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ABSTRACT: Student Dormitory of Andalas University is one of the buildings for new students who come 
from outside of Padang, Indonesia. In 2015, Andalas University received aid from the Public Works Ministry 
of Indonesia to build the dorm. It was planned by a designed consultant using reinforced concrete (RC) 
structure with a straight shape (I-shaped) RC shear wall. The review results of the design from the Technical 
Engineer of Andalas University indicated that the designed building does not have enough carrying capacity 
to resist the accumulation of all combined internal and external loads acting on the building structure. 
Therefore, the strengthening of the building structure should be done. In the present study, the strengthening 
method is proposed by modifying the I-shaped RC shear wall (I-shear wall) to be L-shaped RC shear wall (L-
shear wall), which is installed at the building corners. The L-shear wall was installed on the building in two 
ways, that is only on the 1st floor (2nd – 5th stories using I-shear wall) and on all building stories. The effect of 
the L-shear wall in the building performance has been investigated based on parameters such as internal 
forces of structural elements, story displacement, and story drift. The presence of L-shear wall only on the 1st 
floor reduced the shear force and bending moment of columns and beams on the 1st floor and no much effect 
on the other floors, while the addition of the L-shear wall on all stories decreased the internal forces on 
columns and beams in all stories. The reduction of the inter-story drift of the building was more decreased by 
the installment of the L-shear wall on all stories. 
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1. INTRODUCTION

The structure of multi-story buildings is 
vulnerable to lateral force, especially for the force 
caused by the earthquake. Earthquakes are events 
of earth movement caused by the release of energy 
in the earth suddenly. The earthquakes are caused 
by geologic activity that occurs in the earth, such 
as the shift between continental plates leading 
earthquakes [1]. Earthquake risk, especially in 
Padang, has resulted in damage to the building, 
which needs a strong structure to resist the force 
caused by the earthquake. One way to strengthen 
the building is by using the structural 
reinforcement shear wall [2,3]. The reinforced 
concrete shear wall is one of the most effective 
building elements in providing earthquake 
resistance to the building [4]. The RC shear wall 
generally was installed in the building as a vertical 
structural element for resisting the lateral loads 
that serve as a stiffener which proceeds to the 
foundation [5]. With the rigid shear walls in the 
building, most of the earthquake loads in multi-
story buildings will be absorbed by the wall [6,7]. 
It is well-known that the shear wall carries most of 
the earthquake loadings and helps to decrease the 
damage level of columns [8]. One advantage of 

using a shear wall is easy to construct by installing 
the steel reinforcement on walls and then casting 
the concrete. The performance of the building is 
mainly affected by the location of the shear wall 
and the reinforced shear wall high in-plane 
stiffness. Therefore, the position of the shear wall 
in an ideal location will improve the performance 
of buildings [9].  

A reinforced concrete (RC) structure building 
of the Student Dormitory of Andalas University 
was planned by a designed consultant using the 
RC frame structure with a straight shape (I-shaped) 
RC shear wall in 2015. Based on a review of the 
design from the Technical Engineer of Andalas 
University, it is found that the designed building 
does not have enough carrying capacity to resist 
the accumulation of all combined internal and 
external loads acting on the building structure. 
Therefore, there is a need to provide strengthening 
for the building structure. In this study, the 
strengthening method has been proposed by 
modifying the I-shaped RC shear wall (I-shear 
wall) to be L-shaped RC shear wall (L-shear wall), 
which is installed at the building corners [10]. 
Shear walls are installed at the building corners in 
L-shaped to increase the seismic behavior of the 
building. The effect of the L-shear wall in the 
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building behavior has been investigated based on 
parameters such as internal forces (axial, shear, 
and bending moment) of structural elements, story 
displacement, and story drift. 
 
2. 3D MODEL AND ANALYSIS OF THE 
STRUCTURES 
 

Modeling and analyzing structures of the 
dormitory building are carried out by using 3D 
structural modeling with ETABS v9.7.1 software 
[11]. Figs. 1 and 2 show the view and plan of the 
building.  

 

 
(a) 

 
(b) 

Fig.1 (a) The front and (b) side views of the 
Dormitory Building of Andalas University [12] 
 

 
(a) 

 
(b) 

Fig.2 The plan of the dormitory building with (a) 
I-shear wall and (b) L-shear wall systems 
 
2.1 Modeling 

 
To perform the analysis of the structure, the 

following technical data of the building from 
design consultant was used [12]: (a) Location: 
Andalas University, Limau Manis, Padang; (b) 
Type of structures: reinforced concrete; (c) 

Concrete comp. strength, f'c = 29.05 MPa; (d) 
Yield stress of steel, fy = 390 MPa; and (e) 
Number of floors: 5. 

 

 
(a) 

 
(b) 

 
(c) 

Fig.3 The structure modeling of the student 
dormitory building with (a) I-shear wall; (b) L-
shear wall only on 1st floor; (c) L-shear wall on all 
stories 
 

Columns and beams in the building were 
modeled as frame elements, while slabs, stairs, and 
shear walls were modeled as a wall element, as 
shown in Fig. 3. In this study, L-shear walls were 
installed on the corners of the building on the 1st 

floor only (Fig. 3 (b)) and on all stories (Fig. 3 (c)). 
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2.2 The Design of Loads 
 
The calculation of the dead load is taken by its 

weight building materials and components of the 
building. Live load is modeled based on SNI 
1727:2013, which are taken based on criteria for 
the use of floor in the dormitory building, for 
residential area: 250 kg/m2 and for torn water area: 
2000 kg/m2 [13]. 

 
2.3 Spectrum Response Analysis 

 
Response Spectrum Analysis (RSA) is a linear 

dynamic statistical analysis method which 
measures the contribution from each eigen mode to 
indicate the likely maximum seismic response of 
an elastic structure. RSA is favored by earthquake 
engineering community because it offers a 
simplified method for finding the design forces for 
structural members for earthquake and for 
evaluating the seismic reliability of structures.  

In this study, the spectrum response design for 
earthquake load based on SNI 1726:2012 [14] was 
used for RSA. According to the soil test result, the 
soil on the building are was classified as soft soil. 
Fig. 4 shows the spectrum response design on the 
soft soil type of Padang.  

 

 
 
Fig.4 Spectrum response design for earthquake 
load in Padang based on SNI 1726:2012 
 

 
 
Fig.5 The location point of structural element to 
compare the analysis results 
 

In order to compare the structural responses of 
column and beam elements, an interior column and 
an interior beam in each floor was observed. The 
location points of the interior column and the 
interior beam used to review the structural 
responses are shown in Fig. 5. 
 
3. RESULT OF STRUCTURAL ANALYSIS 
 

In this study, the results of structural analysis 
such as internal forces and displacement of the 
buildings with L-shear walls were compared with 
the I-shaped one. 

 
3.1 Internal Forces in Columns 
 

Fig. 6 shows the comparison of the internal 
forces in the interior column between the building 
using the I-shear wall and the building using the L-
shear wall on the 1st floor. From Fig. 6, it is viewed 
the axial force in the interior column on the 
building with the I-shear wall was similar to the L-
shear wall installed on the 1st floor, whereas the 
shear force and bending moments of the column 
decreased significantly in the 1st floor of the 
building. The shear and bending moment in the 1st 
floor have reduced by 90% and 84%, respectively. 

Similar results were also found out in the 
building with the L-shear wall installed on all 
stories. As seen in Fig. 7, the axial force of the 
building is almost similar to one with the I-shear 
wall. However, the significant decrease of shear 
force and bending moment of this building were 
found out on all stories. This indicated that the 
presence of the L-shear wall on all stories 
increases the capacity of the structure, in which the 
shear wall reduces the shear force and bending 
moment of the column on all stories significantly. 
 
3.2 Internal Forces in Beams 

 
Fig. 8 shows the comparison of internal force 

in the interior beam between the building using the 
I-shear wall and the building using the L-shear all 
on the 1st floor. From this figure, it can be seen that 
the installment of the L-shear wall only on the 1st 

floor of the building affected the beam internal 
forces, especially the shear force and bending 
moment. The shear and bending moment on the 1st 
floor have reduced by 23% and 35%, respectively.  

Similarly, the presence of the L-shear wall on 
all stories of the building reduced the internal 
forces of the beam on all stories, as shown in Fig. 
9. It is viewed the shear force and bending moment 
were decreased by about 25 - 40% and 39 - 60%, 
respectively. 
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(a) 

 
 

 
(b) 

 
 

 
(c) 

 
 
Fig.6 The comparisons of (a) axial force; (b) shear 
force; (c) bending moment in the interior column 
between the building using the I-shear wall and the 
building using the L-shear wall on all stories. 
 

 
(a) 

 
 

 
(b) 

 
 

 
(c) 

 
 
Fig.7 The comparisons of (a) axial force; (b) shear 
force; (c) bending moment in the interior column 
between the building using the I-shear wall and the 
building using the L-shear wall on all stories. 
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(a) 

 

 
(b) 

 
Fig.8 The comparisons of (a) shear force; (b) 
bending moment in the interior beam between the 
building using the I-shear wall and L-shear wall 
installed only on the 1st floor. 
 
3.3 Displacements 

 
Fig. 10 shows the comparison of displacement 

between the building using the I-shear wall and the 
building using the L-shear wall on the 1st 
floor. Displacement of the building structure is 
taken from the largest value of displacement in 
each floor. As seen in the figure, the presence of 
the L-shear wall on the 1st floor of the building 
reduces displacement of the building in X-
direction about 20% on the top floor, while a slight 
decrease was found in Y-direction displacement. 

A similar trend was also found in the building 
with the L-shear wall installed on all stories. As 
seen in Fig. 11, the presence of the L-shear wall on 
all stories reduced significantly the displacement in 
the X-direction and slightly reduced in the Y-
direction. The maximum reduction of displacement 
in the X-direction is about 59% on the top floor of 
the building. 

 
(a) 

 

 
(b) 

 
Fig.9 The comparisons of (a) shear force; (b) 
bending moment in the interior beam between the 
building using the I-shear wall and L-shear wall on 
all stories. 
 
3.4 Inter-story Drift 

 
The values of the inter-story drift of the 

building with the L-shear wall installed only on the 
1st floor and L-shear wall on all stories in X and Y-
directions can be seen in Tables 1, 2, 3, and 4, 
respectively.  

As seen from the tables, the inter-story drift of 
the building due to the presence of the L-shear 
wall installed only on the 1st floor and on all stories 
meets the requirement based on standard code SNI 
1726:2012. For all story variants considered, the 
inter-story drift is greatest for the building using L-
shear wall installed only on the 1st floor. It occurs 
in the third story, with the value 51.98 mm at the 
X-direction. Taken away from the tables, these 
show that the presence of the L-shear wall on all 
stories of the building reduced significantly the 
inter-story drift, especially in the X-direction. 
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(a) 

 

 
(b) 

 
Fig.10 The comparison of displacement in (a) X-
direction; (b) Y-direction between the building 
using the I-shear wall and the building using the L-
shear wall only on the 1st floor 
 
Table 1 Inter-story drift in the X-direction of the 
building using L-shear wall installed only on the 
1st floor 

Story H 
(mm) 

UX 
(mm) 

Drift X 
(mm) 

∆s X 
(mm) 

∆a 

(mm)  
∆s X 
≤ ∆a 

Base 0 0 0 0 0  OK 
1 3250 3.84 3.84 21.12 62.5  OK 
2 2800 12.06 8.22 45.21 53.85  OK 
3 2800 21.51 9.45 51.98 53.85  OK 
4 2800 27.32 5.81 31.96 53.85  OK 
5 2800 30.41 3.09 16.99 53.85  OK 

 
Table 2 Inter-story drift in the Y-direction of the 
building using L-shear wall installed only on the 
1st floor 

Story H 
(mm) 

UY 
(mm) 

Drift Y 
(mm) 

∆s Y 
(mm) 

∆a 

(mm)  
∆s Y 
≤ ∆a 

Base 0 0 0 0 0  OK 
1 3250 4.68 4.68 25.74 62.5  OK 
2 2800 10.83 6.15 33.83 53.85  OK 
3 2800 17.27 6.44 35.42 53.85  OK 
4 2800 24.10 6.83 37.57 53.85  OK 
5 2800 30.24 6.14 33.77 53.85  OK 

 

 
(a) 

 

 
(b) 

 
Fig.11 The comparison of displacement in (a) X-
direction; (b) Y-direction between the building 
using the I-shear wall and the building using the L-
shear wall on all stories. 
 
Table 3 Inter-story drift in the X-direction of the 
building using L-shear wall on all stories 
 

Story H 
(mm) 

UX 
(mm) 

Drift X 
(mm) 

∆s X 
(mm) 

∆a 

(mm)  
∆s X 
≤ ∆a 

Base 0 0 0 0 0  OK 
1 3250 2.28 2.28 12.54 62.5  OK 
2 2800 4.66 2.38 13.09 53.85  OK 
3 2800 7.15 2.49 13.69 53.85  OK 
4 2800 10.19 3.04 16.72 53.85  OK 
5 2800 15.72 5.53 30.41 53.85  OK 

 
Table 4 Inter-story drift in the Y-direction of the 
building using L-shear wall on all stories 
 

Story H 
(mm) 

UY 
(mm) 

Drift Y 
(mm) 

∆s Y 
(mm) 

∆a 

(mm)  
∆s Y 
≤ ∆a 

Base 0 0 0 0 0  OK 
1 3250 4.39 4.39 24.14 62.5  OK 
2 2800 10.34 5.95 32.72 53.85  OK 
3 2800 16.59 6.25 34.37 53.85  OK 
4 2800 22.83 6.24 34.32 53.85  OK 
5 2800 29.17 6.34 34.87 53.85  OK 

∆a = 0.015 x H/ρ; ∆s = δ x Cd / Ie 
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4. CONCLUSION 
 
• The presence of L-shear wall that was installed 

only on the 1st floor of the dormitory building 
reduced the column’s shear and bending 
moment on the 1st floor about 90% and 84%, 
respectively and no much affect the other 
floors, while the addition of the L-shear wall 
on all stories decreased the column’s shear 
force and bending moment in all floors.  

• The addition of the L-shear wall only on the 1st 
floor of the building reduced the beam’s shear 
force and bending moment about 23% and 35%, 
respectively, while the presence of the L-shear 
wall on all stories reduced the internal forces of 
the beam on all floors. 

• The presence of the L-shear wall reduced the 
building displacement, especially in X-
direction. The reduction of the displacement in 
X-direction reached 59% for building with the 
L-shear wall installed on all stories. 

• Inter-story drift of the building with the L-
shear wall meets the requirement based on 
standard code SNI 1726:2012. The reduction of 
the inter-story drift of the building was more 
decreased by instalment of the L-shear wall on 
all stories, especially in X-direction. 
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