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Current Status of Earthquake Resistant 
Design of Tall Buildings in Thailand
The First Three Tall Buildings
Explicitly Designed for Earthquake
This article looks into the details of  the first three high-rise 
buildings designed explicitly for earthquake in Thailand and also 
outlines the future trends in the seismic resistance design of  
structures in Thailand

Seismic Evaluation of Buildings 
Simplified Modal Pushover Analysis
A Practical Approach to Improve Public Safety 
With the increaed awareness towards public safety and the performance of  
structures during an earthquake event, the seismic evaluation of  buildings is 
on the increase. However, due to lack of  experties and experience such an 
evaluation is not always possible. This article outlines a practical and simplified 
apporach to the seismic evaulation of  buildings.

Practical Installation of Stanchions 
for Top-Down Construction in Bangkok 
Subsoil
Top-down construction method provides significant saving 
of  the overall construction time has been adopted for some 
major projects. This article provides an insight into the tech-
niques and problems faced during construction.

Articles

24 Truss Models for 
Concrete Member Design Part II
The article furthes the understanding of  the strut and tie model to the 
reader. It also focuses on the applicability of  the technique, its limitations 
and deals with some special issues related to this apporach
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INTRODUCTION
Conventionally, buildings with underground base-
ments are built by bottom-up method where sub-
structure and super-structure floors are constructed 
sequentially from the bottom of  the sub-structure 
or lowest level of  basement to the top of  the su-
per-structure. Though this conventional method, 
is simple in both design and construction, it is 
not feasible for gigantic projects with limited con-
struction time and/or site constraints. Top-down 
construction method which provides significant 
saving of  the overall construction time has been 
adopted for some major projects where the time 
factor is of  primary importance. To be able to 
apply top-down construction method, rigid per-
manent retaining wall and pre-founded structural 
columns are required. Diaphragm wall is normally 
used as basement retaining wall whereas prefabri-
cated steel stanchions embedded in bored or bar-
rette piles are utilized to sustain the construction 
load as well as to form a permanent column at 
later stage. The common length of  the stanchions 
used in Bangkok ranges from 15 to 30m for exca-
vation depths of  12 to 25m. Installation of  heavy 
and lengthy stanchions with stringent positional 
tolerance in boreholes or excavated trenches filled 
with drilling fluid in the prevailing subsoil condi-
tion of  Bangkok is a challenging job for founda-
tion contractors.

SUBSOIL CONDITION AND PILE 

CONSTRUCTION METHOD
Bangkok subsoil is characterized by alternating clay 
and sand layers of  thick Quaternary deposits. As 
characteristics and properties of  Bangkok subsoil 
layers have been well-documented, only a general 
description of  Bangkok subsoil is presented in 
this article as follows: Made-Ground, consisting 
predominantly of  Fill-Materials, Clayey Sand or 
Silty Clay with some cement block rubble and rock 
fragments, is commonly found up to 1m to 3m 
depth. Soft to Very Soft, highly compressible dark 
gray marine Clay lies beneath Made-Ground and 
in some areas it lies under weathered crust layers 
of  2m thick. Depending on the location, this Soft 

PRACTICAL INSTALLATION OF
STANCHIONS FOR TOP-DOWN
CONSTRUCTION IN BANGKOK 
SUBSOIL

Clay layer is extended up to 12-18m. About 2m thick 
Medium Clay layer can be observed between Soft 
Clay and underlying Stiff  Clay. Generally Stiff  Clay 
occurs directly underneath Medium Clay and its 
depth goes up to 22m. Below Stiff  Clay layer, First 
Sand layer 5-8m in thickness can be found. This 
First Sand layer, however, is absent in some areas. 
Stiff  to Hard Clay layer underlies First Sand, and it 
is found to be about 5m thick. Second Sand layer 
generally occurs at depths between 45 to 65m.

Stanchions are mainly installed in large diameter 
deep-seated bored piles and barrettes founded in 
the first or second sand layer. Bored piles of  diam-
eter 1.50 to 1.8m and rectangular-shape barrettes of  
0.80x2.8 to 1.5x3.0m (thickness x width) founded at 
depth between 50m and 60m are commonly used to 
accommodate the stanchions. Wet process method 
is always used for construction of  these large bored 
piles and barrettes in Bangkok. For bored piles, 
temporary casings of  14-15m in length are used as 
a support in the soft clay layer.

Soil inside the casing is normally excavated by 
auger, applying rotary drilling method, and drill-
ing is continued with the bucket under the slurry 
from the top of  the sand layer to the final depth. 
A cable-hung-grab mounted on a crawler crane 
is used for excavation of  the trench with slurry 
support in barrette construction. Guide walls 
having a minimum depth of  1.2m are commonly 
used for initial guiding of  grab excavation at the 
top of  the trench. Tremie concreting is neces-
sary for casting both bored piles and barrettes. 

APPLICATION OF TOP-DOWN

CONSTRUCTION METHOD
Top-down construction method, as the name 
implies, is a construction method which builds 
the permanent structure members of  the base-
ment along with the excavation from the top to 
the bottom. Top-down method is mainly used for 
two types of  urban structures: tall buildings with 
deep basements and underground structures such 
as car parks, underpasses and subway stations. 
For tall buildings with deep basements, a full ap-
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plication of  top-down method enables superstruc-
ture to be built concurrently with excavation and 
construction of  the basement, giving a significant 
advantage in reducing the overall construction 
time. Top-down method is the most appropriate 
solution in minimizing the duration of  disruption 
to surface traffic and other urban activities for 
construction of  underground car parks, under-
passes and subway stations where the structure is 
located directly underneath existing roads. Appli-
cation of  the top-down method offers three main 
advantages as outlined below:

• It allows early commencement of  super-structure 
construction without the need to wait for excava-
tion reaching the bottom level. Overall construc-
tion duration can be significantly less than that of  
conventional method, thereby reducing cost.

• It does not require a temporary bracing system so 
that time requirement and cost for temporary works 
(both material and labor costs) are eliminated, in 
turn significantly reducing cost.

• It minimizes soil movement induced by excava-
tion works which is an important factor for some 
sensitive locations.

 
STRUCTURAL MEMBERS 

REQUIRED FOR TOP-DOWN 

CONSTRUCTION 
Design and construction principles for top-down 
method primarily call for two major structural 
elements.

• Columns with sufficient capacity must be pre-
founded in bored piles or barrettes to sustain the 
construction load and be utilized as part of  the 
bracing system.

• Excavation for the basement must be carried out 
with the support of  a permanent retaining wall so 
that basement floor slabs can be utilized as lateral 
bracing.

Diaphragm wall of  0.8 to 1.2m in thickness with 
sufficient embedment in firm soil layers is common-
ly used as a retaining wall; whereas, prefabricated 
steel columns, known as stanchions, embedded in 
either large diameter deep-seated bored piles or 
barrettes are utilized as structural columns. Figure 1 
illustrates the top-down construction method with 
utilization of  stanchions and diaphragm wall.

TYPES OF STANCHION AND 

THEIR APPLICATION IN 

BANGKOK 

Pre-fabricated “H” section steel columns and steel 
built-up-section columns are mainly used as pre-
founded structural columns or stanchions. Pre-cast 
reinforced concrete columns are very seldom used 
(Manoharn S. & Aye Z. Z. , 1994). For the purpose 
of  convenient reference throughout the paper, the 
type of  stanchion is categorized by size and capacity, 
as presented in the table below.

Embedded length of  stanchion usually ranges from 
1.5 to 5m, depending on the loading condition ap-
plied in design and construction.

Type of  Stanchion

General Information 

Material & Example 
Size 

Application Limitation 

Light stanchion Steel H-beams  
350x350x137kg/m 

•For semi top-down 
construction 

•For temporary 
decking 

Limited capacity 
does not allow 
for construction 
of super structure 
until completion 
of basement 
construction 

Medium-sized 
stanchion 

Steel H-beams 
350x350x390 kg/m 

For semi and 
full top-down 
construction of 
shallow to medium 
deep excavation  

Limited number 
of super structure 
floors construction 

Heavy stanchion •Steel H-beams 
508x457x738kg/m 
•Composite steel 
columns built up 
by 2 or more small 
to medium size 
H-beams •Large 
section pre-cast 
RC column (seldom 
use)  

Full top-down 
construction in 
deep excavation 

Depending on the 
loading condition, 
numbers of 
superstructure 
floors can be 
constructed 
before completing 
basement 
excavation 

Table 1. Technical data, application and limitation of three types of stanchion

Figure 1. Top-Down Construction with Stanchion and Diaphragm Wall
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ALLOWABLE TOLERANCE FOR

POSITION OF STANCHIONS
Allowable tolerance for stanchions is usually de-
termined by the designer and is governed by the 
structural tolerance of  the steel as well as the re-
quired position of  the finished columns. In most 
projects, allowable vertical and horizontal devia-
tion of  stanchion are specified as 25 to 50mm 
whereas verticality is required between 1:200 
and 1:400. There are a number of  constraints to 
getting a highly accurate position of  heavy and 
lengthy stanchions which have to be installed in 
deep-seated foundation piles constructed by wet 
process in Bangkok subsoil as described in the fol-
lowing sections.

STANCHION 

INSTALLATION METHODS
Stanchion installation method is usually selected 
by the piling contractor who takes into consid-
eration three main factors: installation depth, size 
of  stanchion, and size of  bored or barrette piles. 
Though installation details may differ from one 
contractor to another, stanchion installation can be 
categorized under two main methods, post-con-
creting (plunging installation) and pre-concreting 
installation (placing stanchion prior to concreting). 
 
Post-Concreting Installation or Plunging 
Method 

In this method, the stanchion is installed immedi-
ately after the completion of  bored pile concreting 
process. General construction sequence involved 
in this method is demonstrated in  Figure 2. Guide 
frame is used to install the stanchion at the correct 
position.

Figure 4 shows the installation of  a 24m long built-
up steel stanchion into the pile borehole prior to 
concreting.

Guide Frame for Stanchion Positioning

Guide frame is used for positioning the stanchion 
in both installation methods.

Effectiveness of  guide frame plays one of  the 
important roles in achieving positional accuracy 
of  the  stanchion. Figure 5 (a,b) shows the guide 
frame used for pre-concreting installation method 
in one major project constructed by Seafco Public 
Co., Ltd.

Pre-concreting or Pre-placing Installation 
Method

In this method, the stanchion is installed immedi-
ately after the completion of  drilling and reinforce-
ment lowering prior to concreting process. In some 
projects, the stanchion is attached to the last section 
of  reinforcement and installed together with the 
reinforcement. General construction steps involved 
in this method are demonstrated in Figure 3.

Figure 3. General construction sequence of pre-concreting instal-
lation method

Figure 2. General construction sequence of pre-concreting instal-
lation method

Figure 4. (a,b) Installation of 24m long stanchion into borehole prior 
to concreting

(a) (b)

Figure 5 (a,b) Guide frame used by Seafco for pre-concreting  
installation in one major project

(a) (b)
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REVIEW OF THE STANCHION

INSTALLATION METHODS 

USED IN OTHER PARTS

OF THE WORLD
The stanchion installation methods used in other 
parts of  the world have been presented in some 
published papers. Among these, Findlay (1989) re-
viewed a number of  stanchion installation meth-
ods used in construction of  large-diameter bored 
piles for top-down construction, particularly in 
the UK. The author reported that steel columns 
can be placed with better accuracy by dry proc-
ess bored piling method than wet process method 
(with support fluid).

Hollingsworth (1991) demonstrated the installation 
of  stanchions by plunging into concrete with the 
aid of  an adjustable guiding frame called Cemloc 
(European Patent No. 0302717) for a seven-level 
basement 25m deep constructed by top-down 
method in London.

Ressi di Cervia and Tamaro (1991) briefly explained 
the stanchion installation method used for con-
struction of  an underground garage with top-down 
technique in Boston, USA. Steel columns were 
installed prior to concreting in load bearing ele-
ments (LBE) or barrette excavated by cable-hung 
mechanical clamshell buckets. The authors cited 
that using the same equipment for construction 
of  diaphragm wall and load bearing elements mini-
mized the congestion onsite and streamlined the 
schedule. Crawley and Stones (1996) presented the 
installation of  30m long composite steel columns 
for top-down construction applied for Westminster 
Station in Central London. Columns were placed 
with the aid of  guide frame followed by concrete 
pouring. Accuracy of  ±25mm at the top of  column 
with verticality of  1:200 was achieved as stated by 
the authors. Arz (1989) presented an installation of  
heavy composite columns fabricated from six steel 
H-beams encased by concrete (cast during fabrica-
tion) for construction of  a six storey building with 
a five-level basement using top-down method in 
Germany. Due to the high accuracy requirement of  
25mm, adjustable guide frame equipped with three 
hydraulically controled arms were used. Stanchions 
were installed prior to concreting as reported by the 
author. From the available literatures it is noted that 
pre-concreting method is more common in use than 
post-concreting method.

PROBLEMS ENCOUNTERED IN

POST-CONCRETING 

INSTALLATION METHOD
The major problem commonly encountered in 
this installation method is inability to install the 
stanchion at the design position due to one or a 
combination of  the following causes:

• Inclination of  the borehole/trench

• Stanchion can not be inserted up to the required 
depth as concrete becomes hard due to premature 
setting

• During lowering, stanchion is stuck by reinforce-
ment cage and due to the hardening of  the concrete, 
extraction of  stanchion becomes impossible for 
reinstallation 

As the installation of  the stanchion is often as-
sociated with many unforeseen problems, it is 
likely in many cases that concrete becomes stiff  
or prematurely set during the installation. In 
Bangkok, premature setting of  concrete is usually  
attributed to:

• long delivery time due to traffic conjunction

• inappropriate mix

• severe weather

• disruption in concreting/equipment breakdown

 
PROBLEMS ENCOUNTERED IN

PRE-CONCRETING

INSTALLATION METHOD
This method can minimize problems encountered 
during installation provided that adequate clear-
ance is available between pile reinforcement and 
the stanchion for tremie pipes lowering. Inclina-
tion of  borehole is also important for this instal-
lation method. Proper planning in concrete order-
ing is required to avoid unnecessary waiting for 
concrete trucks for stanchion placing which may 
affect the total batching time limitation. As the 
stanchion has to be hung in position until com-
pletion of  concrete placement, appropriate and 
sufficient capacity of  the hanging and positioning 
device should be provided to avoid falling or de-
viation of  the stanchion in the borehole. Tempo-
rary casing should not be used as a hanging system 
without additional support for large stanchions. 

FACTORS AFFECTING 

THE POSITIONAL ACCURACY

OF THE STANCHION
It is hardly possible to install a stanchion so that its 
position and verticality is exactly as designed. As-
built position of  stanchion is found to be generally 
influenced by the installation method. The factors 
affecting the positional accuracy for two different 
methods are summarized in Tables 2 and 3.

March - June 2005 �



Skill and experience of  the contractor plays a 
major role in achieving positional accuracy of  
the stanchion provided that the installation is 
practical with the design elements, such as size of  
foundation piles in relation to size of  stanchion.  

 

position and restrained by means of  temporary 
support until a permanent slab was cast.

REVIEW OF THE COMPLETED 

PROJECTS

The authors were involved in a number of  projects 
constructed by top-down method in Thailand 
particularly in Bangkok. Table 4 shows the sum-
marized technical information of  some major 
projects with different stanchion type, size and 
installation depth.

Factors effecting accuracy Discussion Recommended measures 
to improve accuracy 

Verticality of piles Due to the use of fixed 
guide arm for guiding 
stanchion against borehole 
wall, its verticality is solely 
influenced by the verticality 
of borehole. 

•Use adjustable guide  
•Maintain good horizontal 
position of drilling rig and 
verticality of temporary 
casing 
•Perform drilling monitor 
test after completion to 
check verticality prior to 
stanchion installation 

Concrete stiffening 
or hardening during 
installation 

Due to the stiffening or 
hardening of concrete, 
stanchion may not be 
able to place at the right 
elevation. Using vibro-
hammer to force down 
stanchion can cause 
stanchion to deviate from 
the position. 

• Use concrete with 
appropriate admixture to 
achieve longer setting time 

Inappropriate backfill 
material 

Large aggregates backfill 
can cause locking up 
casing with stanchion upon 
casing extraction which 
cause stanchion to deviate 

• Use appropriate backfill 
such as sand / fine 
aggregates.  

Improper backfilling Backfilling from one side 
of stanchion can cause 
deviation of stanchion. 

• Maintain equal distribution 
of back fill around 
stanchion 

Improper temporary 
casing extraction 

Stanchion deviation 
in both horizontal and 
vertical can be caused by 
improper temporary casing 
extraction.   

• Apply proper equipment 
and method in casing 
extraction to suit the site 
condition and design 
requirement 

Table 2. Post-concreting installation method – factors effecting positional accuracy

Figure 6. View of stanchions embedded in bored piles at final 
excavation level

 
In Bangkok, post-installation movement (horizontal 
movement) of  the stanchion is frequently encoun-
tered and it is mainly caused by excavation induced 
soil displacement, particularly at the initial stage 
of  excavation where diaphragm wall deflection is 
characterized by large cantilever rotation within Soft 
Clay layer. In some projects, deviated stanchions 
had to be pushed or jacked back to the original 

Figure 7. View of built-up stanchions exposed after excavation to the 
first level of basement

Table 4. Summarized technical information of stanchion application in some 
major projects in Thailand

Project 
No. 

Stanchion Type 
and Size  

Pile Type 
and Size 

Installation 
Method 

Basement 
Excavation 
Depth (m) 

Location 

1 Built-up 
steel column 
850x850mm, 

L=24m built-up 
by 4 H-beams 

270x248x
157kg/m 

Bored 
pile φ1.5x 

60m 

Pre-
concreting

 -20.0m Silom Road 
Bangkok 

2 H-section 
steel column 

508x457x 738 
kg/m, L=30m* 

Bored pile 
φ1.8x
65m 

Post-
concreting 

-29.5m Rama IV Road 
Bangkok 

3 H-section 
steel column 

419x407x
390kg/m, 
L=24.7m* 

Barrette 
pile 

1.2x3.0x
47m 

Pre-
concreting

 -24m Ratchadapisek 
Road Bangkok 

4 H-section 
steel column 
414x405x232 
kg/m, L=18m 

Bored pile 
φ1.8x
65m 

Pre-
concreting

 -14.5m Payathai Road 
Bangkok 

5 Pre-cast 
RC column 

500x1000mm, 
L=15m 

500x1500mm. 
L=15m 

Bored pile 
φ1.5x35m 
φ1.8x35m 

Pre-
concreting

 -11.5m Haadyai 

Note: * Top levels of  stanchion in Project 2 and 3 
are 3m and 1.8m below ground level, respectively.

A view of  heavy stanchions (built-up sections) 
exposed after excavating to the first basement level 
is presented in Figure 7. Pre-concreting installation 
was used to install the stanchions in this project.

STANCHION POSITION 

EFFECTED BY EXCAVATION

� March - June 2005
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Although the as-built position of  stanchions 
installed by two different methods has yet to be 
statistically analyzed, field survey data of  Projects 
2 and 3 indicated in Table 4, above, suggested that 
stanchions could be more accurately installed by 
pre-concreting method. Stanchions with as-built 
horizontal deviation greater than 100mm installed 
by two methods (expressed by percentage) are 
presented in the table below.

struction in Central London, Geotechnical Aspects 
of  Underground Construction in Soft Ground, 
London : 93-97. Rotterdam : Balkema.

3. Findlay J. D., Wren G.E. 1989. Review of  the 
Methods Used to Construct Large Diameter Bored 
Piles for Top Down Construction. Proceedings of  
the International Conference on Piling and Deep 
Foundations, London, 15-18 May 1989 : 199-210. 
Rotterdam: Balkema.

4. Finsted J. A. 1991. Royal Christiana Hotel : 
Basement with Permanent Sheet Pile Wall, “Upand-
down” Method, 4th International DFI Conference 
: 387-392. Rotterdam: Balkema.

5. Hollingsworth J.R. 1991. Diaphragm Walls, Load 
Bearing Piles and Piled Soil Reinforcement for 
a Deep Top-down Basement Construction, 4th 
International DFI Conference : 79-84. Rotterdam 
: Balkema.

6. Manoharn S. & Aye Z. Z. (1994) , Bored Pile 
with King-post and Secant Pile Wall Construction 
for Top-Down Method – Central Sukhothai Hotel 
Haddyai, Latest Technology in Construction Tech-
nology Conference, Bangkok, Thailand

7. Yong K.S., Tsen C.N. & Tang S.K. 1998. Per-
formance of  a Deep Excavation with Top-down 
Construction, 13th Southeast Asian Geotechnical 
Conference, 16-20 November 1998. Taipei, Taiwan 
ROC : 587-593

Project Installation Method Depth of 
Measurement  

As-built Position 
of Stanchions 
with Horizontal 

Deviation 
>100mm 

2 Post-concreting 
Method 15.5m B.G.L 20 % 

3 Pre-concreting 
Method 13.5m B.G.L 4 % 

Table 5. Comparison of as-built position of stanchions by two instal-
lation methods

CONCLUSION
Two common stanchion installation methods have 
been presented with particular emphasis on the 
common problems encountered by each method 
and recommended measures to alleviate them. Ac-
cording to the authors’ experience, pre-concret-
ing installation method provided less difficulties 
and fewer problems in practical installation and 
achieved better positional accuracy. A compari-
son of  as-built position of  stanchion between two 
projects also suggested that stanchions could be 
more accurately installed by pre-concreting instal-
lation method.

Designers, such as structural engineers and archi-
tects, should be aware of  the accuracy achievable by 
a practical installation method and take it into con-
sideration at the design stage. Stanchion installation 
contractors should select the appropriate method 
and equipment as well as experienced personnel, 
plus, a well-formed plan with the consideration 
of  all potential problems to achieve the successful 
construction of  foundation structure, which is of  
primary importance in the top-down technique.
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News   Briefs 

Special Lecture by Prime Minister of 
Pakistan at AIT
H.E. Mr. Shaukat Aziz, Prime Minister of  the Islamic 
Republic of  Pakistan, lectured on “Pakistan’s Vision in 
the Twenty First Century” at a special lecture jointly 
organized by AIT and Thammasat University in col-
laboration with the Embassy of  the Islamic Republic 
of  Pakistan on May 10, 2005. His lecture presented 
a vision of  Pakistan in the 21st century as a progres-
sive country of  opportunity, building an environment 
of  peaceful cooperation, with a strong economy and a 
credible defense, able to leverage the strengths of  the 
state for socio-economic development. Mr Aziz start-
ed by noting that, as a founding member of  the insti-
tute, Pakistan was proud to see that AIT had grown 
into a regional center of  excellence for learning. Over 
600 faculty, staff, students and invited guests attended 
the lecture. 

-Source: AIT Newsletter

Design Review of a 16 Story Reinforced 
Block Apartment
The Concord Group is one of  the leading design and 
construction companies in Bangladesh. Recently, the 
Group designed a 16-story reinforced concrete block 
apartment building. The group requested the Asian 
Center for Engineering Computations and Software 
(ACECOMS) at AIT to undertake an independent in-
vestigation and design review of  the structure. Work 
on the project, which will be completed in 5 weeks, has 
commenced. A report on the outcome of  the investi-
gation will be submitted to the Group. 

-by our correspondent 

AIT to Conduct BMTS Sound Barrier 
Performance Study 

The Bangkok Mass Transit Sys-
tem (BMTS) was established 
with an objective to help to alle-
viate the chronic traffic problem 
in Bangkok and to provide the 
citizens with a fast and more ef-
ficient means of  transportation 
within the central business dis-
trict of  Bangkok. The BMTS can 
carry over 1,000 passengers per 

train and at present the average number of  passengers 
riding on the BMTS is 300,000 per working day.

The performance of  the sound barrier panels of  the 
BMTS was unsatisfactory and did not meet certain 
standards. To overcome this some modifications to 
the original design and fixing details have been done. 
To check the effectiveness of  the new fixing details the 
Italian-Thai Pubic Co. Ltd. wishes to engage the serv-
ices of  Dr. Pennung Warnitchai, Associate Professor, 
and the Asian Center for Engineering Computations 
and Software (ACECOMS) at AIT to undertake an in-
dependent investigation and comparative study on the 
performance of  the new and old fixings. A proposal 
has been submitted to undertake an inspection of  the 
panels and give a comparative report on the perform-
ance of  the new and old fixings.

-by our correspondent 

EASEC-Coming Back to Bangkok

 News
     Briefs

The East Asian-Pacific Conference on Structural En-
gineering and Construction (EASEC) was originally 
initiated by the Structural Engineering Division of  the 
Asian Institute of  Technology (AIT) in 1986. Celebrat-
ing the 20th anniversary year, EASEC is coming back 
to Bangkok. EASEC-10, scheduled to be held during 
2-5 August 2006 is being organized under the supervi-
sion of  Prof. Worsak Kanok-Nakulchai., chairman of  
the International Steering Committee. An Internation-
al Construction Exhibition will be staged in parallel 
to this event, with support from major construction 
companies in and outside Thailand. ACECOMS has 
the privilege to be the secretariat for this prestigious 
event. To keep updated to the event please visit our 
website: www.acecoms.ait.ac.th. A new website for 
EASEC-10 will be available by the end of  July 2005. 

-by our correspondent 



Current Status of Earthquake Resistant Design of 
Tall Buildings in Thailand

The First Three Tall Buildings
Explicitly Designed for Earthquake

Resistance

Figure 1: Total Buildings Built in Year 2004 in Bangkok

Figure 2: Total New Buildings During 1999 to 2004 in 
Bangkok City

Introduction
The recent two large-scale earthquakes have 
brought remarkable changes to various aspects 
of  our life. Everyone from the general public to 
seismic experts is highly concerned about the  
possibility of  such an event in the future and its 
consequences. Authorities in many cities have 
star ted working on the development and im-
plementation of  provisions to design structures 
for better public safety. Thailand, being one of  
the countries worst hit by the tsunami but rela-
tively less shook by the earthquake itself, is also 
undergoing several changes in design and con-
struction of  new structures, and, in evaluation 
and improvement of  existing structures. This 
article attempts to provide an overview of  the 
recent changes in Thailand in relation to earth-
quake-resistant design of  buildings.

The following graphs (source BMA) gives an 
overall statistics for the construction of  build-
ings in Bangkok in last few years. A total of  
about 800 buildings were built or under con-
struction in Bangkok city in year 2004, which 
has an estimated population of  13 million.  It is 
obvious from these graphs that the construction 
of  building has been increasing  in recent years 
and also that there are promising trends towards 
its continuation in next couple of  years. 

Overall Statistics of  Building 
Construction in Bangkok City

Over a century of  construction industry in Thai-
land, it is difficult to find official records indi-
cating that a building was designed explicitly for 
earthquake-resistance. Until year 2003, the key 
characteristics of  design of  typical high-rise 
buildings (over 20 stories for the purpose of  ar-
ticle) in Bangkok are:
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Figure 3:  Seismic Source Map and the Epicenters of 
Earthquakes Occurred from1910 to 2000 [1,2].

• Over 90% of  the buildings are  Reinforced  
Concrete.

• Because of  soft soil condition, mat  
foundations, 2 to 3m thick supported by large  
diameter (60cm to 180cm) deep (20-60m) bored 
piles.

• Post-tensioned slab system with RC shear  
 wall.

• In addition to usual loads such as dead, live, 
temperature loads; most of  the buildings are 
designed to resist wind loads of  about 70-110 
mph.

• No provisions in terms of  design load or de-
tailing were made for earthquake. 

Revolutionary Changes 
in Public Awareness
Most of  the occupants of  the highrise buildings 
in Bangkok perceived different levels of  shaking 
during the following earthquakes, especially peo-
ple living on floors above the 10th. 

The above earthquakes, especially the one on 
Dec 26th, have brought about a revolutionary 
change in public awareness of  seismic activities 
and earthquake-resistant design of  buildings.  It 
is common in Bangkok to see a potential cus-
tomer of  a highrise residential unit inquiring 
about earthquake-resistant design of  a building. 
Several of  them also ask for official certification 
that a building has been designed for a certain 
level of  earthquake-resistance. Recent market 
studies carried out by residential developers (e.g. 
Major, Goldenland) have indicated that peo-
ple seem willing to pay 5-15% more for space 
in a building designed for earthquake-resistance. 

Seismicity of  Bangkok
Thailand lies in the eastern part of  the Andaman-
Sumatra belt.  Nutalaya et al. [2] identified twelve 
seismic source zones in this region (Figure 3). 
Warnitchai [1,3] have further carreid out a com-
prehensive study on the seismo-tectonic features 
of  the Burma-Thailand-Indochina region.  The 
major active faults are rather far from Bangkok 
between 400 and 1000km.  Some active faults are 
found in the western parts of  Thailand at around 
120 to 300km from Bangkok; however, their seis-
mic activities are low in terms of  recurrence in-
terval but are capable of  producing large magni-
tude earthquakes.  The study indicates that there 
are at least seven active faults in northern Thai-
land (Zone G) and five active faults in western 
Thailand (the lower portion of  Zone F).  It was 
estimated from their expected rupture dimen-
sions that an earthquake of  maximum magnitude 
(MW) 6.8 to 7.2 and 7.3 to 7.5 could be generated 
in northern or western Thailand, respectively. 

More than 20 earthquake ground shakings have 
been felt in Bangkok in the last 200 years.  Al-
though some of  the ground shakings were strong 
enough to cause alarm among the people, there 
has been either no or very trivial damage to the 
structures in Bangkok due to ground motions.  
Table 2 lists significant earthquake events felt in 
Bangkok in the past 100 years.  The epicenters 
of  the earthquakes are shown in Figure 3 with 
gray circles. 

Warnitchai and Lisantono [3] conducted a proba-
bilistic seismic hazard analysis in Thailand and 

Table 1:  List of significant earthquake felt in Bangkok in the past two years

Location Date Coor-
dinate

Focal 
Depth

Mag-
nitude

Distance 
from
BKK

North
Sumartra,Indonesia

22 Jan 
2003 NA NA 7 1,000 km

Center of  Mynmar 22 Sep 
2003

19.4 N 
96.2 E NA 6.7 

Richter NA

North 
Sumatra,Indonesia

26 
Dec 
2004

3.3 N 
95.95 E 30 9.15 1260 km

12 March - June 2005
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No Earthquake
location Date Epicentral

coordinates
Focal Depth 

(km) Magnitude Epicentral distance from 
Bangkok (km)

1 Mandalay * 23 May 1912 21N 97E 35 8.0 (Ms) 870

2 Pegu * 5 May 1930 17.3N 96.5E 35 7.2 (Ms) 580

3 Pyu * 4 December 
1930 18.2N 96.4E 35 7.2 (Ms) 660

4 Andaman* 14 February 
1967 13.7N 96.5E 30 5.6 (mb) 440

5 Tak * 17 February 
1975 17.6N97.9E 6 5.6 (mb) 500

6
North Sumatra 

Island 04 April 1983 5.7N 94.7E 85 6.6 (Ms) 1100

7 Kanchanaburi * 22 April 1983 14.92N 99.05E 32 5.9 (Ms) 210

8
Chinese-Vietnam 

Border 24 June 1983 21.7N 103.3E 18 6.1 (mb) 910

9
North Sumatra 

Island1 22 January 2003 4.5N 97.5E 33 5.8 (mb) 1200

Table 2:  Summary of the earthquake events felt in Bangkok [4].

Figure 5: Proposed Elastic Response Spectrum Curve  for 
Bangkok City –Low Earthquake (50% Pe)

Figure 4:  Seismic Hazard curve for Bangkok [3].

proposed a seismic zonation map for Thailand.  
According to this study, Bangkok lies in Zone I  
(0.025g < PGA0 < 0.075g), where PGA0 is the 
peak ground acceleration having a 10% probabil-
ity of  exceedance (Pe) in a 50-year period; how-
ever, this study does not consider the site effect.  
Another study carried out by Warnitchai et al. [1] 
identified that the soil profile underlying Bangkok 
has the ability to amplify earthquake ground mo-
tions by 3 to 6 times for low intensity input mo-
tions (peak rock acceleration smaller than 0.02g) 
and by 3 to 4 times for relatively stronger input 
motions (peak rock accelerations larger than 
0.02g).  They identified three factors as the main 
cause of  hazard.  First, several regional seismic 
sources that may contribute significantly to the 
seismic hazard of  Bangkok are capable of  gener-
ating large earthquakes.  Second, the attenuation 
rate of  ground motions in this region appears to 
be rather low, and third, the surficial deposits in 
Bangkok have the ability to amplify earthquake 
ground motions by 3 to 4 times (Figure 4).  

At the time of  writing this article, the seismic 
design regulation in Thailand prescribes design 

requirements similar to the 1985 UBC Zone 2 
requirements for ten provinces, which do not in-
clude Bangkok.  Hence, most of  the buildings and 
structures in Bangkok have been designed and 
constructed without any consideration of  seis-
mic loading.   However as mentioned  the section 
“Revolutionary Changes in Public Awareness” 
above, though there are no legal regulations are 
in place at this time, the incorporation of  seismic 
loads in design of  structures is being driven by 
increasing public awareness and demand.

Development and Legal 
Implementation of  the 
Seismic Codes

Proposed Earthquake Loads 
for Structures in Bangkok
Based on the seismic hazard assessment of  the 
greater Bangkok region, three earthquake design 
levels  have been proposed as represented by the 
following response spectrum curves (Figures 5, 
6 and 7). It is obvious from the shape of  these 
response spectrum curves that they are different 
from design codes used in the US, Japan, India 
and other countries. The main difference is the 
major shift in the peak response acceleration 
zone of  the curve towards a long time period. 

Response Spectra for Different 
Soil Types

Response Envelope
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To our knowledge, the following three buildings 
are the first to be designed explicitly for the 500 
year return period earthquake.  The design of  
these buildings has been taken by the engineers, 
developers and researchers as one of  the major 
revolutionary changes in the Thai construction 
industry.  

The First Three Tall Buildings 
Explicitly Designed 
for Earthquake

Figure 9:  Perspective View  of The Infinity Tower (35 story 
high-end residential towers), 3D FEM Model of a Tower 
and Typical Floor Plan

Figure 8:  Perspective View  of Watermark Chaopraya (35 
and 55 story high-end residential towers), 3D FEM Model 
of a Tower and Typical Floor Plan

For several reasons, the design loads (response 
spectrums) recommended by the international 
model codes for seismic design including UBC-
97 and IBC-2000 are not directly applicable to 
Bangkok city soil condition. One of  the most 
important points in this regard is that there is 
no easy and practical way to generate the local 
design response curves as recommended by IBC-
2000 based on the concept of  short period spec-
tral acceleration (Sds) and 1-second spectral ac-
celeration (Sd1). Most of  this structural analysis 
and design work is done using computers which 
becomes a major limitation in applying the built-
in response spectrum functions and other appli-
cable factors. 

 
A seismic analysis method called ‘Modal Push-
over Analysis’ was adopted as the basis for the 
analysis of  the above buildings to estimate the 
earthquake load effects. The key concepts of  this 
method are summarized here:

 
1. Create the 3D Finite Element (FE) model of  
the building.

2. Refine the FE model to improve the free vi-
bration results so that they match closely with the 
results obtained from various field tests (ambient 
vibration methods) carried out in Bangkok. Some 
important refinements are the realistic estimation 
of  building mass, incorporation of  effects of  
non-structural components, soil-structure inter-
action and effective cross-sectional properties of  
the members.

Design Concepts and Methods 
for the First Three Buildings

Response Envelope

Response Spectra for Different 
Soil Types
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Figure 7 : Proposed Elastic Response Spectrum Curve  for 
Bangkok City –High Earthquake (2% Pe)

Response Envelope

Response Spectra for Different 
Soil Types
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Figure 6: Proposed Elastic Response Spectrum Curve  for 
Bangkok City –Medium Earthquake (10% Pe)
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3. Identify the primary modes of  vibration 
(translational and rotations) required to achieve 
about 80% mass participation.

4. Estimate various lateral pattern loads such 
that when applied to the building produce  lateral 
deformations which are as close as possible to 
the individual mode shapes of  the building.

5. Based on the seismic hazard assessment re-
sults, estimate top displacement of  the building 
(using response spectrum curves).

6. Scale up or down the lateral pattern loads  
used in step 4 in proportion to the top displace-
ment demand obtained from step 5.

7. Compute the story shear, overturning mo-
ment and corresponding member actions (M,V, 
P) due to individual lateral loads. 

8. Combine the results of  each mode along each 
principle direction using the SRSS  method.

9. Combine the earthquake loads obtained from 
step 8 with other loads applied to the building 
using code based combination factors (ACI or 
IBC). 

Additional details on this method are available on 
the article ‘Modal Pushover Analysis’ in this issue 
of  the publication.

The following are the key issues that the authors 
foresee for the future of  seismic resistant design 
of  structures in Thailand and in the region:

• Increased general awareness of  the public to-
wards earthquake-resistant design.

• Regulatory authorities will realize the impor-
tance of  increasing public safety and its econom-
ical implications.

• Researchers, academic institute and individual 
engineers will pay more attention towards earth-
quake related activities.

• Increased demand of  seismic evaluation and 
retrofit of  existing buildings.

• The “Why to pay little extra for something 
which may happen once in a hundred years?”  
mentality will slowly disappear.

 

Future Trends
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ConPrimE
 News

On its 10th anniversary ACECOMS is organizing 
several international events for the engineering 
professionals of  the region. Among these events 
is a amalgamated series of  professional lectures, 
seminars, workshops and technical trips, called 
ConPrime., which has an objective to present all 
aspects of  an engineering project. This includes 
the integration of  theory, hands on practice and 
site visits. The first two events of  this series have 
been conducted successfully. The first event was 
held from March 1 to 8 2005 and was titled, Build-
ing: Modeling-Analysis-Design and was held at 
AIT. About 100 professionals from 10 countries 
attended the event. Ms. Suda Taleongpong, Chief  
Structural Designer, Palmer and Tuner, Thailand 
delivered a special presentation on the first day of  
the event on the current technologies and future 
trend on the design of  high rise buildings in Bang-
kok. 

The second ConPrime event was held from June 
14 to 22, 2005 at AIT. It was tilted, Finite Ele-
ment: Concept, Modeling and Applications and 
was attended by over 100 participants from all 
over the region. Professor Worsak Kanok-Nakul-
chai gave opening remarks on the development of  
Finite Element Method, with a historic perspec-
tive of  the method. Mr. Ashraf  Habibullah, CEO 
and President Computers and Structures (CSI), 

Berkeley, USA and Mr. Syed Hussnain, Executive 
Vice President CSI, delivered a special lecture on 
the first day of  the event. The lecture was titled 
Recent Developments and Future Trends in Civil 
Engineering Computations. 
The third and final ConPrime event of  the year is 
planned from 8th-16th of  November 2005. The 
event is titled Bridges: Modeling-Analysis-Design. 
For more information on this event refer to page 
22 of  this magazine or visit our website at: www.
acecoms.ait.ac.th for registration and information. 

Prof. Mario T. Tabucanon, Acting 
President AIT presenting a plaque 
to Mr Ashraf  Habibullah, CEO, 
Computers and Structures. 

Group Photograph of  Participants of  ConPrime-2
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Thailand is a developing economy and in the 
recent years many mega-projects have emerged 
all over the kingdom. These projects are unique 
not only because of  their size and the amount 
of  investment but also because they pose major 
engineering challenges. 

SUVARNABHUMI AIRPORT
The new Suvarnabhumi International Airport 
(SBIA) due to be completed in 2005 is located 
in the Samut Prakarn province of  Thailand, ap-
prox. 30km east of  Bangkok. Construction of  the 
Second Bangkok International Airport (SBIA) 
began on 9 November 2001. Once completed, 
Suvarnabhumi will replace Don Muang as Bang-
kok’s international airport, relegating the latter to 
domestic-only status. Suvarnabhumi will be able 
to cope with 100 million passengers per year and 
will have four runways with which to do this.

AIRPORT FACILITIES AND CAPACITY

The SBIA is designed to handle 100 million pas-
sengers per year but the first stage of  construc-
tion will only provide facilities for 30 million pas-
sengers annually. Operating as many as 76 flights 
per hour on two simultaneous runways it will 
have 51 aircraft stands and 69 remote parking 
bays for wide-bodied aircrafts and handle over 
1.46 million tons of  cargo annually. Facilities to 
be completed in the first stage include:

• Seven floors and a basement will give the ter-
minal a total floor area of  over 500,000m² 
making it the largest airport in the world 

• Two parallel runways, each 60m wide and 
3,700m long with a runway separation distance 
of  2,200m 

• Aircraft stands: 51 contact gates, 69 remote  
parkings 

• 132m air traffic control tower 

• Two parking garages with a combine capacity of  
5,000 cars 

• 190,000m² cargo terminal 

• Aircraft maintenance facilities: four fully-
equipped aircraft hangars to service up to 12 
aircrafts simultaneously 

• Three separate catering facilities to cater 65,000 
airlines meals per day 

• Landside road system: 2x2 lane roads inside 
the airport with the total length of  36km 

• Utility system: 40,000cm³ water tank; water 
treatment system for 12,000cm³ of  water per 
day; main transformer station for transforming 
electricity from 115kV to 24kV; eight garbage 
collection stations; telephone system of  seven 
telephone exchanges and two main exchanges 

• Electrical railway system: a future extension 
will swiftly transport passengers to and from 
central Bangkok 

• First-class hotel with 1,500 rooms 

• Express freight facilities: one warehouse, one 
office building, 12 aircraft stands 

PASSENGER TERMINAL COMPLEX

An innovative roof  trellis, designed to shade the 
building against intense tropical sun and reduce 
the cost of  air conditioning the structure, will 
also be the largest of  its kind. The domestic and 
international halls are clearly separated with the 

Major Engineering Projects
in Thailand
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second floor as a dedicated arrival hall and the 
fourth floor as a departure hall. The structure’s 
main materials are steel and glass.

CHAO PHRAYA MEGA
BRIDGE 

The Mega Bridge (part of  the industrial ring 
road project), will span a meander loop in the 
Chao Phraya River; thus it will have two major 

spans. In the middle 
there will be a complex 
circular intersection. 
This means that a mo-
torist may cross the first 
bridge span and then 
branch off  to the north-
ern roads at the inter-
section. The bridge was 
originally planned as far 
back as 1997; however, 
it was held up for a ma-
jor redesign, and almost 
cancelled following the 

Thai economic crisis in 2001. The bridge is due 
to be completed in 2006.

The concept designers for the Mega Bridge are 
Yee Associates Architects and Designers. The 
project management for the engineering and 
construction are Norconsult International and 
the Thai companies MAA, Span and Team Con-
sulting and Management International. There is a 
team of  eight contractors working on the project, 

including the industrial 
ring road and the Mega 
Bridge. These include 
Italian-Thai, Sumitomo, 
CH. Karnchang, Oba-
yashi, Unique, Kajima, 
CMS Construction, and 
Taisei Corporation. 

The project involves 
two cable stayed bridg-
es. The bridges are 
702m long and 172m 
high and 582m long and 
162m high, respectively, 

on concrete pylons. The bridge clearance will be 
51m high for shipping to pass beneath it to the 
container port at Klong Toey. The structure will 
be 4.2km long and will have seven lanes. The in-
tersection in the middle will have a 2.2km ramp. 
The bridge itself  will be supported by two large 
‘A’ shaped cable supports which are supported by 
piles 70m deep and the structures is designed to 
take three times the maximum load. The founda-
tions took a 30hr continuous pour of  concrete. 

IMPACT CHALLENGER
IMPACT Arena, convention and Exhibition 
center located at north part of  Bangkok is con-
structing “Impact Challenger”, a new exhibition 
hall that will be the largest column-free exhibi-
tion hall in the world.

FEATURES

• Single column free hall measuring 459 m long 
by 131.2 m wide with a ceiling height of  16 m

• 60,220 m2 of  total floor area

• 2,000 kilograms ceiling load at hanging points

• 2,000 to 4,000 kg/m2  floor loading (8,000  kg/
m2 at designated area)

• 2,000 m2  kitchen and food preparation area 
for catering banquets for up to 40,000 guests.

• Over 3,000 indoor parking spaces with over 
15,000 overflow outdoor parking space. Con-
tinuous free shuttle services provided within 
the premises of  the venue

As part of  ConPrime-2, an international event 
held at Bangkok and organized jointly by ACE-
COMS and Computers and Structures, Inc., (CSI), 
site visits were arranged for all the participants 
of  the event. The participants that came from 10 
countries were taken to these mega projects and 
were accompanied by ACECOMS staff. 

Sources:

http://www.impact.co.th/ic.php

http://www.enerpac.com/html/press_releases/
Berichten/30041.htm

http://www.airport-technology.com/projects/
bangkok

Box Girder Cross-Section 
of  the Bridge

A View of  a Section of  the 
Bridge Under Construction
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What You Can Do With CSI Section Builder?

CSI Section Builder is a comprehen
sive tool for analysis and design of 
steel, concrete, and composite cross
sections. The program harnesses the 
power of Windows. Tasks like cross
section creation, editing, viewing 
results, and generating reports can be 
performed graphically, with a wide 
range of effective tools available to 
the user. The program generates vari
ous capacity and load deformation 
curves represented in 2D and 3D 
color coded views. Stresses may be 
plotted over crosssections for vari
ous actions including prestressing.

How to Order Your Copy?
Please see the attached order form for more information. 
Contact ACECOMS for pricing. To order online visit us at: 
www.acecoms.ait.ac.th
Ph: (662) 524-5539    Fax: (662) 524-6059© Computers and Structures, Inc.

CSISectionBuilder
Analysis and Design Software for Steel, Concrete and 

Composite Cross-Sections

• Compute properties and analyze built-up 
sections and plate girders.

• Evaluate the capacity of Bridge Piers.

• Compute properties and analyze 
composite sections. 

• Generate Moment-Curvature curves for 
sections used in Seismic Performance 
Based Design and in Non-Linear Pushover 
Analysis.

• Compute properties and capacities of 
cross sections for retrofitting, strengthening 
and rehabilitating structures using various 
jacketing and encasing solutions.

• Create General Cross-Sections consisting 
of arbitrary shape and material properties.

• Determine the geometric properties and 
section capacities of simple and complex 
sections.

• Create simple and complex cross-sections 
for bridge piers and decks and building 
columns, analyze the cross-sections for 
axial load, biaxial moment, biaxial shear, 
torsion and prestressing forces.

• Evaluate the capacity of the shear wall 
core for axial load and biaxial bending.
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Marianas Association of Filipino Engineers 
and Architects (MAFEA)
P.O. Box 503250, Saipan, MP 96950, USA
Tel: 670-234-2775 
Fax : 670-234-2775 
Email: melbec@saipan.com

Center for Engineering Research, Training 
and Consultancy (CERT)
Department of Civil Eng., De La Salle Univ.
2401 Taft Avenue Manila, Philippines 
Tel: (632) 524 4611 Loc. 226, 305
Fax: (632) 5240563 
Email: acecoms_manila@yahoo.com,
andyoreta@yahoo.com
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Mindanao Shelter Foundation, Inc. (MSFI)
College of Engineering 
MSUIligan Institute of Tech. 
Iligan City, Philippines
Tel: 063632214050 to 55, loc. 130 
Fax: 063-63-223-8077 
Email: coece@sulat.musiit.edu.ph
Website: http://www.msuiit.edu.ph
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n

Department of Science and Technology, 
Region7 (DOST  R7)
Gov.M. Cuenco Ave. Banilad, Cebu City 
Philippines
Tel: (63) (32) 231-1916/231-7015
Fax: (63) (32) 231-7014/232-8632
Email: rbl@cvis.net.ph

C
eb

u

Baguio Collages Foundation
Department of Civil Engineering
Gov. Pack Road, Baguio City
Philippines 2600
Tel: (63-74) 442-8219
Fax: (63-74) 442-6268, 442-8217
Direct line: (63-74) 444-9462
Email: rpama@mercury.bcf.edu.ph

Ba
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Tribhuvan University
Institute of Engineering, Pulchowk
Continuing Education Division, 
P.O. Box 1175, Pulchowk, Lalitpur, 
Kathmandu, Nepal 
Tel: (977 1)521 531 Fax: (977 1) 521 985 
Email: ioe@wlink.com.npKa
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University of Witwatersrand 
Department of Civil Engineering, 
Private Bag 3, Johannesburg, WITS2050 
South Africa 
Tel: +27-11-717712 , Fax : +27-11-3391762 
Email: uzoegbo@civil.wits.ac.zaJo
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Institute of Technology of Cambodia (ITC)  
Department of Rural Engineering (GRU)
P.O. Box 86 Pochentong , Phnom Penh, 
Cambodia 
Tel: (855) 11-890272
Email: khom@itc.edu.kh

Mori Consultant, Inc
152 E0, Preah Sihanouk Blvd., 
12303 Phnom Penh,
Cambodia 
Tel: (855) 23 21 59 56 
Fax: (855) 23 21 59 56
Email: moriconsult@mobitel.com.kh

Head of Water Supply Division                              
Address: Department of Housing and Urban Planning, 
Ministry of Communication Transport Post and 
Construction, LaneXang Avenue, P.O. Box 326, 
Vientiane Capital City, LAO PDR 
Tel. 856205503029, 85621452040,  
Fax. 85621460165 Email: khanthone_v@yahoo.comV
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Center of Informatics in Construct. (CIC) 
Ministry of Construction 
5 Hoa lu, Hai Ba Trung, Hanoi, Vietnam 
Tel: (844) 976-1381 
Fax: (844) 821-6793 
Email: cic@fpt.vn 
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Center of Informatics in Construct. (CIC) 
Ministry of Construction 
Ho Chi Minh Branch
Tel: (844) 976-1381
Fax: (844) 821-6793
Email: cic@fpt.vnH
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Society of Structural Engineers (SSE)
1165/2 Cotta Road, Rajagiriya
Colombo, Sri Lanka 
Tel: 94-1878988
Email: ssesl@sltnet.lk
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University of Moratuwa
Department of Civil Engineering
University of Moratuwa
Moratuwa, Srilanka
Tel: (941) 507567
Fax: (941) 507568
Email:ruwan@civil.mrt.ac.lk
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University of Peradeniya
Department of Civil Engineering,  
University of Peradeniya, Sri Lanka
Tel: 94 8 388029 ext 543
Fax: 94 8 388158
Email: krbh@civil.pdn.ac.lk

Philippines

Nepal

South Africa

USA

Cambodia

Laos PDR

Vietnam

Sri Lanka
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r WEA Engineer & Associates Sdn. Bhd.
No. 84, Jaran SP 2/2
Taman Serdang Perdana, Seksyen 2, 43300
Seri Kembangan Selangor Darul Ehsan 
Tel: (603) 8943 6689
Fax: (603) 8945 2686
Email: weasb@pc.jaring.my

WEA Engineer & Associates Sdn. Bhd
Suite 2311, Level 3, Harbour Trade Centre, 
No.2 Gat Lebuh Macallum, Penang, Malaysia       
Tel: (604) 2631241 
Fax: (604) 2631835 
Email: weasb@tm.net.my

Advanced Engineering Consultants (AEC)
18 Town Planning
Wayllupeju, Lagos, Nigeria
Tel: (234) 01 493-7088
Email: aec@infoweb.abs.net
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Texture System Automation
2/7, 1st Floor, Block F, Lalmatia 1207
Dhaka, Bangladesh
Tel: (880) 2 9128523
Fax: (880) 2 9132294
Email: zamanh@citechco.net

D
ha

ka

Petra Christian University
Continuing Education Program, Petra Christian 
University, Siwalankerto 121131 Surabaya, 
Indonesia 
Tel: 62318439040
Fax: 62318415361
Email: sengkian@peter.petra.ac.id
Website: http://www.petra.ac.id

Yo
gy
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ar

ta

Tarumanagara University
Civil Engineering Department
Tarumanagara University, Jl.Let. Jen. S. Par
man 1, Jakarta, Indonesia
Tel: (021) 56631124 ext. 331, 0816
Fax: (021) 5663277
Email: ftsipil@cbn.net.id
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ba

ya

Universitas Atmajaya Yogyakarta
Jl. Babarsarl No. 44
55281 Yogyakarta , Indonesia
Tel: (62) 274 565411
Fax: (62) 274 565258
Email: haris@mail.uajy.ac.id

Pe
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ng

NED University of Engg & Tech
Deparment of Civil Engineering 
Main University Road, Karachi 75270
Pakistan 
Tel: (9221) 9213261 to 68 Ext: 2223
Fax: (9221) 9243255
Email: raskhan@neduet.edu.pk

Ka
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Engineering, Constructions & Consulting
3F Ayeyeikmon 2 Lane, Yadarmon Housing, 
Hlaing Yangon, Myanmar
Tel: 951-722-969 / 513-076
Fax: 951-578-970
Email: htwe.cil@mptmail.net.mm

Ya
ng

on

Malaysia

Nigeria

Bangladesh

Indonesia

Pakistan

Myanmar

Software: PROKON

Prokon Software Consultants, Ltd. 
75 Lower Ritchmond Road Putney, London, SW15 1ET,
United Kingdom
Tel : (4420) 8780 5454
Fax : (4420) 8788 8363
Email uk@prokon.com
Website: www.prokon.com

Prokon Software Consultants, Pvt. Ltd. 
PO Box 17295 Groenkloof, 0027
South Africa
Tel : (2712) 346 2231
Fax : (2712) 346 3331
Email za@prokon.com
Website: www.prokon.com

Computers and Structures, Inc.
1995 University Avenue, Berkeley, California, USA 
Tel: (510) 845 2177
Fax: (510) 845 4096
Email: info@csiberkeley.com
Website: www.csiberkeley.com 

Software: SAP2000, ETABS, SAFE, CSISectionBuilder and CSiCol

5 Strand7 PtyLtd 
Suite 1, Level 65 York Street., Sydney New 2000, Australia
Tel: (612) 9264 2977
Fax: (612) 9264 2066
Email: info@strand7.com
Website: www.strand7.com
 

Software: STRAND7

University of Engineering & Technology
Faculty of Civil Engineering 
Lahore, Pakistan 
Tel: (9242) 6829202, 6829222
Fax: (9242) 6829222
Email: 
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ConPrimE-3

ConPrime stands for Concept (Con), Practice 
(Pr) and Implementation (im) in Engineering (e). 
As the name indicates, ConPrime events attempts 
to combine the key aspects of  the life cycle of  a 
civil engineering project. Two events in this series 
have been conducted successfully, with encourag-
ing participation from the industry. 
The third event of  the ConPrime series (ConPrime-
3) is planned to be held from November 8-16 
2005 at the Asian Institute of  Technology, Bang-
kok Thailand. The event will be titled “Modeling 
Analysis and Design of  Bridges”. 

Modeling Analysis and Design 
of  Bridges
Bridges are important structures in infrastructure 
projects such as highways, elevated expressways, 
flyovers and water crossings. The effective and ef-
ficient design of  bridges requires a good under-
standing of  bridge engineering principles and us-
age of  modern computing tools. The objectives 
of  the seminar are:

(a) To provide an overview of  the theoretical and 
practical background on analysis and design of  
various types of  bridge structures with a special 
focus on RC bridges, and 

(b) To introduce the use of  up-to-date comput-
ing tools for the modeling, analysis, and design 
of  bridge structures.

Tentative Event Outline

Overview
• Bridge Systems and Components
• Computer - Aided Analysis and Design of  

Bridges
• Bridge Loads

Modeling 
• Modeling of  Bridges and Components
 o Modeling using 1D, 2D, 3D Elements 

 o Modeling Soil Structure interaction
 o Modeling of  Special Components (cables, 

expansion joints, bearings, abutments, restrain-
ing blocks, etc.)

Analysis
• Moving Load Analysis
• Overview of  Non-Linear Analysis
• Overview of  Dynamic Analysis 
• Construction Sequence Analysis
• Long Term Effects (Creep, Shrinkage, etc.)

Design
• Design and Detailing of  Components
• Decks
 o RC type
 o Prestressed Type
• Piers and Bents
• Foundations
 o On Soil
 o On Piles
• Designing Special Components
 o Expansion Joints
 o Bearings
 o Cables
 o Barriers 
 o Diaphragm 
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ETABS®

Integrated Building Analysis and Design Software

For nearly thirty years, the TABS and ETABS series of computer programs 
have defined the standard for building analysis and design software, and 
the tradition continues with this latest release of ETABS. ETABS uses 
terminology familiar to the building designer such as columns, beams, 
braces and walls rather than nodes and finite elements. ETABS has long 
been a favorite for the analysis and design of buildings, and whether the 
project is a one story shopping center or the tallest building in the world, 
this latest release offers the comprehensive tools needed to produce 
timely, efficient, and elegant engineering solutions.

Analytical and Design Features

Advance Features

• Enhanced auto floor meshing for semi-rigid floor diaphragm 

• Internal meshing properties for floors, ramps and wall panels

• Copying and pasting assignment patterns across a series of objects

• Different grid system possible for each story

• New drawing and aligning controls for accurate structural geometry

• New options for fast generation of straight and circular ramps

• Generation of reference lines & planes for drafting geometry

• Single click rectangle area creation for drop panels and spread footings

Modeling Features

• Static and Dynamic NonLinear Analysis

• Simplified shear wall design for uniformly distributed reinforcement bars

• Auto Iteration Control for design optimization

• Pushover, Modal, Static and Dynamic PDelta Analysis

• Spread footing, strip footing and mat foundation design

• Reinforced concrete, steel and composite design capabilities

• Composite beam and steel joist design of typical floor without analysis of 
whole structure

• Design of deep spandrels spanning more than one story

• Auto breakdown of 3D shear wall for torsional effects in shear design

• Analysis integrated with postprocessing and design

• Automated construction sequence loading

• Applying Wind Without Rigid Diaphragms  Using Cladding Panels

• Introduction of splice story and splice height in story data

• Threshold stress ratio for auto steel & concrete design

• Enhanced vertical load transfer from floors to girders and walls.

© Computers and Structures, Inc.



Truss Models for 
Concrete Member Design

In the previous issue of  Civil Computing, we dis-
cussed the application of  strut and tie models 
to determine the force distribution within con-
crete members, in general, and deep members 
in particular. This, the second and last part of  
this article, deals with the determination of  
the reinforcement from the analysis of  strut 
and tie model.

Once the analysis has been carried out, the 
truss member forces should be reviewed to 
separate the members in compression and in 
tension.  It is obvious that we need to provide 
some kind of  reinforcement along the direc-
tion of  tension members, and check concrete 
stresses across the compression member axis. 
Assuming that the reinforcement is in the form 
of  rebars having a yield strength of  fy, the area 
of  required reinforcement is simply:

 

Where F is the force in the tie and the factor of  
safety (FOS) is determined from the governing 
code.  For ACI-318-02 or codes similar to ACI, 
the equation becomes;

 

For BS and similar codes, the equation takes 
the form;

This reinforcement should then be converted 
to appropriate rebars and placed more or less 
along the tension member axis and distributed 
uniformly around it, in such a way that the 
centroid or reinforcement area coincides with 
the tie centerline.

For compression members or the struts, the 
compressive stresses need to be computed and 
checked against allowable stress in concrete. 
This is not as straight forward as it seems.  
First, we do not know the exact area of  the 
compressive stress zone. Second, this area 
varies along the strut length, the smaller area 
being near the joints or load points or sup-
ports.  The stress, therefore, would be most 
critical near the joints.  The third problem is 
the reduction of  strut capacity because of  slen-
derness effects arising from strut length.  The 
evaluation of  slenderness effects or buckling 
of  struts is complicated due to the fact that 
the strut cross-section varies along the length 
and the boundary conditions at the strut ends 
are difficult to determine.

For pile caps or other 3D (solid like) members, 
the struts are typically inside the concrete 
volume and are less likely to buckle.  It may 
therefore be reasonably safe to assume a con-
stant strut area, determined near the joint and 
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used for checking the axial capacity. 

For walls, beams and similar members where 
the compressive stress distribution can be as-
sumed to be nearly uniform across the thick-
ness and only varying within the plane of  the 
member, the problem of  strut bucking as well 
as strut splitting due to secondary tension may 
need to be considered.  In such cases, the strut 
may be designed as a column with a constant 
cross-section.  The cross-section is bounded 
by the thickness on one side and can be de-
termined by using the available area near the 
joint.  The effective length factor across walls 
and thick beams may be assumed as 1.0, as is 
the case for pin ended columns. 

If  the actual force in the strut is less than the 
capacity of  this column, then the splitting of  
concrete is unlikely.  However, the capacity, as 
well as the ductility of  the strut, can be greatly 
improved by confining the concrete within the 
assumed cross-section by providing stirrups 
or ties perpendicular to the strut axis.  The 
nominal strength of  the strut, when kl/2 is 
less than 40, can be estimated as;

Where φ is 0.70 or 0.65 depending on the tie 
reinforcement across the strut axis.  The cor-
responding equation for BS-8110-97 is  

L B
1
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Section  1-1

B
t

Beam  Elevation

2

2

W1

W2
L

Section  2-2Pile  Cap  3D View

Figure 1: Orientation and section view of the struts formed in 2 and 3 dimensional members

The Joint Regions
The stress state in the zone where two or more 
struts or ties connect or originate is very dif-
ficult to determine or even to estimate.  The 
joint regions can be at primarily three types;

CT Joint

CC Jo int

C C
T

Figure 2: Possible strut and tie formation in a concrete beam with CC and CT joints 

a) The CC joint where all members are 
in compression

b) The CT joint where some members 
are in compression some in tension

c) The TT joint where all members are 
in tension.
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Serviceability Concerns
The strut and tie model relies on the as-
sumption that concrete takes no tension or 
in other words, concrete in tension will crack 
and hence will become ineffective. This may 
be a safe assumption as far as the determina-
tion of  lower bound solution on stability and 
strength capacity is concerned, it may lead to 
undesirable crack width and crack spacing in 
concrete.  The cracking in concrete can be 
controlled somewhat by limiting the stress in 
rebar in such a way that the tensile stress in the 
transformed section of  the tie, including the 
concrete around the tie reinforcement, is kept 
near to the modulus of  rupture of  concrete 
at service load conditions.  Determination of  
the size of  concrete section for stress com-
putations can be based on the crack width 
calculation procedure specified by ACI and by 
other design codes.

The stresses determined in this manner are 
actually consistent with the elastic analysis that 
is carried out to determine the strut and tie 
forces. Controlling the stress in transformed 
sections this way may require more reinforce-
ment than would be required for resisting the 
tension force at the ultimate stage.  Judgment 
is therefore needed to apply this approach.  We 
should remember that the cracking in concrete 
in tension zones is unavoidable in most rein-
forced concrete flexural members.

The forces used for determining the reinforce-
ment and for checking capacity of  compres-
sion struts should be based on the ultimate or 
the factored load combinations. 

The American Concrete Institute (ACI) has 
recently published a document giving guide-
lines for the use of  strut and tie method for 
the design of  concrete members and should 
be used as a reference.
As concluding remarks, I must emphasize that 
the strut and tie approach is a rather intuitive 
tool and should be used with clear under-
standing and special consideration should be 
given to determine the strut and tie layout 
that corresponds closely to the elastic stress 
path/distribution to minimize problems due 
to cracking and stress redistribution.

If  a joint is of  a well-defined geometry and 
all dimensions are known, then the strut-tie 
forces can be applied to the joint region and 
the stress state determined from the interaction 
of  tension, compression stress, using tools like 
Mohr’s circle, for wall and beam type mem-
bers, and by using a tri-axial stress interaction 
for space trusses in pile caps, etc.  Simplified 
procedures have, however, been developed for 
design of  specific joint configurations [1].

b 1

b2

s

s

Figure 4: Spacing of rebars within a strut  

For CC joints, if  the stresses at the faces of  
joint zones have been checked and are well 
within the compressive capacity of  concrete, 
then the stresses within the joint are unlikely 
to be of  concern. However, the principle ten-
sion in such cases may need to be checked 
against modules at rupture.  For CT joints the 
anchorage of  tension reinforcement terminat-
ing at the joint is of  primary concern.  The 
anchorage or development of  rebars should 
be ensured within the joint zone.  If  the joint 
zone is not large enough to develop the bars 
then mechanical anchorage may need to be 
provided, as shown in Figure 3.

Figure 3: Anchorage of Ties and Reinforcement at a Joint
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How to Use Strut and Tie Model

• Draw the beams and loads in proper scale
• Draw primary struts and ties
 – Strut angles between 35 to 50 degrees
 – Each strut must be tied by “ties”
 – The strut and ties model must be stable and determinate
• Assume dimensions of  struts and ties
 – Not critical for determinate trusses.  
 – Any reasonable sizes may be used
• Make truss model in any software and analyze
• Design truss members
 – Design rebars for tension members
 – Check capacity of  concrete compression members

How to Construct Truss Models

• For the purpose of  analysis, assume the main truss layout based on beam 
depth and length

• Estimated initial member sizes as t x 2t for main axial members and t x t for 
diagonal members

• Use frame elements to model the truss;  it is  not necessary to use truss ele-
ments

• Generally single diagonal is sufficient for modeling but double diagonal 
may be used for easier interpretation of  results

• The floor beams and slabs can be connected directly to truss elements 
• Elastic analysis may be used to estimate truss layout

Iterative Method for Truss Layout

• The truss layout can be found by using a simple 2D truss analysis
• Draw trial truss using all possible strut tie members
• Determine forces in the truss system
• Remove the members with small or no forces and repeat
• Continue until the truss becomes unstable 

Correct and Incorrect Trusses 
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including 3,000 civil engineering enrollments, the 
institute produces approximately 30% of  the to-
tal civil engineers in the Philippines. ACECOMS 
held an event titled “Computations in Civil En-
gineering” on May 23, 2005. This is the first time 
that ACECOMS has conducted a training at the 
Mapua Institute. Over 120 students, faculty and 
practicing engineering were presentAngeles 

The past few months have been very fruitful in developing new collaborations and strengthening 
existing ones with the academic institutions of  the region. Resource persons from ACECOMS visited 
six countries and over 10 institutions in the past five months. The following are the highlights from 
these events.

Philippines 
Association of Structural Engineers 
Philippines

The Association of  Structural Engineers Philip-
pines (ASEP) has been an institution that has al-
ways supported and complimented the efforts of  
ACECOMS in imparting professional training to 
practicing engineers in the region. ASEP recently 
organized the 11th ASEP International Conven-
tion (11th AIC) at the Manila Pavilion Hotel, Er-
mita, Manila, Philippines on May 20-21, 2005. Dr 
Naveed Anwar attended the event and presented 
a technical paper titled “Integrated Flexural De-
sign for Serviceability Strength and Perform-
ance”. In conjunction with the conference the 
Continuing Professional Development (CPD) 
lecture series was held. A special presentation on 
“Innovative Modeling Techniques” was made 
by Dr Naveed Anwar. The presentation focused 
on the effective and efficient use of  the latest 
modeling tools for realistic modeling of  special 
structural components. The event was attended 
by over 400 engineers. 

Mapua Institute of Technology 

Mapua Institute of  Technology, (or MIT as it 
is called by the locals) is one of  the oldest and 
the largest engineering institutes of  Philippines. 
With a total enrollment of  over 10,000 students 

University Foundation (AUF) 

With the President (Ricardo P Pama), the Dean 
of  Engineering (Dr Austriaco), and the Head of  
the Civil Engineering Department (Dr Austriaco) 
of  the University as alumni of  the Asian Institute 
of  Technology, the collaboration between AUF 
and ACECOMS can only grow stronger. ACE-
COMS conducted a regional seminar on Civil 
Engineering Computations at AUF on May 19, 
2005. The seminar was a success with over 65 
attendees from the civil engineering profession. 
Other events are scheduled for the upcoming 
months. 

Pakistan
The recent visit of  Dr. Naveed Anwar to Paki-
stan’s major engineering universities has strength-
ened the mutual collaboration. The visit was a 
marathon event in which the speaker conducted 
three seminars in three different cities in as many 
days. These were conducted in the universities 
of  engineering and technology (or UET’s as they 
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a major success. The event was held on April 6, 
2005 and was attended by over 50 participants. 

University of Engineering and  
Technology, Peshawar

The Vice Chancellor of  UET, Peshawar, Profes-
sor Gilani’s, recent visit to AIT paved the way 
to new collaboration between AIT and this es-
teemed institution. To this end ACECOMS or-
ganized a training session on “Computer Aided 
Analysis and Design of  RC Build-
ings” on April 7, 2005. The event 
was attended by over 120 partici-
pants who showed zeal to learn. 
Professor Gilani himself  being an 
alumnus of  AIT was very enthusi-
astic to see that this collaboration 
extends to new boundaries. Other 
event are being planned and will 
be held at UET, Peshawar in the 
coming months. 

Malaysia 
University of Malaysia, 
Sarawak (UNIMAS)

are called locally) which are the backbone of  the 
engineering education system in Pakistan. ACE-
COMS recent visit to these institutions not only 
strengthens the existing ties but also opens new 
areas where technical expertise can be shared. 

University of Engineering and 
Technology, Lahore

The UET, Lahore, (located in the Mughulpura 
district of  Lahore and thus called the MIT, La-
hore) is one of  the most prestigious and the old-
est engineering institutions of  the county. The 
quality of  engineering and scientific education, 
subsidized fees and the academic environment 
make UET the top choice for students who are 
seeking careers in engineering and related fields. 
The university is engaged in a constant effort to 
update its curricula and raise its standards even 
higher. To this end a seminar on the “Computer 
Aided Analysis and Design of  Structures” was 
held at the institution on April 5, 2005. Over 45 
people from civil engineering attended the event. 
Ironically, Dr. Naveed Anwar, the resource per-
son for the seminar is an UET alumnus while Dr. 
Akram Tahir, the key organizer on UET’s behalf  
is an AIT alumnus. It’s a small world after all.

University of Engineering and 
Technology, Taxila 

The history of  learning at Taxila goes back to 
ancient times. It was once center for learning 

philosophy, arts, re-
ligion and culture 
in great Ghandara 
civilization. It is in 
this region that the 
Gandhara civiliza-
tion emerged and 
became the cradle 

of  Buddhism. It was from here that Buddhism 
spread towards east as far away as Japan and Ko-
rea. Taxila is the abode of  many splendid Bud-
dhist establishments. Taxila, the main centre of  
Gandhara, is over 3,000 years old. During the 
year 2 BC, Buddhism was adopted as the state 
religion, which flourished and prevailed for over 
1,000 years. 

The learning tradition at Taxila continues. The 
recent seminar held at Taxila titled “Computer 
Aided Analysis and Design of  Structures” was 

Borneo is one of  the remotest islands in Malay-
sia, so much so that even the Malay need a visa 
to visit this part of  the country. But knowledge 
has no boundaries. The University of  Malaysia, 
Sarawak Branch, in collaboration with ACE-
COMS organized a seminar on “Finite Element 
Analysis and Design of  RC Buildings” on May 
25-26, 2005. This was the first visit by ACE-
COMS to this part of  Malaysia. The event was 
attended by over 50 engineers. The new campus 
of  the University at the island is under construc-
tion and not only blends well with the environ-
ment but also houses excellent facilities for ad-
vance learning. 

Laos 
An extensive training on the 
“Modeling, Analysis and De-
sign of  Bridges” was conducted 
in Vientiane, Laos, from May 
10-13, 2005. The seminar cum 
workshop was organized jointly 
by ACECOMS and Lao-German 
Construction Company. Over 25 
bridge engineers from all over the 
country attended the event. 
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SAP2000
Finite Element Analysis and Design Program for Structural Engineering

®

MAIN FEATURES IN VERSION 8

SAP2000 represents the state-of-the-art in 3D finite element technology for 
structural engineering. SAP2000 is completely integrated within Windows 
95/98/NT/2000/XP, and offers an easy-to-use graphical interface along with 
the latest developments in analytical techniques.

Object Based GUI  
Modeling Features

Analytical Features

Design Features

Miscellaneous Features

Analysis Options

• New Physical Object Based Modeling 

Environment

• User Controlled Object Based Internal 

Meshing

• Property Assignment During OnScreen 

Object Creation

• 3D Rendering and Flythrough Views

• Strength and Drift Controlled 
Optimization for Steel Design 

• Shell Element Concrete Design

• Various New Design Codes for Steel, 
Concrete and Aluminium Design

• Response Spectrum 

• Modal Analysis

• PDelta Analysis

• Pushover Analysis

• Dynamic Time History Analysis

• Moving Load Analysis

• Many more ...

• NonLinear Dynamic Direct Integration 
Time History Analysis

• Stiffness and Mass Damping

• Bucking and Steady State Analysis

• Frame Hinges for Both Static and 
Dynamic Nonlinear Analysis

• Automated Joint Panel Zone 
Deformations

• Frame and Shell Property Modifiers for 
Cracking

• Automatic Multiple Run Batch 
Capability

• Stress and Force Integration Across 
Section Cuts

• Frame ElementJoint Partial Fixity

• Integrated Generation of Arbitrary Steel 
and Concrete Sections

• Parametric Shape Generation

• 3D Axial Force and Biaxial Interaction 
Diagrams

• Moment Curvature Relationships

• Generation of Analysis and Design 
Customizable Report 

• Output to MSWord, Internet Explorer, 
Text Editor and Printer

• Information Filtering and Sorting
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Trainings 
Seminars

* This is a tentative program and may change. 
For updates on the traning schedule please visit our website: www.acecoms.ait.ac.th

Design, Construction and Maintenance of Electricity & Telecommunication Towers
Venue: AIT, Thailand
Co-Organizer: ACECOMS
Date: 5-9 September 2005 

Computer Aided Analysis and Design of Water Retaining RC Structure 
Venue: University of  Moratuwa, Sri Lanka  
Co-Organizer: ACECOMS, Society of  Structural Engineers (SSE) and University of  Moratuwa 
Date: 20-23 September 2005

ConPrime3: Modeling, Analysis & Design of Bridge Structures 
Venue: AIT, Thailand  
Co-Organizer: ACECOMS 
Date: 8-16 November 2005

Modeling, Analysis & Design of Building Structures 
Venue: Nortton University, Phnom Penh, Cambodia  
Co-Organizer: ACECOMS 
Date: 2-3 August 2005

Modeling, Analysis & Design of Bridge Structures 
Venue: Build Bright University, Phnom Penh, Cambodia  
Co-Organizer: ACECOMS 
Date: 4-5 August 2005



Seismic Evaluation of Buildings 
Simplified Modal Pushover Analysis

A Practical Approach to Improve Public Safety

Introduction
Two common requirements related to the seismic 
design of  structures are, firstly, the design of  new 
buildings to include the earthquake effects and 
secondly, structural evaluation of  existing buildings. 
An existing building may or not may not have 
been designed for earthquake-resistance. There are 
several reasons for evaluating of  existing buildings, 
typically:
 • For a building which was not designed explicitly 
for earthquake-resistance and now the client and/
or the occupants would like to know the seismic 
resistant status of  the building.
 • New regulations requiring seismic evaluation is 
being enforced by local building authorities. Such 
regulations are implemented for various reasons, 
most commonly to assess the potential seismic 
risk and hazard of  a city or a country so that timely 
measures can be taken to improve public safety.
 • To investigate the causes and level of  damages 
caused by an earthquake event and propose 
appropriate remedial measures.
This article is an attempt to provide the general 
concepts, methodology, analysis and design 
procedures required for seismic evaluation of  a 
building with special focus on Simplified Modal 
Pushover Method.

General Objectives of Evaluation
Generally, the main objectives of  such evaluation 
are to address one or more of  the following:

 1) What building components, members, or 
connections have been affected by an earthquake?
 2) What type of  damage has occurred on 
affected components?
 3) What are the overall safety and serviceability 
levels of  the current building system after an 
earthquake?
 4) What are the key properties responsible for 
the performance (damage) of  the building during 
an earthquake?
 5) What immediate or long-term repair, 
strengthening or other remedial measures are 
required?

6) What will be the structural performance of  
the buildings under estimated earthquakes in the 
future?
7) What level of  improvement can be achieved by 
repair or retrofitting? 

Overall Procedure for Evaluation of 
Existing Buildings
An effective evaluation requires care in the planning 
of  the methodology and its implementation. The 
main tasks involved in such investigation include 
site visits, in-situ measurements and tests, analytical 
modeling, design review, performance evaluation 
and recommendation for remedial measures. 
Depending upon the nature of  the structure, the 
seriousness of  the problem, time availability and 
financial considerations, several options may be 
available for each major task. 
The overall methodology for a typical case may 
be presented schematically by the following block 
diagram. 

Figure 1: Overall Methodology for Seismic Evaluation of a Building
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Structural Analysis and Design Review
Several types of  analysis and design procedures for 
earthquake loads are in current practice, ranging 
from highly simplified (such as 2D analysis & 
equivalent static design method) to sophisticated 
ones (full fledge dynamic nonlinear analysis and 
design methods). The selection of  the method 
depends upon various factors. It is a well-accepted 
fact that sophisticated methods though give better 
results but may not be affordable in routine design 
offices because they demand strong theoretical 
background, experienced designers and high speed 
computing tools. Simplified Modal Pushover 
analysis can be considered as an approach which 
the seismic designer or evaluator of  a building can 
easily apply to real problems. 

Modal Pushover Analysis Procedure
Key Concepts
Several researchers have indicated that inelastic 
seismic demand of  the buildings is almost equal 
to elastic demand. This key concept allows using 
simplified elastic pushover analysis method to 
predict inelastic performance of  a building during 
design-level earthquake. Another motivation for 
using this method is that full-fledged nonlinear 
dynamic analysis, considering changes in material 
properties, earthquake demand, soil structure 
interaction, etc., is not affordable in most design 
offices.  

Overall Procedure
The key steps of  the Simplified Modal Pushover 
Analysis can be summarized as follows:

1. Create the 3D Finite Element (FE) model of  the 
building.

2. Refine the FE model to improve the free vibration 
results so that they match closely with the results 
obtained from various field tests (ambient vibration 
methods) carried out in Bangkok. Some of  the 
important refinements are the realistic estimation 
of  building mass, incorporation of  effects of  non-
structural components, soil-structure interaction 
and effective cross-sectional properties of  the 
members.

3. Identify the primary modes of  vibration 
(translational and rotations) required to achieve 
about 80% mass participation.

4. Estimate various lateral pattern loads that 
when applied to the building produce  lateral 
deformations which are  as close as possible to the 
individual mode shapes of  the building

5. Based on the seismic hazard assessment results 
estimate top displacement of  the building (using 
response spectrum curves).

6. Scale up or down the lateral pattern loads  used 
in step 4 in proportion to the top displacement 
demand obtained from step 5.

7. Compute the story shear, overturning moment 
and corresponding member actions (M,V, P) due 
to individual lateral loads. 

8. Combine the results of  each mode along each 
principle direction using SRSS  method.

9. Combine the earthquake loads obtained from 
step 8 with other loads applied to the building using 
code based combination factors (ACI or IBC). 

Figure 2: Sample Structure and Mode Shapes
(T1 = 0.90 sec, T2 = 0.30 sec, T3 = 0.20 sec)

Figure 3: Modal Pattern Loads (Modal Pushing Forces) and SRSS

Figure 4: Modal Story Shear and SRSS

Figure 5: Modal Overturning Moment and SRSS
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Assessment of Seismic Demand
Based on seismic hazard analysis considering 
the geology, soil condition and seismicity of  a 
location, earthquake intensities are specified for 
design. For design purposes, earthquake effects are 
generally presented as a spectral response spectrum, 
spectral velocity or spectral displacement curves 
(dependent on each other). The design acceleration 
and corresponding displacement demand can be 
obtained for each participating mode from these 
curves. Figures 6 and 7 show sample spectral 
acceleration and displacement curves for 500 year 
and 50 year return period earthquakes proposed 
for Bangkok city. 

Evaluation of Dynamic Properties-
Field Measurement of Natural Vibration 
Time period and shape modes are the two most 
important dynamic properties of  buildings. These 
are the prerequisite parameters for the analysis 
and design of  buildings for random types of  loads 
like wind and earthquake. These properties can be 
computed both analytically and experimentally. The 
reliability of  values obtained from analysis can be 
cross checked and improved by site measurements. 
Electronic sensors (velocity sensor) are a popular 
tool for the in-situ measurement of  dynamic 
properties. 

Figure 6: Sample Spectral Acceleration RS Curve to Estimate 
Earthquake Demand 

Figure 7: Sample Displacement RS Curve to Estimate Earthquake 
Demand 

PRA = 0.043g

A1/g A1 D1 Gamma1 Top Disp.

0.09 0.86 0.23 1.70 0.39

0.06 0.62 0.25 1.70 0.43

 -  -  -  -  -

0.40 3.95 0.09 -1.20 -0.11

0.32 3.13 0.11 -1.20 -0.13

 -  -  -  -  -

0.16 1.59 0.01 0.80 0.01

0.17 1.62 0.01 0.70 0.01

 -  -  -  -  -

Sr Mode Period Freq(HZ)

No No Sec Measured Computed

1 X-Trans -1 3.30 0.31 0.32

2 Y-Trans -1 4.20 0.25 0.26

3 Torsion -1 2.40 0.43 0.43

4 X-Trans -2 1.05 1.05 1.07

5 Y-Trans -2 1.25 0.86 0.87

6 Torsion -2 0.85 1.27 1.31

7 X-Trans -3 0.62 1.8 1.83

8 Y-Trans -3 0.63 1.7 1.75

9 Torsion -3 0.53 2.22 2.28

PRA =0.075g
A1/g A1 D1 Gamma1 Top Disp.

0.14 1.35 0.36 1.70 0.61

0.10 0.98 0.40 1.70 0.68

 -  -  -  -  -

0.63 6.22 0.14 -1.20 -0.17

0.50 4.93 0.17 -1.20 -0.20

 -  -  -  -  -

0.45 4.39 0.03 0.80 0.03

0.46 4.48 0.04 0.70 0.03

-  -  -  -  -

PRA = 0.019g

A1/g A1 D1 Gamma1 Top Disp.

0.04 0.39 0.10 1.70  0.18

0.03 0.29 0.12 1.70 0.20

 -  -  -  -  -

0.19 1.82 0.04 -1.20 -0.05

0.15 1.44 0.05 -1.20 -0.06

 -  -  -  -  -

0.16 1.59 0.01 0.80 0.01

0.17 1.62 0.01 0.70 0.01

 -  -  -  -  -

Table 1: Computing Displacement Demand (m) – A Example 
of a 54 Story RC Building
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Key Dynamic Properties of over 50 
Buildings in Bangkok
The following graph shows the plot of  the time 
periods of  buildings of  various heights obtained 
from the field measurements. This plot can be 
used to estimate or check the time period of  the 
buildings. This is useful for improving the computer 
model. Using this curve, we can quick estimate the 
time period of  a 30 story building of  108m height 
= 2 seconds (=108/54)

Improvement/Calibration of Computer 
Model with Field Measurements
It is a rare coincidence that the shapes and 
frequencies of  the primary modes of  natural 
vibration of  the building obtained from the field 
tests matches those obtained from the finite element 
method. Several refinements are necessary as 
mentioned above in point 2 of  “Overall Procedure” 
.  There are no standard rules regarding refinement. 
However, some useful guidelines are available in 
FEMA and ATC publications (see references).

Design Adequacy Checks
Once the design actions (M, V, P, Reaction) are 
obtained, the remaining procedure is similar to the 
design of  buildings for normal load combinations. 
Code-recommended load combinations can be 
used. For convenience it is highly desirable that 
the demand/capacity (D/C) ratios are reported 
for each structural component. The nonstructural 
components must be able to withstand the design 
level of  deformation (drift, torsion) without any 
instability failures.

Explanation of Damages Caused by Past 
Earthquakes
If  code-recommended response methods are used 
in combination with computer aided analysis and 
design, most of  the software report the final SRSS 
values which generally includes the contribution of  
several modes (typically 3-4 modes in each primary 
direction). In this case, there may be no easy way to 
get the contribution of  each modes. However, if  
the simplified modal pushover analysis is used, the 
structure analyzed for each individual modal load 
patterns separately, the effects of  each mode can 
be checked separately. This allows the designer to 
identify the mode which might have caused damage 
on the structure.

Figure 8: Fourier Spectrum of a 54 Story RC Building Based on Field Test
For details on site measurement of the dynamic properties of a building, please refer Civil 

Computing, September 2003 – March 2004 [Same authors].

Graph 1:  Statistics of First Mode Time Period of RC 
Buildings in Bangkok City 

Computer Method for Natural Vibration 
Analysis
A full 3D finite element model is used for the 
dynamic analysis of  a building. The same model 
can be used to check the strength and serviceability 
requirements for all applicable loads including 
earthquake and wind loads. In a typical design case, 
the beams and columns are modeled using Beam 
elements, whereas the slab and RC walls are modeled 
as Plate/shell elements. The mass and weight of  the 
nonstructural components and attachments have 
to be taken into account. Area soil springs based 
on modulus of  sub-grade reaction of  foundation 
soil are applied on the basement wall. The piles 
have to be represented by equivalent vertical and 
lateral springs based on pile load tests. Linear static 
analysis is carried out as first step. Based on the 
results of  linear static analysis, nonlinear analysis 
may be carried out at a later stage. The properties 
measured at site must be verified and correlated to 
the analytical results.
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GEAR 2003
Gear 2003 is an integrated set of 
easy to use programs for assist
ing civil and structural engineers 
in their routine design work, 
providing quick solutions. 

General Tools
 Unit Converter     50
 Engineering Constants    50
 Dead Load Reference    50
 Factored Loads     60
 Load Combinations    80

Geometric Properties
 Triangle Solver     70
 Circle Solver     70
 Polygon Solver     70
 Property Calculator    70

RC Utilities
  Rebar Calculator     90
 KFactor Calculator    90
 Moment Magnifier     100

RC Members
 Beam Section Designer    150
 Column Section Designer    200
 TwoWay Slab Designer    200
 Flat Slab Designer     250

Steel Members
 Strut Designer     170
 Beam Designer     170
 Column Designer     170

Foundations
 IsoFooting Designer    170
 Pilecap Designer     160
 Combined Footing Designer   250

Geotech Tools
 Footing Capacity Calculator    100

 Static Pile Capacity Calculator   100
 Driven Pile Designer    90

GEAR 2003 Full Package     2,300

BATS 2001
BATS 2001 is a building analysis and 
design software for modeling in 3D. 

   

 New License     500
 Upgrade from BATS 2000    100

GRASP
An easy to use software for fully 
graphical modeling and analysis of 
frames and structures.

 Full Version     400

STRAND7
Fully integrated visual environment, 
combined with powerful solves gives 
an unparallel functionality to this gen
eral purpose FEA software.
 

 Full Version     4,800

SYSDesigner
Software for design of hotrolled 
steel members based on AISC/ASD 
code and SiamYamato (Thai) Steel 
Sections.

 Full Version     300

Order
Form

Software

All prices are in US$ Payment can also be made in equivalent 
Thai Baht (All taxes included).
ACECOMS members get a 20% discount on all publications 
and GEAR2003 software.

Order Form
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PROKON
A comprehensive software for 
structural analysis, steel design, 
RC design and geotechnical en
gineering problems.

Structural Analysis
 Frame Analysis     336
 + 3D addon      240
 + Finite Element addon     336
 + Second Order and buckling addon    288

 + Non linear Analysis addon     192

 + Dynamic Analysis addon     192

 All of the above modules                  1440
 Plane Stress/Strain Analysis    159
 Single Span/Cantilever Beam   96
 Beam on Elastic Support Analysis   159

Steel Member Design
 Member Design for Axial Stress   168
 Member Design for     
 Combined Stress     168
 Plastic frame Analysis & Design   159
  Crane Gantry Grider Design   159
 Plate Girder Design    159

Steel Connection Design
 Base Plate Design     159
 Beam Column Connection    159
 Apex Connection Design    159
  Hollow Section Connection    159
 Bolt Group Design    159
 Weld Group Design    159
 Double Angle Cleat Connection   159
 Fin Plate Connection     159
 End Plate Connection     159 

Masonary Design
 Masonry Section Design    159
 Masonry Wall Design    159

Concrete Design  
 Continuous beam/slab Design   528
 Captain: Prestressed Slab    624
 Finite Element Slab Design    336
  Rectangular Slab Panel Design   159
 Rectangular Column Design   159
 Circulat Column Design    159
 General Column Design     288
 Concrete Retaining Wall Design   159
 Concrete Base Design    159
 Section Design for Crack Width   120
 Concrete Section Design    120
 Punching Shear Design    120

Timber Design
 Timber Member Design    159

General Application
 Section Properties Calculation   159
 Wind Pressure Analysis    72
 Gutter Size Design 

Order Form

CAD and Detailing
 Padds: Parametric Drawing and    
 Detailing System     576
 Bending Schedule batch Printing Free with Padds
 Drawing Issue Database    159

Geo-Technical Analysis
 Generalized Slope Analysis    336
 Gen. NonCircular Slip Analysis   336
 Tetrahedral Wedge Analysis    480
  Planar Frame in Rock Slopes    240
 B. C. of Shallow Foundations   240
 Shear Strength of Jointed     
 Rock Masses     144
 Shear Strength of Rough     
 Joints in Rocks     144

PROKON Full Package    10,488

SAP2000
StateoftheArt Finite Element 
Analysis technology for Structural 
Engineers. SAP2000 supports an in
tuitive and versatile user interface, 
powered by an unmatched analysis 
engine and design tools. 

 SAP2000 Basic                                2,000
 SAP2000 Plus     5,000
 SAP2000 Advance d    8,000
 SAP2000 Reserch (for Universities    2,000  
 10 users network licenses)    

ETABS
Integrated building analysis and de
sign software. ETABS has been rec
ognized as the industry standard 
for building analysis and design.  

 ETABS Plus     4,500
 ETABS Nonlinear     6,500
 ETABS Reserch (for Universities    2,000  
 10 users network licenses)    

SAFE
Integrated design of flat slabs, 
foundation mats and spread foot
ings.The software can analyze and 
design slabs or mats of arbitrary 
shape and varying thickness, drop 
panels, openings, edge beams and 
discontinuities.   

 SAFE Standard Version     3,000
 SAFE Standard with Detailer    5,000
 SAFE Reserch Version       1,000
 (for Universities 10 users network licenses)  
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Workshop  
Notes
WN A-General Topics

Introduction to Modeling and Analysis  
of Structures        15
Computer Applications in Structural Engineering   10
Integrated Approach to Concrete Design    15
Introduction to Computer Programming     15

WN B-Structures and Structural Systems
Modeling Analysis and Design of Buildings   20
Modeling Analysis and Design of Bridges     30
Behavior and Analysis of Floor Slab Systems   10
Introduction to Bridge Systems     10
Introduction to Building Systems      10
Floor Slab System Selection and    
Preliminary Design       10
Cost Sensitive Design of Industrial Floors    10
Systems, Analysis and Design of    
Residential Houses      20

WN C-Structural Analysis
Introduction and Application of Finite    
Element Analysis       20
Introduction to Seismic Analysis      10
Modeling and Analysis of Buildings Using BATS   10
Modeling of Structures in 2D      10
Introduction to Nonlinear and    
Dynamic Analysis      15
Modeling and Analysis of Box Girder Bridges   15
Moving Load Analysis in SAP2000     10

WN D-Concrete Design
Modeling, Analysis, Design and Detailing    
of Deep Beams       10
Modeling, Analysis, Design and Detailing    
of Shear Walls        10
Design of Columns and Bridge Piers     10
Design of Reinforced Concrete Beams    10
Retrofitting and Strengthening of    
Concrete Members       10
Applications of the Strut and Tie Model    10

WN E-Steel Design
Design of Steel Beams       10
Design of Steel Columns      10
Design of Strut and Ties       10

WN F-Foundation Design
Modeling, Analysis, Design and Detailing    
of Mat Foundations       15
Modeling, Analysis, Design and Detailing    
of Pile Caps        10
Modeling, Analysis, Design and Detailing    
of Isolated Footings       10
Modeling, Analysis, Design and Detailing    
of Combined Footings       10

GEAR 2003, and BATS are the products and trade-
mark of ACECOMS, Thailand

ETABS, SAP2000, SAFE, CSiCOL and CSISection-
Builder are products and trademark of Computers 

and Structures Inc., USA

PROKON is a product and trademark of PROKON 
Software Consultants, United Kingdom

STRAND is a product and trademark of Strand7 
Pty Ltd., Australia

GRASP is a product and trademark of Superior Soft-
ware Solutions, USA

CSiCOL
Software for the design of simple 
and complex reinforced con
crete columns. The design of 
long and short columns of any 
concrete, reinforced concrete 
and composite column can be 
carried out by the software. 

 CSiCOL Full Version    1,100
 CSiCOL Reserch  (for Universities    
 10 users network licenses)    500

CSISectionBuilder
Software for the analysis and 
design of concrete, reinforced 
concrete, steel and composite 
sections. 

 Standard Version     500
 Reserch Version  (for Universities    
 10 users network licenses)    500

Publications

Order Form
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Professional Structural 
Engineering Software
Various Structural Engineering software are available at ACECOMS 
to comply to your needs. These software vary from simple unit 
converter modules to highly sophisticated and integrated stateof
theart structural engineering application.

GEAR2003
Integrated set of Programs for Assisting Routine Design Work

STRAND7
Sophisticated Finite Element Modeling and Analysis Software

PROKON
Structural Analysis, Design and Geotechnical Engineering

SAP2000
Stateoftheart 3D Finite Element Technology for 
Structural Engineering

ETABS
Integrated Building Analysis and Design Software

SAFE
Integrated Design of Concrete Slabs and Basemats

CSISectionBuilder
Analysis and Design of Steel, Concrete and Composite 
Sections

BATS2001
Software for Modeling and Analysis of Building in 3D

GRASP
Rapid Graphical Modeling and Analysis of Structural in 2D

CSICol
Design of Simple and Complex Reinforced Concrete 
Columns

Asian Center for Engineering Computation and Software (ACECOMS)

School of Civil Engineering, Asian Institute of  Technology (AIT),
P.O. Box 4, Klongluang, Pathumthani 12120 Thailand.              .
Tel: (662) 524 5539, (662) 524 6416 Fax: (662) 524 6059, (662) 524 5539 ext 105
Email: acecoms@ait.ac.th Web: www.acecoms.ait.ac.th


