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Editorial

Frustrations of  earthquake engineering

Earthquake engineering, like most professions probably, 
has its share of  frustrations. They are experienced by both 
us practitioners and those with whom we have 
professional contact. Most stem from the fact that the 
natural hazard we design against is so infrequent. If  a code 
design load is based on an earthquake with a return period 
of  about 500 years, the probability of  a building 
experiencing the design earthquake is about 10%. This 
assumes a building design life of  50 years. The chances are 
that our design input will never be put to the test!

Our designs may not be tested during our life times. This 
means all our efforts intended to achieve buildings that do 
not collapse nor are too badly damaged in a moderate to 
large quake will not be appreciated. Neither will we benefit 
from feedback enabling us to modify or improve our 
approaches. 

Given we are designing for such an unlikely event, we can 
therefore be perceived as prophets of  doom. Although 
considered by some as pessimists, given our 
preoccupation with such a rare occurrence, we maintain 
that we are merely realistic. We hold to a view of  
earthquake occurrence based upon the best information 
seismologists and leading engineering professionals can 
provide. 

Sometimes our work is even viewed as unnecessary, 
particularly in the rapidly expanding field of  retrofitting. 
Building owners of  substandard buildings are quick to 
argue that because their, say, 100 year old building has 
survived earthquakes to this day it is quite safe. They don't 

realize how lucky they are that the design earthquake hasn't 
yet struck. They don't appreciate the fact that some of  the 
collapsed buildings, killing tens of  thousands of  people 
during the 2000 Bam earthquake, Iran, were over two 
thousand years old. Building age is no guarantee of  seismic 
safety.

Another frustration arises from being perceived as being 
negative. Many structural engineers have had the 
experience of  studying an architect's schematic structural 
design and then saying “No, I'm afraid the proposed 
structure is inadequate. You need a seismic resistant 
structural system in such and such direction.” Even though 
we might quickly offer constructive suggestions as to how 
to provide adequate seismic resistance, we have had to 
bring bad news. Sometimes this entails considerable re-
work. 

Contractors' attitudes and practices can also be a source of  
frustration. Many seismic details are unpopular. Take, for 
example, horizontal shear steel in reinforced concrete 
beam-column joints, or the need for 135 degree hooks on 
beam and column ties. Contractors question our insistence 
upon the necessity of  these and other 'inconvenient' details 
and can accuse us of  being impractical and unreasonable. 

It's not much fun being misunderstood, but we have to 
stand up for what we know is true and make it more widely 
known. The property owner needs to be acquainted with 
the details of  the seismicity of  his or her city. Likewise the 
architect needs to be informed that buildings require 
adequate seismic resistance in both orthogonal directions, 
and contractors need to be given explanations as to the 
reasons behind our apparently 'picky' technical 
requirements. 

Education is the key. We may have to dust off  various 
publications, or more likely use Google to access 
information to help get our message across. We will need to 
refer to those seismic studies of  our country that illustrate 
levels of  seismic hazard, or to reconnaissance reports 
outlining the reasons behind earthquake collapsed 
buildings. We might show contractors photos of  columns 
damaged because of  poorly detailed reinforcing steel. 
Education reduces frustration levels all-round. A good 
goal for 2007?
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This is a two-storey reinforced concrete masonry (RCM) 

podium upon which two hotel tower blocks will be 

constructed. The hotel structures, up to seven storeys 

high, consist of  steel beams and columns supporting steel 

tray decking and insitu concrete. Seismic and wind loads 

are resisted in both orthogonal directions by eccentrically 

braced frames. Large shear forces and overturning 

moments are transferred through the podium to the 

foundations. 

RCM walls are constructed with hollow concrete blocks, 

reinforced by horizontal and vertical reinforcement and 

then completely filled with high slump concrete grout. 

They resist most lateral loads, however in some areas of  

the building where the forces are so high and the available 

wall length limited, the designers have substituted lengths 

of  stronger reinforced concrete walls. Part of  one such 

length can be seen in the middle of  Fig. 1 just to the right 

of  the precast flooring.     

Column ties are spaced at 200 mm centres. Pairs of  ties 

ensure that each longitudinal bar is prevented from 

buckling by tie legs. In the event of  large compression 

forces causing the cover concrete to spall off  end columns, 

the vertical steel will still be able to carry compression. 

Since these columns are fully integrated within the walls 

they do not experience any bending under lateral loads, 

only axial forces. This accounts for their rather lightly 

reinforced sections and lack of  heavy confining steel. 

Virtual Site Visit No. 7. Reinforced concrete masonry podium structure, 
Wellington, New Zealand.

Columns are required at the ends of  RCM walls to resist 

compression and tension forces arising from gravity and 

seismic loads (Fig. 2). They are strongly tied to the RCM 

walls by 20 mm horizontal bars at 400 mm spacing that are 

well anchored into the column by 90 degree bends (Fig. 3). 

This horizontal steel, continuous along the wall length 

also functions as wall shear reinforcing.

Fig. 1.  View of  site showing some of  the reinforced masonry walls 
and the gravity frame structure.

Fig. 2.  Reinforced concrete masonry wall to be integrated with RC 
columns.

Fig. 3.  Detail of  end column and the horizontal bars 
making column and wall monolithic.
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Summary of  “Building Codes for 
Earthen Buildings in Seismic Areas: 
The Peruvian Experience” by J. 
Vargas, M. Blondet and N. Tarque; 
Proceedings of  the 8th U. S. National 
Conference on Earthquake Engineering, 
April 18-22, 2006, San Francisco, California, 
USA.

Every time a strong earthquake occurs in areas where 
building with earth is common, there is widespread 
damage, economic loss and human casualties, caused by 
the collapse of  vulnerable earthen houses. In some cases, 
as in Peru, the academic and professional communities 
have reacted against this dreadful situation by conducting 
research to find adequate seismic reinforcement 
alternatives for earthen buildings, and the resulting 
solutions have been implemented in a building code. 

This paper presents the effects of  earthquakes on earthen 
dwellings and the technical solutions for seismic 
reinforcement developed at the Catholic University of  
Peru. The Peruvian Adobe Code is then briefly described, 
with critical comments on some design considerations. 
Finally, the authors share some thoughts on the usefulness 
of  building codes for earthen building in developing 
countries.

Introduction: Earthen dwellings in seismic 
developing countries

The Peruvian Adobe Seismic Design Code

A seismic design code is an official document that contains 
technical specifications for the structural design and 
construction of  buildings in seismic areas. Conventional 
earthquake resistant design philosophy states that 
buildings must not suffer any damage during frequent, 
small earthquakes, could have repairable damage during 
moderate earthquakes, and should not collapse during 
severe earthquakes. The seismic design philosophy of  
earthen buildings should recognize that the material is 
heavy, weak and brittle. It must be accepted, therefore, that 
significant cracking may occur even during moderate 
earthquakes. However, brittle collapse should always be 
avoided by placing the necessary reinforcement, in order 
to prevent loss of  life. 

The first Peruvian Adobe Code was approved in 1985 as 
an integral part of  the National Building Code (ININVI 
1987). This document has been used to develop general 
guidelines to generate seismic codes, and has been a 
reference for the development of  seismic codes in other 
countries, such as India and Nepal. 

The current version of  the Peruvian Code (MTC 2000) has 
a rather typical format. First, it presents a declaration of  
scope and general definitions of  structural elements and Fig. 4.  Seismically vulnerable adobe houses in Peru

a)  Vertical crack at corner of  front wall.

b)  Diagonal shear cracks

Fig. 5.  Seismic cracks of  adobe houses.
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components. Then, it describes the seismic behavior of  
adobe buildings, gives an expression for the calculation of  
the seismic design force, and provides specifications for 
the design of  structural components. Finally, it defines 
allowable stresses for the masonry and gives specifications 
for the design of  adobe walls. Adobe buildings should be 
designed by rational methods based on principles of  
mechanics and with elastic behavior criteria. However, the 
code also recommends placing reinforcement in slender 
walls to improve their post-elastic response. 

The seismic action is represented by a lateral force H = 
SUCP, where C is the percentage of  weight that must be 
applied laterally as seismic load. C depends on the zone 
where the building is located. In the highest seismicity 
zones, C is equal to 0.20. The soil factor S is 1 if  the soil is 
good (rock or very dense soil) and 1.20 when the soil is 
soft or intermediate. The use factor U is 1 for houses and 
1.20 for buildings such as schools or medical facilities. The 
weight P must include 50% of  live load. Therefore, an 
adobe building house located at a place of  high seismicity 
with intermediate soil conditions, must be designed to 
elastically withstand a lateral force H = 0.24 P, or almost 
one fourth of  its total weight. 

Past earthquakes have shown that adobe buildings located 
on soft soils suffer much more damage than those on stiff  
soils. Hence, it would seem adequate to increase the soil 
coefficient S for adobe buildings on intermediate soil and 
forbid adobe buildings on soft soils.

Two-story adobe houses are not allowed in the zone of  
highest seismicity. They are only allowed in zones of  lower 
seismic hazard, as long as the second story is built with a 
lightweight material such as quincha (wooden frames 
filled with crushed cane and plastered with mud). 

Some general recommendations for good seismic 
behavior are that adobe houses must have sufficient wall 
density in both principal directions, with a floor plan as 
symmetric as possible, wall openings should be small and 
centered, and reinforcement should be provided to tie the 
walls together. Foundation and plinth should be built with 
cyclopean concrete or stone masonry.

The adobe walls must be designed to elastically withstand 
the seismic forces and to transmit them to the foundation. 
The allowable stresses are the following:

•  Compressive strength of  adobe blocks f = average o 
2strength of  6 cubes or 12 kg/cm  (1.2 Mpa).

•  Compressive strength of  adobe masonry, = 0.25 f ’ , m

where f ’  is the compressive strength of  adobe m

masonry piles or  2 kg/cm  (0.2 Mpa).

•   Crushing strength of  adobe masonry = 1.25 f .m

fm 

2

•   Shear strength of  adobe masonry, V  = 0,40 f ’  where f ’  m t t

is the ultimate strength of  small walls in tested under 
2diagonal compression, or V  = 0.25 kg/cm  m

(0.025Mpa).

All adobe walls must be adequately braced by transverse 
walls, buttresses or reinforced concrete columns. 
Horizontal braces can be provided by wooden or concrete 
crown beams. 

The code also provides some geometric specifications (Fig. 
6). The maximum length of  the wall between braces must 

Fig. 6.  Code specification for wall openings.

be 12 times the thickness of  the wall, and the openings 
must be centered and short.
The presence and amount of  wall reinforcement 
requirements depends on the slenderness of  the walls 
(height/thickness ratio), as shown in Table 1. 
Reinforcements can be made out of  cane, welded mesh or 

Slenderness 
Mandatory 

reinforcement 

Minimum 
wall 

thickness 
(m) 

Maximum 
wall height 

(m) 

ë < 6 Crown beam 0.4 – 0.5 2.4 – 3.0 

6 < ë < 8 

Crown beam 
+ horizontal 
and vertical 

reinforcement 
elements at 
wall joints 

0.3 – 0.5 2.4 – 4.0 

8 < ë < 9 

Crown beam 
+ horizontal 
and vertical 

reinforcement 
elements 
along wall 

length 

0.3 – 0.5 2.7 – 4.5 

 Table 1.  Reinforcement specifications for adobe walls.
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concrete.
The code requires the use of  crown beams on top of  all 
adobe walls. This requirement is reasonable, because it is 
consistent with experimental evidence that shows that the 
crown beam integrates the walls and helps to delay their 
collapse after they have developed vertical cracks at the 
corners. Additionally, crown beams contribute to a more 
effective distribution of  the weight of  the roof  over the 
walls and includes the roof  in the overturning control of  
exterior walls.

Table 1 shows that walls with slenderness ë smaller or 
equal to 6 can be built without reinforcement. This 
specification contradicts field and laboratory observations 
that walls without reinforcement have a brittle failure after 
they have cracked due to seismic action. For walls with 
slenderness between 6 and 8, the code only requires 
horizontal and vertical reinforcement elements at the 
joints. However, the collapse of  heavily cracked adobe 
walls, which have separated into independent pieces, can 
only be avoided with a continuous reinforcement 
configuration along the entire wall.

The code also allows the construction of  slim walls, with 
slenderness between 8 and 9 (and up to 12 with technical 
validation) that must be integrally reinforced. It seems 
risky to build such slender walls in zone of  high seismic 
hazard. It seems, therefore, that these code specifications 
are not sufficiently conservative. Continuous 
reinforcement should be mandatory for all adobe walls, 
independent of  their slenderness, at least for zones of  
high seismicity, and where collapse of  adobe houses has 
been reported. In addition, the maximum slenderness 

6

and no systematic effort was made at that time to ensure 
earthquake resistance construction. The first formal 
earthquake code in the country came into force only in 
1962, after much of  the Anjar reconstruction. The same 
town of  Anjar was practically razed to the ground in 2001 
earthquake.

More disturbingly, a large number of  schools and hospitals 
collapsed or were badly damaged in Bhuj 2001 earthquake. 
Failure of  more than 130 multi-storey buildings in 
Ahmedabad which was about 250 km from the epicenter 
also brought to the fore the vulnerability of  the existing 
building stock. 

Summary of  “Seismic Safety 
Strategies in Gujurat, India,” by A. R. 
Sheth and V. Thiruppugazh, Proceedings of  
the 8th U. S. National Conference on 
Earthquake Engineering, April 18 - 22, 2006, 
San Francisco, California, USA.

Introduction

Gujarat has been identified as a state of  very high to 
moderate seismic hazard and seismic design requirements 
have been laid out in Indian seismic codes since over four 
decades. Despite this, most buildings in the state were not 
designed for seismic resistance prior to the 2001 
earthquake. Many reasons could be ascribed to this 
situation, not the least being the lack of  perception of  risk 
amongst all stakeholders. Seismic memory and seismic 
sensitivity were almost nonexistent even though an 
earthquake had occurred in the Anjar area of  Kutch in 
1956 which had killed 115 people and destroyed 1350 
buildings in the town of  Anjar.  The 1956 earthquake was 
a missed opportunity for learning lessons from failures 

Fig. 7.  Collapsed building blocks at Ahmedabad. (Sudhir Jain)

Fig. 8.  Poor quality construction material, Ahmedabad. (Alok Goyal)

A large number of  these buildings were built over the past 
twenty years, much after the seismic codes were 
introduced in the country.
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Building Bylaws and Regulatory Framework

Requirement for conformance to national seismic codes 
for design and construction has existed in most parts of  
Gujarat since many decades. However due to poor 
perception of  seismic risk, paucity of  adequate technical 
capacity in professional design engineers and local 
authorities, coupled with a poor regulatory mechanisms, 
this requirement has not been followed nor enforced 
resulting in devastations of  the 2001 earthquake. 

Improving design and construction codes will have little 
effect if  not backed by a robust regulatory framework to 
enforce implementation, allied with a commercial 
environment that offers incentives or encourages 
compliance with regulations and clearly defines techno-
legal issues such as professional responsibilities, liabilities 
(and professional insurance requirements) within the 
community of  engineers, architects, building contractors 
and law enforcement agencies.

Real change can be effected by a major overhaul of  the 
existing system across the State encompassing both the 
urban and non-urban areas. The process of  obtaining 
building permissions should ideally be uniform 
throughout the State. It has therefore been proposed that 
building byelaws be divided into two parts; the first part 
would consist of  Uniform Building Bylaws which relate to 
safety issues and procedures for registration of  
professionals, their roles and responsibilities as well as 
liabilities. These bylaws would apply uniformly across the 
state. The second part will be the Local Building Bylaws 
relating to issues of  planning, zoning and other matters 
that are dependent on local features and would be unique 
to each local authority. 

For this system to work, it is very necessary to ensure that 
there is a robust regulatory mechanism and adequate 
manpower to implement it across the State. As this is not 
presently available and will require legislative changes 
along with training and strengthening of  the local 
authorities, it has been decided that for the short term, 
changes will need to be effected within the existing set-up.

Additional Building Bylaws

As an interim measure, Additional Building Bylaws (ABB) 
are being introduced which are applicable across the State 
over and above the local building bylaws. The Additional 
Building Bylaws empower the local authorities to ensure 
compliance to the building bylaws and allow for punitive 
measures for non-compliance. In non-urban areas, the 
building bylaws of  the nearest urban local authority will 
apply.

Design Review of  Projects

There is presently no system in Gujarat for review of  
structural designs. The system relies entirely on self  

Gujarat Government is formulating a seismic safety 
strategy that is aimed at a) preserving life safety of  the 
general public and b) mitigating damage and economic 
loss during a major earthquake. The policy includes 
technical components for improving seismic safety of  
habitat as well as socio-economic and socio-political 
aspects that ensure its effective implementation. The 
major components of  the policy are i) establishing 
procedures and systems which can ensure that new 
constructions are seismic resistant ii) capacity building of  
stakeholders iii) seismic retrofitting of  existing stock of  
buildings iv) increasing demand for a seismically safe 
habitat through information, communication and 
education campaigns amongst public v) encouraging 
research and development in seismology and seismic 
engineering.

Fig. 9.  Ground story collapse of  a five-story RC frame building 
with the open ground story in Ahmedabad City (Sudhir Jain).

Fig. 10.  Medium-rise apartment building with a ground floor soft 
storey, Surat.  (A. Charleson)
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certification by structural designers for adequacy of  
structural design. Experience has shown that some 
amount of  external monitoring and checking is required 
to ensure code compliance. A procedure for review of  
design by the local authorities has been incorporated in the 
Additional Building Bylaws. This identifies necessary 
submission requirements and the stages of  submission. 
The requirements include submission of  detailed design 
parameters and detailed drawings relevant to development 
of  seismic resistance as prescribed in relevant seismic 
codes. 

Training programs have been held across the State to train 
engineers in local authorities to make cursory review of  
projects for their conformance to seismic codes. There is 
still a very strong resistance on part of  engineers in local 
authorities to review design. The seismic safety policy 
acknowledges that intensive training programs are needed 
to bring about a change in the mind set of  engineers of  
local authorities who have not had to engage themselves 
hitherto in structural design checking. While responsibility 
for safety is not meant to be transferred to regulators 
charged with checking seismic conformance, their 
accountability in ensuring that an effective enforcement 
system is in place has been clearly identified in the seismic 
safety policy.

Construction Monitoring

Implementation of  seismic design is incomplete if  the 
work on site is not controlled to ensure quality 
workmanship. While control must be partly achieved by 
education on the importance of  quality, partly by technical 
training covering what is meant by good workmanship, 
there has to be a regulatory framework of  checking 
workmanship by the local authorities. 

The builder/developer is required to hire a registered 
construction engineer to oversee the construction and 
ensure quality control. Additionally, a system of  checking 
construction quality by the local authorities whilst work is 
underway exists in some parts of  Gujarat but most of  the 
time the local authorities concentrate on checking 
violations in built-up areas rather than quality of  
constructions. Additional Building Bylaws have 
introduced a monitoring system for construction quality 
that strengthens the existing system and also facilitates 
corrective action. The proposed regulations are specific in 
assigning responsibility to the designers, the builders and 
the executing agencies as appropriate.

Peer Design Review of  Large and/or Important 
Projects

Over and above the design review process for all new 
construction by local authorities, public buildings, 
schools, hospitals, buildings over seven storeys, and other 
important or large projects whose non-performance 
could jeopardise significant number of  lives or result in 

significant revenue or infrastructure loss have been 
brought within ambit of  mandatory peer design review. 
This is an additional check for design and does not absolve 
the local authorities from their duty of  cursory 
independent check of  the building design.

Testing & Inspection of  Large and or Important 
Projects

In addition to a construction monitoring system specified 
above, a separate testing and inspection agency will be 
required as per the Additional Building Byelaws for large 
or important projects. The agency will be required to carry 
out a comprehensive inspection of  the structure, review 
all construction records and procedures and perform 
random quality tests.

Registration of  Architects,  Structural 
Engineers, Construction Engineers and 
Developers

In order to have accountability and competency in the 
system, ideally, all professionals ranging from engineers to 
masons should be licensed. Currently local authorities 
register professionals such as design engineers, 
construction engineers and architects. The long-term goal 
is to establish a state-wide Register for architects, 
structural engineers, construction engineers, soil 
consultants, developers and other stakeholders. Only such 
registered professionals shall be allowed to practice in the 
State as professionals on record for a project. The 
requirements for registration will vary for each 
professional group.

For structural engineers, for example, Gujarat is initiating 
registration via a new Bill for Professional Engineers. The 
Bill facilitates formation of  the Gujarat Council of  
Professional Engineers (GCPE) which will be the 
governing body for registration. The registration of  
structural engineers will require the engineers to take a 
written competency test besides having the necessary 
qualifications and experience. 

Certification of  Masons and other Tradesmen

The Government of  Gujarat through GSDMA and the 
Directorate of  Employment and Training (GCVT) has 
already put in place a system of  certification of  masons 
which is based on international pattern of  mason 
certification. It tests masons not only in masonry skills but 
also in good housekeeping, basic communications and 
arithmetic, rudimentary knowledge of  carpentry, and 
seismic detailing practices. 

While it shall not be mandatory for a mason in the state to 
be certified for practice of  his trade, the state shall 
encourage certification of  masons by making it 
mandatory for a certain percentage of  masons hired by 
contractors for government projects (including projects 
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Items of  Interest

Bogota Prepares its Citizens for 
Earthquakes

The elevated seismic risk that Bogota, Columbia lives with 
daily prompted the capital city’s disaster prevention and 
response office to produce a colourful, well-written 
booklet on what to do before, during and after an 
earthquake. Promoting the idea that the reader is the first 
line of  defence for protecting life and property, the 
booklet allows the reader to evaluate and take 
responsibility for reducing personal vulnerability. An 
excellent example for other cities and municipalities 
wishing to produce similar material. View the booklet  
( S p a n i s h  o n l y )  a  t  

 .

Upcoming Conference

The International Association for Computer Methods 
and Advances in Geomechanics (IACMAG) is hosting the
12th IACMAG Conference from 1 to 6 October 2008, in 
Goa, India. The conference will address recent 
developments and relevant issues in computer methods, 
constitutive models and applications to different areas of  
Geomechanics, and emerging and important topics, and 
future needs, documented case studies with integration of  
theory, laboratory and field tests, and validation 
procedures. Visit  .

w w w . d i s a s t e r -
info.net/terremotosbogota.pdf

www.iacmag.org

of  government undertakings) to be certified so that by 
2025, fifty percent of  all masons working on government 
projects shall be certified masons.

Indian Seismic Codes and Implementation 
Scenario in Gujarat

Seismic codes in India are national codes. Typically, these 
national codes are revised every fifteen to twenty years. 
Seismic engineering is a relatively young field and each 
new earthquake adds insight to our understanding of  
behaviour of  structures in earthquakes. Lessons learnt 
from these earthquakes thus need to be incorporated into
codes more frequently. In view of  this, Gujarat State 
Disas te r  Management  Author i t y  (GSDMA) 
commissioned a study for review of  existing seismic codes 
from a premier academic institute in India. The study 
resulted in revised seismic codes for design and detailing 
of  buildings and new codes for liquid retaining structures, 
earth dams and embankments, masonry buildings, and a 
code for seismic retrofit strategy.

The Government of  Gujarat is in the process of  
mandating that new structures built in Gujarat should 
henceforth conform to these IITK-GSDMA codes and 
guidelines along with national seismic codes.

Small Buildings Design Guidelines and Manuals

The State policy is to discourage reinforced concrete 
structures for simple dwellings if  there is no design and 
construction expertise available locally for this type of  
construction. However the state recognises the growing 
demand for reinforced concrete houses. Expecting 
complex design and analysis rules for RCC for use in 
simple dwellings is unrealistic, especially in non-urban 
areas where the access to sophisticated engineering tools is 
limited. Simplified guidelines for use in smaller towns and 
villages appropriate to single and double storey dwellings 
of  reasonably regular shape have been prepared. A few 
typical home plans have also been suggested as preferred 
typologies for seismic areas keeping in mind the local 
preferences. 

The policy will stipulate that small dwellings shall be 
exempt from submissions of  structural design and 
drawings if  they conform to the small buildings design 
guidelines and type designs.

For more information about the following initiatives, 
refer to the complete paper. Contact the EHC for a 
copy:

-  Retrofit Existing Building Stock

- Seismic Education, Training and Certification, 
including Seismic Curriculum Development and 
Interpretation, and Continuing Education in Seismic 
Engineering

- Risk Transfer Mechanisms

- Seismic Micro-Zonation and Instrumentation

- Information Communication and Education 
Programs

- Research and Development

http://www.disaster-info.net/terremotosbogota.pdf
http://www.iacmag.org
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