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Editorial

Three articles in this issue focus upon the poor seismic 

resistance of  very weak construction. Most of  the building 

damage in the May 2006 Java earthquake occurred to 

unreinforced masonry houses. Their weak mortar and the 

lack of  tying-together of  walls prevented inertia forces 

from being transferred from face-laden walls to those at 

right angles that could have provided support. When 

heavy and brittle material collapses, unfortunately 

significant numbers of  casualties are to be expected. 

In the second article, we read a very sobering response 

from Nepal. As the author reflects upon the earthquake 

destruction in Java, he acknowledges the high level of  

seismic vulnerability of  the building stock in his own 

country. In a frank manner he informs us of  the terrible 

situation where only 10% of  Nepalese houses are assessed 

as seismically safe. May Mr. Dixit's comments help with 

the implementation of  the new seismic code and a gradual 

reduction in Nepal's seismic vulnerability. Let's hope that 

some effective actions can improve the chances of  

communities in that seismically active area of  the world 

surviving the next quake.  

The final article describes recent Peruvian research on 

adobe house collapse prevention using polymer mesh 

fixed to the fragile walls. While the same researchers have 

shown that the placement of  vertical canes and horizontal 

wood fibres within adobe walls have proven effective for 

new houses, the polymer mesh solution is also suited to 

strengthening existing construction. Although the full-

scale shaking table tests confirm the adequate seismic 

performance of  this approach, the question remains as to 

whether or not it is affordable. Can people who live in this 

type of  housing afford the few hundred dollars to purchase 

the materials? In most cases the answer is “No”.

Research on improving the resistance of  such low-strength 

houses is also being undertaken in Japan and New Zealand 

and hopefully in many other countries as well. Japanese 

researchers have wrapped adobe houses with hundreds of  

metres of  the plastic strip used in the packaging industry. 

Shaking tests have demonstrated that if  walls are wrapped 

by crossed diagonal strips approximately 150 mm apart, 

then structural integrity is maintained even under high 

intensity shaking. In New Zealand, several of  us are 

investigating reinforcing adobe construction with 

horizontal and vertical strips of  tread cut from used car 

tyres. When the tread of  a steel belted tyre is spiral cut into 

strips about 40 mm wide, up to a 5 m length of  strip can be 

used as reinforcement. Strips can be simply but carefully 

nailed together to form longer lengths. Like polymer mesh 

or plastic strap, car tread strips also possess sufficient 

tension stiffness and strength to prevent building collapse. 

It is unlikely that any one of  these techniques will be suited 

for most situations. Before addressing the question of  cost, 

other potential social and cultural barriers to 

implementation need to be overcome. That's why the 

search for very cheap and easy solutions to reduce the 

vulnerability of  the housing must continue. We need to try 

to reduce the danger of  injury and death from earthquake 

that tens of  millions of  people are threatened with. 

Please contact us with any ideas you have, or techniques 

that might be useful to improve the seismic resilience of  

these forms of  construction. We need to share our 

successes and failures so that we can work at making 

houses seismically safer places. Imagine how you would 

feel about your family living in a house that would almost 

certainly collapse during moderately intense or a lesser 

degree of  earthquake shaking.  
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Five storey condominiums, four of  which are constructed 

from light-timber framing are being constructed atop a 

ground floor reinforced concrete structure housing car 

parking and retail occupancies. Each condominium is 

framed by timber studs with floors supported by plywood 

web beams. All bracing for seismic and wind loads is 

provided by plywood bracing walls. They are tied down at 

their ends to resist overturning moment-induced tensions 

from horizontal loads. Walls with the plywood attached 

are prefabricated and then stood up in position to make 

for very efficient construction. Because they are provided 

in both main orthogonal directions, earthquake loads 

from any direction can be resisted. 
Since the walls are so stiff  and strong against horizontal 

loads compared to the columns, all seismic loads can be 

assumed to be resisted by these walls functioning as shear 

walls. Although they are not symmetrical in plan and 

torsion will occur during earthquake attack, there are at 

least two strong walls in each direction separated by 

reasonable lever arms. Torsion occurring during a quake 

will cause the first floor slab to twist, but torsional stability 

is assured by the inner walls working together with exterior 

walls forming torsion resisting couples. 

Virtual Site Visit No. 6  :  .  Five Storey Condominiums, Berkeley, California

Fig. 1.  A general view of  a portion of  the site.

Fig. 2. Gravity-only columns along the street frontage and interior 
reinforced concrete shear walls near the middle of  the building plan at 
ground floor level.

Fig. 3. A plywood shear wall above a perimeter shear wall. Note the 
seismic separation gap to the adjacent building.

The four storeys of  light timber construction are 

supported by a post-tensioned reinforced concrete slab 

which weighs about as much as the four floors above! 

Gravity loads acting on the slab are transferred to 

reinforced concrete walls along the back and side of  the 

development, walls within the building plan, and 

perimeter columns along the main street frontage. 
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Summary of  the Java, Indonesia, 
Earthquake of  May 27,  2006
from EERI Special Earthquake Report - August 2006.

Introduction

[Authors: B. Hutapea, S. Rudianto, F. X. Toha, and Hartono of  the 
Indo-nesian Society for Geotechnical Engineering; A. D. Adi of  Gajah 
Mada University; and J. Chavez of  ABS Consulting. E. Hausler, 
Irwansyah, T. Sriana, and A. Syam, of  Build Change, a nonprofit 
organization promoting seismically safe housing in Indonesia] 

 On May 27, 2006 at 5:54 am local time, a M 6.3 earthquake w

struck the island of  Java, Indonesia, about 20 km from 
Yogyakarta. The affected area is a densely populated mix 
of  urban and rural communities on the southern slope of  
Mt. Merapi, an active volcano. Yogyakarta is an intellectual 
and cultural center of  Indonesia, home of  many universi-
ties, historical sites, and small to medium-scale enterprises, 
such as handicraft producers. 

The latest casualty figures stand at 5, 76 killed and over 
40,000 injured. An estimated 600,000 people or more are 
currently without permanent shelter. The total amount of  
damage and loss caused by this earthquake is estimated at 
US $3.1billion, making it one of  the most costly natural 
disasters in a developing country in the last ten years. 

Dwellings were hit the hardest by the earthquake, 
accounting for over half  of  the total damage: an estimated 
154,000 houses were completely destroyed, and 260,000 
suffered some damage. More houses were affected in this 
earthquake than in the December 26, 2004, Sumatra 
earthquake and tsunami and the March 28, 2005, Nias 
earthquake combined. 

Housing 

Houses were severely affected by this earthquake, with 
over 7% of  the housing stock lost in the six most 
affected districts. In some villages, 70-90% of  the 
houses were completely destroyed. 
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The houses can be divided into three general categories: 
) unreinforced masonry - older houses (pre-1990) 

consisting of  unreinforced fired clay brick masonry walls 
with flexible, pitched or hipped timber truss or bamboo 
roofs with clay tiles; 2) confined or partially confined 
masonry - newer houses (post- 990) built of  reinforced 
concrete confined or partially confined brick, solid 
concrete block or stone masonry in cement mortar walls 
with flexible, pitched or hipped timber truss or bamboo 
roofs covered by clay tiles; and 3) timber frame—less 
common and often with some masonry walls. 

Unreinforced Masonry: Unreinforced masonry houses 
were ubiquitous throughout the affected area and the most 
severely damaged (Figure 4). The collapse of  such 
buildings was responsible for most of  the deaths and 
injuries. URM failures were associated with poor quality 
materials and lack of  wall integrity in the transverse 
direction for out-of-plane forces: no mechanical 
connection between the top of  the wall and the roof  or 
floor, and inadequate out-of-plane strength due to a lack 
of  reinforcement. No steel reinforced concrete 
foundation beams, columns, or ring beams were used in 
older houses. 

Wood-fired clay bricks were laid in sand-clay mortar or 
weak cement-sand-lime mortar. In many cases, the mortar 
crumbled under finger pressure. The walls of  the oldest 
masonry houses were approximately 25 cm wide, built 
with full brick bonding (English bond). The bricks used in 
the oldest houses tended to be longer (25cm x cm x 
4cm) than their modern counterparts (22 cm x cm x 4 
cm). Full brick wide bonding is not possible with the 
shorter bricks, so common practice transitioned to a 7 cm 
wide bond in which two bricks were laid in the plane of  the 
wall and one brick turned on its side.

Confined or Partially Confined Masonry: Many newly 
built confined masonry houses performed well due to 
their reinforced concrete tie columns and bond beams at 
the plinth and roof  levels. Examples of  good performance 
of  confined fired brick, solid concrete block, andstone 
masonry were scattered throughout the heavily affected 
areas (Figures 5). 
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Fig. 4.  Destroyed unreinforced masonry houses, Pleret (Bantul).
Fig. 5.  Partially confined stone masonry house with timber ring beam, 
Platar Somopuro, Jokonalan (Klaten).



Earthquake Hazard Centre Newsletter, Vol. 10 No. 2, November 2006

Fig. 6. Beam column connection detailing in posters distributed by 
CEEDEDS.
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Columns were typically cast after the masonry wall was built, 
flush with the wall, and thus the same width as a brick or block 
( 0 or cm). Smooth reinforcing steel was common, typically 6 
or 8mm in diameter with stirrups ranging from 3 to 6mm in 
diameter. Stirrups were often spaced at 15 to 20 cm intervals. 
Prior to the earthquake, three houses were built in Wonokromo, 
Pleret (Bantul) under the supervision and direction of  Professor 
Sarwidi of  the Center for Earthquake Engineering, Dynamic 
Effect, and Disaster Studies (CEEDEDS) at Universitas Islam 
Indonesia. These confined masonry houses used connection 
detailing shown in the posters distributed by CEEDEDS 
(Figure ). The houses performed very well in the earthquake, 
with only hairline cracks, and in one case, minor damage to a 
masonry gable wall. 
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4) Insufficient connections between walls or columns and 
roof. Column steel was often wrapped around a timber 
beam which functioned as a ring beam in some cases. 

5) Use of  reinforced concrete trusses. Reinforced concrete 
trusses were seen in a few of  the houses, all of  which had 
nonductile failures at the beam-column connections 
(Figure ). These single story buildings were mixed use: the 
rear part was used for storage or living area, and the front 
for a shop. The front was typically an open frame (no shear 
wall). 
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Although confined masonry houses performed fairly well, 
many collapsed or were severely damaged, for various 
reasons:  

1) Insufficient connections between reinforced concrete 
tie columns and bond beams, and between tie columns 
and masonry walls (Figure ). Typical reinforcement in the 
heavily damaged houses terminates in the joint with a 
poorly made hook. 

2) Tall, slender poorly confined masonry walls. Newer 
houses use running bond for the masonry wall, resulting in 
a half-brick wide wall ( 3 cm with plaster, 0- cm 
without) that is often over 3 m tall. Gables add another –2 
m to the height. Damage and failure to masonry gable 
walls were widespread throughout the affected region and 
plagued both new and older houses with and without 
reinforced concrete ring beams. In most cases, gable 
masonry was neither properly confined nor properly con-
nected to the roof. Crossbracing between gables was not 
common. Offset gables, a popular architectural style that 
accommodates a larger living room and terrace, were also 
damaged.

3) Absence of  plinth beams and ring beams. Many newer 
houses had reinforced concrete tie columns but no 
reinforced concrete plinth or ring beams (Figure 8). 
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Fig. 7. (top) Confined masonry house under construction, insufficient 
connections, and (bottom) zoom-in view of  ring beam–column 
connection, Pleret (Bantul) 

Fig. 8.  Collapse of  masonry wall (note absence of  reinforced concrete 
plinth and ring beams).
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Commercial and Public Buildings 

Reinforced Concrete Frame: A number of  buildings in 
the area are non-ductile reinforced concrete structures 
with unreinforced masonry infill. The infill masonry 
consists primarily of  solid bricks, although in some cases 
concrete blocks are used. The floor diaphragm consists of  
beams and slab construction supported by columns. 
Smooth bars are commonly used for the longitudinal 
reinforcement of  beams and columns because of  their 
lower cost compared to deformed bars. Roof  structures 
are flat or pitched having, in many cases, a steel framing 
and tiled roofing. The anchorage of  the infill wall to the 
roof  system is poor or nonexistent. 

Many of  these buildings collapsed or were seriously 
damaged. Structural damage can be attributed to ) non-
ductile detailing, 2) insufficient con finement 
reinforcement in columns, 3) lack of  lateral resisting 
system, and 4) poor quality construction. Short-column 
effect and soft-story actions contributed to the damage in 
some of  the buildings. Non-structural damage in the infill 
walls was observed in various low-rise buildings, especially 
at the lower floors. 

Several buildings on the STIE (Sekolah Tinggi Ilmu 
Ekonomi) University campus were severely damaged. 
One building partially collapsed (Figure ) due to poor 
detailing, insufficient splicing length, and insufficient 
spacing and number of  ties. In addition, there was brittle 
failure of  columns at the first floor, and the infill created 
vulnerable short columns at the second floor. 

Lack of  a lateral resisting system was another cause of  
building collapse. Figure 11 shows a two-story reinforced 
concrete furniture shop and warehouse, where concrete 
columns and concrete beams are used for the framing at 
the interior of  the buildings. Unreinforced solid concrete 
block masonry confined by RC columns is used as the 
lateral system at the exterior of  the building. The concrete 
blocks and masonry work are of  poor quality and not tied 
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Steel Structures: Some steel industrial facilities in the 
affected region performed well, while others experienced 
minor to moderate structural damage. Loss of  diagonal 
bracing in the roof  diaphragm and, in one case, fracture of  
vertical diagonal bracing was noted. Several diagonal 
cracks were noted on URM infill walls.  

Building Codes and Practices

The current seismic code in Indonesia (2002) is based on 
the UBC 1997. It considers Yogyakarta as a Seismic Zone 
3 among 6 seismic zones. The expected peak ground accel-
eration for Zone 3 varies between 0.18g and 0.3g, 
depending on the soil type. The previous seismic code 
(1987) was based on the New Zealand Code. Although the 
Indonesian seismic code includes ductility detailing 
requirements, these were not satisfied in many of  the 
damaged multistory RC buildings. Ductile detailing was 
rarely observed, and in some cases large buildings 
appeared to have been designed without the assistance of  
qualified engineers. 

Fig. 9.  House/shop with reinforced concrete truss,

Fig. 10.  First floor collapse of  building on STIE Cam-pus, 
Yogyakarta.

to the floor diaphragm, creating an incomplete load path. 
Once the exterior URM walls failed, only slender columns 
were left to support the building. 

Fig. 11.  Collapse of  a two-story RC frame building. Unreinforced 
masonry concrete block is the main lateral resisting system.
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Nepalese reaction to the Java, May 
27, 2006 Earthquake.  Excerpts from the 
aticle “Indonesian Quake: Should Nepal be 
Concerned?” By Pratibedan Baidya, Nepal 
News, 31 May, 2006.

Experts have said that Nepal should learn a lesson from 
the recent devastating quake that hit Java province of  
Indonesia and immediately adopt precautionary measures.

Should it matter for Nepal at all?

Yes, it should since Nepal is among the countries with very 
high risk of  earthquake, say experts.

Talking to Nepalnews on Wednesday, Amod Mani Dixit, 
executive director of  the National Society for Earthquake 
Technology-Nepal (NSET) said that Nepal should be 
prepared to cope the challenges of  earthquake since 
recent major earthquakes in other countries suggest that 
the risk is nearing to Nepal.

According to studies, more than 40,000 people might die 
and over 200,000 will be injured in the capital valley alone 
if  Nepal is hit by an earthquake of  6.3 Richter scale or 
more.

And, experts say a big earthquake is overdue in Nepal.

Dixit demanded that the government should immediately 
implement the building construction code and raise 
awareness at all levels regarding risks of  an earthquake.

In Nepal, the activities of  the government are limited only 
in the rescue and relief  areas, “The government should 
form a National Disaster Management Authority at the 
Prime Minister’s Office to raise awareness and increase 
preparedness to cope the challenge from the quake,” said 
Dixit.

The major earthquake of  January 16, 1934 measuring 8.4 
on the Richter scale – that hit Kathmandu and 
surrounding areas claiming the lives of  some 5,000 people. 
More than 25,000 people were injured and around 60,000 
houses destroyed.

According to experts, only 10 percent houses in Nepal are 
safe from imminent earthquake. Of  the remaining 90 
percent of  buildings, 25 percent have good design but 
have questionable construction. And the rest of  the 
buildings in the country are neither properly designed nor 
properly constructed.

A survey conducted by NSET suggested that in case of  a 
quake measuring 6.5 or over on the Richter scale hitting 

the country, Kathmandu valley would suffer the most.

The survey estimated that more than half  of  the bridges in 
the city would be heavily damaged and six in 10 buildings 
would collapse. 

The study further warned that the death toll induced by 
such an earthquake would stand somewhere around 
40,000 and injured people requiring medical treatment 
would run to over hundreds of  thousands in the valley.

Dixit said that absence of  people’s representatives at the 
local level could be a main reason for not implementing 
the code effectively and expressed the hope that the new 
political development of  the country would have some 
positive result in this regard.
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S u m m a r y  o f  “ S e i s m i c  
Reinforcement of  Adobe Houses 
Using External Polymer Mesh”      
by M. Blondet, D. Torrealva, et al from 
Proceedings of  the 8th U.S. National 
Conference on Earthquake Engineering April 
18-22, 2006, San Francisco, California, 
USA.

Introduction

Every time a strong earthquake occurs in areas where 
earthen building is common, there is widespread damage, 
economic loss and death caused by the collapse of  the 
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.

In the last 30 years, several research projects developed at 
the Catholic University of  Peru (PUCP) have attempted to 
find solutions to the problem of  the low seismic resistance 
of  vernacular earthen buildings. Reinforcement systems 
have been developed for both new and existing buildings, 
using natural materials such as wood and cane or industrial 
materials, such as steel bars, or steel mesh and cement 
mortar.  In both cases, effective seismic reinforcement is 
obtained when the building is provided with continuous 
internal or external reinforcement, combined with a crown 
beam.

For new buildings, a good reinforcement solution consists 
of  an internal mesh made of  vertical cane rods placed 
every 400 to 500 mm and horizontal layers of  split cane 
every 3 or 4 layers of  adobe blocks. The vertical and 
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horizontal cane elements should be firmly tied at all wall 
intersections and at the crown wooden beam.  For new 
and existing adobe buildings a reinforcement system that 
has proven to be effective for moderate seismic zones 
consists of  steel mesh bands placed on both sides of  
external walls, following a pattern similar than those of  
beams and columns. The steel meshes are tied through the 
adobe walls and covered with a cement mortar plaster.

Reinforcement solutions that require materials such as 
wire mesh and cement, however, are too expensive for 
their use in vernacular housing. In addition, the sand 
cement plaster has the inconvenience of  incompatible 
stiffness with the adobe walls. Furthermore, in buildings 
of  cultural value cement-based stuccos are inconvenient 
because they change the plastic appearance of  the adobe 
walls.

In the search for widely available and compatible materials 
to reinforce earthen buildings, the use of  a polymer mesh 
appears as a promising alternative. This paper presents the 
results of  a research project developed at PUCP that show 
that polymer mesh can be used to provide adequate 
seismic resistance to earthen buildings, without 
compromising their traditional appearance.

Project Description

The main objective of  the project was to demonstrate that 
an external polymer mesh can be used as reinforcement of  
adobe houses, to guarantee their survival during strong 
earthquakes. The project consisted of  the testing of  three 
full-scale adobe house models subjected to simulated 
earthquake loading using a shaking table. 

The first model tested, labeled M000, was an unreinforced 
dwelling, and it served as a baseline of  comparison. 

The second model tested, M100, was reinforced with an 
external polymer mesh (TENSAR BX1200, with a tensile 
strength of  9.0 kN/m at 2% elongation). The polymer 
mesh completely covered both sides of  the walls.

The third model, M075, was partially covered with a 
slightly lighter and cheaper polymer mesh (TENSAR 
BX1100, 6.6 kN/m at 2% elongation). The mesh was 
placed at critical locations: vertical bands at wall corners 
and window edges, and horizontal bands at window level 
and at top and center of  transverse walls. The covered 
surface, without considering overlapping, was about 75% 
of  the total surface of  the walls.

Only one side of  the walls of  models M100 and M075 
were plastered with mud, in order to study the influence 
of  mud plaster on the strength of  walls (Figure 12).

Experimental results

Model M000 (Unreinforced)

During phase 1 (0.30 g), cracks were developed on 
longitudinal walls (N and S). The wooden crown beam 
that supported the roof  detached from the walls, but 
kept their original position. In phase 2 (0.80 g) the 
corners of  the transverse walls (E and W) suffered 
vertical cracks. Usually, this indicates seismic failure of  
adobe buildings. These walls collapsed during phase 3. 
However, the roof  kept resting on the shear walls 
(Figure 13).

Fig. 12.  Adobe model M100.

Figure 13. Seismic behavior of  model M000 during phases 2 (0.8 g) 
and 3 (1.2g)
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Model M075 (Partially reinforced)

Model M075 was partially covered with polymer mesh and 
showed no damage until phase 1 (0.30 g). The first cracks 
appeared in phase 2 (0.8 g) and gradually enlarged until 
phase 3 (1.2 g), but the building kept is integrity because of  
the mesh reinforcement. Figure 14 shows the seismic 
behaviour of  this model. When the mesh was removed, it 
could be verified that it was deformed and in some cases 
broken due to ripping in critical locations such as ties with 
nails. The deformation of  the polymer mesh shows that it 
had a positive contribution to the seismic behaviour of  the 
models. The strategically placed mesh was able to integrate 
the walls and prevent the collapse of  the model.

Model M100 (Completely reinforced)

Model M100 was completely covered by the polymer 
mesh on both sides of  the walls. This model remained in 
the elastic range until phase 3 (0.60 g). In phase 4 (0.80 g), 
small cracks appeared in the walls. The cracks were more 
visible in the plastered side, since it was difficult to observe 
them under the exposed mesh. In phase 5 (1.0 g) the 
North wall slid from its base almost as a rigid body, 
without any significant damage.

Figure 14. Seismic behavior of  model M075 during phases 2 (left, 
0.8 g) and 3 (1.2 g).

Conclusions

An external polymer mesh reinforcement can be used to 
prevent partial or total collapse of  adobe buildings, even 
during severe earthquakes. The mesh should be placed on 
both sides of  the walls, and tightly connected through the 
walls.

The polymer mesh used in this project was compatible 
with the adobe walls. They worked well together even for 
high levels of  seismic intensity.

It is convenient to cover the polymer mesh with mud 
stucco. The mud plaster increases the initial shear strength 
and the stiffness of  the walls. The mesh starts working 
after the walls have cracked. Stucco will also protect the 
polymer mesh from ultraviolet radiation.

It is not necessary to completely cover the walls with the 
polymer mesh. Although the optimal amount and 
placement of  polymer mesh should be investigated, it has 
been found that placing the mesh on critical locations 
could be sufficient to avoid collapse.
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