
28th June 2019

Seismic Design of RC Shear Wall-Frame Structures in Singapore

DR. KONG KIAN HAU
B.Eng (Civil) (1st Class Hons, NUS), PhD (Civil Engineering, NUS)

IntPE (UK), Chartered Structural Engineer (UK), LEED Green Associate

Senior Lecturer, Department of Civil & Environmental Engineering
Faculty of Engineering, National University of Singapore
Email: ceekkh@nus.edu.sg website: www.eng.nus.edu.sg/cee/
Telephone: +65 66017196 (Singapore) Office: E1-07-05



ABSTRACT Since Singapore is located on a stable part of the Eurasian Plate, with the nearest
earthquake fault 400 km away in Sumatra, before 2013-2015 buildings in Singapore were gravity-
load designed (GLD) structures designed according to BS8110, which does not have any seismic
provision. However, they were occasionally subjected to tremors due to the far-field effects of
earthquakes in Sumatra (Balendra et al. 1990, 1999). The research on seismic performance
including capacity of GLD reinforced concrete structures had been carried out in Singapore
context since the last two decades (Balendra et al. 1999, 2001, Kong et al. 2003). A microscopic
model calibrated for shear walls was used to determine the capacity of the full scale shear wall
structures (Kong 2004). Also a macroscopic model for capacity evaluation of shear wall-frame
structures was presented on pushover analysis of a 25 storey shear wall-frame point block
(Balendra et al. 2007). Past experience during earthquakes reveal that buildings which are designed
for seismic loads are able to withstand earthquakes of magnitude several times larger than that for
which they have been designed. This is largely due to overstrength and ductility of the structure. It
is found that the buildings in Singapore, which are not designed for earthquake loads, possess
overstrength varying from 4 to 12 times the design strength depending on the type of buildings
(Balendra et al. 2012). All these research works amongst others contributed a part to the
development of BC3: 2013 and SS EN 1998-1:2013 (Singapore’s National Annex to Eurocode 8).
This presentation will discuss and focus on the seismic action considerations and requirements of
Singapore’s BC3 guide and SS EN 1998-1 (2013) which became mandatory as of 2015 with building
example calculation for practitioners.
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In Singapore, the “Guidebook for Design of Buildings in Singapore to
Requirements in SS EN 1998-1” referred to as BC3: 2013 gives provisions for the
structural design against seismic actions and is to be read in conjunction with
the Singapore National Annex to SS EN 1998-1: 2012.



SS EN 1998-1: 2012.

Cl. 2.1





SS EN 1998-1: 2012.
Cl. 2.2







In this work example, a step- by- step procedure for the elastic analysis of a building is
described for Seismic Actions highlighting the key recommendations of BC3, using
Ductility Class DCL for practising engineer’s guide.

The example building is a multi-storey reinforced concrete shear-wall frame structure.

Two floor plans (typical and basement) and the elevation of the building are shown in
next Figures.

The building properties are listed too.

1. An RC Shear-Wall Frame Building Example Introduction









below



2. Building Properties Used in Example



2. Building Properties Used in Example







From inspection, the structure for the design example building can be categorized as 
being regular in both elevation and in plan.

If a structure is classified as irregular in plan, a three-dimensional structural model 
analysis is necessary, per Clause 4.2.2.1 (3) of SS EN 1998-1. 

3. Evaluation of Structural Regularity (Para* 3.3.1)



4. Establishment of Basic Parameters (Paras* 2 and 4.4.3)



below













5. Storey Weight (Para* 4.3)

Determine the floor by floor weights of the tower. This is shown in Figure below. Per
Para* 2.1, basement weights need not be considered. The seismic weight of the
building is thus 582,973 kN.

Floor Weight Tabulation of Building Example 



6. Lateral Force Analysis Method (Para* 4.4.2)

Since the fundamental time period of the building is greater than 2.0 sec, per Para*
4.4.1, the Lateral Force Analysis method cannot be adopted for this building.



However, for an understanding of the steps necessary to carry out this procedure, the 
Lateral Force Analysis method is explained below for illustration purposes only.
After determining the storey and the total mass/weight of the building, the base shear 
can be distributed per the formulation in Para* 4.4.2. 

6. Lateral Force Analysis Method (Para* 4.4.2)



The distribution of lateral forces is
computed. The base shear
percentage has been determined
above to be 3.7%.

Thus the design base shear is (3.7% 
x 582,973) = 21,570 kN.

It is checked that the sum of the 
computed lateral force is equal to 
the initial computation of base
shear.

6. Lateral Force Analysis Method (Para* 4.4.2)

Lateral Force Analysis Method-
Lateral Force Distribution



The distributions of the storey shears 
and storey moments are computed 



Lateral Force Analysis Method-
Accidental Torsion Effects (Para* 5.3)

In addition to lateral forces, Para* 5.3
requires a consideration for accidental
torsion effects. The lateral force is
required to be offset 0.05 the horizontal
dimension of the floor plate. These
force offsets can be applied as a point
torque at the center of mass of each
level fo analysis purposes.

For this example building, the X
dimension is 52m and the Y dimension
is 32m. The offset dimension is thus
0.05x52 = 2.6m and 0.05x32 = 1.6m
respectively.

These computations are shown in the 
Table.





Lateral Force Analysis Method-
Building Torques

The computed lateral force should be
applied at the center of
mass for the floor to appropriately capture
any inherent torsional effects due to the
differences between the center of mass and
the center of rigidity.

For completeness, the building story
torques are computed and tabulated



Lateral Force Analysis 
Method- Story Forces 
and Shears



Lateral Force Analysis 
Method- Story Forces 
and Shears



Lateral Force Analysis Method-
Story Moments and Torques



Lateral Force Analysis Method-
Story Moments and Torques



Hence, the lateral force distribution profile along the 
building height for this example is shown



7. Modal Response Spectrum Analysis Method (Para* 4.5) 

Alternatively, a more rigorous dynamic analysis approach is to more accurately 
capture the vertical distribution of forces along the height of the building. 

The steps for a dynamic analysis are summarized below.

1. Solve for the building’s period and mode shapes.

2. Ensure sufficient modes are used in the dynamic analysis by inspecting the 
cumulative modal participation.

3. Determine base shears obtained through response spectrum in each direction 
under consideration.



7. Modal Response Spectrum Analysis Method (Para* 4.5) 

Determine Design Spectrum (Para* 3.2)

The design spectrum (ground type 
D, ordinary building) is plotted 



The above design spectrum
can be entered into any
commercial analysis
software capable of
free vibration and response
spectrum analysis (e.g.
ETABS).

For the example building,
the first three time periods
and mode shapes are
shown

7. Modal Response Spectrum Analysis Method (Para* 4.5) 



7. Modal Response Spectrum Analysis Method (Para* 4.5) 

Modal Response Spectrum 
Analysis
A response spectrum analysis 
is then run in two orthogonal 
directions with a scale factor of 
1.

Sufficient building modes 
should be used to ensure 
sufficient modal mass is 
activated. 90% mass 
participation is assumed as 
sufficient per SS EN 1998-1 
Clause 4.3.3.3.1-3. 

The modal participations for the 
example building is shown 



The cumulative mass 
participations for the 
first 12 modes are 92% 
and 90% respectively.

Modal Base Shears

The base shear 
contributions
for the selected modes
is shown in this Figure





7. Modal Response Spectrum Analysis Method (Para* 4.5) 



8. Required Combinations of Actions (Load Combinations) (Para* 5.2) 

Load Combinations per 
Paras* 5.1 and 5.2, using 
the 100% - 30% combination 
rule, are listed as shown. 

A list of +/- combination of 
permutations is shown.

Load Combinations 
Considering Geometric 
Imperfection in X Direction



Load Combinations
Considering Geometric
Imperfection in Y Direction

Paras* 5.1 and 5.2 gives rise 
to a total of 64 combinations.

However, engineering 
judgment can be applied to 
reduce the total of required 
combinations.

8. Required Combinations of Actions (Load Combinations) (Para* 5.2) 





9. Interstorey Drift Limitation – Modal Response Analysis Method (Para* 7.1) 

of BC3 (2013)



9. Interstorey Drift Limitation – Modal Response Analysis Method (Para* 7.1) 

The inter-storey drifts from the
Modal Response Spectrum
Analysis are plotted with the
prescribed drift limit. It is seen
that the structure drift is well
within the stipulated drift
limit.

For cases where the drift
exceeds the stipulated limit,
additional lateral load resisting
elements may have to be
introduced to the structural
system or existing structural
elements may have to be

enlarged.



10. Separation from Property Line -Modal Response Analysis Method (Para* 
8.1) 



10. Separation from Property Line -Modal Response Analysis Method (Para* 8.1) 
The required separation in both the 
X and Y Direction is evaluated 
separately. In this example,
the maximum drifts at the top of the 
building from the Modal Response 
Spectrum Analysis are as
follows:
EQX drift = 0.150 m
EQY drift = 0.155 m
Required separations at the top of 
the building in both X and Y 
Directions are as follows:
Dx separation: EQx drift x q = 
0.150 x 1.5 = 0.225 m
Dy separation: EQy drift x q = 
0.155 x 1.5 = 0.233 m
Both these values are greater than 
the minimum limit at the top of the 
building which is 100mm
(0.1% of the 100m building height 
above the basement).

Building Displacement 
(Modal Response 
Spectrum Analysis 
Method)



11. Foundation Design (Para* 6) 

As the action effects for the foundation for this design example have been determined for Ductility 
Class Low (DCL) with q = 1.5, the structure is categorized as a low-dissipative structure. 

For low-dissipative structures, the reaction forces derived directly from the structural analyses can 
be used in the design of foundation elements, without the need for capacity design considerations 
accounting for the development of possible overstrength per SS EN 1998-1, Clause 4.4.2.6 (3).

The design of the foundation elements must ensure that the ultimate reaction forces from the 
structural analyses are less than the ultimate resistance of the foundation elements. 

For example, for pile foundations resisting compression loads, if a column has an ULS load of
54,000 kN, and the ultimate geotechnical limit state design resistance of one pile, determined in
accordance with SS EN 1997-1, Clause 7.6.3, is 9000 kN, then the total number of piles
required under the column would be 6 numbers.

It is to be noted that foundation elements of structures designed for Ductility Classes other
than Low, would require capacity design considerations in accordance with the requirements
of SS EN 1998-1, Clause 4.4.2.6.



Ref. Fardis et al (2015)

EC2 DCL 
for Primary 
Beams



EC2 
DCL for 
Primary 
Beams



EC2 DCL for Primary Beams



EC2 DCL 
for Columns



EC2 DCL 
for Columns



EC2 DCL 
for Columns



EC2 DCL 
for Columns



EC2 DCL 
for Walls



EC2 DCL 
for Walls
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