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OBJECTIVES OF THIS STUDY
1. To determine the seismic performance of two-story 

RC frames designed according to BS8110 with and 
without special base-isolation under in-plane quasi-
static lateral cyclic loading. 

2. To model and validate the hysteresis loops of a two-
story RC frame with and without special base 
isolation using HYSTERES program.

3. To perform the non-linear time history analysis for 
a two-story RC frame with and without special 
base-isolation using Ruaumoko 2D under different 
levels of earthquake excitations.

4. To evaluate the seismic risk assessment of a two-
story RC building with and without special base 
isolation using fragility curve.

5. To propose a proper procedure of a two-story RC 
building with special base isolation using Direct 
Displacement Based Design (DDBD).
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Design base isolation system (HDRB)

Design RC frame using BS8110

Construct the RC frame

Prediction and modelling of hysteresis loops using 

RUAUMOKO 2D and MSC software

Experimental set-up and calibration of instrument

Testing base-isolation system with RC frame

Analysis of experimental results

Perform non-linear time history analysis

Perform seismic risk assessment

Develop and construct fragility curves

Evaluate the seismic risk assessment

Propose a general guideline

Report writing

Report submission
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PROJECT DETAILS
This project comprises of four phases which are:

PHASE 1 IS ADDRESSING OBJECTIVE 1 - designing special base isolation system , design RC 
two-story  building using BS8110,  construction of  top concrete block, repairing  foundation 
beam, construction of RC frame with top roof slab,  experimental set-up, calibration of 
instruments and testing  two-story RC frame with and without base isolation under in-plane 
lateral cyclic loading.

PHASE 2 IS ADDRESSING OBJECTIVE 2 - analyzing the experimental results in term of 
hysteresis loops,  lateral strength,  stiffness,  ductility, modelling and validating the hysteresis 
loops of  two-story RC frame with and without base isolation  using  HYSTERES program.

PHASE 3 IS ADDRESSING OBJECTIVE 3 AND OBJECTIVE 4 - performing nonlinear time 
history analysis for two-story RC frame with and without base isolation under six past selected 
earthquake excitation using the RUAUMOKO 2D program, performing seismic risk assessment 
based on the experimental data and developing fragility curve.

PHASE 4 IS ADDRESSING OBJECTIVE 5 where it includes writing up the general guidelines 
for designing low rise RC building with  special base isolation using Direct-Displacement Based 
Design (DDBD) approach for medium and high seismic region. 



CONSTRUCTION OF TWO-STORY RC FRAME



INSTALLATION OF SPECIAL BASE ISOLATION



TESTING TWO-STORY RC FRAME WITH AND WITHOUT BASE ISOLATION



ACHIEVEMENTS OF OBJECTIVE NO. 1
1(a) VISUAL  OBSERVATIONS OF TWO-STOREY RC FRAME WITH SPECIAL BASED ISOLATION

Special base Isolator No.2 and 3 tear-off at 3.75% drift



1(b) VISUAL  OBSERVATIONS OF TWO-STOREY RC FRAME WITHOUT SPECIAL BASED ISOLATION



1(C) LESSON LEARNT AFTER THE 2015 RANAU EARTHQUAKE, SABAH



(2) HYSTERESIS LOOPS AND LATERAL STRENGTH CAPACITY

(a) Hysteresis loops of  

two-story  RC frame with 

special base isolation

(b)Hysteresis loops of  

two-story  RC frame 

without  special base 

isolation



LATERAL STRENGTH CAPACITY
(a)  Lateral     

strength   
capacity  for  
RC Frame 
with special 
base 
isolation

(b)  Lateral     
strength   
capacity    
for  

RC Frame 
without  
special 
base 
isolation



(3) Elastic and Secant Stiffness

(a) Elastic  Stiffness of the RC frame with 
special base isolation is representing a 
straight line:

Lateral strength = 0.75 x lateral displacement

(b) Elastic  and Effective  Stiffness 
for RC Frame without special 
base isolation which can be 
represented by a curve line.



(4) COMPARISON OF  DUCTILITY

(a) Ductility of two-story RC frame with 
special base isolation for 1st and 2nd

cycles.
(b) Ductility of two-story RC frame without 

special base isolation for 1st and 2nd

cycles.
(c) Comparison of ductility  between RC 

frame with and without base isolation.



(5) EQUIVALENT VISCOUS DAMPING

(a) Equivalent viscous damping for two-story 
RC frame with special base isolation.

(b) Equivalent viscous damping for two-story 
RC frame without special base isolation.

(c) Comparison of viscous damping between 
two-story RC frame with and without 
special base isolation.



ACHIEVEMENTS OF OBJECTIVE NO. 2

Parameters for BOUC Hysteresis Rule (IHYST=23)

Comparison between experimental 
hysteresis loops and modeling 
hysteresis loops using HYSTERES 
Program for two-story RC frame with 
special base isolation



ACHIEVEMENTS OF OBJECTIVE NO. 2

Parameters for Pampanin RC Beam-column Hysteresis (IHYST=44)

Comparison between 
experimental and modeling 
hysteresis loops using Ruaumoko
2D for two-story RC frame without 
special base isolation



ACHIEVEMENTS OF OBJECTIVE NO. 3

(a) Modeling two-story RC frame with 
special base isolation using 
Ruaumoko 2D.

(b) Modeling two-story RC frame 
without special base isolation using 
Ruaumoko 2D.

(c) Characteristics of six  selected  past 
earthquake records.



ACHIEVEMENTS OF OBJECTIVE NO.3

(a)Graphs of spectral displacement versus time for six past earthquake 

records.

(b)Maximum lateral displacements after running  the above model with 5%, 

10% and 20% damping under six past earthquake records.

It can be observed that as the damping increase, 

the lateral displacement reduce



ACHIEVEMENTS OF OBJECTIVE NO.3

(a)Graphs  pseudo-spectral acceleration versus time  for six selected 

earthquakes.

(b)The  maximum accelerations for the model  after running  under six past 

earthquake records under  5%, 10% and 20% damping.

It can be observed that as the damping increases, 

the acceleration is decrease.  



ACHIEVEMENTS OF OBJECTIVE NO. 3

(a) Modes  Shape with base isolation    (b) Modes without  base isolation

First Mode Shape  with Tn=0.109s            First Mode Shape with Tn=0.08s

Second Mode Shape with Tn=0.047s   Second Mode Shape with Tn=0.032s



ACHIEVEMENTS OF OBJECTIVE NO. 4

Fragility curve for two-story frame with special 

base isolation based on visual observation at lab



ACHIVEMENTS OF OBJECTIVE NO. 4

Fragility curve for two-story frame without special base 

isolation based on visual observation at lab



ACHIEVEMENTS OF OBJECTIVE NO. 5

1) Flowchart  of the 

proposed design 

procedure for RC 

building with special 

base isolation using 

Direct Displacement 

Based Design 

(DDBD)

2) Develop the 

Capacity-Demand 

Curve by mapping 

them with Pushover  

Analysis

3) Determine the 

effective damping.

4) Design the special 

base isolation to 

cater for DBE and 

MCE

Design base isolation



ACHIEVEMENTS OF OBJECTIVE NO. 5

(a)Capacity – Demand Response Spectrum for the  selected six past 

earthquake records

(b)Capacity – Demand Response Spectrum for the DBE and MCE

-Based on Clause 3.2.2.2 of Eurocode 8 and the Pushover Analysis 

were taken from experimental work in the lab



ACHIVEMENTS OF OBJECTIVE NO. 5
1) Flow chart for 

design structure 

members

2) Estimate the 

damping of the 

structure by 

including the 

damping of the 

special base 

isolation.

3) Obtain the Teff

4) Calculate Keff

5) Calculate base 

shear

6) Compute member 

forces

7) Design structural 

members



CONCLUSIONS AND RECOMMENDATIONS

(1)The seismic  behavior of two-story RC frame with special 

base isolation  performs  better as compared RC frame 

without special base isolation in term visual observation, 

lateral strength capacity, elastic  stiffness, ductility and 

equivalent viscous damping.

(2)Both of  hysteresis  loops for two-story RC frame with special 

base isolation and without base isolation were successfully 

modeling using HYSTRESES program in Ruaumoko 2D folder 

and comparison had been made between them.

(3)The seismic response of two-story RC frame with and 

without special base isolation had been successfully 

performed under six  selected past earthquake excitation .

(4)The  seismic  vulnerability  assessment  using  two fragility 

curves  for  two-story RC frame with and without  special 

base isolation  had been  successfully developed and 

established .

(5)The guideline for design the  structural members and special 

base isolation had been proposed  using Direct Displacement 

Base Design (DDBD)



CONCLUSIONS AND RECOMMENDATIONS

1. Based on the modeling results, the lateral displacement 

provided by this special base isolator is not sufficient for Kobe 

Earthquake, Mexico Earthquake and Pacoima Dam 

Earthquake where their PGA were high. It is recommended to 

increase the size and dimension of these isolators to cater for 

higher lateral displacement.

2. In order to get the realistic and accurate of structural seismic 

response, it is recommended to test the two-story RC frame 

with and without special base isolation under the six past 

selected past earthquake records using shake table.

3. It is recommended to repair and retrofit the damages existing 

of RC buildings at  Ranau, Sabah after experience moderate 

damage during the 2015 Ranau Earthquake with these 

special based isolations.
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