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Abstract: Malaysia is situated relatively far away from active seismic fault zone. However, it is clear 
that the nation is surrounded by high seismicity areas at the west, south, and east part as. This is 
associated with the subduction zones between the Indo-Australian plate and Eurasian plate at the west 
and south part, also the subduction zones between the Eurasian and Philippines plate at the east region. 
In Malaysian construction industry, the British Standard of BS 8110 had been implemented as 
reference for reinforced concrete design. For low rise buildings, the designers only consider 
gravitational load only since Malaysia is situated relatively far away from active seismic fault zone. 
However, over the past decade tremors induced by seismic activities from Sumatra Andaman and 
Philippines earthquake had been felt in Malaysian soil. There are several questions on implementation 
of seismic design in Malaysia such as the class of ductility to be adopted and the increment of cost. 
This paper investigated the difference of steel reinforcement and concrete required when seismic 
provision is considered in reinforced concrete design of general office building. The original two 
storey regular office building which designed based on BS8110 had been redesigned according to 
Eurocode 2 and Eurocode 8 provision with various level of reference peak ground acceleration, agR 
reflecting Malaysian seismic hazard for ductility class Medium (DCM). It is observed that the level of 
behaviour factor, q strongly influences the total cost of material for the whole frame. For such class of 
ductility, the increment of cost of material is extremely high which lie in range of 1.7 to 3.3 times 
higher compared to nonseismic frame design.     
 
Key words: Reinforced concrete, Eurocode 8, behaviour factor, ductility class medium, seismic 

design.  
 

INTRODUCTION 
 

In Malaysian construction industry, the British Standard of BS8110 (1997) had been implemented as 
reference for reinforced concrete (RC) design. For low rise buildings, the designers only consider gravitational 
load only since Malaysia is situated relatively far away from active seismic fault zone. However, over the past 
decade tremors induced by seismic activities from Sumatra Andaman and Philippines earthquake had been felt 
in Malaysian soil. From 1984 to 2007, a total of 35 seismic events originating from Sumatra, Indonesia and 9 
other events originating from Bukit Tinggi area, Pahang were reported to have been felt in various parts of the 
country (MOSTI, 2009). Within the same period, a total of 32 seismic events originating from Philippines, 
Indonesia, and local region were felt in East Malaysia (Sabah and Sarawak). The unforgettable one of course 
belongs to the earthquake with magnitude Mw 9.0 on 2004 Boxing Day which occurred west of Aceh in 
Sumatra, Indonesia. The earthquake also generated a disastrous Indian Ocean tsunami with high ‘tidal’ wave 
that struck the coast of several countries in Asian region including several parts of west coast of Peninsular 
Malaysia. The tremors also caused vibration on buildings and created panic situation. It had been reported that 
most buildings were in good condition in Peninsular Malaysia and at least 50% of selected buildings were found 
to experience concrete deterioration problems due to vibration during earthquake (MOSTI, 2009). The 
Malaysian Public Work Department (JKR) suggested that it was worthwhile to consider seismic design input for 
new buildings located in medium – to – high risk earthquake zones. For design, the classification of ductility 
class low (DCL) or even ductility class medium (DCM) may be considered in Peninsular Malaysia (Jeffrey and 
Peng, 2011). For low rise buildings with lower fundamental period of vibration, T1 ductile detailing could be 
ignored but at the expense of using a lower behaviour factor, q which will result in higher seismic design forces. 
Therefore, the designer may still wish to use ductile detailing to take advantage of the lower seismic design 
forces resulting from using a higher behaviour factor, q (Pappin et al., 2011).        

In earthquake engineering, it is important for designers to understand the concept of stiffness, strength, and 
ductility, as well as behaviour factor, q for design purposes. Stiffness, strength, and ductility correspond to the 
ability of a component to resist deformations when subjected to actions, capacity of component for load 
resistance at a given response, and ability of a component to deform beyond the elastic limit (Elnashai and 
Sarno, 2009). In seismic design, it is not economically feasible to design structures which can respond 
elastically during earthquake (FEMA 451B, 2007). Thus, for economic reason most structures are designed to 
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behave inelastically due to tremors. In order to achieve this target, the concept of behaviour factor, q had been 
promoted in seismic design. The behaviour factor, q is a factor which used for design purposes to reduce the 
forces obtained from a linear analysis, in order to account for the nonlinear response of a structure (Eurocode 8, 
2004). The same concept namely as force or strength reduction factor, R is implemented in American code for 
the same purpose (FEMA 451B, 2007). The level of behaviour factor, q to be applied in design depends on the 
material, type of structures, and class of ductility (Eurocode 8, 2004). Over the past few years, the value of 
behaviour factor, q proposed by the codes had been scientifically re-evaluated and commented. As an example, 
Gillie et al., (2010) commented that common design specification which is based on non-pulse forward 
directivity ground motions cannot be directly applied to deal with pulse-type forward directivity ground 
motions. In their work, they also found that the strength reduction factor, R resulting from forward directivity 
ground motions is smaller than those from non-forward directivity ground motions. For conservative design of 
structures in near-fault regions, the simple and effective modification is needed to replace the current value of 
strength reduction factor, R (Jalali and trifunac ,2008). Borzi and Elnashai (2000) concluded that both European 
and American standards are too conservative where the ductility demand which corresponds to the behaviour 
factor, q is higher than the ductility supply. If not supported by high overstrength, the demand could have 
exceeds the supply thus leading to unsafe situation in terms of deformation capacity. The behaviour factor, q 
also had been evaluated due to excitation of repeated earthquake (Hatzigeorgiou and Beskos, 2009, 
Hatzigeorgiou, 2010, Ade Faisal et al., 2013). However, in previous works mentioned above, the effect of 
behaviour factor, q on cost of materials was not discussed.  

Therefore, this paper investigated the difference of steel reinforcement and concrete required when seismic 
provision is considered in reinforced concrete (RC) design of general office building. The original two storey 
regular office building which designed based on BS8110 (1997) had been redesigned according to Eurocode 2 
(2004) and Eurocode 8 (2004) with various level of reference peak ground acceleration, agR reflecting Malaysian 
seismic hazard for ductility class Medium (DCM). Then, the cost of materials for frames with seismic design 
had been presented alongside the factors influencing the design.  

 
MATERIAL AND METHODS 

 
To investigate the effect of behaviour factor, q on cost of material, a frame of two storey RC building 

regular in plan and elevation had been used in analysis and design. As shown in Figure 1, the frame has typical 
storey height of 3.6 m and three equal bays of 5.0 m for general office use. The same frame also had been used 
by Adiyanto and Majid (2013) to study seismic design for ductility class low (DCL). To represent existing RC 
building and current construction practice in Malaysia, the frame had been designed for gravitational load only 
based on BS 8110 (1997) namely as N2BS. Then, by referring to European standard practices (Eurocode 2, 
2004, Eurocode 8, 2004) the same frame had been redesigned with considering seismic action for ductility class 
medium (DCM). For such class of ductility, the proposed behaviour factor, q is lies in range of 1.5 to 4.5 depend 
on structural system (Eurocode 8, 2004). For RC frame system, the behaviour factor, q is proposed to be equal 
to 3.9. Hence, in this study four different level of behaviour factor, q in DCM had been used in design of the 
similar frame which is equal to 1.5, 2.7, 3.9, and 4.5. Since this study focus on seismic design in Malaysian 
seismic region, the seismic hazard maps for Malaysia had been referred. For 500 years return period, the value 
of peak ground acceleration (PGA) for Peninsular Malaysia is lies in range of 0.02g to 0.10g (Adnan et al., 
2008, MOSTI, 2009). For East Malaysia (Sabah & Sarawak), the value of PGA is around 0.06g to 0.12g which 
is increasing toward the eastern part like Tawau, Lahad Datu, and Semporna. A total 3 value of these PGA had 
been selected as reference peak ground acceleration, agR which is equal to 0.02g, 0.06g, and 0.12g to develop the 
response spectrum. In this study, all frames had been designed based on concrete compressive strength, fcu = 30 
N/mm2 and the yield strength of steel, fy = 460 N/mm2. Table 1 presents the list of all 13 frames. Except for 
N2BS, all frames had been designed based on the following suggested load combinations (Eurocode 1, 2002, 
Eurocode 8, 2004) which also had been used in previous work (Hatzigeorgiou and Liolios, 2010).   

 
i)   CASE 1 = 1.0G + ψ2Q + 1.0E 
ii)  CASE 2  = 1.0G + ψ2Q – 1.0E 
iii) CASE 3  = 1.35G + 1.50Q 
  
where G, Q and E represent the dead, live, and earthquake loads, respectively. Since the frame is designed 

for general office use, the quasi-permanent value of a variable action, ψ2 which had been applied to the live 
load, Q in Case 1 and Case 2 is equal to 0.3 (Eurocode, 2002, Acun et al., 2012).  
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Fig. 1: Elevation of regular RC frame model 
 

Table 1: List of frames used and design consideration 

No. Frame Behaviour factor, q agR (g) 

1 N2BS - - 

2 q1.5 – P1 1.5  
 
0.02 
 

3 q2.7 – P1 2.7 

4 q3.9 – P1 3.9 

5 q4.5 – P1 4.5 

6 q1.5 – P2 1.5  
 
0.06 
 

7 q2.7 – P2 2.7 

8 q3.9 – P2 3.9 

9 q4.5 – P2 4.5 

10 q1.5 – P3 1.5  
 
0.12 

11 q2.7 – P3 2.7 

12 q3.9 – P3 3.9 

13 q4.5 – P3 4.5 

  
For frames with seismic design, the lateral force method (Eurocode 8, 2004) had been conducted in 

analysis. In this method, the designers are required to determine the action of earthquake load on building and 
assign it as lateral load acting on each storey joint. For this purpose, the base shear force, Fb had been 
determined by using the following equation (Eurocode 8, 2004):  

  
Fb = Sd(T1) . m . λ                                                                                               (1)  

 
where Sd(T1), m, and λ correspond to the ordinate of the design spectrum at period T1, the total mass of the 

building above the foundation or above the top of a rigid basement, and the correction factor, respectively.  
Due to far-field earthquakes from Sumatra, buildings built on soft soil are occasionally subjected to tremors 

although Malaysia is situated on a stable part of the Eurasian plate (Balendra and Li, 2008). Hence, in this study 
the Type 1 response spectrum compatible with Soil D (Eurocode 8, 2004) had been developed to determine the 
spectral acceleration at fundamental period of vibration, Sd(T1). Figure 2 depicts the response spectrum 
developed based on reference peak ground acceleration, agR equal to 0.12g at various level of behaviour factor, 
q.            

5.0 m 5.0 m 5.0 m 

3.6 m 

3.6 m 

Floor beam

Roof beam 
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Fig. 2: Design response spectrum for type 1, soil class D, agR = 0.12g 
 

RESULTS AND DISCUSSION 
 

Effect Of Behaviour Factor, Q On Base Shear Force, Fb:  
As discussed in previous section, the main function of behaviour factor, q is to reduce the lateral load act on 

structure so it wills response inelastically due to earthquake excitation. Figure 3 shows the base shear force, Fb 
acting on 2 storey RC building used in this study. It is clearly observed that the magnitude of base shear force, 
Fb is decreases when the level of behaviour factor, q increases. In all cases of reference peak ground 
acceleration, agR considered in this study, the base shear force, Fb is reduced around 40%, 58%, and 62% when 
the level of behaviour factor, q is increased from 1.5 to 2.7, 3.9, and 4.5, respectively. Lower magnitude of base 
shear force, Fb means lower magnitude of distributed lateral load acting on each storey. Therefore, the bending 
moment developed from seismic action also becomes lower. The design of frame with higher level of behaviour 
factor, q is expected to be lighter compared to the lower one. 

 

 
 
Fig. 3: Comparison base shear force, Fb acting on building 

 
Effect Of Behaviour Factor, Q On Beam Design Of Flexural Reinforcement:  

In RC design, the designers have to play around with concrete and steel reinforcement. Size of section, size 
of steel bar, and the number of steel bar have to be selected and adjusted smartly in order to fulfil the flexural 
demand from bending moment. The total concrete volume and weight of flexural steel reinforcement of floor 
beam designed with different level of behaviour factor, q considering fixed reference peak ground acceleration, 
agR equal to 0.02g is depicted in Figure 4. It is clearly observed that the total concrete volume of floor beam is 
constant except for frame q1.5-P1, which has lower concrete volume due to smaller size of section. On the other 
hand, higher level of behaviour factor, q seems to increase amount of steel used for flexural reinforcement. This 
result is quite contra with what has been discussed in previous section where lower level of behaviour factor, q 
induces higher magnitude of base shear force, Fb and heavier frame design is expected. From equivalent static 
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load analysis, the maximum bending moment used for design of frame q1.5-P1 was developed from Case 1 and 
Case 2 of load combination, which considering the seismic load. For other frames, maximum bending moment 
was developed from Case 3, which is gravitational load only due to decreasing of base shear force, Fb. 

  

     
(a)                                                                                     (b) 

 
Fig. 4: Effect of behaviour factor, q on floor beam design, (a) volume of concrete (b) weight of steel 

 
However, there is a reasonable answer for this result which is strongly associated by requirement to fulfil 

the local ductility demand. According to Eurocode 8 (2004), for DCM structures, the reinforcement ratio of the 
tension zone, ρ does not exceed a value of ρmax as expressed in the following equation: 
 

 ′  . ·

 · . · 
             (2) 

 
Where ρ’, μθ, εsy.d, fcd, and fyd is the reinforcement ratio in compression zone, curvature ductility factor, 

design value of tension steel strain at yield, design value of concrete compressive strength, and design value of 
yield strength of steel, respectively. Eurocode 8 (2004) also states that if the tension zone includes a slab, the 
amount of slab reinforcement parallel to the beam within the effective flange width should be included in the 
reinforcement ratio in tension zone, ρ. As a result, the latter becomes larger compared to those contributed by 
amount of steel reinforcement of beam only.   

Since the value of εsy.d, fcd, and fyd is fixed, the ρmax is strongly influence by curvature ductility factor, μθ 
which is determined by:  

 

 1  2  1 ·              (3)  

 
where q0, TC, and T1 represent the basic value of behaviour factor, period at the upper limit of the constant 

acceleration region of the response spectrum, and fundamental period of building, respectively. From equation 
(3) above, it is clear that the curvature ductility factor, μθ is increases as the level of basic behaviour factor, q0 is 
increases. Inversely, the maximum reinforcement ratio, ρmax is decrease. As a result, the amount of steel 
reinforcement at tension zone has to be reduced. However, reducing the steel reinforcement may cause the area 
of steel required, Asreq due to action of bending moment cannot be fulfilled. One more option is to increasing the 
size of section so the area of steel required, Asreq can be reduced. However, promoting large size of beam may 
create conflict with architectural requirement such as aesthetic value and the need of space. Therefore, in order 
to maintain the size of beam without reducing the steel of reinforcement at tension zone, the amount of steel 
reinforcement at compression zone has to be increase so that the reinforcement ratio in compression zone, ρ’ is 
increase. Hence, the maximum reinforcement ratio, ρmax also increase as explained in equation (2).  It can be 
concluded that although designed based on lower base shear force, Fb as well as lower bending moment, frames 
with higher level of behaviour factor, q tends to have higher amount of steel reinforcement due to local ductility 
demand. 

 
Effect Of Behaviour Factor, Q On Column Design Of Flexural Reinforcement: 

In order to prevent the formation of soft storey mechanism, the design values of the moments of resistance 
of the columns framing the joint, MRc should be greater than or equal to 1.3 times the design values of the 
moments of resistance of the beams, MRb framing the same joint (Eurocode 8, 2004). This concept of design is 
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known as Strong Column ~ Weak Beam philosophy where the capacity of column must be greater than the beam 
(Elnashai and Sarno, 2009). As explained by Elghazouli (2009), the magnitude of moment to be resisted by 
column is derived from the design moment of resistance of the beams, MRb. Therefore, in this study the column 
design is strongly influence by the corresponding beam design. Figure 5 presents the total concrete volume and 
weight of flexural steel reinforcement of column designed with different level of behaviour factor, q considering 
fixed reference peak ground acceleration, agR equal to 0.02g. 

  

                         
(a)                                                                                     (b) 

 
Fig. 5: Effect of behaviour factor, q on column design, (a) volume of concrete (b) weight of steel 

 
From Figure 5, the total concrete volume for column is strongly influence by the level of behaviour factor, 

q. When the latter is increases, the concrete volume also increases. This result is fully associated with beam 
design as discussed in previous section. Higher level of behaviour factor, q tends to cause higher amount of steel 
reinforcement in beam. As a result, the design moment of resistance of the beam, MRb becomes high. Then, the 
latter had been amplified around 1.3 times as the design moment of resistance of the column, MRc. Sufficient 
amount of steel reinforcement have to be supplied to fulfil the area of steel required, Asreq which had been 
determined by using appropriate design chart for column (Beeby and Narayanan, 1995). For DCM structures, 
the total amount of steel reinforcement in primary column shall lies between 1 to 4% of total area of column 
cross section (Eurocode 8, 2004, Fardis, 2009, Acun et al., 2012). Besides, symmetrical reinforcement should be 
provided with at least 3 bars per side in symmetrical cross section. When total area of steel provided, Asprov 
exceeds the limit of 4%, the size of column should be enlarged. Therefore, the concrete volume of column for 
frame q4.5-P1 is the highest due to largest design moment of resistance of the column, MRc. In term of steel 
reinforcement, the amount of the latter is in range of 975 to 1222 kg for all four frames considered. Except 
frame q1.5-P1, total amount of steel reinforcement is decreases as the level of behaviour factor, q increases due 
to larger size of cross section. For DCM structures, it can be concluded that the column design is fully depends 
on beam design. If beam had been designed with high amount of steel reinforcement contributing to high 
capacity of moment resistance, the column also had to be designed to achieve high capacity of moment 
resistance either increasing the amount of steel reinforcement of enlarging the size of cross section. Again, 
higher level of behaviour factor, q contributes to heavier design. 

          
Effect Of Behaviour Factor, Q On Shear Reinforcement: 

In RC design, the designers not only have to design the flexural reinforcement to resist bending moment, 
but also have to design the reinforcement for shear load which is also known as link or transverse reinforcement. 
Figure 6 depicts the total amount of link in floor beam and column when designed at reference peak ground 
acceleration, agR equal to 0.06g. For floor beam, the level of behaviour factor, q only slightly influences the total 
amount of link. According to Eurocode 8 (2004), the spacing of link, s depends on the diameter of link, dbw 
which shall be not less than 6 mm, minimum longitudinal bar diameter, dbL and the beam depth, hw as stated in 
the following equation: 
 
s = min{hw/4; 24dbw; 225; 8dbL}                                                        (4) 

 
from equation (4) above, the spacing of link, s can be increased if the diameter of link, dbw diameter of 

longitudinal bar, dbL, and beam depth, hw is increased. Since the beam design is almost similar in term of size of 
section, and only differ in number of longitudinal bar for all frames, the total amount of link used is only slightly 
differ.   
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(a)                                                                                     (b) 

 
Fig. 6: Effect of behaviour factor, q on shear reinforcement, (a) floor beam (b) column 

 
For column element, the level of behaviour factor, q is strongly influences the total amount of link. The 

latter increases rapidly as the level of behaviour factor, q increases. This result is strongly associated with the 
requirement of confinement reinforcement as stated in Eurocode 8 (2004) by the following equation: 
 

·  30 · · · , ·  0.035                                                                 (5)  

 
Where α is the confinement effectiveness factor which is strongly influenced by the spacing of link, s 

(Eurocode 8, 2004). Other parameters like μ�, vd, εsy,d, bc, and b0 represent the curvature ductility factor, 
normalised design axial force, design value of tension steel strain at yield, gross cross-sectional width, and the 
width of confined core, respectively. In order to fulfil the requirement of confinement reinforcement, the 
mechanical volumetric ratio of confining hoops within the critical regions, ωwd shall be sufficiently provided. 
From equation (5) above, it is clear that the main parameter which strongly influencing the required mechanical 
volumetric ratio of confining hoops within the critical regions, ωwd req among other is the curvature ductility 
ratio, μ�, and the normalised design axial force vd. As discussed in previous section, the curvature ductility ratio, 
μ� is increases as the level of behaviour factor, q increases. Therefore, frame designed with high level of 
behaviour factor, q tends to require higher amount of link as confinement reinforcement due to high curvature 
ductility ratio, μ�. This situation had been proven in this study as shown in Figure 6. As explained by Elghazouli 
(2009), the designers have to play around with area of link, Asv and spacing of link, s to provide sufficient 
mechanical volumetric ratio of confining hoops within the critical regions, ωwd. In this study, it had been found 
that the spacing of link, s is the most powerful parameter that influencing the requirement of confinement 
reinforcement. The decreasing of spacing of link, s tends to decrease the confinement effectiveness factor, α 
which automatically decreasing the required mechanical volumetric ratio of confining hoops within the critical 
regions, ωwd req as presented by equation (5) above. At the same moment, decreasing the spacing of link, s will 
increase the provided mechanical volumetric ratio of confining hoops within the critical regions, ωwd prov as 
explained in previous work (Elghazouli, 2009). Decreasing the spacing of link, s had caused the space between 
two adjacent links become closer and higher amount of steel is required to complete the confinement 
reinforcement of the whole column. Therefore, frame q4.5-P1 has the highest amount of steel reinforcement as 
link due to highest required mechanical volumetric ratio of confining hoops within the critical regions, ωwd req as 
a result of highest level of behaviour factor, q. In this study, all frames have the total amount of link in exterior 
column lesser than interior column regardless the level of behaviour factor, q and reference peak ground 
acceleration, agR. This result is associated with the normalised design axial force, vd which will increase the 
required mechanical volumetric ratio of confining hoops within the critical regions, ωwd req. Generally, the 
magnitude of axial force, N in exterior column is lower than that in the interior column. Therefore, the interior 
column requires higher confinement reinforcement compared to the exterior column.     

 
Cost Estimation Of The Whole Frame:  

In reality, it is hard to establish the additional cost of providing seismic resistance since buildings tend to be 
unique projects with different layout and requirement. However, it is worth to conduct a study on seismic design 
and costing so the authority can plan and decide for future development (Booth and Key, 2006). The total cost 
of material for the whole frame can be estimated from the sum of total concrete volume and weight of steel 
reinforcement, including the link. The estimated cost of the whole frame normalised to the existing frame 
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designed based on BS8110 (1997) is presented in Figure 7. As discussed in previous section, the frames which 
had been designed based on high level of behaviour factor, q require higher amount of material, especially the 
steel reinforcement. From Figure 7, it can be clearly observed that the total cost of the whole frame is increases 
as the level of behaviour factor, q increases. This result is similar for all level of reference peak ground 
acceleration, agR. When the level of behaviour factor, q is fixed, the estimated cost of the whole frame is only 
slightly increases when the reference peak ground acceleration, agR is increase. This result is associated with 
almost similar bending moment and axial force used for design which is dominated by the Case 3 of 
gravitational load only, except for behaviour factor, q equal to 1.5. This means that if DCM is considered in 
design with fixed level of behaviour factor, q the difference of total cost of material is not significant even built 
in different seismic region. As an example, the increment of total cost of material for the same RC building built 
in West Coast of Peninsular Malaysia (PGA = 0.08g) is not much differ compared to the same building built in 
East Coast of Sabah (PGA = 0.12g). Logically, the total cost of material should be lower for frames designed 
with higher level of behaviour factor, q due to lower magnitude of base shear force, Fb acting laterally on 
building. However, the requirements of local ductility demand in beam and confinement reinforcement in 
column which have to be fulfilled in DCM structures contribute to this inverse result.     

    

 
Fig. 7: Estimated cost normalised to current practice 
 
Conclusion:  

In this study, a total 13 typical frames of double storey RC general office buildings had been designed 
based on BS 8110 (1997) and Eurocodes (Eurocode 2, 2004, Eurocode 8, 2004) to investigate the increment of 
total cost of material if seismic design has to be implemented in Malaysia. Since this study considered DCM in 
seismic design, four different level of behaviour factor, q which compatible with such class of ductility had been 
adopted equal to 1.5, 2.7, 3.9, and 4.5. To represent the seismicity in Malaysian region, three different level of 
reference peak ground acceleration, agR in range of 0.02g to 0.12g had been considered during development of 
response spectrum for determination of base shear force, Fb. From this study, several conclusions might be 
drawn as follow:      

 Level of behaviour factor, q strongly influence the design of structural members. In beam design, for 
the same reference peak ground acceleration, agR frames with higher level of behaviour factor, q tends to have 
higher amount of steel reinforcement due to local ductility demand.  

 In order to fulfil the requirement of Strong Column ~ Weak Beam concept for DCM structures, the 
column design is directly associated with beam design. If beam had been designed with high amount of steel 
reinforcement contributing to high capacity of moment resistance, the column also had to be designed to achieve 
high capacity of moment resistance either increasing the amount of steel reinforcement of enlarging the size of 
cross section. Again, higher level of behaviour factor, q contributes to heavier design. 

 In order to fulfil the requirement of confinement reinforcement in column, the mechanical volumetric 
ratio of confining hoops within the critical regions, ωwd shall be sufficiently provided. The latter is higher when 
higher level of behaviour factor, q is assigned in design. The best option to fulfil this requirement is to use closer 
spacing of link, s. Therefore, frames designed with high level of behaviour factor, q require higher amount of 
link as transverse reinforcement.  

 The DCM approach is not practical to be implemented for seismic design in Malaysia for low rise RC 
building with low fundamental period of vibration, T1. This is due to extremely high increment of total cost of 
materials in range of 1.7 to 3.3 times compared to current practice regardless the seismic region.     
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