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Abstract. Earthquake effects on the buildings must be evaluated within the current standard
provision. The shape of building gives a unique seismic performance on the structure. In
typical hotel building, the lobby area in the first floor usually has some slender columns due to
the needs of higher clearance to give a widely space area. The slender columns in the big hall
tends to create asymmetric building and torsional behaviour on seismic performance. This
behaviour is one of the most frequent source of structural damage and failure. One of the
solution is to add shear wall in elevator area. The purpose of this paper is to seek the effect of
shear wall configuration in elevator area on the seismic performance through numerical
analysis. There are some requirements for structural analysis under seismic load, such as: time
period, modal analysis, story drift, and other details. In building with dual system, story shear
in frame at each level must carry over 25 % of total story shear at that level. In this study, an
eleven-storey hotel building located in Tanjung Pinang City, Indonesia was evaluated due to
gravity and seismic load. For the building, the requirements of the time period from the
standard are 1.21 sec (minimum) and 1.70 sec (maximum). As results, two-sided shear wall in
X direction and two-sided shear wall in Y direction is recommended because it has the best
seismic performance, time period below the minimum, story drift below allowable, the
dynamic lateral load has meet minimum requirement (85% Static Load), and frame structure
has carry more than 25% lateral load in dual system building.

1 Introduction

The earthquake resistant buildings design codes help the designer to improve the behaviour of
structures to withstand the earthquake effects without significant loss. Seismic load on the building
must be evaluated within the unique standard provision that particular to the country. The shape of
building gives a unique seismic performance on the structure. In public buildings, such as: hotel, mall,
apartment, the needs of higher clearance in the entrance are common to be found to give a widely
space area sensation for the user. This widely space usually includes several slender columns in the
lobby area at the first floor. The slender columns in the big hall tends to create asymmetric building
and torsional behaviour on seismic performance. This behaviour is one of the most frequent source of
structural damage and failure [1]. One of the solution is to add shear wall in elevator area. The
configuration of shear wall must be analysed in accordance some requirements for structural analysis
under seismic load in earthquake resistant buildings design code, such as: time period, modal analysis,
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story drift and dynamic lateral force must be larger than 85% static lateral force. In dual system, story
shear in frame at each level must carry over 25 % of total story shear at that level. In this paper, the
hotel building is analysed based on the requirements for structural analysis under seismic load that
referred to Indonesian earthquake resistant buildings design code (SNI 1726:2012).

2 Seismic Calculation

The seismic load was calculated based on Indonesian earthquake resistant buildings design code, SNI
1726:2012, The requirements for structural analysis under seismic load included time period, modal
analysis, story drift, dynamic lateral force that must be larger than 85% static lateral force (V<
85%7V;) in dynamic analysis, and story shear in frame at each level must carry over 25 % of total story
shear at that level in dual system [2].

The time period of the building must be met the requirement on SNI 1726:2012 Section 7.8.2. The
minimum time period (7, ,;,) can be calculated as:

Tamin:Ct-hnx (1)

where 4, is the height of building, C, and x is period parameter based on building system (for dual
system: C,= 0.0488 and x = 0.75).
The time period should less than:

Ta max — Cu . Ta min (2)

where T, . 18 the maximum time period, and C, is maximum period parameter based on SNI
1726:2012.

The modal results of the building must be met the requirement of SNI 1726:2012 Section 7.7.3.,
which the first mode and the second mode are not allowed to control by rotation, hence, the modes
should be in two directions of the orthogonal floor plan. The rotation control is allowed for the third
mode and so on.

The story drift of the building should meet the requirement on SNI 1726:2012 Section 7.8.6. The
story drift of the building (¢,) is defined as a difference of deflection in floor centre mass in each level,
which should be met as follows:

5. = Cd Xéxe (3)
X Ie
where C, is amplification factor for deflection, J,, is deflection at center mass, and I, is seismic
importance factor based on building function.
The story drift maximum requirement (J,) for dual system and importance factor (/) = I or 1II is
defined as follows:

8,=0.020 A, 4

where 7, is the story height.

In dynamic analysis, the minimum dynamic lateral force should be more that 85% of the static
lateral force (V,> 0.85 V), which is specified on SNI 1726:2012 Section 7.9.4.1. Special requirement
from SNI 1726:2012 Section 7.2.2 for dual system is the story shear from the frame elements at each
level must carry over 25 % of total story shear at that level.

3 Detail of Buildings
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Eleven-storey Reinforced Concrete building is considered for the study. The function of the building
is for hotel which located in Tanjung Pinang City, Indonesia. The structures are treated as a discrete
system having lumped masses at each floor level. The loads considered on each floor are the
permanent loads consisting of all the dead loads on each floor, weight of one-half of the columns and
walls above and below the floor, and an appropriate portion of the live load that always act on the
structure [3]. Geometrical detail of the building is illustrated in Fig. 1. In total, nine proposed
configurations for the shear wall in elevator area are evaluated. Furthermore, the numerical simulation
using ETABS [4] is created to obtain the seismic performance of the building.
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Figure 1. Building plan.

The seismic load is included to the model based on the local provision standard [5] which the
seismic coefficients for the Tanjung Pinang City are Ss=0.061 and S,= 0.088. All the dimension of the
structural elements meets the requirement on the ACI building code [6] and Indonesian Building Code
for Reinforced Concrete Structure (SNI 2847:2013) [7]. In average, the column dimension were 400
mm x 600 mm to 600 mm x 800 mm and the beam dimension was 300 mm x 500 mm.

4 Analysis and Results

The analysis of the hotel buildings was carried out using ETABS. Fig. 2(a) shows the 3D model of the
hotel building. Fig. 2(b) illustrated one of the configuration of the shear wall from the total of nine
proposed evaluated configurations for the shear wall in elevator area. Fig. 2(c) showed the plan view
of the best configuration of the shear wall.
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Figure 2. Hotel building model: (a) 3 d image (b) shearwall one sided X direction (c) shear wall two sided X and
two sided Y direction.
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There were 9 cases of different configuration of shear wall shown in Table 1. The minimum time
period (7, .;,) of building requirement was 7T, ,,;,= C, . h," = 0.0466 x 37.4%° =121 second and the
maximum time period (7, ,,..) of building was T, ,ex = Cy, . Ty pin = 1.61 x 1.21 = 1.95 second. In the
result, two-sided shear wall in X direction and two-sided shear wall in Y direction was satisfied the
period requirement and direction control from the early mode which the configuration has
translational direction control in first and second mode.

Table 1. Time period and direction of mode in some configuration shear wall placement.

Direction in Mode 1,
2, and 3 respectively
Translational Y,

1 No Shear wall 1.76 Rotational Z,
Translational X

No. Case Period”

Translational Y
One Sided Shear wall fans'aliona’ ¥,
2 ih X_Directi 1.74 Rotational Z,
1 A-Lirection Translational X
I .
Two Sided Shear wall Transla.tlonal Y,
3 . S 1.72 Rotational Z,
in X-Direction .
Translational X
I
o
Two Sided Shear wall Rotational Z,
4 in X-Direction and one 1.6 Translational X,
side in Y-Direction Translational Y

. Rotational Z,
5 One Sided Shear wall 1.13 Translational X,

in Y-Direction Translational Y

Rotational Z,

Two Sided Shear wall

6 i Y-Directi 1.66 Translational X,
1 x-Lirection Translational Y
One Sided Shear wall Rotational Z,
7 in X-Direction and one 1.64 Translational X,
sided in Y-Direction Translational Y
Two Sided Shear wall Rotational Z,
8 in Y-Direction and one 1.65 Translational X,
sided in X-Direction Translational Y
T‘.NO Sld?d Shear wall Translational Y,
in X-Direction and .
9 . 1.63 Translational X,
Two Sided Shear wall .
Rotational Z

in Y-Direction
E3 . .
Note: maximum period

Furthermore, the dynamic lateral force was analyzed only on building model in case 9 which had
meet all requirements of the time period and mode direction control. Both lateral force in X-direction
(Fig. 2) and lateral force in Y-direction met the dynamic lateral force requirement (¥, > 0.85.V,). The
maximum story drift for the building model in case 9 was 13.23 mm (X-direction) and 18.11 mm (Y-
direction) which satisfied the requirement of the allowable story drift 76 mm in the top story as shown
in Table 2.

Table 2. Story Drift Analysis for building model case 9.

Storey ‘ Story | X Direction Y Direction
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Height Sto.ry Allowable Stqry Allowable
(mm) | Drift | oDt | 8,<5, | P | Story Drift | 8, <5,
dx 8, (mm) Oy 8, (mm)
(mm) ’ (mm) ’

Story 11 3800 13.23 76 OK 18.11 76 OK
Story 10 3200 9.48 64 OK 4.97 64 OK
Story 9 3200 10.41 64 OK 7.39 64 OK
Story 8 3200 10.96 64 OK 9.80 64 OK
Story 7 3200 11.37 64 OK 10.57 64 OK
Story 6 3200 11.49 64 OK 10.94 64 OK
Story 5 3200 11.14 64 OK 10.94 64 OK
Story 4 3200 10.25 64 OK 11.08 64 OK
Story 3 3200 8.63 64 OK 9.55 64 OK
Story 2 4000 6.91 80 OK 7.74 80 OK
Story 1 4000 0 80 OK 0 80 OK

In Table 3, the story shear for frame and shear wall elements were presented. From the standard,
frame at each level has to carry over 25 % of total lateral force in each level. The results showed
49.76% story shear in X-direction and 31.57% story shear in Y-direction were carried out by the
frame that met the requirement for dual system building.

Table 3. Dual System Base Shear Analysis for building model case 9.

X-Direction Y-Direction
Spectrum Response
Frame | Shear Wall Frame Shear Wall
Reaction Force (Kg) 8502.68 8584.18 3352.14 7265.80
Total Force (Kg) 17086.86 10617.94
Percentage (%) 49.76% | 50.24% 31.57% | 68.43%

Lateral force in X-direction taken 50,24% by shear wall and distributed in each level that show in
Fig. 3. In Y-direction, 68.43% lateral force taken and distributed in each level by shear wall (Fig. 4).
Both figures show that frame can resist 25% shear force at each level. Fig. 5 and Fig. 6 present the
comparison of lateral force that taken by frame system in hotel building have compared by different
lateral load, 25% earthquake lateral load and 100% earthquake lateral load in each direction. The
lateral force that taken by frame system in 25% earthquake lateral load is smaller than lateral force
that taken in 100% of combination of the dual system earthquake lateral force in each direction. So,
the lateral force taken by frame system with 100% earthquake lateral load of the dual system is used
for further load design concrete reinforcement.
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Figure 3. Dual system lateral force analysis in X-direction for building model case 9.
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Figure 4. Dual system lateral force analysis in Y-direction for building model case 9.
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Figure 5. Comparison 25% to 100% Vd that taken by frame system in X-Direction for building model case 9.
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Figure 6. Comparison 25% to 100% Vd that taken by frame system in Y-direction for building model case 9.

5 Conclusion

Two-sided shear wall in X direction and two-sided shear wall in Y direction is recommended because
it has the best seismic performance, time period below the minimum, story drift can be accepted, the
dynamic lateral load has met minimum requirement (85% Static Load), and frame structure has carry
more than 25% lateral load in dual system building.
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