design

story building will be carried out as part of the research. It is observed that buildings considering Structural Evaluation

earthquake design have more significant structural and cost implications when compared with
buildings without considering earthquake design. The study's findings are expected to provide
earthquake design criteria for double-story buildings in Malaysia and its neighboring countries to
ensure community safety and reduce the structural and cost effects of the construction of double-
story buildings with earthquake resistance.

INTRODUCTION

Earthquakes are one of the most devastating natural disasters on earth. Malaysia is one of the safest countries globally
and has very low earthquake hazards because, geographically, it is located at an inactive seismic fault far away from a
major plate boundary fault. However, Malaysia has experienced some minor earthquakes due to its proximity to the
Philippines and Indonesia, located within the earthquake circle. An earthquake of great magnitude, based on the
boundaries of the collision of the bits, can be felt in Malaysia. Hence, Malaysia can be exposed to earthquake risk, whether
from local or far-field tremors. The quake felt on the western coast of the Peninsula of Malaysia was triggered by a major
earthquake in Sumatra and the Andaman Sea. Furthermore, the local earthquake-affected East Malaysia and some places
in Peninsular Malaysia. For Example, in 2007, an earthquake with a magnitude of between 2.7 and 3.5 struck Bukit
Tinggi, yet the buildings were not severely damaged [1].

According to the Malaysian Meteorology Department [2], the leading cause of the earthquake was a strike-slip, which
was also linked to pressure release caused by earthquakes in Sumatra, Indonesia. Between 1984 and 2007, 35 distant
ground motions were recorded in Peninsular Malaysia caused by seismic occurrences in Sumatra. Earthquakes that
affected Peninsular Malaysia were originated from Sumatra, particularly from the Sumatra Subduction Zone and the
Sumatra Transform Zone [3]. As a result of this massive and extraordinary geological event in 2004, it has disrupted the
surrounding plates and altered the terraces of Sundanese land. As a result of the effects, the entire peninsula has been
moved to the southwest. Consequently, Peninsular Malaysia has undergone a worse shape change than any other. Thus,
the peninsular position of Malaysia is now closer to the epicenter and will experience a more significant impact in the
event of an earthquake in the future.

The formation of the earthquake in East Malaysia is different. In the north of Borneo Island, Sabah has suffered 80
earthquakes ranging from 3.3 to 5.0 on the Richter Scale since the 1960 [4]. According to a geologist from Universiti
Malaysia Sabah (UMS), most Sabah is exposed to a moderate earthquakes. About seven years ago, on June 5, 2015, the
strongest earthquake struck Ranau, Sabah, with a magnitude of 6.0 (Mw) [5]. The state of Sabah has experienced the
highest number of ground motions in the country, the majority of which are of local origin and are thought to be caused
by several active faults. Now, earthquakes have had a more significant impact in Sabah than in Sarawak or Peninsular
Malaysia, owing to the more significant occurrence of local earthquakes in this region. It is worth noting that an
earthquake of significant scale can cause severe damage to the property and trigger design engineers' attention [6].

Moreover, just about one percent of buildings in Malaysia are seismically resistant [7] which means considering only
gravitational and wind loads. Therefore, design engineers must step outside their comfort zone by designing just for
gravity and wind loads to prepare for the coming earthquake. Moreover, previous research on the impact of seismic design
consideration on the cost of the material has been limited to different parameters [8]-[9] Thus, this paper investigates the
structural implication and cost consequences for a double-story building considering an earthquake in Malaysia. The
evaluation of a double-story building will be assessed by comparing the structural and cost implications of double-story
buildings with earthquake design and double-story buildings without earthquake design. Hence, this study is beneficial
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to structural engineers in ensuring that the structure can withstand seismic action and is safe to use without being overly
expensive.

METHODOLOGY

In this study, two structural modeling of double-story was investigated. For the design simulation, Tekla Structural
Designer software was used to simulate the double story building with seismic design and without seismic design, as
shown in Figure 1. Table 1 shows the summary of the model specification for both models. All columns and beams size
were assumed to be the same for both models and a grade of concrete. Both buildings share a similar plan. A double-story
building was designed following [10] for the first model, considering seismic load. Table 2 shows the seismic data that
was considered in this study [11]. To ensure that the design is passed to the following stage, the building was designed
with the bare minimum requirements. The same building was designed based on Eurocode 2 [12], which does not consider
seismic loads.
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Figure 1. 3D view of double storey building

Table 1. Specification of model

No Parameters Capability Values
1 Ground floor (m) 15

2 First floor (m) 3.962

3 Roof floor (m) 3.810

4 Slab thickness (mm) 125

5 Size of beam (mm) 250 x 600

6 Size of column (mm) 300 x 300

7 Grade of concrete C30/37 and C32/40

Table 2. Seismic model description

Description Parameters
Region Tawau, Sabah
Referen peak ground acceleration 8.00 %
Sturcutral ductility class Low
Importance class 1

Imporance factor 1

For the load consideration, there are two types of load applied to the structures, which are horizontal and vertical
loads. Vertical loads consist of the structure's self-weighing, dead loads, and live loads. These loads have the same
properties as gravity-marked loads. In contrast, horizontal loads, also known as lateral loads, are loads that are
perpendicular to gravity forces, which in this case only include wind loads and earthquake loads. Following are
specifications of loading values and assumptions, as is customary in Malaysia. As per Malaysian tradition, specifies
loading values and assumptions in the following Table 3 are given.
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Table 3. Load applied on building

Type of load Value
Dead load on beams (brick wall) Roof level 3.6 KN/m
First level 7.5 KN/m
Ground level 7.5 KN/m
Dead load on slabs Roof floor 1.0 KN/m
First floor 1.5 kKN/m
Ground floor 1.0 KN/m
Live load Roof floor 0.4 KN/m
First floor 2.0 KN/m
Ground floor 2.0 kN/m

The taking-off procedure was used in the final phase to calculate the structural and cost implication for both models.
Taking off refers to the process of identifying elements or materials such as the number of rebars, volume of concrete,
and weight of steel that produce from the building that can be measured and price. The structural and cost implications
of a double-story building with and without earthquake were compared compared. The material cost was determined
based on the standard building material price provided by the Jabatan Kerja Raya [13].

RESULT AND DISCUSSION

In this study, both models had undergone structural analysis and model design based on Eurocode 2 [12] (non seismic
desin) and Eurocode 8 [14] (seismic design). The structure for the seismic model was classified as important class 11,
which is in the category of ordinary building. As a result, the building's importance factor equals 1.0, as proposed by
Eurocode 8. The magnitude of the dead load, Gk, and the imposed load, Qk, were similar to all models. Furthermore, the
size of structural beams and columns was similar to all models, resulting in the similar effective mass of the building, m,
and correction factor, A. Based on the equation proposed by Eurocode 8, the fundamental period of vibration, T1, for all
models is equal. The following are the result of the structural cost comparison for both models.

CONCRETE COST

RM 22720 RM 22720

NON SEISMIC MODEL

Figure 2. Comparison cost of concrete

Based on the Figure 2, for both models, there are two types of concrete strength which are C30/37 and C32/40. The
graph, shows that the volume of concrete required is the same for both models, and the cost of material for concrete was
the same. Undoubtedly, to build a building based on seismic load, the cost of concrete is the same as a regular building.
So, in conclusion, there is no increment in cost for the amount of concrete required to build a building based on seismic
load.

REINFORCEMENT COST FOR COLUMNS
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Figure 3. Comparison cost of reinforcement for columns

146 journal.ump.edu.my/construction <«



Ruslietal. | Construction | Vol. 2, Issue 1(2022)

Figure 3 and Figure 4 show the amount, cost, and type of steel reinforcement for both model designs for beam and
column structure. The type of steel reinforcement for columns used for the non-seismic model is H6, H12, and H16, while
for the seismic model, the type of steel reinforcement used are H6, H8, H12, H16, and H20. The result obtains shows that
the H12 reinforcement cost is the highest for a non-seismic model, which is RM 6226. For the seismic model, the highest
cost is for H16 reinforcement, which is RM 7000. The total reinforcement cost for the non-seismic model is RM 8976,
while for the seismic model is RM 13062, which is an increment of 45.52 percent. It clearly shows that the cost of
reinforcement for the column will increase when subjected to seismic design.

REINFORCEMENT COST FOR BEAM
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Figure 4. Comparison cost of reinforcement for beams

For the non-seismic model, the type of steel reinforcement for the beam used is H6, H12, H16, and H20, while the
type of steel reinforcement for the seismic model is H8, H12, H16, H20, and H25. As a result, it claimed that for the non-
seismic model, the highest cost is on steel reinforcement for H12, which is RM 7309. For the seismic model, the highest
cost of steel reinforcement is at H16, which is RM 7671. The total cost of steel reinforcement for non-seismic models is
RM 9951, while for seismic models, it is RM 12863, which is an increment of 29.26 percent. From here, it was proven
that the cost of reinforcement for beams was increasing when taking seismic design into account.

REINFORCEMENT COST FOR SLAB

RM 8022

Figure 5. Comparison cost of reinforcement for slab

The Figure 5 shows that the cost for slab reinforcement for both models is the same, as much as RM 8022. The slab
is designed to take vertical loads and such a slab may be one-way or two-way. As an earthquake is a horizontal load,
therefore, the slab is less impressed but the ability to resist horizontal load by slab-beam-column combination is far better
than slab column combination. It concludes that there is no increment in the cost of slab reinforcement for both models.

The result shows that the overall weight of steel reinforcement differs between the two models. For the major structural
component, steel reinforcing is increasing by 20 to 50 percent. The result is as expected because the model involving the
horizontal load will have the highest value of base shear force [7][15]. It will contribute to a significant bending moment.
A structural component like a beam and column that is designed with the highest magnitude of bending moment, leads to
increasing the total area of steel required and total area of steel provided [5]. This causes the increment of the number of
steel when subjected to seismic design compared to normal design.

CONCLUSION

This research presents the amount of steel reinforcement used and the cost of a double-story building with seismic
design and without seismic design in Tawau, Sabah. Two models with and without seismic load had been taken into
account. It is important to remember that reinforcement concrete frame structures consist of structural components,
including beams, columns, and slabs. Due to the varying forces exerted on these buildings, they all have steel
reinforcement of various sizes. Consequently, the total weight of steel reinforcement required in a double-story building
for both seismic and non-seismic models is discussed after going through the simulation and receiving the results. The
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building's cost in this study is based on the result generated from the design analysis of the model and taking off the
quantity of the material for the costing.

To obtain analysis and results, a model was designed based on Eurocode 2, which does not account for seismic loads,
and another model was designed with seismic loads estimated according to Eurocode 8 using Tekla Structural Designer
software. Based on the research findings, the following are some possible conclusions:

a) For models with seismic design, the total mass of steel required increases compared to the model designed
without considering the seismic load. From the analysis, it shows that the total mass of steel reinforcement
increased by 27.95 percent. The total mass of reinforcement required for constructing a building with a seismic
design is more significant than that required for a regular building. This is because the total mass of steel
reinforcement required is strongly related to the bending moment and shear force generated by the load imposed
on the frame.

b) The total material cost for models with seismic design increases compared to models built without seismic
design. These can be proven through the analysis of the results obtained from Tekla Structural Designer software.
According to the analysis findings, there is an increment in the cost of steel reinforcement for beams of 29.27
percent, a cost increase for columns of 45.51 percent, and there is no cost change for slabs. This is because
buildings with seismic resistance must be designed to withstand dynamic loads, which requires greater quantity
of steel reinforcement. As a result, the structure's cost increases.
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