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Chapter 1 Introduction

1.1 Background

Each year, disasters caused by earthquakes around the world have devastating effect on
people. Past earthquakes revealed the vulnerability of human life in developing countries.
For examples, the 2001 Gujarat earthquake in India resulted in approximately 20,000
fatalities; the 2003 Bam earthquake in Iran resulted in approximately 30,000 fatalities; the
2005 Kashmir earthquake in Pakistan resulted in approximately 80,000 fatalities; and the
2010 Port-au-Prince earthquake in Haiti was presumed over 300,000 fatalities. (See Fig.1
and Table 1)

Most of the human casualties in past earthquakes were caused because of the collapse
of buildings, particularly masonry constructions in developing countries. Most of these
buildings are categorized into “Non-Engineered Construction”. “These buildings are
spontaneously and informally constructed in various countries in the traditional manner
without any or little intervention by qualified architects and engineers in their design.™

Figure 2 shows the damage of non-engineered construction by recent earthquakes.

Unfortunately, these type of buildings are widely constructed in most seismic prone areas.
These types of buildings in developing countries are not as safe as engineered construction.
As described above, these are mostly constructed with locally available materials.
Furthermore, the construction workers are either non-skilled or only semi-skilled and without
technical knowledge in construction.

The improvement of safety of non-engineered construction against earthquake is one of
the most urgent issue.

Since 2001, the author has been working as a humanitarian aid and in a research institute
for the improvement of earthquake safer design of non-engineered construction. The author
is involved in activities such as damage survey, shelter program, masons technical training,
awareness seminar for house owners, and laboratory testing of material as well as full scale
shaking table tests. The author proposed retrofitting methods for non-engineered
construction and practical tools for vulnerability and safety evaluation as awareness tool for
non-engineered construction in developing countries, these were proven through lessons

learned from experiments and practices.

1 TAEE, Anand S. Arya, Teddy Boen, Yuji Ishiyama, et al., GUIDELINES FOR EARTHQUAKE RESISTANT
NON-ENGINEERED CONSTRUCTION, 1986, p1
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Fig.1 Global seismic hazard map?

Table 1 List of recent earthquake 1990-20143

Earthquake Year Date Time | Magnitude| Fatalities
1991 Uttarkashi earthquake, India 1991 19-Oct 6.8 768
1992 Flores earthquake, Indonesia 1992 12-Dec 7.8 2,519
1993 latue earthquake, India 1993 29-Sep 3:56 6.2 9,748
1994 Paez river earthquake, Colombia 1994 6-Jun 6.8 1,100
1995 Great Hanshin earthquake, Japan 1995 16-Jan 5:46 6.9 6,434
1996 Lijiang earthquake, China 1996 3-Feb| 19:14 6.6 322
1997 Qayen earthquake, Iran 1997 10-May 7:57 7.3 1,567
1998 Afghanistan-Tajikistan Border Region 1998 30-May 6.9] 4,000~4,500
1999 Izmit earthquake, Turkey 1999 17-Aug 3:02 7.6 17,127
2000 Bengkulu, Sumatera, Indonesia 2000 4-Jun| 23:30 7.9 103
2001 Gujarat earthquake, Bhuj India, 2001 26-Jan 8:46 7.7 20,023
2002 Hindu Kush earthquake, Afghanistan 2002 25-Mar| 19:08 6.1 1,166
2003 Bam earthquake, Iran 2003 26-Dec 5:26 6.6 31,000
2004 Indian ocean earthquake and tsunami 2004 26-Dec 7:58 9.1 227,898
2005 Kashmir earthquake, Pakistan 2005 8-Oct 8:50 7.6 80,361
2006 Central Java earthquake (Yogyakarta) 2006 26-May 5:53 6.3 5,749
2007 Peru earthquake (ICA) 2007 15-Aug| 23:40 8.0 514
2008 Sichuan earthquake, China 2008 12-May| 14:28 7.9 87,587
2009 Sumatra earthquake, Indonesia 2009 30-Sep| 17:16 75 1,117
2010 Port-au-Prince earthquake, Haiti 2010 12-Jan| 16:53 7.0 316,000
2011 Christchurch earthquake, New zealand 2011 22-Feb| 12:51 6.3 185
2011 Tohoku earthquake and tsunami, Japan 2011 11-Mar| 14:46 9.0 20,896
2011 Van earthquake, turkey 2011 26-Oct| 13:41 71 604
2012 Visayas earthquake, Philippines 2012 6-Feb| 11:49 6.7 113
2013 Bohol earthquake, Philippines 2013 15-Oct 8:12 7.2 222

* Color parts which are most damage were non-engineered construction.

2 Source: Global Seismic Hazard Assessment Program http:/www.seismo.ethz.ch/static/GSHAP/

3 Author made based on Source: USGS web site,

http://earthquake.usgs.gov/earthquakes/eqarchives/year/byyear.php

2
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(A) 2001 Bhuj earthquake in India, adobe and brick masonry were damaged

(D) 2006 Central Java earthquake, 2008 Sumatra earthquake (Padang) in Indonesia,

brick masonry and confined masonry were damaged

Fig.2 Damage of non-engineered construction by recent earthquakes
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1.2 Research objectives

The non-engineered construction in developing countries is very vulnerable to earthquake,

however, these construction exists and is still being built in earthquake prone areas.

The objective of construction methods of this research were brick and concrete block
masonry structure which are the ordinary construction methods found in developing countries.

The classified masonry types on hazard map in Asia is shown in Fig.3.

Basically, brick masonry construction methods in Asia are able to classify into two types

of construction methods, these are the South Asian model and the South-East Asian model.

One of major construction methods in Asia, the method of South Asia, the Himalayan belt
included, these are totally different from the method of South-East Asia, even though brick

masonry is generally used.

Figure 5 shows the classification according to brick laying in each country.

The brick masonry construction In the South Asia and the Himalayan belt areas, the walls
are approximately 230 mm thick that is equal to the length of the brick and is called to “One-
brick-thick wall”, shown in Fig.5 (A). The use of Flemish-bond is very common in India and
Nepal. Similarly the use of British-bond is common in Pakistan.

In addition, taking the situation in West Asia or Middle East, brick masonry in Iran and
westward consists of 350 mm thick walls, which is called “One and half-brick-thick wall”,
shown in Fig.5 (C).

On the other hand, in South-East Asia, the most common type of construction has small a
dimension of reinforced concrete frame with load-bearing brick wall being almost 100 mm
thick width that is same as dimension of end of brick, called “Confined masonry with a half-
brick-thick wall”. In particular, these type of masonry construction had suffered serious

damage during recent past earthquakes in Indonesia, shown in Fig.5 (B).

The common construction methods are related to the vernacular because they are close
in correlation to the environment and local culture. Hence, there are different characteristics
of each brick masonry construction in each country.

In addition, the concrete block masonry construction have recently become common

residential structures in developing countries.
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A review of common housing types in the Philippines shows that many non-engineered
houses exist and these are mostly using concrete hollow blocks (CHB). On the Himalayan
belt, Kashmir area in Pakistan and India, the CHBs is also commonly used as a construction
material. Furthermore the devastating damages of concrete block structures in 2010 Port-

au-Prince earthquake in Haiti is still fresh in our memory. (See Fig.4)

>
SOouth Asia
e and & i
Himalayan —— e
l.l]m
flic Ocean

| WSouth-East
Indian Ocean - 5

= : . £
Cocon (Kovling) hand, (A ) a4 _“ ik

Fig.3 Classified masonry type on hazard map in Asia*

5

Fig.4 Damage in 2010 Port-au-Prince earthquake in Haiti®

4 Source: Author made on Hazard map from OCHA: http://reliefweb.int/sites/reliefweb.int/files/resources/map
5 Source: The telegraph: Haiti earthquake: aerial and satellite photos of Port-au-Prince from the air and space:
http://www.telegraph.co.uk/news/picturegalleries/worldnews/6987916/Haiti-earthquake-aerial-and-satellite-
photos-of-Port-au-Prince-from-the-air-and-space.html
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(A) One-brick thick wall

[British Bond] [Flemish Bond]
The common brick laying in South Asia. The common brick laying in South Asia.
Thickness of wall is approximately 230 mm. Thickness of wall is approximately 230 mm.

in Pakistan in Nepal in India in India
(B) A half-brick-thick wall + RC frame (C) One and a half-brick-thick wall and
[Confined masonry] more.
The common brick laying in South-East Asia. The common brick laying in Middle-East.
Thickness of wall is 2700 mm. Thickness is more than 350 mm.

in Indonesia in Indonesia in Iran in lran

Fig. 5 Classification according to brick laying in each country
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1.3 Review of past studies and literatures

First of all, it would not be an exaggeration to say that the “Guidelines for Earthquake
Resistant Non-Engineered Construction®” is a starting point in considering earthquake safer
construction in developing countries, shown in Fig.6. The first edition of the book was
published by the International Association for Earthquake Engineering (IAEE) in 1986. This
book consisted of a revised and improved version of the original document, “Basic Concepts
of Seismic Codes, Vol.1, Part 2, Non-Engineered Construction”, also published by IAEE in
1980. The revision resulted from the work of a committee, integrated by Anand S. Arya
(Chairman, India), Teddy Boen (Indonesia), Yuji Ishiyama (Japan), et al. These efforts were
guided by the objectives, scientists and other professionals in the field of earthquake
engineering through the exchange of knowledge, ideas and the results of research and
practical experiences. This “Guidelines for earthquake resistant non-engineered construction”
consists of diverse issues that are derived from structural performance of building during
earthquakes, general concepts of earthquake resistant design and strengthening of buildings.
Recently, a new revised version was published by UNESCO?, shown in Fig.7.

Since then, in particular, Anand S. Arya, India and Teddy Boen, Indonesia made vast
contributions to the study of non-engineered construction.

Many manuals®, guidelines® and building codes are published based on their activities in
the world. For examples, in the Nepal building codel®, the chapter of non-engineered
construction was included. Furthermore, Gujarat State Disaster Mitigation Authority and
Indian Institute of Technology Kanpur made some guidelines ' for non-engineered

construction are referred to this guide book.

6 TAEE, Anand S. Arya, Teddy Boen, Yuji Ishiyama, et al., GUIDELINES FOR EARTHQUAKE RESISTANT

NON-ENGINEERED CONSTRUCTION, 1986.

7 Download site: UNESCO: http://www.unesco.org/new/en/natural-sciences/about-us/single-
view/news/new_guidelines_to_improve_the_safety_of_informal_buildings/#.VCZqhmdxmeQ

8 Guidelines for Earthquake Resistant Non-Engineered Construction, NICEE, India,2004

9 Shaw R. and Okazaki K., Guidelines for earthquake resistant design, construction and retrofitting of buildings
in Afghanistan, UNCRD-MUDH Publication, 2003

10 The Nepal National Building Code, 1994

11 GUIGELINES for STRUCTURAL USE of REINFORCED MASONRY, IITK-GSDMA, India, 2005

7
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Fig.6 Guideline for earthquake resistant non-engineered construction, 1986, IAEE®

_«mmwiwmwmm_

2) Falling of plaster from walls and ceiling particularly where it was loose.

3) Cracking and overtuming of partition walls, infill walls and cladding walls from
the inside of frames. {Though not usually accounted for in calculations, this type of
damage reduces the lateral strength of a building.)

4) Cracking and falling of cailings.

5} Cracking of glass panes.

6) Falling of loosely placed objects, overturning of cupboards, efc.

4.2.2 Damage and failure of bearing walls

1) Failure due to racking shear s characierized by diaganal aracks mainly due to di-
‘agonal tension, Such failure may be sither through the patter of joints or diagonally
through masanry units. These cracks usually initiate at the comer of openings and
sometimes at the centre of 3 wall ssgment. This kind of failure can cause partial or
«compiete collapse of the structure (sze Fig. 4.1).

Cracking in bearing walls due to bending and shear

Fig.7 Revised version of guidelines for earthquake resistant non-engineered construction, 20147

6 TAEE, Anand S. Arya, Teddy Boen, Yuji Ishiyama, et al., GUIDELINES FOR EARTHQUAKE RESISTANT
NON-ENGINEERED CONSTRUCTION, 1986.

7 Download site: UNESCO: http://www.unesco.org/new/en/natural-sciences/about-us/single-
view/news/new_guidelines_to_improve_the_safety_of_informal_buildings/#.VCZqhmdxmeQ

8
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In case, when a devastating earthquake occurs, many researchers survey failure
processes and patterns by observation and learned from the damaged buildings and
remaining debris. These studies identify and the recorded the behavior of buildings during
shaking motion and their failure mechanism. These surveys in Japan constitute mainly on
the works of the Architectural Institute of Japan (AlJ). Disaster investigation, damage case of
construction method in developing countries, and damage factors have been reported,

shown in Fig.8.

FIE MEFROBNLESHEL

L1 MEERmEn T S 2

20064 T v 7 .%q:%mﬁﬂé%%ﬁﬁﬁﬁ

Report an the Damage Investigation
of
the 2006 Central Java Earthquake

BAkSES

Architectural Institute of Japan. (AIT)

Fig.8 Report on the damage investigation of the 2006 Central Java Earthquake, 2006, AlJ*?

Since many masonry buildings had been damaged by the 1923 Great Kanto Earthquake,
masonry construction has not been a major construction method in Japan. In comparison to
other structures, the research work on masonry structures are much less than other structural
methods. And in addition, there have been only a few studies regarding earthquake safety of

non-engineered construction in developing countries.

Regarding experimental studies, some studies have been conducted for masonry

construction in developing countries.

12 ATJ, Report on the damage Investigation of the 2006 Central Java Earthquake, 2006.

9
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In Japan, Yoshimura, Kikuchi, Kuroki et al. in Oita University in 1991 conducted a series
of studies which focused on confined masonry*314. Their studies related to a JICA project
incorporated with CENAPRED?® in Mexico. These experimental studies have shown the
comparison with different wall-to-wall connection details, shown in Fig.9.

%21 WS
ADLOHOV-AB e stk I AD-LE-HONDARATE | : L2V
e i H ki LR Ll n:n)?.u.a\ et il | 5 sl i
I0081VD-34 I-Lodwvess | i SRIHOVM | 20sniioviascy | RV | L0 JCLIe
VI | AP HOOICE |y evnsecma | TPLEHIRE | e s
L] =L L0 D19 L1y 1018 (L) 149 (LI}
paa kL fzl 2L L T-DoEd0 (1M3)
ET L GL Toaaie (o AL
LT TR 20 ThE o) Tk 2 Ixx Om Tk 20) kw30 ixx @ YEx
(7208 L) B0y /18] isn) [1719] ihoy L) isny
ANEEE
ewE

Fig.9 List of specimens by Oita University!®

Osamu Jo in Hokkaido University also conducted research studies on static experiments
and analysis of masonry structures in cases of Peru and Chile. These studies demonstrates

the effectiveness of masonry wall with different sizes and location of openings in Fig.10.%7

In other studies, Mizuno et al. in Building Research Institute (BRI) carried out dynamic and
static experiments, specimens with horizontal reinforced bars, the study had confirmed that
the reinforcing bars has a strength increasing effect.'8

24 (ki)

Fig.10 Static experiments by Hokkaido University8

13 Yoshimura et al., Experimental Study on Effects of height of lateral Forces, Column Reinforcement and Wall
Reinforcements on Seismic Behavior of Confined Masonry Walls, 13WCEE, 2004.

14 K. Kikuchi et al., Experimental Study for developing Higher Seismic Performance of Brick Masonry Walls,
13WCEE, 2004.

15 Sitio Oficial del Centro Nacional de Prevention de Desastres; http://www.cenapred.unam.mx/es/
16 K. Yoshimura, BA¥&i& -EOHZEEIZ 61T 2 ARG &Y O MM b & #iiRiE o BIJAFSE, 2008, p17

17 Jo Osamu, International Contribution of Proposal of Techniques Improving Seismic Performance on R/C
Buildings with Masonry Walls used in Developing Countries, 2008.

18- Mizuno et al. Technology Transfer of Housing Technology for the Third Would. Improvement of Structural
Design of Confined Masonry Structure, 1994.

10
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Overseas, there are some well-known text books for earthquake resistant design of
masonry buildings. For example, one is “Earthquake-Resistant Design of Masonry
Buildings'®” by Miha Tomazevic (Slovakia), 1999, shown in Fig.11. The other is “Seismic
Design of Reinforced Concrete and Masonry Buildings?®” by Tom Paulay (New Zealand) and
M.J.N. Priestley (USA), 1992, shown in Fig.12. They established that some structural
calculation formulas for masonry structures. Although these studies target the masonry
structures in Europe or America, they do not target the non-engineered construction in
developing countries.

eurighied Matrial
Series on
Innovation in Structures and Construction — Vol. |

Series Editors: A. S. Elnashai & P. J. Dowling SEISMIC DESHGN
EARTHQUAKE-RESISTANT DESIGN of REINFORCED
OF MASONRY BUILDINGS CONCRETE
- and MASONRY
BUILDINGS

Miha Tomazevi¢

Fig.11 Earthquake-resistant design of Fig.12 Seismic design of reinforced

masonry buildings®® concrete and masonry buildings?°

Regarding retrofitting methods, the “Guidelines for Earthquake Resistant Non-Engineered
Construction™ introduced general techniques of repair, restoration and strengthening of
buildings, but its description is not in detalil.

19 Miha Tomozevic, Earthquake-Resistant Design of Masonry Buildings, 1999.
20 Tom Paulay, M.J.N.Priestley, Seismic Design of Reinforced Concrete and Masonry Buildings, 1992.
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In the last few years, considerable research on retrofitting of masonry structures had been
carried out in some countries.

After the 2005 Kashmir earthquake, Qaisar Ali in the University of Engineering &
Technology, Peshawar, Pakistan studied and adapted steel mesh on masonry wall for
avoiding collapse in Pakistan?'??, This proposal was focused mostly on the strengthening of
non-structural masonry wall, shown in Fig.13.

Since the author had some projects with Qaisar Ali Pakistan in 2006, the author’s research

on retrofitting method for masonry structure in developing counties was started.

3 INSTRUCTIONS FOR EARTHQUAKE RESISTANT
e BUILDINGS
Government of NWFP _, 31 Brick, Block and Stone masanry Buildings

Pakistan T i :

ANDALLAISETTLED HOUSES A DWELLING PLACE FOR YOU (A L-QURAR,

FIELDERACTICINGIMANUALY

First Edition
February 2006

Department of Civil Enginee Fig. 16 Bands ot differct levels of wall

vering
NWFP University of Engineering & Technology Peshawar

e e Epct il ph rupisarali o wa Tywet s dn b LR

Fig.13 Field practicing manual by University of Engineering & Technology Peshawar??

In South-East Asia, Teddy Boen is a pioneer in the study of earthquake-resistant design
for non-engineered construction?3. His activity is based on observations of past earthquake
damages?4252627.28 gyrveys and computer analysis and design. He mentioned “Until now
there are very few architects or engineers who pursue expertise and commit to learn non-

engineered constructions because most of them will not receive adequate material rewards

21 Qaisar Ali, et al., Seismic Behavior of Unreinforced and Confined Brick Masonry Walls before and after Ferro
cement Overlay retrofitting, 2012

22 NWFP University of Engineering & Technology Peshawar, Field Practicing Manual, 2006.

23 Teddy Boen, Detailer’s Manual for small Buildings in Seismic Areas, 1978.

24 Teddy Boen, Reconstruction of Houses in Aceh, Seven Months after the Earthquake & Tsunami, 2005.

25 Teddy Boen, Building A Safer Aceh, Reconstruction of Houses, One Year After The Dec. 26, 2004 Tsunami, 2006.
26 Teddy Boen, Yogya Earthquake 27 May 2006, Structural Damage Report, Jakarta, 2006.

27 Teddy Boen, Non-Engineered Buildings — Learn from Past Earthquake Damages. Yogyakarta, 2000.

28 Teddy Boen, Bengkulu & West Sumatra Earthquake September 12 2007, Structural Damage Report, Jakarta,
2007.
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and must even make sacrifices. It can be seen from the amount of literatures that discusses
the earthquake engineering problems for non-engineered constructions are only less than
5% of all literatures for different methods of construction, whereas, the victims caused by the
collapse of these non-engineered buildings will be account to more than 60%"%°. Recently,
Boen introduced a retrofitting method for non-engineered construction which uses
ferrocement with wire mesh as strengthening layers and uses sandwich construction
analogy®°3!. These retrofitting method uses ferrocement skin layers on walls as bandaging
or jacketing. The author has been worked closely with Teddy Boen for a safer of non-
engineered construction through sharing, exchange of information and discussion of

experiments and field trainings since 2002. (See Fig.14, Fig.15)

Buku Panduan
Perbaikan dan Perkuatan
Bangunan Tembokan
Sederhana

aseg e

—
=
=
=t
=

Fig.14 Poster Minimum Requirement for Fig.15 Guidelines for Retrofitting Simple

Earthquake Resistant Masonry Building by Buildings in Indonesia, 2012%
Teddy Boen, 2005

29 Teddy Boen, Challenges and Potentials of Retrofitting Masonry Non-Engineered Construction in Indonesia, The
University of Kyoto, Ph.D. thesis, 2014, p34

30 Teddy Boen et al., Buku Panduan Perbaikan dan Perkuatan Bangunan Tembokan Sederhana, published by
JICA, 2012

31 Teddy Boen, Challenges and Potentials of Retrofitting Masonry Non-Engineered Construction in Indonesia, The
University of Kyoto, Ph.D. thesis, 2014
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In other countries, some studies on retrofitting can be found, Marcial Blondet et al, Peru
proposed external wire mesh and external polymer mesh called “Geogrid mesh” for
strengthening adobe structure®2. Daniel Torrealca performed static and dynamic simulation

test carried out at Catholic University of Peru3334, (See Fig.16)

(A) Geogrid mesh (B) Construction model

Fig.16 Geogrid mesh for adobe structure in Peru

In Japan, Kimiro Meguro et al, proposes using poly propylene band (PP-band) for
strengthening method for in developing countries3>:3. In this method, masonry walls are
wrapped by PP-band meshes on both sides as jacketing and the meshes are connected by

PP-strings or wires and embedded in cement or mud mortar overlay, shown in Fig.17.

(A) PP-band mesh (B) Construction model in Pakistan

Fig.17 PP-band mesh retrofitting by K.Meguro

32 Marcial Blondet et al., Seismic Protection of Earthquake Buildings, Conferencia Internacional en Ingenieria
Sismica, 2007,

33 Daniel Torrealva, Seismic Design Criteria for Adobe Building Reinforced with Geogrids, 15WCEE, 2012.

34 D.Torrealva et al., Shear and Out of Plane Bending Strength of Adobe Walls Externally Reinforced with
Polypropylene Grids, 14WCEE, 2008.

35 K. Meguro et al. A Step towards the Formulation of a Simple Method to Design PP-Band Mesh Retrofitting for
Adobe/Masonry Houses, 2008.

36 K. Meguro et al. Development of Promotion Systems for PP-Band Retrofitting of Non-Engineered Masonry
Houses, 15WCEE, 2012
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All above mentioned past studies for strengthening masonry structures, have the same
target in common.

In general, the failure mechanism of a masonry structure is very brittle fracture during
earthquakes. In order to save people’s lives against earthquakes, it is critical to increase the
ductility of brick masonry structure. Therefore, this strengthening method for masonry
building expect effectiveness for avoiding the possibility of brittle failure mode by adding
mesh as tension reinforcement, and also strengthen the bond for proper connection between
its resisting elements, so that inertia forces generated by the vibration of the building can be

transmitted to the members that have the ability to resist them.

Several studies by Kenji Okazaki have reported that earthquake risk perception in
developing countries is included in disaster education and policy making. These are
corroborated by researchers in each countries, such as Indonesia, Nepal, Pakistan, Turkey,
Philippines, and Fiji. The strategy on dissemination of disaster mitigation were suggested
through questionnaire survey.3” 38

Tatsuo Narafu as a leader, conducted collaborative research and development project3?4°
for disaster mitigation on network of research institutes in Asia, 2006-2008. Figure 18 shows

outline of collaborative R&D project for disaster mitigation on network of research Institutes.

Mitigation of Disasters
on their own initiative

1T

Enhancement of R&D capacity
Of each member country

Total coordination: BRI Facilitating institutes
Facilitating Institute of Topic 1 of each countries

Risk Management System

Building Research Bandung Institute of
Institute, Japan (BRI) Collaborative Technology (ITB)
o ] . R&D Activities Indonesia
Facilitating Institutes of Topic 2
Seismic Constructions . ) .
N — - Share of inf. and exp. Nepal Engineering College
Structures and Construction Practice| | (Workshops, TV conferences)
Mle Unlver5|ty Wutual Vi_SitS of researcher Nepal
Joint research
P& | of Experiments Joint experiments
National Research Institute i H
for Earth Science and i Bl
Disaster Prevention (NIED) Pakistan
Facilitating Institute of Topic
Dissemination of Technologies
National Graduate Institute Istanbul Technical University
for Pelicy Studies (GRIPS)
Turkey

Fig.18 Outline of collaborative R&D project for disaster mitigation on network of research Institute

37 Kenji Okazaki et al., Earthquake Risk Perception and Policy Making, ERRA, Islamabad, 2010.

38 Kenji Okazaki et al., New Strategy for Earthquake Risk Management, Keynote Paper, K5, First European
Conference on Earthquake Engineering and Seismology, 2006.

39 Tatsuo Narafu et al., Collaborate Research and Development for Safer Housing against Earthquakes,
APRU/AEARU Research Symposium, 2007.

40 Tatsuo Narafu et al., Basic Study for Bridge between Engineering and Construction practice of Non-Engineered
houses. 14 WCEE, 2008.

15



Chapter 1

There were three research topics as risk management system, feasible and affordable
seismic constructions, and strategies for dissemination of technologies to communities. The
author jointed this project as a special researcher. The project was a comprehensive
approach to earthquake risk reduction, and due to this project, a network of researchers from

developing countries was developed, which is very important.

From the viewpoint of practical activity in the field, Amod Mani Dixit and staffs from NSET
(National Society for Earthquake Technology) in Nepal are challenging themselves vigorously
for safer housing construction in Nepal and South Asia*'#?. The demonstration using small
scale shaking table was one of the practical methods for awareness delivered to the people,
shown in Fig.19. NSET is try to change the risk perception of people by showing images of

safety of construction directly to people.

(A) in Pakistan (B) in Iran
Fig.19 Shaking table demonstration by NSET

41 Amod Mani Dixit, Promoting Safer Building Construction in Nepal, 13WCEE, 2013.
42 Amod Mani Dixit, NSET, Challenges of Building Code Implementation in Nepal, International Symposium 2008
on Earthquake Safe Housing, 2008.

16



Chapter 1

1.4 Positioning of this study and contents

An earlier mentioned, each study have focused on masonry structure in developing
countries. However, there seems to be little implementation on field and the strengthening of
existing building had been less studied.

In seismic prone area in developing countries, many inadequate buildings exist and these
are still being built. The development of a retrofitting method to be applicable to existing

buildings is needed.

This study aims to accomplish the improvement of safety of non-engineered construction
against earthquake, this study proposes affordable, affordable and feasible retrofitting
methods for masonry construction in developing countries that is proven through lessons
learned from experimental studies and field trainings.

Furthermore, the seismic evaluation tools for awareness were developed. Because, the
connection between experiment and practice is the critical missing link as a gap for non-
engineered construction. This study try to bridge the gap between experiment and practice

for the dissemination of safety of non-engineered construction against earthquake.

The present thesis composes of five chapters as:

Chapter 1 introduces the present study. The background, purpose, research objectives,
and past studies with literature survey were presented through observations from field
experience.

Chapter 2 describes the investigation of the seismic performance of non-engineered
construction of three typical methods of masonry structures as mentioned in Chapter 1. As
the first step, it was necessary to find out the actual behavior during earthquake. Therefore,
three series of shaking table tests of masonry construction were carried out to understand
the actual behavior until the tested structure collapsed.

Chapter 3 presents the retrofitting method that is proposed for non-engineered
construction. The proposed retrofitting methods for non-engineered construction in
developing countries take into consideration affordability, feasibility and adaptability for
existing situations. The retrofitting method use wire mesh which is available in local market
in these area. Furthermore, the retrofitting method was developed using feasible techniques
which is possible to construct without the specific techniques.

Chapter 4 discusses about the challenges for dissemination of earthquake safety
construction to the people. It is necessary to make a bridge between engineering and actual
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field conditions and situations. Workshops and seminars were held in Indonesia after the
devastating earthquakes. Moreover, for raising awareness on disaster mitigation, two
practical tools for vulnerability and safety evaluation for non-engineered houses were
developed in the Philippines.

Chapter 5 concludes the present study, explaining the approach to improve earthquake
safer construction in developing countries that have similar masonry construction.

Figure 20 shows action-task of contents of each chapter of the dissertation on the disaster
management circle.

The flow and relations of each chapter is shown in Fig.21.

Chapter 1: present situation

Chapter 4: dissemination -Observation of damage after earthquake.

-Classified masonry structure non-engineered

\ 4

Field activities

. construction in developing countries.
-Mason training

-Seminar for house owner

-Developing manuals Disaster

-Developing practical tools Response

\

A

Preparedness

Rehabilitation

Prevention Reconstruction
Mitigation
Chapter 2: experimental study
Chapter 3: developing retrofitting method Investigation of actual seismic
Investigation of retrofitting method performance.
-Jacketing and Bandaging using wire mesh was -Full scale shaking table test
proposed. -South Asian type of masonry
-Several shaking table test was conducted. - South-East Asian type of masonry
ﬁ = -Concrete hollow block masonry

Fig.20 Action-task of contents on disaster management circle
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Chapter 1
1.5 General aspect of purpose

In the task of the improvement of safety of non-engineered construction as disaster risk
reduction, this study proposed retrofitting methods for non-engineered construction and the
practical tools for vulnerability and safety evaluation for non-engineered houses as
awareness in developing countries, these were proven through lessons learned from

experimental studies and field trainings.

For earthquake safer construction, all individual buildings need to be designed for
earthquake resistance. However, in developing countries, it is not realistic to design
structurally all buildings because of financial problems, lack of engineer and trained
construction worker for earthquake resistant design. Furthermore, existing non-engineered

buildings are mostly not followed building code as noncompliant building.

A) Retrofitting method for non-engineered construction

In general, brick masonry construction is vulnerable of brittle fracture behavior when
shaken by earthquakes. In order to save peoples’ lives against earthquake, the ductility of
brick masonry construction should be improved. Therefore, the retrofitting method for
masonry construction should be aimed to avoid the possibility of a brittle failure mode, and
strengthening of the unity of construction by providing proper connection between its resisting
elements, in such a way that inertia forces generated by vibration of the building can be
transmitted to the members that have the ability to resist them. Typical important aspects are
the strengthening of the connections between roofs or floors and walls, and between walls

and foundations.

The importance of the retrofitting method for non-engineered construction in developing

countries should be evaluated according to the following:

1) Affordability (Economic aspects)
To ensure the retrofitting method is capable of providing enough strength
improvement at low cost in the society.
It is needless to say that regards to financial matters, the house owners of non-
engineered houses are normally low to middle income people. Therefore, economical

aspects is most important. To try to make low cost, the ordinary available material in
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local market of these area should be used, and construction should be done without
the specific techniques of using special tools. (See Fig.22 and 23)
In the developing countries, the construction cost tends to be higher in the ratio of

material cost than labor cost. Therefore, the material selection is one of key for

dissemination of retrofitting methods.

EQUIPMENTS
Fig.22 Construction materials and Fig.23 Ordinary tools of local
equipments in local market construction worker

Feasibility (Technical aspects)

To ensure the retrofitting method may be easily applied using ordinary materials
and tools as well as local worker’s skill.

Non-engineered construction are usually constructed by local masons, petty
contractors or residents/house owners who are not formally trained in construction
work. (See Fig.24 and 25) The approach should be concerned that retrofitting is also
conducted by unskilled worker.

In order to do that retrofitting method should be simplified which is possible of being
done without the specific techniques used in conducting particular construction. The
techniques of retrofitting method should be possible to acquire through a few days
training or explanation of textbooks. In other words, the proper information is indeed
one of important point of retrofitting, because it is easily applied using ordinary
construction techniques.
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Fig.24 Non-engineered construction in Fig.25 Non-engineered construction in

Indonesia Philippines

3) Adaptability (Developmental or Flexible aspects)

To ensure the retrofitting method may be applied range as wide as the building type
diverse in the society.

Non-engineered construction are mostly constructed by informal process without
drawings or professionals. The meaning of it is an infinite diversity of existing
situations. Therefore, retrofitting method should correspond to a variety of
construction methods, shape of buildings and deterioration levels. (See Fig.26 and
27)

Fig.26 A variety of materials used Fig.27 A variety of shapes and

deterioration levels
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B) Seismic evaluation tool for non-engineered construction

In the task of the dissemination of safety of non-engineered construction, it is necessary
to acquire the state of the raising awareness is the first step.

The educational seminars regarding safer construction for residents/house owners (See
Fig.28 (A)) and vocational training for masons (See Fig.28 (B)) were conducted. Through
these seminars and trainings, their needs of current situation and their problems were

assessed.

(A (B)

Fig.28 Seminar for residents/house owners and vocational training for masons

It is not only with masons, but it is also needed to raise the awareness of residents/house
owners needed for earthquake safer construction. To promote of safety of non-engineered
construction, the residents/house owners must understand the vulnerability of their own
houses, and must take necessary actions as their responsibility, with the technical advice
from the professionals.

To further assist the residents/house owners, we developed a simple seismic evaluation
method as an awareness raising tool for non-engineered construction. These seismic
evaluation tools provide much importance to bridging residents/house owners and engineers

to communicate, because it is critical missing link for non-engineered construction.
As outcome, these developing retrofitting methods of non-engineered construction and

seismic evaluation tools for residents is meant for bridging the gap between experiments and

practices.

23



24

Chapter 1



Chapter 2 Experiments of ordinary construction in developing countries






Chapter 2
Chapter 2 Experiments of ordinary construction in developing
countries

2.1 Full-scale shaking table tests for main masonry construction methods in
developing countries

As mentioned in Chapter 1, two types of masonry construction, brick masonry and
concrete hollow block masonry as non-engineered construction have recently become
common structures in earthquake prone areas in developing countries. Several reports on
investigations and observations on damaged buildings and remaining debris after
earthquakes have concluded that devastating damages were caused by the vulnerability of
such types of construction.

As the first step in disaster mitigation, it is the most important to record actual behavior of
buildings during earthquakes and to investigate their seismic performance.

For these purposes, three shaking table tests of masonry construction were carried out to
understand the actual behaviors until collapse, as well as, to verify the analysis methods to
evaluate the seismic performance. Table 2 shows the list of shaking table test and detail of
three models. Following are matters that are common to each shaking table test.

1) Venue: All tests were conducted at National Research Institute of Earth Science and
Disaster Prevention (NIED), Tsukuba. NIED has two shaking tables. One is E-Defense
which is the biggest shaking table in the world, completed in 2005. The other in
Tsukuba is a one-direction horizontal with displacement + 22 cm (44 cm of stroke),
velocity 100 cm/s and excitation force of 3.6 MN. Test weight capacity is 500 tons, and
the table dimension is 14.5 m by 15.0 m.

2) Input motions: Input motions used were based on JMA Kobe NS which was recorded
at the JMA (Japan Meteorological Agency) Kobe observatory in the Great Hanshin
Earthquake of 1995; this wave is referred to as JMA Kobe NS. Also the input motions
recorded recently in the world were used. For example, Iran suffered heavy damage
during the magnitude 6.7 Bam Earthquake that occurred on 26" December 2003 in
Bam city. The Iranian government Building and Housing Research Center (BHRC) in
Bam city recorded strong movements. Ground motions of the ICA Peru Earthquake
2007 were also used for the shaking table tests. Figures 29 and 31 show the
comparison of each of the input motion.

3) Measurement systems: Accelerometers that are servo acceleration sensors were
installed. Displacements were measured by 3D image processing, shown in Fig.31.

And after each input, the distribution and size of cracks on the model were sketched.
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Table 2 List of shaking table test and detail of the models

South-East Asian type of masonry

Concrete hollow block masonry construction

Classification South Asian type of masonry construction
penstiiicton Model A [ Model B
Characteristics One-brick thick wall Half-brick-thick wall +RC frame Full filling mortar Into the hollow
Size of specimens (WxDxH), (mm) 2650 x 2650 x 3165 2680 x 2680 x 3270 3700 (3750) x 3700 (3750) x 2800+gable wall
’ Brick from Pakistan for three walls and

Material Brick from Pakistan Jepasione biiok forone well Block from Phllipplnes

Size of brick or block 230x110x70 (Pakistan| brick)

(Wx Dx H), (mm) 230x110x70 210 x 100 x 80 (Japanese brick) 400x100x200 400x150x200

Wall thickness 230mm (length of face) 100mm (length of end) 100mm(4inch) L 150mm (6inch)

Reinforcement none RC column and beam Relnforoementn the wall

‘ 8mm (Plane Bar) | 10mm (Deform bar)

Structure | Mortar

Cement:Sand (by volume) 1:8 1:10 1:4

Water:cement (by volume) . . 12:1.0

WIC ratio*1 (by weight) 88% 171% 80%

Soaking brick done (min 30min) none none none

others - . not com pacted compacted

Gable wall none none Gable wall: helght Is 1200mm

Roof Flat roof by corrugated sheet none Slope roof by corrugated sheet

with Wooden beam with wooden frame
Specimen
Curing pericd 21days 15days 24days
Date of test 26-27 Dec, 2007 1-4 July, 2008 23-24 Feb, 2011
Collaborative R & D proect for disaster Collaboration project of NIED and Mle ]
Related project mitigation on network of research Institute unliversity In cooperation with BRIand EI-EA Enh;’;:es?;':;;:;Z:ﬂﬁ:;;?gﬁ:;?;;ﬁg:::: azr; gﬂ:ﬁf Willestion.of
In Asla, 2006-2008 Mitsulshl Fire Brick Co.Ltd '

Author's position Member, Deslgn, Supervising Construction | Member, Deslgn, Supenising Construction Management, Design, Supendsing Construction

*1: Calcurated by using a bulk speclfic gravity of cement s 1.5,
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Fig.29 Input motion of main waves
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Fig.30 Acceleration response spectra of main inputs*?

43 T.Nakagawa, Collapse behavior of a brick masonry house using a shaking table and numerical simulation based
on the extended distinct meshod, Bull Earthquake Eng(2012), 2012, p269-283
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(A) Servo type acceleration sensors
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2.2 Full-scale shaking table test of brick masonry house in South Asia

2.2.1 Outline of specimen

At first, shaking table test of South Asian type of brick masonry house was conducted for
investigation of seismic performance, under Project of “Collaborative Research and
Development Project for Disaster Mitigation on Network of Research Institute in Asia, 2006-
2008” by BRI, NIED, GRIPS, Mie University and research institute of collaborating countries**.

The model was designed through discussion with Dr. Qaisar Ali of the University of
Engineering & Technology, Peshawar, Pakistan. The model was laid by British-bond that is
common in Pakistan, and the wall thickness is 230 mm and is called “One-brick-thick wall”,
shown in Fig.32.

The bricks were imported from Pakistan, near Peshawar. These bricks are commonly
used to construct houses in Pakistan. The strength of mortar, and the method of laying the
bricks were done following the common practice for non-engineered construction in Pakistan.

The overall dimensions of the model are 2650 mm x 2650 mm in plan and 3165 mm in

height without a gable wall. Figure 33 shows drawings of model structure.

Fig.32 Model on the shaking table

44 Tatsuo Narafu et al., Collaborate Research and Development for Safer Housing against Earthquakes,
APRU/AEARU Research Symposium, 2007.
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2.2.2 Material properties
1) Brick
Figure 34 shows brick which were produced in
Pakistan, near Peshawar. Size was 210 mm x 110 mm
x 70 mm. The average compressive strength was
14.73 N/mm?. The photo of the test and the stress-

strain (o-€) curve are shown in Fig.35.
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Fig.35 Properties of brick
2) Mortar

The ratio of cement and sand was 1 / 8 by volume and the water cement ratio was
88 % which followed the common practice in this area, discussed with Dr. Qaisar Ali.
The average compressive strength was 9.96 N/mm?2. The photos of the test and the

stress-strain (o-€) curve are shown in Fig.36.
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Fig.36 Properties of mortar
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Chapter 2

2.2.3 Input motions

Table 3 shows the schedule of excitation with input motions. These input motions were
based on the 2003 Bam Earthquake (Bam EW) and 1995 Kobe Earthquake (JMA Kobe). For
the Bam record in this test, it was necessary to modify the amplitude and the timescales of
the shaking table inputs. In this case, the maximum Bam EW record displacement of 35 cm
was changed to the maximum shaking table displacement of 22 cm. This displacement

reduction led to a timescale reduction factor of 0.79 which was used in the test.

2.2.4 Measurement systems

Accelerometers were installed at 33 points on the specimen and on the shaking table.
(See Fig.37) Shown in Fig.31, response displacement was measured by 3D image
processing. LED makers as the point of measurement were installed at 53 points on the
specimen and on the shaking table. (See Fig.38) And after each input, the cracks on the

specimen were sketched for recording the progress of cracks development.
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Chapter 2

(A) South-East view (B) North-West view

Fig.38 Location of LED markers for 3D measurement

2.2.5 Observations of main inputs
First of all, in order to check the vibration characteristics of the model structure, a
rectangular wave with Tmm amplitude was inputted.

+ Up to input No.23: The model was able to withstand the input Bam Earthquake (Input
No.21) and Kobe Earthquake (Input No.23) with no cracks. Some points of reason why
the house behaved accordingly for this earthquake inputs will be described at conclusion
of this section. The results of the shaking table test are significant in investigating the
behavior of the structure from the cracks of damaged as well as collapsed building.

+ Input No.27: Strong pulse shock was inputted. The first pulse shock caused cracks from
openings on the North and the South walls, shown in Fig.39. Horizontal cracks were found
on the joint mortar and diagonal cracks at the openings. In the second pulse shock, minor
cracks occurred on the East wall, shown in Fig.40.

+ Input No.30: The existing cracks expanded and generated on each wall. The concrete
lintel beams at the openings separated from the brick walls, shown in Fig.41.

+ Input No.31: Finally, the model structure building having totally collapsed. The North and
South walls were separated into some segments of walls, mainly four segments on both
sides, upper part and bottom part by diagonal cracks, and the model was rocking during
the beginning of shaking. The falling lintel beam led to the totally collapse of the building
model, shown in Fig.42 and 43. It was caused by the loss of support due to large

displacements. Figure 44 shows sequence of totally collapse during JMA Kobe NS.
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Fig.39 Crack pattern of Input No.23 (15t Pulse shock, red circle on (A))
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Fig.40 Crack pattern of Input No.23 (2" Pulse shock, red circle on (A))
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Fig.41 Crack pattern of Input No.30 (Red circle on (A))
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Fig.42 Crack pattern of Input No.31 (1) (Red circle on (A))
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Fig.44 Sequence of collapse of input No.31
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The result of this shaking table test of South-Asian type of brick masonry house clearly
showed that cracks started from openings in the South and North walls. These walls were
subjected to in plane loading. Then, the East wall collapsed by following an out-of-plane
failure pattern. Before total collapse, the wall segments fell down towards the inside of the
house, shown in Fig.45. This behavior of failure pattern is the critical point which loss of lives
are imminent.

Fig.45 South-West view during input No.31

2.2.6 Conclusions
Table 4 shows characteristic of model structure and failure pattern. The failure was started
in plane diagonal cracks.

Table 4 Characteristic of model structure and failure pattern

Chapter 2.2  South Asian type of masonry construction

Wall thickness 230 mm

Span of wall 2650 mm

Ratio of Span/thickness of out-of-plane direction 2650/ 230=11.52 11times of wall thickness

Area of floor 7,022,500 mm2

Area of wall of shaking direction 878,600 mm2

Ratio of wall density of shaking direction 878,600 / 7,022,500=0.125 12.5%
Failure pattern In plane failure

Input motion of collapsing JMA Kobe NS 100 % wave

The North and South walls were separated into some
Sequence of collapse segments of walls, mainly four segments on both sides, upper
part and bottom part from diagonal cracks, and the model was
rocking during beginning of shaking.

The observations and points of this shaking table test are shown below:
The size of the model was smaller than actual houses. Therefore, the ratio of
span/thickness and wall density of model were higher than ordinary houses in
developing countries.
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The model was one-story building. Therefore,
there was no weight to cause additional inertia
force to the building other than the weight of the
walls.

The strength of mortar was produced to follow
in the actual field condition, however,
workmanship of masons in Japan was better
than the actual field condition, and it was a new
construction, therefore no deterioration.
Through observation of debris, fallen bricks still
formed in segments of brick walls. It was

different as observed from debris after an

actual earthquakes where the walls are

Fig.46 Debris of bricks

shattered into pieces of bricks. It was
concluded that bonding strength was much

better than in the actual condition, shown in Fig.46.

The shaking table test indicated that the tested model are stronger compared to the actual
ordinary houses built in developing countries. That was why masonry construction in these
areas were vulnerable and suffered devastating damage during the past earthquakes such
as the 2003 Bam Earthquake and the 2005 Kashmir Earthquake. It is considered that the
damages of brick constructions in developing countries were defective caused by low

standards of workmanship. Poor workmanship is often observed in developing countries.
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2.3 Full-scale shaking table test of brick masonry house commonly built in South-
East Asia

2.3.1 Outline of specimen

The second shaking table test of the South-East Asian type of brick masonry house was
conducted for the investigation of seismic performance, under “Collaboration Project of NIED
and Mie University in cooperation with BRI and Mitsuishi Fire Brick Co.Ltd.

According to Teddy Boen, in general, non-engineered construction in Indonesia can be
summarized as follows; “Most of the buildings in the earthquake stricken area are masonry
non-engineered constructions consisting of half-brick-thick masonry walls. This type of
buildings are earthquake resistant if built based on earthquake resistant principles. However,
from past 40-year surveys of significant damaging earthquakes in Indonesia, many masonry
non-engineered constructions were damaged and/or have collapsed during earthquakes.”

Such construction is called “Confined masonry with a half-brick-thick wall”.

The confinement consist of reinforced concrete framing, consisting of the tie columns and
tie beams. These RC frame is 120 mm x 120 mm and 150 mm x 200 mm with four 10 mm or
12 mm in diameter bars as main reinforcement and 8 mm in diameter stirrups spaced at 150
- 200 mm. Most of houses have timber roof trusses with galvanized iron sheets roofing. Few
buildings used clay tiles for roofing.

The overall dimensions of the model were 2680 mm x 2680 mm in plan and 3270 mm in

height without gable wall, shown in Fig.47. Figure 48 shows drawings of model structure.

- """\‘7
-,‘ N\ f
N

-
W3

Fig.47 Model on the shaking table

3 Teddy Boen, Challenges and Potentials of Retrofitting Masonry Non-Engineered Construction in Indonesia, The
University of Kyoto, Ph.D. thesis, 2014, P23.
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2.3.2 Material properties
1) Brick
The East, South and West sides of the wall were

made of Pakistani brick same as mentioned in
Chapter 2.2. The North wall was made using
Japanese brick. Because this was an additional test,
remaining materials of the last shaking table test were
used, shown in Fig.49. The average compressive
strength was 29.79 N/mm?. The photo of the test
and the stress-strain (0-€) curve are shown in Fig.49 Pakistani brick and Japanese brick

Fig.50.

no.2

~m2)

i3

—4000 —2000 0 2000 4000 6000

(A) o — ecurve (B) Specimen after test

Fig.50 Properties of brick

2) Mortar and Concrete for column and beam
The ratio of cement and sand was 1 / 10 by volume and the water-cement ratio was
171 % which followed the common practice in this area. The average compressive
strength is 2.58 N/mm?2. The average compressive strength of concrete was 28.43

N/mm?2. The photos of the test are shown in Fig.51.

(A) Specimen of mortar (B) Specimen of concrete

Fig.51 Specimens after test
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2.3.3 Input motions

Chapter 2

Table 5 shows the schedule of excitation with input motions of the shaking table test.
These input motions were based on the 2007 Peru Earthquake (ICA), 2003 Bam Earthquake
(Bam EW) and 1995 Kobe Earthquake (JMA Kobe). The maximum capacity of displacement

of the shaking table was less than the ICA and Bam records. Therefore, in tests using those

records, it was necessary to modify the amplitude and the timescales of the shaking table

inputs. In this case, the maximum ICA record displacement was approximately 41 cm and

was adjusted to 14 cm in accordance with the capacity of the shaking table displacement.

This displacement reduction led to a timescale reduction factor of 0.58 which was used in

the test.

2.3.4 Measurement systems

Accelerometers were installed at 12 points on the specimen and on the shaking table.

(See Fig.52)

Response displacement was measured by 3D image processing. LED makers

as point of measurement were installed at 37 points on the specimen and on the shaking

table. (See Fig.53) And after each inputs, the location and size of cracks on the specimen

were sketched to record the progress of crack development.
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Fig.52 Location of accelerometers
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(A) South-East view (B) North-West view

Fig.53 Location of LED markers for 3D measurement

2.2.5 Observations of main excitation tests

+ Up to input No.21: The model was not damaged until input motion of 1200 gal based on
ICA, shown in Fig.54. This model was also very strong compared to actual buildings in
developing countries.

+ Input No0.23: In order to investigate the damage on the model. Input No.23 with
displacement 30mm based on ICA, time scale was 0.1 was used for the shaking table test.
The maximum acceleration was approximately 2200 gal, shown in Fig.55. This shaking
caused several damage on the South and East walls of the model. Figure 56 shows crack
patterns. One column at the South-East corner, height around 800 mm + GL was
damaged.

+ Input No0.25: After cracks occurred, the cracks were generated by ICA input with a
displacement 140 mm. However, the model did not collapse. (See Fig.57 and 58)

+ Input No.27: After input No.27, the model totally collapsed. First, the middle part of West
wall fell towards the inside of the house as out-of-plane failure pattern. Subsequently, from

South-East corner, the collapse spread until the model totally collapsed. (See Fig.59)
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Fig.58 Crack pattern after input No.25 (ICA displacement 140 mm, timescale 0.58)
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1.  First, collapse of walls occurred in the West wall. 2. The RC column started to collapse.

7. Falling down of two ring beams 8. Falling down of East wall

Fig.59 Sequence of failure pattern until totally collapsed by input No.27
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2.2.6 Conclusions

Figure 59 shows pattern of failure until up to total collapse by input No.27.

The result of this shaking table test of the South-East Asian type of brick masonry house
clearly showed that cracks started at the East wall as an out-of-plane behavior.

Table 5 shows characteristic of model structure and failure pattern. The failure was started

in plane diagonal cracks.

Table 5 Characteristic of model structure and failure pattern

Chapter 2.3 South-East Asian type of masonry construction

Wall thickness

100 mm
Span of wall 2680 mm
Ratio of Span/thickness of out-of-plane direction 2680 /100 = 26.8 26times of wall thickness

Area of floor 7,182,400 mm2

Area of wall of shaking direction 346,000 mm2

Ratio of wall density of shaking direction 346,000 / 7,182,400 = 0.048 4.8%

RIS [T Out-of-plane, then in plane failure

Input motion of collapsing JMA Kobe NS 100% wave

The middle part of West wall fell to inside of the house as out-
of-plane failure pattern. Subsequently, from South-East corner,
the collapse spread until totally collapsed.

Sequence of collapse

The total collapse started from separation of RC tie columns and walls, which allowed
large deformation of the South-West corner of the West wall and lead to the out-of-plane
collapse. Subsequently, failure and falling down of RC tie column occurred, which caused
the collapse of south wall by buckling outward.

The cause of the failure of the column was due to the poor concrete mix which was placed
when pouring the joint(cold joint) and reinforce bars are also jointed in this place, shown in
Fig.60. If concrete at the joint was of good quality, failure of the column might not have
occurred and RC frame remained just like the building in Fig.61. This implies that defects of

RC tie members could cause serious damages to the overall structure.
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(A) Joined part (B) Failure of column

Fig.60 Failure of concrete column

Fig.61 Damaged house in Yogyakarta after 2006 Central Java Earthquake

In comparison with the South wall which was constructed with Pakistani brick and the
North wall which was constructed with Japanese bricks, the North wall remained standing
until the final stage of the shaking table test. There could be some possible reason for the
difference of performance of the two walls such as:

No defects in RC columns which are connected to the North wall.

The North wall that is made of Japanese bricks itself was much stronger than
Pakistani bricks, therefore, the strength of wall unit in bonding and shear were
increased, even by using the same joint mortar.

While in plane shear cracks in the South wall caused the first stage of damage by Input
No.23. In this shaking table test, the South wall was able to withstand the shaking of Input
No.25 in spite of large shear cracks and rocking motion of the segmented walls. The collapse
of the South wall seemed to be triggered by the failure of the adjacent column. This behavior

of the wall might be different if the shaking excitation motion was not in one-direction. The
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wall probably collapse even when there were no failures of columns just like the building in
Fig 62.

North wall constructed by Japanese brick

Fig.62 North wall did not collapsed in this test
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2.2.7 Analysis using Simplified Evaluation Equation

1. Estimation of shear force of model structure of shaking table test

Chapter 2

The shear forces induced by the earthquake wave in the shaking table tests are roughly

estimated. Equation of dynamic motion for earthquake is:

4
mX + CX + kx = —my

where:

M= mass of the model structure
C= damping ratio

K = stiffness

X= displacement of the model structure

y = displacement of ground motion

The result of wave on shaking table tests was showed that damping force (CX ) was small
enough to neglect. The above equation was derived:

mX+my = m(X+ y) = —kx

Q (kN) is shear force induced in the model structure. It can be roughly estimated as,

Q = Ma

where:

M = upper half of the model structure (t)

A= response acceleration of model structure (m/s2 = 100gal)

Q is defined as the inertial force. @ denotes the maximum response acceleration in middle

or upper section of the specimen. Q before and at collapsing were estimated

Table 5 Rough estimation of shear force of model structure

Mass of upper | Response Rough
part Acc. of upper | estimate of
Model structure state part shear force
M(t) A(m/s?) Q(kN)
g ., | South-East Asian type of Before failure 25 24.05 60.13
T o
& .
&) masonry construction At the failure 25 32.66 81.65

4 A. Shibata, “BoSTELY: 2 ) — X RO ER ARG AEAT
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2. Ultimate Shear Strength of Each Model Structure using Simplified Evaluation Equation

In order to assess the shear strength in in-plane direction, three equations were employed
for calculation. Where, h' is half of height of the specimen. It can be assumed that N, =

o, =0.

Equation for calculation of ultimate shear strength:

H,, = 1Ay c.2(1+ wa}l (1)

t

where,
H s,w = Ultimate shear strength (N)

f, = tensile strength (N/mm?)

A\, = horizontal cross section of wall (mm?)

b = — = shear force coefficient, h= the height of wall (mm), | = the

length of wall (mm),

200l _ N
C, = T = interaction coefficient

where,
VS = ultimate shear strength of wall (N),
fv = average of shear strength of wall (= 0.12511 FZ ) (N/mm?)
Fz = compression strength of joint mortar (N/mm?),
o, =vertical load imposed on wall (N),

A,, = horizontal cross section of wall (mm?)

5 Miha Tomazevic, “Earthquake-Resistant Design of Masonry Buildings,” pp.109-159
6 National Standards of PR. China, Seismic Design Standards for Building Structures (GBJ11-89)

56



Chapter 2

Table 6 Rough estimation of ultimate lateral shear strength of model structure

Eq.(1) Eq.(2)
Ultimate shear Ultimate shear
Model structure state
strength strength
(kN) (kN)

o South wall 131.85 28.75
o South-East Asian type of
%’_ North wall 181.70 27.12
g masonry construction
© South + North walls 313.55 55.87

Egs. (1) and (2) were proposed to evaluate the ultimate shear strength of the wall under
vertical load. It should be noticed that Eq. (1) depends on the tensile strength of wall (: f, ).

Egs. (2) depend on the compression strength of joint mortar (: F, ).

As results of the present assessment, the theoretical value by Eq. (1) was much higher
than experimental value of South-East Asian type of confined masonry construction. The
calculation value by Eq. (2) for un-reinforcement masonry wall corresponds approximately to
experimental value of South-East Asian type of confined masonry construction.
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2.4 Full-scale shaking table test of concrete hollow block masonry houses as built
in developing countries.

2.4.1 Outline of specimen

Recently, a review of common housing types in the developing countries shows that
concrete hollow block are increasing’. In the Himalayan belt, Kashmir area, and in the
Philippines, concrete hollow blocks are usually also used for building houses. It is important
to note that the catastrophic damage of concrete block structures in the 2010 Port-au-Prince
Earthquake in Haiti is still fresh in our memory.

The shaking table test of concrete hollow block (CHB) masonry houses was conducted
for investigation of its seismic performance, under project of “Enhancement of Earthquake
and Volcano Monitoring and Effective Utilization of Disaster Mitigation Information in the
Philippines?, 2010-2014 by NIED and PHILVOCS?, funded by JST-JICA.

Two house model structures for comparison study were built on the shaking table, shown
in Fig.63.

Figures 64 and 65 show drawings of the model structures. The overall dimensions of these
two models were 3600 mm x 3600 mm in plan and 2900 mm in height and a 1200 mm gable
walls. The structure of both models were load-bearing walls without RC frame and the walls
were constructed with CHB that were imported from areas near Manila in the Philippines.
These are commonly used types of CHBs that are produced as a home industry, these are
called "Backyard Factory made”. Both models have the same roof specification made of
galvanized iron sheet with wooden frame. Furthermore, the foundation was constructed by

reinforced concrete which was fixed by anchor bolts to the shaking table.

Fig.63 Model structure on the shaking table

7 Ayako, MAESHIMA. A study on the Concrete Block housing supply in urbanizing Africa -Case study Lusaka,
ZAMBIA-. The University of Tokyo, 2011(ver.2012), Ph.D. thesis, p1

8 JST-JICA (SATREPS) 2010-2014, Enhancement of earthquake and volcano monitoring and effective utilization
of disaster mitigation information in the Philippines

9 The Philippine Institute of Volcanology and Seismology (PHIVOLCS): http://www.phivolcs.dost.gov.ph/
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One of the specimens was Model A. This model follows by the standards listed in Chapter
7 on Masonry of the National Structural Code of the Philippines 2010 (NSCP 2010)'°. The
other specimen is called Model B and represents the non-engineered house that is found to
exist in different places in the Philippines, shown in Fig.66. Table 7 shows the specifications
of two model structures.

Table 7 Specification of two model structures

Specification Model A Model B

Wall (CHB) 6 inches (400 mm x 200 mm x 150 mm) 4 inches (400 mm x 200 mm x 100 mm)
Longitudinal Bar D10 mm@400 mm 6 mm@900 mm

Horizontal Bar D10 mm@600 mm (each 3layers) 6 mm@600 mm (each 3layers)

Mortar (Cement : Sand) 1:4 (by volume) with compaction 1:4 (by volume) without compaction
Roof galvanized iron sheet galvanized iron sheet

Fig.66 CHB house near Manila, Philippines

2.4.2 Material properties
1) Concrete Hollow Block

The CHBs were imported from near Manila. There are two types of CHBs, one with
thickness of 4 inches (100 mm) and the other 6 inches (150 mm), which were backyard
factory made. For comparison, Japanese concrete blocks were also tested.
2) Prism specimens of masonry unit of Concrete Hollow Blocks

The specimens composed of three layers of CHBs stacked vertically, the holes and the
joints filled with mortar. Vertical reinforcing bars are not provided/installed. Tests shows that
the compressive strength of the mortar used for the prism specimens ranges from 9.5 N/mm?

to 15.2 N/mm?. Figures 67 and 68 show properties of materials.

10 ASEP, (2010) National Structural Code of the Philippines 2010
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(A) Compressive strength of full block *Use net area

Maximum Compressive Ave. of
Specimens Load Compressive
(kN) strength (NMM2) | oy o ngth (Nimm2)
Philipppine 4 inches 24 1.0 1.0
CHB 6 inches 33 1.0 ’
Japanese Type-B 100mm 284 11.6 12.0
Concrete Type-B 150mm 423 12.9 ’
Block Type-C 100mm 476 20.6 19.7
JIS A 5406 Type-C 100mm 563 18.7 '
(B) Compressive strength of cut models
Maximum Compressive Ave. of
Specimens Load Strenm:)h (Nmm2) Compressive
(KN) 9 Strength (N/mm2)
Philipppine 4 inches 0.6 0.9 15
CHB 6 inches 1.1 1.7 ’
Japanese Type-B 100mm 7.6 12.8 15.9
Concrete Type-B 150mm 14.8 19.0 ’
Block Type-C 100mm 11.0 254 23.6
JIS A 5406 | Type-C 100mm 13.1 20.8 ’
(C) Water absorption and air density (E) Specimen of cut model
Japanese Concrete Block
Specimens Philippine CHB JIS A 5406
Type-B Tyepe-C
Water absorptopm rate [%] 17.6 11.5 6.6
Dry air dinsity [g/cmg] 1.6 1.7 2.2

Fig.67 Properties of concrete hollow blocks

(A) Specification of models
CHB Reinforcing bar Mortar
Thickness inch, (mm) Mixing ratio Compaction
Model A Philippine 6inch, (150) none 1 cement:4 sand Compacted
Model B Philippine 6inch, (150) none 1 cement:4 sand Not compacted
Model C Philippine 4inch, (100) none 1 cement: 4 sand Compacted
(B) Compressive strength of masonry unit
Prism of masonry unit
Compressive strength (N/mm?2)
Model A 4.40
Model B 1.42
Model C 2.52
4.5 modela_vVertical
\ & ./ Strain
9 "’ = = = model a_Horizontal
T ] Strain
% \.. c ! 1 model b_Vertical
~Z§. [l Strain
® x: ; = = = model b_Horizontal
=~ % L Strain
N ’g ks
\‘\ F: maodel c_Vertical
u.;\_.: Strain
& maodel c_Horizontal
1500 -1000 500 . 0 500 1000 ctroin (D) Specimen of prism

(C) o — ecurve

Fig.68 Properties of prism of CHBs
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2.4.3 Input motions
Table 8 shows the schedule and list of input motions of the shaking table test. These input
motions were based on the 1995 Kobe Earthquake (JMA Kobe NS).

2.4.4 Measurement systems

Accelerometers were installed at 15 points (See Fig.69) on the specimen and on the
shaking table. Response displacement was measured by 3D image processing. LED lamp
as point of measurement were installed at 54 points (See Fig.70) on the specimen and on
the shaking table. And after each inputs, the cracks on the specimen were sketched for the

development of cracks.

East elevation of Model A West elevation of Model A

CH17

CHS CHI10
el | | | |
I . B
I B "
CHI1l ==
N ; . '.’
LY v
A O B B
i, T | B
AR _Z‘
! M T
| v X 1]
East elevation of Model B West elevation of Model B

Fig.69 Location of accelerometers

Model B 2

Model A

. haking\di{e'ction 3 . 8 9
" kL .ﬂ]
Fig.70 Location of LED makers for 3D measurement
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2.4.5 Observations of main inputs
No.13: JMA Kobe NS 100% (Crack pattern are shown in Fig.73)
Model A (Engineered)
- The top of East walls reached to large displacements of 203 mm by 3D measurement,
however, the wall did not collapse.
- Horizontal cracks were found on the bottom of the gable wall of East and West walls.
- East-South corner of wall started to separate.
Model B (Non-Engineered)
- East and West walls reacted to large displacement, then upper part of the gable wall fell
down as an out-of-plane behavior. Maximum displacement is shown in Fig.71.
- North and South wall has minor diagonal cracks which started to appear.
Figure 72 shows comparison data of displacement of top of gable wall of both models
during input No.13 JMA Kobe NS 100% in shaking direction.
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Fig.71 Maximum deflection of out-of-plane direction on Model B during input No.13

200

— i '

E o = il

£ 71 o0 200 APl prjJJ_ f\-;liljhw’bukﬁu%"‘i“l—

=4 | |IL}

aE)znﬂ L8 I

[0} |l‘

(8] |

% |

0o 1

a 1% - Model A
: 11x : Model B

&S00 I
|

800 i

Fig. 72 Displacement data of gable walls of both model structures

65



Chapter 2

r= : = I‘
| s
] N W

[
A1

/), \_
=

y 1N
I

L

|
W0 | 1 [N -
| | I
b I | |
(E) East elevation of Model A (F) West elevation of Model A

Fig.73 Crack pattern of Model A & B and Photos of Model B after input No.13 (JMA Kobe NS 100%)
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The following findings were drawn from the observations during the full-scale shaking

table experiment, shown in Table 9.

Table 9 Damage conditions of two models after main inputs

Input . Scale Acc Situation
No' Input motion
% gal Model A Model B
23 Feb, 2011
No.4 JMP'\\II;obe 20 166 No damage No damage
JMA Kobe East Wall: There was a horizontal crack at
N NS 50 392 No damage the bottom of the gable wall.
24" Feb, 2011
West wall: There was a horizontal East v;/aII: G_able wall collagsed (fell). Upper
crack on the bottom of gable wall part of opening had large displacement.
JMA Kobe ’ West wall: Gable wall and upper part of wall
No.13 100 833 East and West wall had large
NS ) was collapsed (fell).
displacement. The East-South comer North and South wall: Miner cracks started
(3layers of upper part) separated. S o
to appear in diagonal direction.
Adding weight (4 tons) on Model A
. East wall: Opening part had large
East wall: Gable wall and upper part )
of opening wall was collapsed (fell). S[l:l;l)lacement, and separated from South
No.15 JMA Kobe 100 833 West wall: Gable wal! was collapsed. West wall: large displacement, and wall
NS North and South wall:  Minor cracks . d
started to appear in diagonal separation occurred. ’
direction North and South wall: Diagonal cracks were
) developed.
No.17 JMA Kobe 110 980 North wall: Diagonal cracks were East and West walls were collapsed, and
) NS developed. then This model was totally collapsed.
East wall: Cracks were developed.
Upper part of corner on South wall
JMA Kobe 100 was separated.
N2l NS (reverse) 833 This model had partial damage, but Already collapsed.
still standing.

Table10 Characteristic of model structure and failure pattern

Chapter 2.4 CHB masonry

construction Model A: Engineered Model B: Non-engineered
Wall thickness 150 mm (6inches) 100 mm (4inches)

Span of wall 3600 mm 3600 mm

Ratio of Span/thickness of out-of-plane
direction

3600/150=24
24times of wall thickness

3600/100=36
36times of wall thickness

Area of floor

12,960,000mm2

12,960,000mm2

Area of wall of shaking direction

510,000mm2

340,000mm2

Ratio of wall density of shaking direction

510,000/12,960,000=0.039
3.9%

340,000/12,960,000=0.026
2.6%

Failure pattern

Minor damaged

Qut-of-plane, then in plane failure

Input motion

JMA Kobe NS 100% wave

JMA Kobe NS 100% wave

Sequence of collapse

West wall: There was a
horizontal crack on the bottom of
gable wall.

East and West wall had large
displacement. The East-South
corner separated.

East wall: Gable wall collapsed (fell).
Upper part of opening had large
displacement.

West wall: Gable wall and upper part of
wall was collapsed (fell).

North and South wall: Miner cracks
started to appear in diagonal direction.
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2.4.6 Conclusions

Table 10 shows characteristic of model structures and failure pattern. The model B (Non-
engineered) started to collapse which was caused by out-of-plane failure. In the Table 10,
the ratio of span/thickness of wall is 36 times, it was longer than requirement of NSCP. The
minimum thickness of load-bearing CHB walls as indicated in the NSCP shall be 150 mm
and the ratio of the width (lateral unbraced length) of the wall to this thickness shall not

exceed 32.

Other observations and points of this shaking table test are shown bellows:

For Philippine CHB masonry structures, the application of mortar is also a critical and
important aspect of construction because the CHB itself has poor strength. Therefore,
correct standards of construction must be followed. Mortar fill should be properly
compacted, shown in Fig.74, and should be homogeneous. Figure 75 shows differences
of mortar in the hollow of CHB on both model structures. Left was from Model B which

was not compacted, right was from Model A which was well compacted.

Fig.74 Face-shell of CHB fell down Fig.75 Differences of core mortar
of Model A after shaking

Gable walls of both models were the most vulnerable parts of the whole structure,
showing large movement/displacement compared to other parts.
Gable walls of Model B (Non-engineered) collapsed easily, and would be dangerous for
its residents when evacuating from the house to the outside, shown in Fig.72. The top
of photo in Fig.76 related Fig.71 when maximum displacement happened.
The gable wall of Model A (engineered) did not collapse after input No.13 JMA Kobe NS
100%; using the correct size and proper construction for this model may have a
significant effect against bending failure of the gable wall.
Model A survived 100% of JMA Kobe input motion with only minor damage; good
compaction of mortar filling improved CHB-mortar bonding and the use of standard size
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and spacing of steel reinforcement bars improved wall strength and ductility.
Model B showed consistent failure between joint and upper fill mortar of the next upper
level of CHBs, indicating poor bonding of the joints.

Fig. 77 Out-of-Plane failure on Model B
before totally collapse

Fig.76 Sequence of the gable wall
of Model B of input No.13

Figure 77 shows heavy damaged and as
out-of-plane failure pattern of Model B before
input No.17 JMA Kobe 110 %.

Figure 78 shows behavior until totally
collapse during input No.17 JMA Kobe
110 %. Both East and West walls of Model B
collapsed of out-of-plane behavior, therefore,

North and South walls were became free

standing, then walls could not support upper  Fig.78 Sequence of total collapse of Model B of

part by shaking. input No.17
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Through the full-scale shaking table test, the important findings for CHB construction are

as follows:

1) Construction materials
- The construction should follow the minimum requirements set in the NSCP 2010.
- Use correct sizes of CHBs - The external walls should be made of fabricated 400 mm x
200 mm x 150 mm CHB (called 6 inches CHBSs).
- Use correct sizes and spacing of reinforcing bars - The vertical and horizontal reinforcing
bars should use 10 mm deformed bars in the CHB wall.
2) Standard construction implementation
- For Philippine CHB masonry structures, the application of filling mortar is a critical and
important aspect of construction because the backyard factory-made CHB itself has poor
strength. Therefore, correct standards of construction must be followed. Mortar fill should
be properly compacted, mixing and pouring should be homogeneous and properly timed
for good bonding of mortars.
- The vertical and horizontal reinforcing bars should use standard size and spaced at 400

mm on vertical and 600 mm horizontal as each three layer of blocks.

Through the shaking table test, the actual behavior until collapse, as well as critical

vulnerable points of CHB masonry structure were demonstrated.
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2.5 Conclusion

In this Chapter 2, three types of commonly built masonry construction were tested by

shaking table tests to investigate the actual behavior until the structure collapsed.

The typical failure mechanism'" were demonstrated through in this Chapter 2, as follows:

1) In plane failure mode (See Fig.79, 80, 81,82)
Wall is termed a shear wall. Shear walls are the main lateral earthquake resistant
elements in many buildings. The damage modes of unreinforced shear wall is cracks
diagonally due to shear stress. The sections at the level of the top and bottom of

opening are found to be the worst stressed in tension as well as in compression.

!.'
»
f
'
Fig. 79 Failure mechanism of free Fig. 81 Diagonal cracks on actual building
standing walls in Pakistan

Wall with moderate aspect ratio
in guidelines®3

i
—bF i
. h,..s" PR E— vl .
X X < X
| S ; '] i B S : .
1 b 1
Fig. 80 Cracks and stress of a shear Fig. 82 Diagonal cracks in shaking table
wall with openings test of South-Asian model structure in
deflection and cracks Chapter 2.2

in Guidelines®?

11 Guidelines for Earthquake Resistant Non-Engineered Construction, IAEE, 2014, p36-38
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2) Out-of-plane failure mode (See Fig.83, 84, 85,86)

The combination of walls as enclosure, the one direction of force act as shear walls,
there are resistance against the collapse of wall. However, the other direction, the
walls are subjected to the inertia force on their own mass. Near the vertical edges, the
wall will carry reversible bending moments in the horizontal plane for which the
masonry has little strength. A wall that is too wide or too high in comparison to its
thickness (the ratio of the width of the wall to this thickness) ratio of the width are

vulnerable.

Fig.83 Failure mechanism of wall Fig. 84 Out-of-plane failure in shaking
enclosure without roof table test of South-East Asian model
in guidelines®3 structure in Chapter 2.3

.
e e =T . — - ; - )
Fig. 85 Out-of-plane failure on actual Fig. 86 Out-of-plane failure in shaking
building in Indonesia table test of CHB model structure in

Chapter 2.4
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3) Overturning as out-of-plane of top of wall as Gable wall (See Fig.87, 88, 89, 90)
The force acting on the mass of the wall tends to overturn. The seismic of the wall is
related to its weight and tensile strength of mortar and it is obviously very small. If the
top of wall does not get much support, in this case, may overturn unless built strong

enough in the vertical bending as a cantilever.

[ "
[ \\a —
! [ A:wall A
] B:wall B
G: gable end

Fig. 87 Out-of-plane failure Fig. 88 Gable wall
in guidelines®3 in guidelines®3

Fig. 89 Out-of-plane failure of gable wall Fig. 90 Out-of-plane failure of gable wall in
on actual building in Indonesia shaking table test of CHB model structure

in Chapter 2.3

These critical points of vulnerability of masonry structure were reconfirmed through
this Chapter 2. Furthermore, for the improvement of seismic performance of masonry

structures, the retrofitting methods were proposed in Chapter 3.
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Chapter 3
Chapter 3 Retrofitting non-engineered construction
3.1 Retrofitting method for masonry structure in developing countries.

In Chapter 2, the critical points of vulnerable of commonly masonry structure as non-
engineered construction were figured out through a study of shaking table tests.
This chapter explains the development a retrofitting method which considered Affordability,

Feasibility and Adaptability, as described in Chapter 1.5.

Target are existing and new construction of low-rise building as one or two stories, mostly

ordinary houses in developing countries.

Since 2006, the author has been studying wire mesh retrofitting method as jacketing and
bandaging using wire mesh for brick masonry constructions in several countries where brick
masonry is commonly used. In this chapter, the effectiveness of these wire mesh retrofitting

method through experimental studies is discussed. Figure 91 shows type of wire mesh.

The proposed retrofitting method is using galvanized wire mesh which is easily available
in developing countries, even in rural areas. These kind of mesh is used for chicken cage,
which is available in local market. That being the case, it is not expensive material to common

people in developing countries.

Fig. 91 Types of wire mesh*

54 ACI549, Guilde for Design, Construction, and Repair of Ferrocement, Reapproved 1999, p549.1R-6
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3.2 As preliminary study: Shaking table test for retrofitting methods of four brick
masonry columns

3.2.1 Outline

As preliminary study, the comparative study of shaking table test for retrofitting methods
for masonry structure was conducted at NIED, by NIED and Mie University in 14 January,
2011.

The purpose is to investigate the behavior of the proposed retrofitting method for masonry
construction using wire mesh.

Four models of brick masonry columns were constructed on the shaking table, shown in
Fig.92.

- Model A: Unreinforced brick masonry column.

- Model B: Brick masonry column inserted 10 mm diameter rebar in the middle of column.

- Model C: Brick masonry column wrapped by hexagon-stitched wire mesh, it is called

“Chicken-wire mesh”.
- Model D: Brick masonry column wrapped by grid-stitched wire mesh, it is similar the

wire mesh used in Indonesia.

Model D

Model B

Model A

Fig.92 Isometric of four columns

The overall dimensions of the columns were 230 mm plan and approximately 2000 mm
height, as 26 layers using Japanese bricks which dimension was to be 230 mm x 110 mm x

60 mm. The ratio of cement and sand was 1 / 4 by volume with 15 mm thickness.
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Model A: Unreinforced brick masonry column Model B: Brick masonry column inserted 10 mm
diameter rebar in the middle

Model C: Brick masonry column wrapped by hexagon- | Model D: Brick masonry column wrapped by grid
stitched wire mesh, it is called chicken wire mesh stitched wire mesh, it is similar used in Indonesia.

Mesh fixed by screw plug @ 30 cm.

Fig. 93 Details of four column models

Figure 93 shows detail of each models. The models were not covered by finishing. In
particular, Model C and Model D were only “Wrapping with wire mesh”. This test aims to
investigate effectiveness of wrapping with wire mesh for strengthening the unity/confinement

and increasing ductility.

3.2.2 Inputs motions
Table 11 shows the schedule of excitation test with input motions of the shaking table test.
These input motions were based 1995 Kobe earthquake (JMA Kobe NS).

3.2.3 Measurement systems

Accelerometers were installed at 5 points on the specimen and on the shaking table.
Response displacement was measured by 3D image processing. LED makers as point of
measuring were installed at 22 points on the specimen and on the shaking table. After each
inputs, the location and size of cracks on the specimen were sketched for recording the

progress of cracks development.
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Table 11 List of input motions

Date No. Input wave(*1) Time scale Scale Displacement Acceleration Time Recording
(%) (£ mm) (gal) (Sec) Acc. 3D image video cam
1 Test - - - - v -
2 Zero - v
3 Step 01 - - 1 - 60 v -
4 JMAKobe NS 1 14 25 117 60 v v v
5 Step 02 - - 1 - 60 v - -
6 JMAKobe NS 1 28 50 235 60 v v v
7 Step 03 - - 1 - 60 v - -
g 8 JMAKobe NS 1 42 75 373 60 v v v
~ 9 Step 04 - - 1 - 60 v -
3 10 JMAKobe NS 1 57 100 470 60 v v v
§ 11 Step 05 - - 1 - 60 v -
12 JMAKobe NS 1 71 125 588 60 v v v
13 Step 06 - - 1 - 60 v -
14 JMAKobe NS 1 85 150 706 60 v v v
15 Step 07 - - 1 - 60 v - -
16 JMAKobe NS 1 100 175 833 60 v v v
17 Step 08 - - 1 - 60 v - -
18 JMAKobe NS 1 110 200 980 60 v v v

*1. Input waves were based on Kobe earthquake. |

3.2.4 Observations of main inputs
First of all, in order to check the vibration characteristic of the models, a rectangular wave
with 1mm amplitude and 0.05 Hz was inputted into the shaking table.
+ Input No.4
Model A: The joint mortar between 41" layer and 5™ layer separated.
Model C: The joint mortar between 9" layer and 10" layer separated.
* Input No.6
Model A: Locking from 5™ layer.
Model C: Locking from 10" layer.
* Input No.8

Model A: Totally collapsed. Overturning from 5" layer was occurred after large locking.

Model B: The joint mortar between 15t layer and 2" layer separated.

Model C: Severe rocking was observed close to overturning, but it did not overturn.
* Input No.10

Each remaining models were rocking, the displacement became increased.
+ Input No. 12 and No.14

Displacement of each columns increased.
+ Input No. 16

Model B: Displacement increased.

Model C: Collapsed. Overturning occurred slowly.
Model D: Displacement increased.
* Input No. 18

Model B: Collapsed. Displacement increased, then, overturned from 2"¢ layer.

Model D: Collapsed. Displacement increased, then, overturned from 3 layer.
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ala it b

+ S

-,

pu wpt ¢ W

e

Input No.8 (JMA Kobe Scale 42 %, Disp. 75 mm)
Model C had large displacement.

Then, Model A was overturned from 5" layer.

w

ORI

Input No. 10(JMA Kobe Scale 57 %, Disp. 100 mm)
Each models were rocking.

Input No. 12(JMA Kobe Scale 71 %, Disp. 125 mm)
Displacement of each columns increased.

Input No. 14(JMA Kobe Scale 85 %, Disp. 150 mm)
Displacement of each columns increased.

Input No. 16(JMA Kobe Scale 100 %, Disp. 175 mm)
Model C was over turned slowly.

Input No.18(JMA Kobe Scale 110 %, Disp. 175 mm)
Model B was collapsed from 2™ layer.

Then, Model D also overturned from 3™ layer.

Fig.94 Sequence of each columns of main inputs
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Model A: Unreinforced brick masonry column

Model C: Brick masonry column wrapped by hexagon-
stitched wire mesh, it is called chicken-wire mesh

Fig.95 Sequence of Model A and Model C during input No.8

Model A: Unreinforced brick masonry column

Model B: Brick masonry column inserted 10 mm
diameter rebar in the middle

Model C: Brick masonry column wrapped by hexagon-
stitched wire mesh, it is called chicken-wire mesh

Model D: Brick masonry column wrapped by grid-stitched
wire mesh, it is similar used in Indonesia.

Fig.96 Condition of each model after test
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3.2.5 Outcomes

The result of the test clearly shows that wire mesh jacketing as retrofitting provide elastic
effectiveness for brittle brick masonry construction, that was similar in effectiveness to
inserting reinforcing bars, shown in Fig.94, 95 and 96.

These retrofitting is able to avoid the possibility of a brittle failure mode of brick masonry
construction, and the ductility of brick masonry was improved by wire mesh jacketing.

Furthermore, an important part of this argument is that delaying collapse provides time to

escape to get out of the house, meaning saving a person’s life.
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3.3Full-scale shaking table test of brick masonry house retrofitted using wire
mesh full-jacketing

3.3.1  Outline

In order to investigate the seismic behaviors of Indonesian brick masonry construction
with or without retrofitting using wire-mesh jacketing, the shaking table test was conducted
as a collaborative research between NIED and Mie University in 25" June, 2012. In
particular, the aim of this study is to assess the effects on seismic performance of the
retrofitting method which using ferrocement overlay with galvanized wire mesh based on
proposed method.

The retrofitting method taken from guild books “Retrofitting Simple Buildings Damaged
by Earthquakes” by Teddy Boen, 201055, The author and Dr. Teddy Boen decided model of
this test as below:

The overall dimension of the model were 3600 mm x 3600 mm in plan and 2900 mm in
height with concrete foundation, shown in Fig.97. The model made of bricks with mortar joints,
the bricks were imported from Padang, Indonesia, to produce the typical brick houses. The
size of these brick was defined to be 210 mm x 100 mm x 50 mm.

Two sides of South and West walls were retrofitted, both faces inside and outside of brick
walls were covered with mortar as full jacketing. The wire mesh of 25 mm grid galvanized
iron mesh was imported from Indonesia. The other sides of East and North walls were not
retrofitted, only mortar finishing. Figures 98 and 99 show drawings of model. And the

construction process is shown in Fig.100.

Fig.97 Model on the shaking table

5 Teddy Boen, Publish by UNCRD, Retrofitting Simple Buildings Damaged by Earthquakes, 2010.
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j 210x100x50

FINISHING: Mortar: Cement:Sand=1:
FINISHING: Mortar: Cement:Sand=1:8
o =1 o
=} S =}
© - ©
~ N
—
o
8
=] S
2 [ gl 1 [ 11
1200 1200 1200
36040 3600
all centér-center]) (Wall center-center )
(A) South elevation (B) East elevation
L 3000 L
+
=1 FINISHING: Mortar: Cement:Sand=1:8|
3 /
—
/ GALVANIZED WIRE MESH: Gage# . @10mm from
g| g g
9 - Q FINISHING: Mortar: Cement:Sand=1:8
39 3%
—
o
&
o
gl 1 [ 11 sl 1 [

1200 12

00

1200

36(

0

all cent

r-center])

(C) North elevation

Fig.99

83

3600

Elevation of Model

(Wall center-center )

(D) West elevation



Chapter 3

(A) Process of construction (B) Four walls were almost complete

(C) Start to install wire mesh

(E) With wire mesh on South and West walls (F) No wire mesh on North and East walls

Fig.100 Process of construction of Model

84



Chapter 3

3.3.2 Material properties
1) Brick
The dimension of Padang’s brick was defined to be 210 mm x 100 mm x 50 mm,

however, the results of measurement of ten bricks showed that the average was 196.1

mm x 98.6 mm x 53.5 mm. The average compressive strength was 3.9 N/mm?2. The
photo of the test and the o-¢ curve are shown in Fig.101.

= )
— |
s “ V1 ==e-- H1
5 ?l_/ X T J—— H2
g - Y. ——V3 mme-- H3
N
z \\> P ——V4 mmaae Ha
= i
Sy —V5 mm==- HS
4 ';i | V:Vertical Strain
X1 H: Horizontal Strain
~10000 5000 o 5000
A) o "i . curve (B) Specimen during test
Fig. 101 Properties of brick
2) Mortar

The ratio of cement and sand was 1 / 8 by volume and the water cement ratio was

120 % which followed common practice in these area. The average compressive
strength was 7.7 N/mm?,

3) Wire mesh

The galvanized wire mesh imported from Indonesia. The dimension was 1mm

diameter. The average tensile strength was 767.1 N/mm? which area of cross section
was 0.785 mm?. (See Fig.102)

(A) Specimen after test (B) Specimen during test

Fig.102 Photos of wire mesh tensile test
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4) Prism of masonry units
To know the strength of the prism composed of three layers of the brick and joint
mortar. Compressive and shear tests were conducted in specimens were examined in
each test.
The average compressive strength was 1.9 N/mm?2. The shear strength was 0.65
N/mm?2. The tensile strength was 0.37 N/mm?2. The photos of the test and the o-¢ curve
are shown in Fig.103.
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Fig.103 Properties of masonry units

86



3.3.3 Inputs motions

Chapter 3

Table 12 shows the schedule of excitation with input motions of the shaking table test.

These input motions were based on 1995 Kobe earthquake, such as JMA Kobe NS and JR
Takatori (See Fig.105), and 2011 off the Pacific coast of Tohoku Earthquake, such as K-NET
Ojiya. (See Fig.104) Figure 106 shows the acceleration response spectra of K-NET Ojiya

and JR Takatori wave.

Table 12 List of input motions

" Scale Displacement Acceleration Time Recording
Date No. Input wave(*1) Time scale
(%) (£ mm) (gal) (Sec) Acc. 3D image video cam
1 Test - - - v -
2 Zero - - v
3 Step 01 1 60 %
4 Sweep 3-15Hz 1 60 v v v
5 Step 02 1 60 v
6 Sweep 9-14Hz 1 60 v v v
7 Step 03 1 60 v
~ 8 Sweep 13-17Hz 1 60 v v v
S 9 Step 04 1 60 v
5 10 Sign 10Hz 15 60 v v v
% 1 Step 05 60 v
O 12 JMA Kobe NS (*1) 1 50 87.5 410 60 v v v
13 Step 06 - - 1 - 60 v
14 JMA Kobe NS 1 100 175 833 60 v v v
15 Step 07 - - 1 - 60 v
16 K-NET Qjiya 1 110 - 60 v v v
17 Step 08 - - 1 60 v
18 JR Takatori 1 100 - 60 v v v
19 Step 09 - - 1 60 v

*1. Input waves were based on Kobe earthquake. (
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Fig.105 Input motion of JR Takatori wave, Japan (Input No.18)
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Fig.106 Acceleration response spectra of K-NET Ojiya (A) and JR Takatori (B) wave

3.3.4 Measurement systems

Accelerometers were installed at 3 points on the specimen and on the shaking table.
Response displacement was measured by 3D image processing. LED makers as point of
measuring were installed at 41 points on the specimen and on the shaking table. After each

inputs, the location and size of cracks on the specimen were sketched for progress of
developing cracks.

3.3.5 Observations of main inputs
At first, in order to check the vibration characteristic of the models, some sweep waves with
3-15 Hz, 9-14 Hz, and 13-17 Hz were inputted into the shaking table. However, it was difficult
to find natural period of mode.
Input No.4 (Sweep 3-15Hz)
East wall (Non Retrofitting: NRF): Not damaged.
South wall (Non Retrofitting: NRF): Minor cracks were initiated at the corner of opening.
West wall (Retrofitted: RF): Not damaged.
North wall (Retrofitted: RF): Minor cracks were initiated at the corner of opening.
Input No.12 (JMA Kobe 50%) Crack pattern shown in Fig.107.
East wall (NRF): Minor crack occurred.
South wall (NRF): Cracks increased.
West wall (RF): Minor crack occurred.
North wall (RF): A part of the East side of the wall had vertical cracks.
Input No.14 (JMA Kobe 100%) Crack pattern shown in Fig.108.
East wall (NRF): Totally collapsed. Part of the East side collapsed.

South wall (NRF): Non retrofitted wall, the corner of the East wall collapsed.

West wall (RF): Minor crack were visible.

North wall (RF): A part of the East wall collapsed.
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Installed Wire mesh

(A) East elevation (B) West elevation
[ Installed Wire mesh Installed Wire mesh

(C) South elevation (D) North elevation
Fig. 107 Crack pattern of input No.12 (JMA Kobe NS 50%)

—Installed Wire mesh

(A) East elevation (&) West clevation
. ___[——Installed Wire mesh

(C) South elevation (D) North elevation

Fig. 108 Crack pattern of input No.14 (JMA Kobe NS 100%)
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3.3.6 Outcomes

The shaking table tests clearly showed that the retrofitting using wire mesh was effective
in preventing the collapse of the wall.

It was considered that this kind of collapse of the model structures was affected by the
overturning motion. Predominant cracks in in-plane direction (the same direction as the
shaking) were initiated from the corner of the opening, shown in Fig.109. Furthermore, cracks
occurred easily in the unreinforced wall due to in-plane loading (North and South walls).

The natural frequency became lower on both model structures retrofitted with wire mesh
and without wire mesh as the input level was larger and the cracks were developed. Such
phenomenon was caused by stiffness reduction due to the development of cracks.

The maximum deformations in out-of-plane direction were 125 mm and 55 mm at the non-

reinforced wall and at the reinforced wall, respectively, shown in Fig.110.

i

"N

Fig.109 Sequence of collapsing of input No.14 (JMA Kobe NS 100%) from South view
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3.4Full-scale shaking table test of brick masonry house retrofitted using wire
mesh bandaging

3.3.3  Outline

In order to investigate the seismic behaviors of Indonesian brick masonry construction
with using wire-mesh bandaging or without retrofitting, a shaking table test was conducted
as a collaborative research between NIED and Mie University in 4" and 5" June, 2014.

The main aim of this study is to assess the effects of the retrofitting by bandaging with
wire mesh when shaken by earthquakes and to demonstrate to the people the effectiveness
of such retrofitting method.

The retrofitting model was decided through discussion in collaboration with Dr.Teddy
Boen, and the method of this model was also based on the guidebook “Retrofitting Simple
Buildings Damaged by Earthquakes” by Teddy Boen, 2010% and “Manual for Retrofitting
Brick Masonry House for Seismic Safety” by author, 2008°.

The overall dimension of the models were 3700 mm x 3700 mm in plan and 2600 mm in
height. (See Fig.111) The walls of model consists of bricks with mortar joints. The bricks were
imported from near Jakarta, Indonesia, the similar bricks used to construct houses in
Indonesia. The size of brick was to be 210 mm x 100 mm x 50 mm. Figures 112 and 113

show isometric and drawings of model structures.

5 Teddy Boen, Publish by UNCRD, Retrofitting Simple Buildings Damaged by Earthquakes, 2010
57 Hiroshi Imai, Published by SNS International Disaster Prevention Support Center, Manual for Retrofitting
Brick Masonry House for Seismic Safety 2008.
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Model A: Non-retrofitting model

Wall: Brick from Indonesia

Joint Mortar:cement 1: sand 6

Chapter 3

Model B: Retrofitting model

Wall: Brick from Indonesia

Joint Mortar:cement 1: sand 6
Retrofitted by wire mesh covered
by mortal cement 1: sand 4

Fig.112 Isometric of models
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3.3.4 Retrofitting method

In chapter 3.2, the effectiveness of retrofitting method which using ferrocement overlay
as full jacketing with galvanized wire mesh were demonstrated. Moreover, in order to raise
an affordability, the retrofitting method which using ferrocement overlay as bandaging with
galvanized wire mesh was selected. The bandaging were proved the both side (outside and

inside) of walls as sandwich and these were stitched by wire. (See Fig.114 — 117)

1) Placing of bandaging
Through the full-scale shaking table tests in Chapter 2, the typical failure mechanism of
ordinary masonry constructions were investigated. The bandaging placed in consideration of
the vulnerable points of masonry structure.
A) Diagonal on the walls
The shear strength of wall is main lateral earthquake resistant elements in masonry
building, therefore, the bandaging was provided diagonals on the walls to improve
shear strength.
B) Around openings
The stresses in tension as well as in compression are concentrated in the openings
during shaking.
C) Top and Bottom of walls
The bandaging was provided horizontal as tie at the top as well as the bottom level
of walls, in order to make a one box that helps to make them behave as a single unit.
D) Corner of walls
To avoiding separation of walls, the bandaging were provided vertical at the corner
of walls that helps to hold the wall together.
E) Gable walls
The gable wall is one of vulnerable parts of masonry structure. To avoiding to
overturning failure, the bandaging were provided from bottom to top of wall as vertical

tie.

2) Materials

The wire mesh was imported from Indonesia. Wire mesh was made by galvanized
welded iron. The size was 25 mm grid 1 mm diameter. The material properties shown in
3.4.3-3). Usually, the wire mesh is being sold as rolled that size is 1 m X 23 m in market.
With consideration to the size of wire mesh and scale of building, the bandage width was
decided to be 500 mm tie. The finishing mortar only placed in the bandaging area with wire

mesh.
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5 Drawn by Teddy Boen, 2014,
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Countiguous wire mesh
(width 1000 mm) should
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Fig.115 Detail of installing wire mesh on Model B%

59 Drawn by Author based on drawing by Teddy Boen, 2014,
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Fig.116 Arrangement of wire mesh on Model B®°

60 Drawn by Teddy Boen, 2014,
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3) Construction procedure
Figure 117 shows detailed section of retrofitting with wire mesh covered by mortar.

Furthermore, the construction procedure is shown in Fig.118.

(A) In case of new construction, tie wire for connection of inside to outside wire mesh
and roofing nail for keeping apart from brick surface were inserted on bed joint
mortar. In other case for inserting to existing building, a through hole is made by
using an electric drill. Tie wires should be placed at 300 mm pitch.

(B) Wire mesh was fixed to tie wires and roofing nails by wire such as bending wire etc.
wire mesh should be continued, if wire mesh is short, it should be overlapped at
least 200 mm. Wire mesh should extend and covered at the top of wall for making
uniform structure.

(C) Wire mesh should be covered by mortar with a minimum thickness of 20 mm at
least for making sandwich structure.

(D) At the corner and top of brick wall, wire mesh should be covered by continued
mesh (one piece of mesh).

(E) In case of shortage of wire mesh, wire mesh should be overlapped at least 200

mm.
+lem
+1cm == =
= + lem re-plaster the wall
- ™ re-plaster the wall 23 after the wire mesh
+1cm . are already installed
. _— after the wire mesh

thin bed of mortar as
support of wire mesh
(can be replaced with
roofing-nails)

s ....-"-';, plaster of wall
- 1
are already installed ‘ umbrells head -
Lo !

roofing nail as
/% support of
wire mesh

wire to stitch wire
_——+mesh on both sides
i : 5 5 wire to stitch wire
__i, thin bed of mortar as S : wire to stitch mesh on bothsides:
support of wire mesh 88 e ~T—* wire mesh on

= wire mesh
both sides

—tr
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Fig.117 Details of retrofitting with wire mesh covered by mortars’

61 Teddy Boen, Challenges and Potentials of Retrofitting Masonry Non-Engineered Construction in Indonesia,
2014, p125
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(A) Insert tie wire and roofing nail | (B) Fixing wire mesh by tie wire | (C) Plaster: mortar thickness2cm
for wire mesh between inside and outside

(E) Retrofitted inside walls

Fig.118 Process of retrofitting on Model B

3.4.3 Material properties
1) Brick
The dimension of Indonesian brick was defined to be 210 mm x100 mm x 50 mm. The
average compressive strength was 4.57 N/mm? by cut model to be 45 mm x45 mm x90

mm, shown in Fig.119.

Fig.119 Specimens after test
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2) Mortar
The ratio of cement and sand was 1 / 6 by volume and the water cement ratio was

120 % which followed the common practice in this area, discussed with Dr. Teddy Boen.
The average compressive strength was 4.59 N/mm?2. The o-¢ curve are shown in Fig.120.
On the other plastering mortar, the ratio of cement and sand was 1 / 4 by volume and
the water cement ratio was 67 % which followed the common practice in this area. The

average compressive strength was 27.58 N/mm?. The o-¢ curve are shown in Fig.121.

— ol

—no.2

o(N/mm?)

—_—n03

-4000 -3000 -2000 -1000 0 1000 2000 3000 4000

Joint mortar

Fig.120 o — ¢ curve of joint mortar

—no.1

——no.2

a{N/mm?)

no.3

-4000 2000 0 2000 4000 6000 8000
(u)
Finishing mortar

Fig.121 o — ¢ curve of plaster mortar

3) Wire mesh
The galvanized wire mesh was imported from Indonesia. The diameter is 1 mm and

25 mm spacing. The tensile strength of wire mesh was 770.3 N/mm?2, shown in Fig.122.

Fig.122 Specimen during test
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4) Prism of masonry units

To know the strength of the brick wall a prism composed of three layers of the brick
and joint mortar was tested. Compressive and shear tests were conducted, each test
had three specimens. And tensile strength test between brick and mortar were
conducted.

The average compressive strength was 4.35 N/mm?. The shear strength was 0.50
N/mm?2. The tensile strength of joint mortar was 0.35 N/mm? and the tensile strength of
plaster mortar was 1.21 N/mm?2. The photos of the test and the o-¢ curve are shown in
Fig.123.
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Fig.123 Properties of Prism of masonry units
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3.4.3 Inputs motions
Table 13 shows the schedule excitation with input motions of the shaking table test. These
input motions were based on 1995 Kobe earthquake, such as JMA Kobe NS wave. The input

motion was increased gradually as shown in Table 13.

Table 13 List of input motions

Date No. Input wave(*1) Time scale Scale Displacement Acceleration Time Recording
(%) (£ mm) (gal) (Sec) Acc. 3D image video cam
1 Test - - - - - v - -
2 Zero - - - - - v - -
3 Step(*2) 01 - - 05 - 60 v - -
< 4 JMAKobe NS 1 20 35 172.6 60 v v v
3 5 Step 02 - - 05 - 60 v - -
s 6 JMAKobe NS 1 35 61.25 2919 60 v v v
2 7 Step 03 - - 05 - 60 v - -
N 8 JMA Kobe NS 1 50 87.5 397.7 60 v v v
9 Step 04 - - 0.5 - 60 v - -
10 JMAKobe NS 1 60 105 469.3 60 v v v
11 Step 05 - - 05 - 60 v - -
12 Test - - - - v - -
13 Zero - - - - - v - -
14 Step 06 - - 0.5 - 60 v - -
< 15 JMAKobe NS 1 85 148.75 675.2 60 v v v
] 16 Step 07 - - 0.5 - 60 v - -
5 17 JMA Kobe NS 1 100 175 859.9 60 v v v
2 18 Step 08 - - 0.5 - 60 v - -
© 19 JMAKobe NS 1 110 1925 1086.4 60 v v v
20 Step 09 - - 0.5 - 60 v - -
21 JMAKobe NS 05 - 875 2607 .4 60 v v %
22 Step 010 - - 0.5 - 60 v - -
*1. Input waves were based on Kobe earthquake. (
*2. Step wave 0.05Hz v Recording done
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3.4.4 Measurement systems

Accelerometers were installed at 10 points on the specimen and on the shaking table.
Response displacement was measured by 3D image processing. LED makers as point of
measuring were installed at 58 points on the specimen and on the shaking table. And after
each inputs, the location and size of cracks on the specimen were sketched for the

development of cracks.

3.4.5 Observations of main inputs
At first, in order to investigate characteristic of the models, a rectangular wave with 0.5mm,
0.05 Hz was inputted.

+ Up to input No.15: Both models survived when shaken by 60 % JMA Kobe and also 85 %
JMA Kobe. There were no significant cracks or damage.

+ Input No.17: Significant damage in Model A (Non-retrofitting model) occurred due to 100%
JMA Kobe. The West gable wall and the East gable wall collapsed at the same time.
Meanwhile Model B, the structure that was retrofitted using wire mesh still survived without
any damage.(See Fig.125, Fig.126 and Fig.127)

+ Input No.19: There were no significant changes.

+ Input No. 21: Figure 124 shows input motion. Finally, both models were shaken by about
2G based on JMA Kobe NS. All of the West wall in Model A collapsed due to out-of-plane
loading and almost at the same time large cracks from opening in South wall occurred as
in-plane failure, then, Model A was totally collapsed. Model B still survived with minor
cracks.(See Fig.128)

2800
2400 { Max 1684.5 Min -2607.4(gal)
2000
1600
1200
800 H
400 L

Acc.(gal)
o
:

-400 20 30 40 50

-800
-1200
-1600
-2000
-2400
-2800

(sec)

Fig.124 Input No.21 based on JMA Kobe NS wave
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(B) South elevation of Model A

(C) West elevation of Model A (D) North elevation of Model A

(E) Model A - East wall after input No.17 from (F) Model A -West wall after input No.17 from
South-East view South-West view

Fig.125 Crack pattern and condition of Model A after input No.17
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(A) East elevation of Model B (B) South elevation of Model B

No significant damage;on Model B

(C) West elevation of Model B

(E) Model B - South wall after input No.17 (F) Model B - East wall after input No.17

Fig.126 Crack pattern and condition of Model B after input No.17
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(A) View from South-East (B) View from South-West

Fig.127 Sequence of gable wall collapsed due to input No.17
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(A) View from South-East (B) View from South-West above

Fig.128 Sequence of totally collapsed Model A due to input No.21
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3.4.6 Outcomes

The significant effect of retrofitting using wire mesh was successfully demonstrated by the
shaking table test. The shaking table test made it clear that the retrofitting using wire mesh,
even only partial strengthening as bandaging was effective in preventing the collapse of the
house.

The behavior of the out-of-plane loading in Model A was the same as a Chapter 2.3 and
Chapter 2.4, this behavior is most critical and may kill people. In particular, the gable wall
made by masonry construction is dangerous for residents. Through this experiments, the
author recommend not to construct gable walls using masonry. If masonry gable walls
already exists, it should be retrofitted or demolished and replaced with light material as soon
as possible. Figure 129 shows sequence of out-of-plane failure from residential view.

In Indonesia, there is a minimum requirement®? about size of wall, the area of wall should
be smaller than 9 m2. The area of Model B is 9.62 m? from 3.7 meter in length of wall x 2.6
meter in height of wall as exceed the maximum size of walls. Most probably, the out-of-plane
failure will occur in Model A even if there is no gable wall. The requirement of wall size also
must be followed.

¥ d

Fwnms 1448:43

: L5
(A) Inside of house (Model A) (B) Entrance of house (Model A)

Fig.129 Sequence of out-of-plane failure of Model A due to input No.17

62 JICA, Key Requirements for Safer Housing for reconstruction in central Java, 2006.
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3.5 Conclusion

In this chapter, the author conducted several experiments of proposed retrofitting method
using galvanized wire mesh. The experiments as discussed in this chapter have shown the

effectiveness of the method to strengthen for Indonesian brick masonry structure.

Retrofitting as strengthening should be apply for improvement over the original strength
that is affected by their original structural inadequacy, such as material deterioration due to
time, damaged structural elements by earthquake, buildings poorly built without considering
seismic resistance.

The objective of this retrofitting method is to avoid brittle failure by providing additional
tensile strength to the masonry walls. Furthermore, by unifying or tying all elements together,
so that the building acts as one integral unit. In such a way that the inertia forces generated
by the vibration of the building can be transmitted to the members that have the ability to
resist them. Therefore, retrofitting should be such as, increasing the lateral strength in one
or more directions, providing unity to the structure by providing proper connections between
its resisting elements. Typical important aspects are the connections between walls and

foundations, between intersecting walls, and avoiding the possibility of brittle mode of failure.

In addition, retrofitting method should consider inertia force that is related to the mass of
walls and roofs. Therefore, the type of wire mesh should be selected as tensile strength

requirements depends on the mass of the structure.

In regards to the retrofitting method which were examined by shaking table test for
Indonesian masonry structure, aspects of affordability, feasibility and adaptability was

observed.

1) Affordability (Economic aspects)

The proposed retrofitting method was using cement, sand, and wire mesh. The wire
mesh by galvanized iron is easily available the country, even in rural areas. Because these
kind of mesh is available in local market, usually used for chicken cage. That being the
case, it is not expensive to the common people. Usually these kind of wire mesh is made
in China, which is sold in a roll, such as 1 meter x 23 meter in the market.

The cost of one roll of mesh is approximately US$16. (at Indonesia, 2012). Ordinary
size of house need 5 to 10 rolls for retrofitting, therefore the material cost would be US$80
to US$150.

109



Chapter 3

Fig.130 Wire mesh in local market in
Indonesia

e S it

Fig.131 Wire mesh in local market in
Nepal

Figures 130 and 131 show wire mesh in local market in Indonesia and Nepal.

2) Feasibility (Technical aspects)

The method of using wire mesh covered by mortar is not a new technique, it is called
“Ferrocement”. Ferrocement has been widely studied and used and developed from
experiments®. The idea of using ferrocement for strengthening was introduced in 1980
Monograph of Non-engineered Constructions®. In fact, this is a sandwich panel with
masonry wall as core and ferrocement as skin facings. However, the retrofitting of
masonry structure as non-engineered construction by ferrocement had very few studies
in the past. Through shaking table test, the effectiveness of these retrofitting method was
proven.

In the Chapter 3.3, the full jacketing of ferrocement for retrofitting and in Chapter 3.4
bandaging were constructed without using the special techniques and equipment used.

These techniques were done by ordinary hand and circumstances. In the next

Chapter 4, practical training for retrofitting was held in the site will be discussed.

63 ACI549, Guilde for Design, Construction, and Repair of Ferrocement, Reapproved 1999.
64 TAEE, Monograph Non-Engineered-Guidelines for Earthquake Resistant Non-Engineered Construction, 1980.
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3) Adaptability
The proposed retrofitting method is like a skin. Non-engineered construction has
infinite variety of situations, however, non-engineered masonry structure is a load bearing
wall structure, therefore, retrofitting method as a skin structure well be able to adapt to a

variety of situations.

The retrofitting method introduced is not only one. The people are able to choose between
these methods which among them are affordable, feasible, and adaptable to their own needs

and situations.

For disaster risk reduction, it is important to understand the disaster risk, or damage
estimate of the house. The residents/house owners must be able to check the risk by
themselves. Therefore, these video/movie of the shaking table test can be utilized for disaster

education purposes in developing countries.
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Chapter 4
Chapter 4 Practices in developing countries

4.1 Research on reconstruction housing program in Indonesia
-A case study in Yogyakarta after the 2006 Central Java earthquake-

4.1.1  Outline

The metamorphosis of reconstruction of houses after a disaster indicates the demand of
owners. The purpose of this study is to investigate the possibility of dissemination of
retrofitting for ordinary houses and to find out strategies of dissemination for disaster

mitigation.

4.1.2 Background

The central Java earthquake occurred in DI Yogyakarta Province on 27" May, 2007, there
were 175,687 houses that totally collapsed, 101,082 houses were heavily damaged, and
151,919 houses were slightly damaged. The number of casualties was 5,716 people dead
and 18,702 people were injured.®

The Government of Indonesia conducted housing reconstruction recovery program, these
are divided into three main activities as follows:

1. Grant-in-aid program for reconstruction of housing

2. Key requirements for safer construction

3. Building certification application system

The fund for the housing reconstruction grant system was IDR15,000,000
(approx.US$1,500) for heavily damaged, IDR4,000,000 (approx.US$400) for moderate
damaged, IDR1,000,000 (approx.US100$) for minor damaged of houses. However, the cost
of reconstruction of a simple house is around IDR30,000,000 (aprox.US$3,000).

The Government required standard construction as a prototype of reconstruction models.
The prototype of reconstruction housing model was created by the Government based on a
standard type for post-earthquake. The area of this prototype house was proposed 36 m?
(6 m x 6 m plan) and reinforcement concrete column and beam as confined elements were
included. It was obvious that the reconstruction program for housing in Yogyakarta followed
a process of reconstruction from designing, certification, and construction with grand support.
These reconstruction program was implemented as participatory and community-based, and
was reported as a successful case for reconstruction in developing countries®®. The housing

reconstruction recovery program by the government was completed in December, 2007.

65 Bappenas, 2006
66 International Recovery Platform, The Yogyakarta and Central Java Earthquake 2006 Recovery Status Report,
2009.

113



Chapter 4

4.1.3 Research objective and method

Since 2006, the survey of the reconstruction of houses has been conducted in relation to
the quality of construction.

The survey was conducted in Trimulyo village of Bantul, Jetis, shown in Fig.132. In these
areas, the ratio of collapsed house was over 60% of 4,277 existing houses before the
earthquake. The 300 houses were selected for survey as samples, it corresponds to about

1/14. The number of surveyed villages is listed and is shown in Table 14.

Fig.132 Area of survey in Bantul®”

Table 14 Survey target area and numbers

Kabupaten Kecamatan Desa Dusun Number of house

District Sub-district Village Sub-village before EQ surveyed

1 |Bembem 320 25

2 |Blawang 1 380 25

3 |Blawang 2 410 23

4 |Bulu 416 26

° 5 |[Cembing 310 24

E @ = 6 |Denokan 250 22

a 3 E 7 |Karangsemut 205 23

8 |Kembang Songo 585 24

9 |Ponggok 1 340 25

10 [Ponggok 2 475 30

11 |Puton 360 23

12 |Sindet 226 30

Total number 4277 300

67 Web site: www.unosat.org (Peta Kerusakan Daerah Trimulyo, Jetis, Bantul)
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4.1.4 Condition of reconstruction houses
1) Extension work of reconstruction houses

As mentioned in Chapter 4.1.2, the standard size of floor was 36 m?. Figures 133 and 134
show the changing floor area by extension work in 2007, 2009, and 2013. Seven years after
reconstruction, the area of floor become around 60 m2. 65.3% of houses were constructed
floor extension work. The average extension area of houses was 17.87 m2. It is established

that most residents/family demand a floor area of house of to be 60 m? in these area.

2007 Average of area of floor 44.04m?

2007 53.0%
2009 Average of area of floor 53.18m%Z
2009 67.0% ;
2013Average of area of floor 60.16mj_?
PINEN 7.6% 81.8% 5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W<36m2 m36m2 w>36m2

Fig.133 Area of floor of reconstruction houses

Extension work until 2009 41.6%

71 (23.7%) 104 (34.7%)

Extension work until 2013 65.3%
0% 10% 20% 30% 40% 50% B0% 70% 80% 90% 100%
o Extension work at 2007-2009 and 2009-2013 ® Extension work at 2007-2009

Extension work at 2009-2013 No extension work

Fig.134 Period and percentages of extension work
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2) The quality of construction for new houses in 2007

Figure 135 shows the quality of construction of new houses.
A survey was conducted to check whether the quality of construction followed the “Key
Requirement” prepared by JICA, namely:

a. Area of wall of confined by RC columns and beams. —Key Requirement (KR): It should
be smaller than 9m?2.

b. Size of RC columns. —=KR: 150 mm x 150 mm, main reinforcement bar should be 10
mm diameter.

c. Size of RC beams. —KR: 150 mm in height and 120 mm in width, main reinforcement
bar should be 10 mm diameter.

d. Laying brick work. —Uniformity and condition of filling mortar by observation.

e. Quality of concrete. —Uniformity of surface and quality itself by observation.

a. Area of wall

b1. Size of column

b2. Reinforcement of columns

c1. Size of beams

c2. Reinforcement of beams | | | [ | | [ | | | |
0% 10%  20% 30%  A0% 50% 60% 70% 80%  90%  100%

mbetter thanKR ™ keep Key Requirement less than KR

(A) Material and design items

e. Quality of brick wall 22.3% 5.7%
f. Quality of concrete 38.5% 2.0%

0% 10%  20%  30%  40%  S50% 60% V0%  80%  90% 100%

mGood ®Moderete wBad = Very bad

(B) Workmanship items

Fig.135 Quality of reconstruction houses, 2007
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The results of these surveys indicate the following information:

The quality of construction regarding to materials such as reinforcing bar, was good
compared to construction quality standards. It was considered that the materials
were purchased by community units and distributed during the reconstruction.
The result of the quality of concrete and assembling of reinforcing bars were worse
compared to construction quality standards. In Yogyakarta, same as in most areas
of Indonesia, construction works were done by individual masons. Besides that,
there were insufficient equipment such as concrete mixer, vibrator, and a lack of
knowledge of proper construction.

During the period of reconstruction phase, the government employed supervisors,
called “Facilitators” for the reconstruction of houses. However, these facilitators
were new university or college graduates that did not have experience of actual
construction works. Hence, most of supervision for the construction work was not
effective. The survey indicated that it should be necessary to teach technical

matters regarding construction in universities and colleges.

3) The quality of construction compared to new construction period and extension

period.

Figure 136 shows existence of RC gable beam as an indication of observing the Key
requirement. In newly constructed houses, more than 80% were following standard of
construction, however, for the extension parts, only less than 50% were constructed by using
RC beams for the brick gable walls. As mentioned in Chapter 2 and Chapter 3, these gable
walls of house were the most dangerous parts and RC confined elements should be
constructed.

d1. New construction 80.3% 19.7%

d2. Extension part A47.4% 52.6%

10% 208¢ 305 40% 50% 60% 7086 808 90% 100%

m with RC gable beam Non RC gable beam

Fig.136 Existence of RC gable beam
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4) Finishing work of reconstructed houses (Plastering and Painting works)

According to the observation, the process of construction was as follows:

Step 1: foundation, wall as structure part and roof were constructed with the
government grant-aid, to provide shelter and decent living environment such
as avoiding rain, wind, sunlight, insect as basic human needs.

Step 2: Extension work or finishing work of interior were constructed funded by
residents themselves to raise the quality of living environment.

Step 3: After the above two steps, finishing work of exterior was started.

Figure 137 shows the existence of exterior finishing works at 2009 and 2013. In the new
construction period, very few houses had finishing such as plastering or painting.

About two years after the new construction (2009), 30 % of houses were constructed
finishing works, subsequently, up to 2013, almost 60 % of the houses were done with exterior

finishing works.

2009 30.0% 70.0%

2013

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Finishing work was done No finishing work

Fig.137 Existence of finishing work (plastering or painting) * Included only one side of walls

Extension work 65.3%

Finishing work 59.1%

Both of them 44

One of them 82.5%

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Fig.138 Existence of finishing work and extension work
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415 Cost estimation

As shown in Fig.138, more than 80 % of the reconstructed houses constructed extension
or finishing works, residents spent own funds to do that. In other words, residents spent own
funds for upgrading their living environment. However, these additional works did not take

into account seismic performance.

Table 15 Estimation of additional work (Rate US$1 = IDR 11,000, 2014)

Cost / m?(IDR) Average Area(m?) Total cost(IDR) (US$)
Extension work 830,000%1 17.9% 14,857,000 1,350
Finishing work 28,720%! 72.0%? 2,067,840 188

*! from survey in 2009, *2 from survey in 2013

According to the survey, extension works were done for 65.3 % of the houses, average
area of extension was 17.9 m? The average cost of extension works was US$1,350. The
finishing work, the average cost was US$188, shown in Table 15.

Figure 139 shows example of the metamorphosis of reconstruction of houses.
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(A)2009 Same situation of new construction

(C) 2009 Exterior work was done.
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Chapter 4

(B) 2013 Exterior plastering and painting work was done

Fig.139 Example of the metamorphosis of reconstruction of houses
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4.2 Dissemination of earthquake safer/resistant construction in practice

4.2.1 A case study in Yogyakarta after the 2006 Central Java earthquake

As mention Chapter 4.1, the survey about reconstruction and additional work was
conducted in 2009. This activity was one of the component of a project called “Architectural
Mobile Clinic” which visited construction sites to provide advice for proper constructions. The
author visited 300 reconstruction sites during the project duration, and discussed with

construction workers and house owners earthquake safer/resistant construction.

4211 Practical masons training for retrofitting of inadequately constructed houses

Based on the result of condition of

reconstruction houses, it was apparent that

construction sites need to improve quality and MANUAL FOR RETROFITTING
strengthening of existing houses. BRICK MASONRY HOUSE
Training workshops were conducted for FOR SEISMIC SAFETY

masons including community leaders in Bantul.

The purpose of the workshop was,

Training for community leaders and
masons to provide appropriate
knowledge of basic construction
methods for community capacity
building.

Training for masons to provide practical
knowledge of retrofitting of existing

houses.

In the workshop, they used the “Manual for

Fig.140 Manual for retrofitting brick masonry

Retrofitting Brick Masonry House for Seismic
Safety"®®, shown in Fig.140.

Seven existing houses were retrofitted by

house for seismic safety 2008
English Ver.

. o [APPENDIX B-1]
practical training as examples and 266

participants joined in the 13 workshops.

68 Hiroshi Imai, SNS, Gadjamada University, funded by Japan Platform, 2008.

121



Chapter 4

4.2.2 A case study in Padang-Pariaman after the September 2009 Sumatra
earthquake

A magnitude 7.6 earthquake occurred on 30" September, 2009 in West Sumatra,
Indonesia. There were 279,432 buildings that were damaged. It was also recorded that
114,797 houses totally collapsed or were heavily damaged, and 67,198 houses were
moderately damaged, and 67,839 houses were slightly damaged®°.

Most of these houses were constructed by un-reinforced brick masonry and confined brick
masonry. Thus, it was very important to conduct disaster mitigation program for safer
construction of houses to reduce the impacts of earthquakes in the future. It was needed to
improve the practical knowledge of masons in reconstruction sites of houses that are using
confined brick masonry construction, which is following the Key Requirement recommend by

the government.
4221 Practical masons training for reconstruction of houses following the Key

The manual “WHY and HOW? for safer

housing, implementing construction work in PANDUAN PELAKSANAAN
RUMAH YANG LEBIH AMAN TERHADAP GEMPA

Requirements

field” 0, shown in Fig.135 was compiled

Mengapa dan Bagaimana Seharusny dap Gempa?

according to the survey of the damage of
houses and observations in Architectural
Mobile Clinic Program in the villages of
Padang-Pariaman, namely, Nagari
Pakandangan, Sub-district of Enam Lingkung.

This manual was made in the local
language version and English version.

The practical trainings for masons that
were conducted for 110 masons before and
during reconstruction program by the

government that is being implemented in

West Sumatra in 2009, are as follows:

. . Fig.141 WHY and HOW? for safer housing,
The practical training for masons,

. implementing construction work in field 2009
aims to share the knowledge of P 9

Indonesian language ver. [APPENDIX B-2]

69 The center of study for Disasters, Andalas University
70 Hiroshi Imai, SNS, Gadjamada University, funded by Japan Platform, 2009.
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appropriate construction for earthquake safer/resistant confined masonry
construction.

+  Five houses were reconstructed during the trainings.

110 masons attended the on the job trainings.

The manual “WHY and HOW?” for safer housing, implementing construction work in field”
was used in the trainings.(See Fig.141) These training are two day workshop that consist of
lecture and practical training.

The main sessions of the trainings contained the following:

Materials for housing construction
Foundation

Plinth Beams

Brick Masonry

Column and Ring Beam

Gable Wall

Wind Bracing

N o o~ wDdh PR

The possibility of damage/failure pattern and how to make appropriate earthquake
safer/resistant houses were noted in each topic. Figure 142 shows damage/failure pattern is
on the left, the correct construction procedure is on the right side in the Manual.

3. Balok Pengikat/Sloof 3. Balok Pengikat/Sloof

Kerusakan rumah tanpa sioof akibal gempa Proses Pembuatan a:_u_o_u l?bnﬁm@bol

|1 Bust begel sesus uautsn
ik

ke

3 Bust bearsting can papan
iy e wbor bagan
e 15 om dan nggl 20 cm.

k.
@V _
Bl | SR
[

Aaick Prrglnt s Snod bebongs) untus
MANBRAN Baban dan NN 8N DangEa
arfar kolom

Herusnkan g tetied acetiia bnk o Lok
[ Hang

"Ordusl yarg 004 Mash lerdapad Langunan
“_ ¥ang tdak memakal Balok perget ialool

_ B e e o e Panchian Palskassssn Pisnah vana | ahihs Aven Faadas fSome -J
Fig.142 “WHY and HOW? for safer housing” implementing construction work in field 2009
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In order to easily understand proper construction, several methods, such as computer

graphics, small model, and actual materials were made. (See Fig.143)

1) Process of construction by computer graphics

PROSES PEMBUATAN SAMBUNGAN SUDUT GUNUNGAN
Ada beberapa cara untuk membuat sambungan sudut, 3 pilihan cara yang telah disimulasikan

NS

diantaranya (a,b,c) adalah:

<

{kanirg) menerus sampai puncak 4. pag; olom menorss 100aniang 400 ' mengat dengen besibabos Bew paok
balok (merah) dibengiok 40¢, dan besi (merah) dibengkck asal mengait. dan besi
balok sis! lain (hijau) masin lurus. Bege

1a. besi kelom
o o Bk vl i Ol e s Do
Sl Al - balok sisi lah {Pijey) mass lurus. Degel
IDMSDR Mot LSS RRCISRY o Rt 40d besi kedalem box ulangan. bertuk L panjang sisi 404 besi kedalam box

3c

Jc. Bosl gunungan (bins) manuk ke kolom (kunng|
ditanam 400 ke kolom. Begel
posisi sebenamys dgn jerak tiap 15 cm.

Fig.143 Process of assembling ring beam and gable beam in the manual.
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2) Using small scale models

In the training, small-scale model of assembling reinforcement bar in the corner of
house and actual reinforcement bars were distributed, then participants (masons) tried
to construct the same object as small-scale model, shown in Fig.144 and Fig.145

The participants found very difficult to make the model by themselves, because they
did not assemble the reinforcing bars piece by piece in the construction site, usually,
they buy assembled units from the market. (See Fig.146)

However, using these assembled units of reinforcement bar, it was almost
impossible to make proper connection at the joint between columns to beams, and
beams to beams. Through the training workshop, finally, they could make these

connection using actual reinforcement bars.

Fig.144 Model of assembling reinforcement at the corner

Scale 1/10, made by Build Change

(A (B)

Fig.145 Assembling reinforcement bar in the training
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Fig.146 Assembled reinforcement units

The staff made a complete reinforcement assembled model of scale 1/10. This model
was used for lecture and practical trainings, shown in Fig.147. By making this model,
our staff were able to learn how to assemble for proper construction. Therefore, it was

education for the trainers of the training.

Fig.147 Making reinforcement model, scale 1/10
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4222 Workshops for residents/house owners about reconstruction houses following

the Key Requirements

Through the training of masons conducted since 2009, just after earthquake, it was
recognized that it is not only masons, but also residents/house owners who are to raise
awareness of earthquake safer construction.

Because it is needless to say that apart from financial matters, residents/house owners
will be around construction site for the most time. In other words, if the resident/house owner
has some knowledge of proper construction, they become best supervisor of construction
site.

The seminar of earthquake safer construction, held in 2010, for residents/house owners
including community leader totals to 242 participants in 13 workshops. A guide book was
published for residents/house owners on the basic points of safer constructions. The tradition
in this area, Minangkabau, the house owner is a woman. Therefore participants were mostly
women, but, they enjoyed the practical training. (See Fig.148)

| I
..-,._z,.% it

(C) Checking brick (D) Mixing concrete

Fig.148 Seminar for residents/house owners
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4223 Data analysis from the interviews

The interview of 242 residents/house owners who attended seminar of Chapter 4.2.2.2.

1) What kind of construction method was used before the 2009 earthquake?
In Padang city, around 80 % of house were confined masonry construction, however in
Padang-Pariaman, more than 50 % of the houses were un-reinforced masonry structures,

shown in Fig.149.

Padang Padang-Pariaman
2%
2%

0w 0%

u Confined Masonry (CM)

= Un-Reinforced Masonry
(URM)

= Stone Masonry (SM)

Timber

m Others

\

= Confined Masonry (CM)

= Un-Reinforced Masonry
(URM)

= Stone Masonry (5M)

Timber

= Others

(A) Padang (B) Padang-Pariaman

Fig.149 construction method of before 2009 earthquake

2) What was the damage situation of the houses by the 2009 earthquake?
The result was largely different between Padang and Padang-Pariaman, It is caused

by construction method of houses in these areas as described above. (See Fig.150)

m Totally collapsed or
heavily damaged

Mederate damaged

m lightly damaged

Padang-Pariaman

3%

(B) Padang-Pariaman

Fig.150 Damage situation of houses by 2009 earthquake

m Tatally collapsed or
heavily damaged

Moderate damaged

u lightly damaged
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3) What kind of construction are you planning to build for reconstruction after earthquake?
The selection of the construction methods was as follows:
1. Confined masonry (CM) as reconstruction
2. Half masonry with timber as reconstruction, which is called Semi-permanent house
3. Others as reconstruction
4. Confined masonry (CM) as rehabilitation
5. Half masonry with timber as rehabilitation
6. Repairing of existing house
Figure 151 shows that more than half (28 % of 42 %) of reconstruction, people
wanted to live in a new confined masonry house as permanent living environment.

Moreover, more than half of the houses would be rehabilitated.

1%

= Reconstruction CM

® Reconstruction Timber

= Reconstruction other
Rehabilitation CM
Rehabilitation Timber

= Only repair

u Others

Fig.151 Construction methods after earthquake

4) Fund of reconstruction (grant-aid from the government™ not included)
The housing reconstruction grant system in Padang-Pariaman was the same as in the
Yogyakarta reconstruction program. Figure 152 shows the 32 % did not spend money
and 40 % is more than IDR 20 million would be used for reconstruction. There is

economic bipolarization.

= zero million

= 1-5 million
6-10 million
11-20 million

= more than 20 million

Fig.152 Fund of reconstruction

*1. IDR 15,000,000 (approx.US$1,500) for heavily damaged, IDR 4,000,000 (approx.US$400) for moderately
damaged, IDR 1,000,000 (approx.US$100) for minor damaged of houses
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The interview about knowledge of construction of 242 residents/house owners who

attended workshops as explained in Chapter 4.2.2.2.

The interview was conducted before and after the workshops, workshops were

concentrated on basic technique of earthquake safer construction. The result

comprehension of the main topics is as follows: (See in Fig.153)

Proper concrete mixing ratio

|
|

Understand perfectly and can share ar%

28%

almost understand 12%

52%

l

Alittle know 0%

16%

i

Den't know 0%

0% 2(r% A8 [ B0 100%

HBefore WS  mAfter W5

(A) Knowledge of concrete

Importance of Hoop of reinforcement

|

Understand perfectly and can share BE%

a4
almost understand %

36%

|

Alittle know  Fiaa;

20%

1

Don't know 0%

o

*

20r% A0 60% BO% 100%

mBefore WS mAfter WS

(C) Knowledge of hoop

Vulnerability of houses by shaking

|

Understand perfactly and can share 76%

40%
almost understand

44%

e
5
]*

Alittle know  Jgag
Don't know  Jgeg i

0% 10% 20% 30% 40% 50% 60% 70% B80%

®Before WS mAfter WS

(E) Knowledge of vulnerability of house

Proper connection between columns and beams

Understand perfectly and can share 72%

36%

I
#

almost understand T

44%

l

Alittle know 0%

20%

1

Don't know 0%

0% 10% 20% 30% 40% S50% 60% 705 80%

EBefore WS mAfter W5

(B) Knowledge of connection

Importance of anchor connection of RC column
and Brick wall

Be—
24%

Understand perfectly and can share

almost understand

Aldittle know

|

21%

]

Dan't know
0% 10% 20% 30% 40% 5S0% 60% 70% B0%

mBefore WS mAfter WS

(D) Knowledge of anchoring

Fig.153 Result of comprehension of main topics
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4224 Focus Group Discussion (FGD)

As an evaluation of practical trainings and workshops for house owners in Padang-
Pariaman were discussed, the focus group discussion were conducted for future strategy,

shown in Fig.154.

According to Focus Group Discussion, there were some important comments, which are

considered for the dissemination of earthquake safer construction in the future, as follows:

1) The awareness about house rehabilitation of the people changed after WS. For example, the people
understands house safer construction techniques through WS. (by masons)

2) Before WS, when people constructed their houses, they didn’t care about earthquake safety. However,
after they join WS, they follow the Key Requirements and construct a foundation. (by masons)

3) After WS, most of the people in the community understand the process of proper house construction.

4)  After WS, more than 90 % of the people know earthquake safer construction techniques and sometimes
they can give the masons some suggestions about earthquake safer construction. (by masons)

5) After WS, if they don’t have enough fund, most of the people prefer to build small house with high
quality rather than big house with low quality. (by masons)

6) After training WS, the house owners have good communication with the masons about earthquake
safer construction. (by house owners)

7)  When the house owners buy the materials, they discuss about the material quality with the masons
and buy the materials. (by house owners)

8) Most of the women, who were a house owner, participated in their house construction or rehabilitation
and gave some advice to the masons because they usually were home. (by house owners)

9) When the masons don't follow some requests from the women, the women explained the situation to
their husband and/or father. Based on the explanation, the husband and/or father strongly emphasis

their suggestion to the masons. Finally, the masons follow their suggestion.(by house owners)

Table 16 shows matrix of earthquake safer construction. Through this Focus Discussion
Group, in order to build an earthquake safer house, one of key point of dissemination that
was recognized is that the close cooperation between construction workers and house

owners is necessary and important.
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Table16 Matrix of earthquake safer construction about joining Workshop

People joined WS

People did not joined WS

Mason trained

It is possible to construct earthquake
safer house

The same goal between mason
and house owner

House owner can understand to
mason’s technique for safer
construction.

Earthquake safer technique can
share.

They can discuss about
construction.

It is difficult to construct earthquake
safer house

There is some Gap between
them

House owner have to follow
mason’s construction

Mason have to follow budget
from house owner.

Fig.154 Focus Group Discussion of residents/house owners
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4.2.3 A case study of retrofitting training for masons in Padang, 2012

This case study was based on actual practice in Padang, and Padang-Pariaman which
suffered a lot of damage during the September 2009 earthquake. In those areas it was
evident that existing buildings needed to be strengthened.

In December 2012, the retrofitting training’* for masons was conducted in compliance

with proposed method in Chapter 3.

4231 Outline

In the order to disseminate the retrofitting method in Indonesia, practical training was
conducted in Padang-pariaman. Through on the job training, masons were learned
knowledge and technique. The existing house was retrofitted by training with 50 masons.
Furthermore, construction procedure was improved with reconsideration about affordability,
feasibility and adaptability.
4.2.3.2 Retrofitting method

The method of retrofitting using wire mesh covered by mortar which described in Chapter
3 was applied. (See Fig.157)
1) Situation of existing house for training (See Fig.155)

This model house was built in 1991, and was shaken by the 2007, 2009 earthquakes.
There were no visible damage, however improper construction was detected. The houses

was made of confined masonry with half-brick-thick walls as non-engineered construction.
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(A) Front side of model house (B) Plan of model house

ENTI

Fig.155 Model house

1 The project on building administration and enforcement capacity development for seismic
resilience Phase 2” by JICA, 2012
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Figure 156 shows findings about the model house, as follows:

(A) The building was standing on soft soil. However, the plinth beam was strong
enough, because there were no damage on the plinth after being shaken by two
large earthquakes.

(B) The gable wall should be strengthened.

(C) The walls and confinement elements should have good connections, such as
between brick walls and columns and beams, between intersecting walls and

between walls and foundations.

2) Materials and equipment (See Fig.158)
(A) Wire mesh: Galvanized welded wire mesh, Spacing 25 mm, Diameter 1 mm
purchased in local market in Padang-pariaman.
(B) Fixing tools and Materials: Electric drill for making hole on the existing wall,
Bending wire, Nail for temporary fixing.
(C) For Plastering: The ratio of cement and sand was 1 / 4 by volume and the

water cement ratio was 70 %.

3) Procedure of retrofitting construction (See Fig.159)

(A) Preparation of wire mesh: Cutting size and bending for corner, it was better to
prepare before assembling for corner and top of walls.

(B) Making through holes for fixing wire was made by drilling, 10 mm diameter on
the joint mortar.

(C) Setting umbrella nail for fixing and keeping distance 1 cm from brick surface
around with spacing of 30 cm.

(D) Inside and outside wire mesh was stitched by using tie wire inserted through
holes in the wall.

(E) Wire mesh should be installed from bottom to top of wall.

(F) The top of wall also should be covered by wire mesh.

(G) Connection is very important using a wire of 2 mm diameter or four of bending
wires.

(H) Connecting hole should be filled up by grouting cement water.

() The ratio of cement and sand was 1/ 4 by volume was used.

(J) Thickness of plastering on wire mesh required minimum 2 cm.

(K) Interior was also plastered.
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. This house has plinth beam. Concrete condition is not bad.
. The soil condition of site is very soft. ( we insert on grand, 10mm steel bar reached until
6meter )
(B) From inside @

. The gable wall is only front side.

. There are no gable beams.

. There are no columns in the gable wall. The gable wall has cross wall at the center.
. Highest part is 2700 mm from RC beam

. Roof wooden truss is set back from brick wall 1m.

(C) From inside ®

. The beam was constructed on difference levels.
. Most walls do not have beams on top.
. There are free standing brick masonry walls on the lintel beams.

Fig.156 Condition of model house
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. All wall covered by wire mesh
with mortar as ferrocement.

(A) Image of retrofitting method for existing building

(B) Image of retrofitting method for existing building

*  This Retrofitting method provide increasing lateral strength in both directions (especially increasing
tensile strength), giving unity to the structure by providing a proper connection and avoiding the possibility
of brittle failure pattern.

Fig.157 Retrofitting method for existing building
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j
J
4
|
J
¥
A

v

(B) During training with Dr. Teddy Boen

(A) Training of masons
Fig.158 Retrofitting training for masons

(C) For Plastering: Mortal Ratio is cement 1 : sand 4 by volume

Fig.159 Materials and equipment
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(B) Making through holes for fixing wire is made by drilling, diameter 10 mm on the joint mortar.

(C) Setting umbrella nail for fixing and keeping distance 1cm from brick surface around with spacing of @30 cm.
N i N : : : . —

= E Wi ¥

(D) Inside and outside wire mesh is stitched, using tie wire inserted through holes in the wall.

(E) Wire mesh should be installed from bottom to top.
(F) The top of wall also should be covered by wire mesh.

Fig.160 (cont'd) Sequence of retrofitting work during training
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(G) Connection is very important using wire dia. 2 mm x 1 or bending wire x 4.
(H) Connecting hole should be filled up by grouting cement water.

(I) Plastering : mortar ratio cement 1 : sand 4 by volume.
(J) Plastering on wire mesh, thickness around 20 mm.

(K) Retrofitting works almost completed.

Fig.160 (cont'd) Sequence of retrofitting work during training

4) Outcome

This retrofitting work as practical training was conducted by around 50 participants in the
two weeks workshop. Through this training, the construction procedure with affordability,
feasibility and adaptability was checked by discussion with Dr. Teddy Boen and Dr. Iman

Satiyarno. The guidebook was published by JICA through outcome of this training.
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5) Cost estimation of retrofitting work

Table 17 shows the approximate retrofitting cost of the house.

The market price of new construction is approximately IDR 1,500,000 / m?2. The cost to
build a new house with 59.185 m? footprint similar to the house in those area is approximately
IDP 89,000,000. Therefore, the retrofitting cost is approximately 23.6 % if compare with the
cost to build the new house. The average retrofitting cost should be in range of 15-20 %. In
this particular case, the wall height is above normal. (Teddy boen, 2014)

The material cost of one roll of wire mesh (1 meter x 23 meter) was IDR 180,000. This
house used ten rolls of wire mesh. Therefore, the material cost of wire mesh for this
retrofitting house was IDR 1,800,000 (approximately US$160).

This increase was the result that the construction was used as training, therefore, the cost

became a little bit high. The cost should be reduced to 20 %.

Table 17 Approximate retrofitting cost in training”?> (Rate: US$ 1 = IDR 11,000, 2014)

No description unit volume unit price (IDR) total cost (IDR)

1 |Cementwater mix Ls 1.00 200,000 200,000

2 |Installation of wire mesh m2 280.46 28,066 7,871,501

3 |Plastering on brick walls m2 280.46 45,966 12,981,689
total cost 20,963,190

72 Teddy Boen, Challenges and Potentials of Retrofitting Masonry Non-Engineered Construction in Indonesia, The
University of Kyoto, Ph.D. thesis, 2014, p162
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4.3Development of practical tools for vulnerability and safety evaluation of
houses in developing countries
-A case study in the Philippines-

4.3.1 Practical tool for vulnerability and safety evaluation of houses

The first step for disaster risk reduction is to understand the disaster risk. In order for
earthquake disaster risk reduction, it is critical that the stakeholders such as government
officers, masons and contractors, community leaders, and residents/house owners should
understand the earthquake risk, or damage estimate of their house, community and city. To
promote earthquake disaster risk reduction of residents/house owners must understand the
earthquake risk and be concerned, and must take necessary actions at their own expense
with the technical advice from the professionals. For such purpose, a simple seismic
evaluation method as awareness tool for non-engineered houses in the Philippines was
developed.

The Philippine geographic location makes it prone to earthquake occurrences. For the
last 35 years, the Philippines had been affected by 10 earthquakes greater than M7.0. A
survey of common housing types in the Philippines shows that many non-engineered houses
are mostly made of concrete hollow blocks, shown in Fig.161.

The practical tools for vulnerability and safety evaluation for non-engineered houses in
the Philippines as awareness tools were developed as part of the project of “Enhancement
of Earthquake and Volcano Monitoring and Effective Utilization of Disaster Mitigation
Information in the Philippines’, 2010-2014 by NIED and PHILVOCS4, funded by JST-JICA.

Fig.161 Non-engineered construction houses in Manila

7 JST-JICA (SATREPS) 2010-2014, Enhancement of earthquake and volcano monitoring and effective utilization
of disaster mitigation information in the Philippines
74 The Philippine Institute of Volcanology and Seismology (PHIVOLCS): http://www.phivolcs.dost.gov.ph/
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These practical tools for seismic evaluation for house are to raise awareness among the
stakeholders, simply evaluate safety/vulnerability of houses as educational tools.

Through project, we developed two tools:

1. Tool 1 - 12-point Questionnaire: How Safe is My House? Self-check for earthquake
safety.
2. Tool 2 - Software to evaluate safety and vulnerability of houses: Quick Quake Quality

check of your house.

Target users for Tooll are the residents/house owners with one or two stories concrete
hollow blocks (CHB) masonry and wooden houses. This tool 1 is able to answer the 12-point
questionnaire using a paper copy and hardcopy or in the website via the internet. Tool 2 is a
computer simulation program that is based on the data from the field, experimental data and
the National Structural Code of the Philippines 20107 (NSCP 2010).

Two practical tools were developed. Tool 1 is “Questionnaire which resident/house
owner’s self-check for earthquake safety”, through this test, house owner is able to
understand and realize that the earthquake risk is their own concern. Then, next Tool 2 is a
“Software for evaluate of safety and vulnerability of houses” which is able to be conducted
by resident/house owner and engineers who are trained to use the evaluation program. After
that, they take action as their own task with technical assistance. These practical tools is
important connect house owners and engineers as making a bridge between them, because

such connection is a critical missing link for non-engineered construction. (See Fig.162)

Information and Awarenees Program .| To contact engineer for assistance in the
(WS, media, web etc.) | ; 2
L ; technical evaluation

l |

STEP 1 for evaluation STEP 2 for evaluation

“Questionnaire”

-Self Check for Earthquake Safety-

User.  House owner
Medium: Paper, Web

“Software of Evaluate

Safety/Vulnerability of Houses”

User.  House owner with Engineer
Medium: Personal Computer

Target: CHB/Masonry & Wooden Houses
(1-2 story building)

Target: CHB masonry structure,
(1-2story building)

. 4 h 4
To understand and realize that the To take action as their Detail
i ke risk is their own concern own task, with technical > structural
[ | assistance from the [ analysis by
X professionals. engineer

| Bridge between house owner and engineer. \

Fig.162 Concept of developing practical tools

75 ASEP, the National Structural Code of the Philippines2010,2010.
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4311 Tool 1 - 12-point Questionnaire:

“How Safe is My House? Self-check for earthquake safety”

The 12 questions in the material include details about the house’s history (who, when it
was built), and structural details (shape, walls, materials, foundation, deterioration, etc.)
based on “Let’s check your house for Japanese Wooden house’®. The simplified checklist
has a scoring system that provides an evaluation of the integrity of one’s house and its
vulnerability to strong earthquakes. The initial result would help the house owner to be able
to verify whether a house was properly built and have followed appropriate construction
procedures and recommended measures or requiring necessary strengthening. The material
also provides recommendations for safer houses. (See Fig.163)

The tool was developed for the concrete hollow block (CHB) structure and wooden
structures in English and Filipino (Tagalog) as the local language.

This evaluation was intended for a one or two stories house, including those residence

with small shops, offices, garages and the
like. This tool help the resident/house owner

of this type of buildings to evaluate their | [ETRIIVR=YNSH[RN NATT0][[2)27

buildings by themselves and understand the

likely behavior of their houses being damaged OB IE01 EORIO AU BIAKEIOATEDY

during a strong earthquake. of Concrete Hollow Block (CHB) Houses
Ll 1

in the Philippines

The 12 questions as safety evaluation tool
intends to provide more understanding and
guidance whether a CHB house conformed to

the minimum construction requirements.

User: Resident/House owner
Medium: Paper, Website

Target: CHB masonry, Wooden structures

Ver. 1.0

Fabruary 7014

Fig.163 Tool 1: How Safe is My House?

76 The Japan building Disaster Prevention Association, Let’s check your house for Japanese wooden house.
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Each questions are follows: (See Fig.164)

Question 1: It is assumed that building construction standards were most likely observed if
authorized people took charge of the construction.

Question 2: It rates the chance that your house was built compliant to the recent earthquake-
resistant building standards similar to special seismic detailing introduced in
1992.

Question 3: If damaged by previous earthquakes and disasters and not repaired, the
structure is weakened making it vulnerable to partial or total collapse during a
strong ground shaking.

Question 4: The shape of the house influences its behavior during strong ground shaking.
Box-type or rectangular-shaped houses behave better than those with irregular
or unsymmetrical configurations.

Question 5: It is assumed that supervised expansion or extension leads to safer and stronger
structures.

Question 6: The use of standard 6 inches (150 mm) CHB for external walls produces more
stable and stronger structures. The code prescribes the use of at least 6” thick
CHB. This was evident in the Full Scale Shaking Table Test conducted for CHB
houses on two models on Feb 2011 in Tsukuba, Japan. Avoid using sand and
gravel taken from the shorelines and beaches as materials for CHB, mortar,
plaster, and concrete mix for foundation for they will cause corrosion to the steel
bars over time resulting in thinner diameter and loss of bond.

Question 7: Steel bars embedded in CHB walls, concrete columns, floors and foundation
are meant to resist the impact of ground shaking. The use of the standard 10
millimeters diameter steel bars spaced at 40 centimeters from side to side and
properly connected and tied to steel bars laid every three layers of CHB (60
centimeters) prevent collapse of walls during earthquakes.

Question 8: Walls wider than 3 meters span without any perpendicular walls or supports are
susceptible to collapse in a strong ground shaking.

Question 9: The shaking table test for CHB houses exhibited that the unanchored gable part
of the wall shows larger horizontal movement during strong ground shaking. It is
recommended that well-reinforced and well-anchored CHBs or light-weight
materials be used for the gable wall.

Question 10: Reinforced concrete wall foundation resists shaking, slipping and tilting better
than stone-foundation.

Question 11: Rock or stiff-soil provides better support. Soft soils usually amplify strong
ground shaking and tend to spread and subside the ground which may worsen
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damage to structures. For houses on slopes, tie beams or continues wall
foundation prevent uneven settlement during strong ground shaking.

Question 12: It is important to observe the state of our house over time. Regular house
maintenance must be done to prevent deteriorations like sagging of roof,
chipped-off plasters and cracks on walls. It is also highly recommends that all
CHB cells and joints are filled and compacted with cement mortar using correct

mixture of 1 part of cement to 4 parts (1:4) by volume of washed river sand.

145



Chapter 4

QUESTION Who built or designed my house?
e > > o
—— "ﬁ ) k:%;,f _A: Built or designed by a licensed civil engineer/architect. | - = 1
civil E‘,‘.,g, ) B _”""{5! _B: Not built by a licensed civil engineer/architect. - 0
!@rq.‘hntq:t A4 b {-owner. | C: Itis not clear or unknown. = 0
| ‘} { ;Cagenter I b .__'Ili This question refers to the person who supervised the building of the house.
QUESTON - How old is my house?
«Iaaz’ A: Built in or after 1992. =1 %
. B: Built before 1992. [-1 O
,_.c%-\j., | C:Itis not clear or unknown. [-]1 O
v This checks if your house was built under more recent earthquak istant building standards.
OoLD NEW
'QUESTION
& Has my house been damaged by past earthquakes or other dlsasters ?
3 Items l point
A: NO or YES but repaired. - 1
B: YES but not yet repaired. -1 o
C: It is not clear or unknown. - 0
i This checks if the house sustained structural damage and had undergone repair works.
Earthquake, Flood, Fire etc
-“‘“‘s"f’" What is the shape of my house?
Items || point

A: Regular (symmetrical, rectangular or box-type) -1 1
B: Irregular or complicated. - 0
C: It is not clear or unknown. - 0

This checks the shape of your house which influences behavior during strong ground shaking. .
Regular  Irregular

(QUESTON - yas my house been extended or expanded?

5 Expafid end Items | | point
: & " | A: NO or YES but supervised by a civil engineer/architect. |- 1
— = S| B: YES, but not supervised by a civil engineer/architect. - 0
C: It is not clear or unknown. - 0

=]

This checks if additional construction was properly executed and correctly attached to the
Original original structure.

QUESTON - Are the extemal walls of my house made of 6-inch (150mm) thick CHB?

6 _

| A: YES, itis 6-inch CHB. 2 1
| B: NO, it is thinner than 6-inch. L 0
| C:Itis not clear or unknown. . 0

This checks if the standard size of at least 6" thick CHB was used.

Fig.164 (cont'd) Contents of tool 1: How Safe is My House?
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.

~  Are steel bars of standard size and spacing used in walls ?

a0em Items
& o ba“" ' A: YES (10mm diameter, tied and spaced correctly) . - 1
' B: NO, fewer and smaller than 10mm. - 0
| C: None or unknown. -] 0
GOJI This checks if standard size and spacing of steel bars were used as reinforcement.

Are there unsupported walls more than 3 meters wide?

8 St
= ; ' | A: NONE, all walls are less than 3m wide. =l . |

- ] B: YES, at least one unsupported wall is more than 3m wide. 1-1 o
| C: Itis not clear or unknown. -] 0

30
40m m This checks if the wall is properly supported from falling down.

- ’

" What s the gable wall of my house made of ?

Gable wall

| A: Light materials, properly anchored CHBs or no gable wall.
B: Not properly anchored CHBs, bricks or stones. -
| C: Itis not clear or unknown. 5

O 0 .

This checks if the gable wall is properly supported by sufficient steel bars or by a lintel beam.

'_W* What is the foundation of my house?

>m ]. Steel bars
S — ! ’

Stones

A: Reinforced concrete.
| B: Stones or unreinforced concrete.
| C:Itis not clear or_unknown. -] o |

This checks if the foundation is properly constructed to support the walls.
Reinforced concrete

Hi What is the soil condition under my house?

A: Hard (rock or stiff soil). - 1

, | B:Soft (muddy or reclaimed). -0 |
! C - 0 |
Sy C: It is not clear or unknown. |
Soft soil This checks if the house was built over a stable or stabilized ground.

D

b What is the overall condition of my house?

A: Good condition. -1 1 |

B: Poor condition. -0 |
C: Itis not clear. -l o |

This describes the overall physical state of the house and checks defect or any deterioration.

Good Deteriorated

Fig.164 (cont'd) Contents of Tool 1: How Safe is My House?
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Figure 165 shows the scoring classified to three categories.

Please sum up the points of question 1 to 12.

Score

11-12 points - Though this seems safe for now, please consult experts for confirmation.

8 - 10 points ‘ This requires strengthening, please consult experts.

0 - 7 points - This is disturbing! Please consult experts soon.

Fig.165 Scoring of questionnaire

The scoring was set based on the National Structural Code of the Philippines (NSCP)
emphasizes adherence to design standards and proper construction implementation for CHB
type of structures in the Philippines. Taking into account from the result of the full-scale
shaking table test for the Philippine CHB masonry houses, some questions were selected to
design standards and proper construction implementation for CHB type of structures in the
Philippines. This safety evaluation tool intends to provide more understanding and guidance
whether your CHB house conformed to the minimum construction standard.

As mentioned above, through this test of Tool 1, house owners is able to understand and
realize the earthquake risk is for their own safety. The score for non-engineered construction
might not be less than 10 points. Next step will be to contact and to consult engineers. This
action is important to connect house owners and engineers and to bridge the gap between

them, an action of solving the critical missing link for non-engineered construction.
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4.3.1.2 Tool 2 - Software to evaluate vulnerability and safety of houses:
“Quick Quake Quality check of your house”

Focusing on the CHB masonry structures, a computer simulation program as a practical
tool for understanding and evaluating vulnerability/safety of houses was developed based on
the data from the field, experimental data and the National structural code in the
Philippines2010 (NSCP2010), shown in Fig.166.

With the input of ground conditions, foundation, floor plan, allocation of walls, roofing,
reinforcement, age, etc., the tool shows the reasons of vulnerability and then how to improve
the house’s safety against earthquakes. A visual and user-friendly interface is also developed,
so that resident/house owner, who are computer users, together with engineer are able to
use the tool. The output includes the scoring of the house, and the reasons of vulnerability,
and advice to strengthen the house.

User: Resident/House owner with Engineer
Medium: Personal Computer
Target: CHB masonry (1-2 story building)

=101 =]

Moddy -- - START Caloulation

Fi= Cakulsls Toal Hal

Quick Quake Quality

check of your house CHB

1CHO-LR

I — P [t
Mame  length  Cosf J
Marre |
Adresss |
3 Data |
ot ||,
T of
e | | [CERE]

Fig.166 Tool 2: Software to evaluate vulnerability and safety of houses
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1) Evaluation criteria

Structural walls, which are the basic resisting elements to seismic loads, load bearing
walls such as shear walls which are the main lateral earthquake resistant element in masonry
buildings. Therefore, the wall ratio is one of the parameters of seismic performance.
Simplified evaluation method based on the wall ratio for masonry structures for un-reinforced

masonry and confined masonry houses in developing countries were developed.

The calculations of ultimate strength are used to confirm the safety against earthquake
and in accordance with NSCP2010. Basically, each X and Y direction of total ultimate shear
strength is evaluated based on the wall ratio and considers a reduction factors and safety

factors depending on situation and condition.

Figure 167 shows flow chart of evaluation criteria.

Apart from in-plane shear capacity, according to the result of the full-scale shaking table
test for Philippine CHB masonry houses, the most critical failure mode was out-of-plane
failure and is found in walls and the gable walls. Therefore, the following points will be
evaluated by NSCP2010.

+ Solid masonry walls in one-story buildings may be of 150 mm nominal thickness
when not over 2.7 m in height, provided that when gable construction is used, an
additional 1.8 m is permitted to the peak of the gable.

« Lateral support of masonry may be provided by cross walls, columns, pilasters,
counterforts or buttress in the horizontal direction or by floors, beams, girts or roofs
in the vertical direction. The clear distance between lateral supports of a beam shall

not exceed 32 times the least width of the compression area.

150



Chapter 4

1-1. NSCP Chapter 2
(Minimum Design load)

Z-I.QU Ultimate lateral
i strength of house
2-2.Vu ey
Building code in
\L Philippines (NSCP)
Center of balance Center of
gravity
balance

A4

Eccentricity Eccentricity of wall

1-2. NSCP Chapter 7
(Masonry: Specification)

START

706.1.7 Lateral support
The clear distance between
f I lateral supports of a beam
poNIOfIaS shall not exceed 32times
the least width of the
compression area

707.1.3.1 Bearing walls
Thickness of walls The normal thickness of

710.5.1 General

Height of walls story buildings may be
150mm nominal thickness
when not over 2.7m in
height, provided that when
gable construction is used,
an additional 1.8m is

permitted to the peak of
the gable.

Fig.167 Tool 2: Evaluation criteria

Qc: Shear strength of column

Qw: Shear strength af wall

Tw: Coefficient for
shear strength of wall

L
3-2. Total reduction/Safety factor l

3-1. Partial Reductign/iSafety factor _._)l

a kL [ acrerac |

[3-3-1.Rf :Reduction factor for wall |

| 3-2-1. f: Foundation situation |

¥
[3-1:2:5F: Safety factor for_wall] [[3-2-274: deterioration level |

/ aw weaotval A

Qu: Qw xixd

by Drawings

I Qw:Tw*r*i I
{

Fig.168 Tool 2: Ultimate lateral strength of house
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2) Ultimate lateral strength of house

The calculations of ultimate strength are calculated based on the flow chart is shown in
Fig. 168.

The Ultimate strength is calculated Shear coefficient of CHB wall depend on condition of
wall which value has five ranges, highest value is in accordance with NSCP 2010 and lowest
is a half of half of highest value based on shear test of CHB prisms in Japan, 2012. In addition,
reduction factor (e.g. situation of reinforcement, foundation condition, Deterioration level) and

safety factor (e.qg. finishing effect, confinement effect) are considered.

3) Required Seismic Force in the Philippine for Ordinary Houses

The National Structural Code of the Philippines 2010 (NSCP 2010) requires a minimum
design load as stipulated in Chapter 2. According to NSCP 2010, Ordinary houses such as
masonry structure must follow as below formula:

Required seismic force

V = wW (208-5 in NSCP 2010)

R

Where;

Ca = Seismic coefficient

| = Importance factor

R = Numerical coefficient representative of the inherent over-strength and global ductility capacity of

lateral-force —resisting systems
For example, Base shear value as Required for seismic force Ordinary CHB masonry

structures in the Philippines (Zone 4) is around V=0.26W (R=4.5, 1=1.0, Nv=1.2,
Ca=0.40*1.2=4.8).
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The software has visuals and has a user-friendly interface so that any user with the

assistance of engineers can easily use this Tool. The steps of input is shown as follow:

Step 1: Input Information following pop-up window, shown in Fig.169 (A) and (B).

- To input name, address and GPS data if it is possible.

- To input related required seismic force.

- To input related ultimate lateral strength.

- To input related wall situation.

Step 2: Drawing house plan, shown in Fig.169(C).

To draw location of wall as

architectural drawing.

plan by line, then automatically, convert to into an

=
1F Aiva O [1F area 0
Ca : Semic Coefficient lraman [#amap
K Numencal Coethoent £ E
1: Importance Factor
e -.
WENHGS & o W wal s Wlkoo
{Ca)] Sefsmic Coefficient | [[T] Importance Factor [W] Weight of House R} Numerical Coefficient
Zone R coeft
 Zora2 Factor s “1L0° & Masonry Shear Wal
& Zored  Moment Resatng Frame
S04 Profie Type Masonry Shear Will 15 45
Moment Rusisting Frame s 6.5°
© Hard o
& Madium
€ Soft
Na) is "LO"
CHBIF Light Rood i D8yma"
—T CHBLF Heavy Rool i 0.8ym2"
Zonel | Zoned CHEZF Light Rool i DEymY”
Mard 024 040N CHEXF Heavy Rool i D8ymE
Ml Dot | ekt CHB +Wood Light Reof is “1Fs0SUmE , 26 s03ym
Soft 034 044N

o |

()

= K|

Thickness of CHB

& >CHB6 1150mm
© CHB5 tl25mm
© CHB4 1100mm
© <CHB3 175mm
Reinforcement in CHE Wall
& Rankl 12mm@600
" Rank2 10mm@6E00
© Rank3  Emm@E00
€ Rankd  Bmm@600
€ RankS  None
Condition of Wall

i Best

 Batter

€ Medium

 Poor

 Poorest

Range of Use

Confinement Element
@ Column and Beam
£ Only Colurnn

" Continues lintel
1 Nond

Plastering of Wall

& BothSide
 OneSice
 Mone

 All Blements
" Outside Elernents
" Inside Dements
Element Name[ |
Set Coeffient of wall |

(B) Pop-up window of wall

conditions

Pop-up window of required seismic force

File Caleulata Teol el

Moy

=0l =]
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(C) Window of drawing of floor plan

Fig.169 Interface and input of software
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5) Results and Comments
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Results provided by the tools may not be accurate as a detailed analysis, however these

will help increasing the awareness of users about the safety and vulnerability of their houses.

As the required seismic force of this evaluation tools is based on the National Code,

consequently most non-engineered houses might not followed clear requirements, but this

evaluation will provide substantial and useful comments for their houses, thus house owners

will get an understanding about the earthquake risk of their houses and which parts of the
house are critical and important for safety. (See Fig.170)

A g s 5

=V X Seismic Capacity |l.04 ¥ Seismic Capacity |0.81

2.5Ca*l ey
‘ v =R W Qa=DrE*F* Tw*E(Ri*Li*Ci*Ei* Pi*Awi)
Design Base Shear(V] : [205 i [Gax:  [3072
CoeffaentiCal : 044 Seismic Coefficient 5 IQay] 2379 N
Coeffigentll] : 1 Impartant Factor TwiStrength of Meteriall : [0.16 M
Weight of House : 12068 kN Cofficeient®Awx = 3.556 m2
Area of 1st-Floor @ 63 m2 Cofficeient™Awy : 2754 m2
Area of 2nd-Floar : 0 m2 Cofficeient[F] : 05 Foundation
Area of 1st-Wall : 573 m2 CofficeientiD] o5 Dateriorasion
Area of 2nd-Wall : ] m2 Cofficeient[E] : 1 Eccentricity
Coefficent(R] : 45 Mumerical Coefficient 1stFL-LengthX of Wal: = =,

1stFL-Length' of Wall:  [162 m
Maovie I Close I

(A) Result of evaluation

_al0| x|

show partially damage.

If score is 0.8 — 1.0. Movie

(B) According to score, movie of damage is pop-up

Fig.170 Result and comments
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Test run of practical tool for evaluation in Bohol, Philippines

Chapter 4

An earthquake with 7.2 magnitude occurred in Bohol, Philippines on 15" Oct 2013. The

National Disaster Risk Reduction and Management Council, Philippines reported 14,512

houses were totally damaged and 58,490 houses were partially damaged. Our team

conducted damage survey and test run using the developed practical tool.

The scoring of houses which was evaluated by Tool 1: 12-point Questionnaire: How Safe

is My House? Self-check for earthquake safety based on each items are shown below;

No

Sample houses

Negative points

- Non-engineered

- 4inch CHB

- Undersized steel bar
- Wide walls

- Improper foundation

- Non-engineered

- lrregular shape

- Expanded

- 4inch CHB

- Wide wall

- Undersized steel bar
- Improper foundation
- Located on slope

- Poor condition

- Non-engineered

- 4inch CHB

- Wide wall

- Undersized steel bar
- Improper foundation
- Located on slope

- Poor condition

Fig.171 (cont'd) Scoring on test run in Bohol
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4 - Non-engineered 9
- Irregular shape
- 4inch CHB

5 - Non-engineered 10
- 4dinch CHB

6 - CHB gable wall

(A) Scoring of each houses

Initial result of tested house in Bohol, 2013

Evaluation No’ %

This seems safe 3 14

8 — 10 points This requires strengthening 8 36

This is disturbing 11 50

(B) Scoring on test run of questionnaire in Bohol

Fig.171 (cont'd) Scoring on test run of questionnaire in Bohol
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Initial result of test run of Tool 1 in affected area by Bohol earthquake is shown in Fig .171.
Our impression of this scoring was almost accurate if compared to the actual damage by the
earthquake. It was verified by test run using Tool 1, the questionnaire.

The software to evaluate safety and vulnerability of houses was also used for evaluating
some houses. Through the test run, the scoring of some houses was better (safer) than the
actual damage therefore, the reduction and safety factors of the software were revised. (See
Fig.172)
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Fig.172 Test run of software in Bohol
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4.3.1.4 A case study of dissemination strategy

A) Dissemination to people

These tools was launched to media in the Philippines (See Fig.173). Moreover, these
tools, the hardcopies were freely distributed to the public and soft copies are available on
PHIVOLCS website.(See Fig.174).

HOWSAFE IS [NECRY
YOUR HOUSE?.

Fig.174 Two tools be able to download from PHIVOLCS website

B) Training of engineer
1) Target Participants
Target users of the tools are residents/house owners and engineers, however, both the
12-point questionnaire and the software need to be understood by the local government
engineers as one of the implementers of the law.
2) Lectures(See Fig.175(A))
The first session as introduction of the two tools aimed to provide orientation to the
participants about its development, content, and use. This helps the participants to get
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familiarized on how the tools would work. Basically, this session was for the acquiring of
the knowledge, while the subsequent sessions was for the development of skills.

The second session as practice aimed to develop the skills of the users. For Tool 1, the
participants were allowed to score them by merely looking at the photos. The session
furthered to develop their skills on how to utilize the questionnaire. Tool 2 is a software
that requires the use of personal computer; lectures and introduction with practice. A
copy of the software was distributed to all participants and with the facilitators’ guidance
the trainee installed the software. Hands-on exercises were provided on how to use the
software.

3) Field tests (See Fig.175(B),(C),(D))

The last session was enhancing the skills of the users. In this session, a pre-
coordinated survey was done to select sample houses where the participants survey.
Participants were divided into groups and facilitators were assigned to each group. In
the field, participant task was to utilize the two tools, for the 12-point questionnaire,
interviews were done to house owners where they also took note related to the level of
difficulty while conducting the interview. For the software, participants are provided with
materials to measure parts of the house that were required for inputs of the software.

Subsequently, results of surveys for both tools were processed.

]
LSl
i

(©) (D)

Fig.175Lecture and field training of tools
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4.4 Conclusion

The lessons learned regarding dissemination of earthquake safer technology for common
people are important. The techniques should reach to the people in need of this information.
The workshops and seminars were conducted in Indonesia after devastating earthquakes.
The possibility of dissemination of the proposed retrofitting method was presented through
interval research in Yogyakarta. The author observed technical problems in actual practice
and subsequently improve the techniques. The dissemination training workshop of the
proposed retrofitting method was held in Padang. Through training workshop, the
construction procedure was improved with reconsideration about affordability, feasibility and
adaptability.

Simultaneously, seminars for residents/house owners were conducted. To build an
earthquake safer house, close cooperation between construction workers and house owners
was necessary and important. The practical tools for vulnerability and safety evaluation of
houses in the Philippines were developed: (1) 12-point Questionnaire: How Safe is My
House? Self-check for earthquake safety of Concrete Hollow Block (CHB) in the Philippines
(Tool 1) and software to evaluate safety and vulnerability of houses (Tool 2). These tools
aim to raise the awareness of the stakeholders, such as the residents/house owners, local
engineers, building officials, and the local government units. The Tools are disseminated in
order to reach the specific users and achieve its goal of effective utilization of the disaster
risk reduction. Various dissemination strategies were developed and implemented in order

to reach the specific users and achieve its goal of effective utilization of disaster risk reduction.
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Chapter 5 Conclusions

5.1 Conclusions

To achieve its goal of effective utilization of disaster mitigation, the study aimed to improve
safety of non-engineered construction against earthquake for saving human life by ensuring
that non-engineered constructions do not collapse and do not kill people when shaken by

earthquakes.

Through this study of experiments and practices, the author tried to bridging the gap
between engineers and the common people. The techniques must reach the common people
and not only kept in the laboratory.

Heading toward to the implementation of safety for non-engineered construction, the
retrofitting methods with affordability, feasibility, and adaptability was proposed through
laboratory test and field activities. Furthermore, the seismic evaluation tools for awareness
were developed for dissemination of safety of non-engineered construction against

earthquake.

In Chapter 1, the present study is introduced. The background, purpose, research
objectives, and past studies with literature survey were presented through observations from

field experience.

In Chapter 2, describe is the investigation of the seismic performance of non-engineered
construction of three typical methods of masonry structures in developing countries. Three
series of shaking table tests of masonry construction were carried out to understand the
actual behavior until the tested structure collapsed. The typical failure mechanism were
demonstrated through series of shaking table tests. The experiments showed that in plane
failure and out-of-plane failure, in particular, masonry gable walls were recognized as
vulnerable elements in comparison with other elements. The importance of quality of

construction was also demonstrated by experiments.

In Chapter 3, presented are the retrofitting method that is proposed for non-engineered
construction. The proposed retrofitting methods for non-engineered construction in
developing countries take into considerations as affordability, feasibility and adaptability for
existing situations. One of the retrofitting methods uses wire mesh which is available in local

market in these area. Furthermore, the retrofitting method was developed using feasible
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technigues which is possible to construct without the specific or special techniques. Also,
several studies using shaking table tests of the proposed retrofitting methods demonstrated
its effectiveness for masonry structures. The main aim of this study is to save human lives
by preventing collapse of buildings. Through the experiments, the superiority of the method
was demonstrated. From the videos of the shaking table tests, it can be seen the difference
in behaviors between the building with and without reinforcement. The videos would be

important as an information and be able to serve as an awareness tool for the people.

In Chapter 4, discussed are the challenges in the disseminating of earthquake safety
construction information to the people. It is necessary to make a bridge between engineering
and actual field conditions and situations. Workshops and seminars were held in Indonesia
after the devastating earthquakes. The possibility of dissemination of the proposed retrofitting
method was presented through research in Yogyakarta. Heading towards to implementation,
the techniques of retrofitting were improved through vocational workshop in actual practice.
At the same time, seminars for residents/house owners were held in Padang. To build an
earthquake safer house, collaboration between construction workers and residents/house
owners was essential and critically important. This chapter presents lessons-learned on how
to improve affordability, feasibility and adaptability of retrofitting methods through workshop
activities in Indonesia. Moreover, for raising awareness on disaster mitigation, two practical
tools for vulnerability and safety evaluation for non-engineered houses were developed in
the Philippines. Tool 1 is “Questionnaire which resident/house owner’s self-check for
earthquake safety”, through this test, house owner is able to understand and realize
earthquake risk. Tool 2 is “Software for evaluating the safety and vulnerability of houses”
which is able to be conducted by residents/house owners and engineers who are trained.
These procedures from Tool 1 to Tool 2 were able to connect residents/house owners and
engineers, thus making a bridge between them. These tools aim to raise the awareness of
the stakeholders, such as the residents/house owners, local engineers, and government. The
tools were disseminated through workshops for local government engineers in the

Philippines.

The outcome of this study was reported in a panel discussion of the Scientific Committee
of Performance of Masonry Constructions in Foreign Countries in activity of Architectural
Institute of Japan in 2009 and 2014.
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5.2 Need for action of stakeholders

This study was meant for the bridging of the gap between experiments and practices,
since disaster risk reduction is not an easy task, all stakeholders such as government,
professionals as architect/engineer, construction worker and resident/house owner should

act towards a comprehensive approach to disaster risk reduction.

Top down approach

The top down approach consists of the implementation of the building code.

1) Government

In order to improve earthquake safety, every building should be follow the building
code in these countries. However, in the developing countries, non-engineered
construction as an informal method of construction exists and is still being built in
earthquake prone areas. Therefore, government should constitute simple building
code as minimum requirement for the ordinary houses which are using simple
technigues. These implementation of requirement needs to assist and monitor by
government at field level. During the reconstruction phase, the government shall
employed supervisors, called “Facilitators” for the reconstruction of houses. However,
if these facilitators are new university or college graduates that did not have
experience of actual construction works, it would be necessary to teach technical

matters regarding construction in universities and colleges.

Bottom up approach

The bottom up approach consists of the implementation of the field activities.

2) Architect/Engineer

As mentioned Chapter 1, most human casualties by earthquake were due to
collapse of non-engineered construction in developing countries. Full-scale shaking
table tests as in Chapter 2 are very effective for evaluating, for raising awareness, and
to get suggestions and advice from earthquake engineering experts. The importance
is not only important in the design using new technology for building but also
considering field implementation. Moreover engineering should be useful to societies.
In order for technology to be utilized, engineer should be considered field
implementation. In addition, the standard design for each area should be developed

with linkage to local professionals on disaster preparedness.
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3) Construction worker

Mason is the key personnel for improving earthquake safety of non-engineered
constructions. Most mason are following knowledge based on their experiences. The
masons need to be aware of the technology in order to ensure optimum, efficient and
effective use of the building materials and the construction processes.
It is necessary to train them about technical matters regarding earthquake safer
design and construction with simple and basic text books, as discussed in Chapter
4.2.

4) Resident/House owner

Earthquake safety will not achieved unless a bottom up approach in which
resident/house owner and common people. The first step for disaster risk reduction
is to understand the disaster risk. In order for earthquake disaster risk reduction to
be effective, it is critical that house owners should understand the earthquake risk, or
damage estimate of their houses. To promote earthquake disaster risk reduction,
house owners must understand the earthquake risk and be concerned and must take
necessary actions.

Through activity in Chapter 4.2, it was recognized that it is not only the masons,
but also resident/house owner needs to be taught technical matters regarding
earthquake safer design construction in trainings. Because it is needless to say that
apart from financial matters, resident/house owner will be around construction site for
the most time. In other words, if the resident/house owner have some knowledge of
proper construction, house owners shall become the best supervisor of the

construction site.
For the all stakeholders, it is necessary to promote better communication among them for

disaster risk reduction. The author hopes through this study, developing countries will start

to take a step forward to safer construction in their respective countries.
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5.3 Further studies

In this study, some experiments of the retrofitting methods were carried out in laboratory,
hence, the effectiveness of the retrofitting method to strengthen for existing building were
founded.

However, the condition of non-engineered construction is an infinite diversity of existing
situations. From a practical perspective, in the considering of these conditions, further study
which is related to be bonding strength of a variety of wall conditions would be necessary.
For example, pull down test which is using actual existing building and static tensile bonding
test for variety of condition of walls.

Moreover, the proposed retrofitting method in this study was demonstrated for Indonesian
masonry construction. In order to increase a possibility to apply to other type of masonry,
additional experiments and analysis are necessary.

The proposed method is just being started for study, hence data is deficient for factors
such as durability and dying shrinkage of mortar and wire mesh as ferrocement under the

local environment in these countries.

In chapter 3, affordable, feasible and adaptable retrofitting method for brick masonry
construction in Indonesia was introduced. Furthermore, in chapter 4, the practical tools for
vulnerability and safety evaluation of houses were developed in the Philippines.

Linkage of retrofitting methods and practical tools for vulnerability and safety evaluation
would be necessary for widely disseminating in other developing countries with similar
problems.

For example, it is necessary to develop evaluation tools for brick masonry and confined
masonry in Indonesia. Furthermore, retrofitting method for concrete block masonry structure

also need to develop.

The effort should be continued and made sustainable, because earthquakes will always

occur.
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Appendix A

Simplified Strength analysis of non-engineered construction

Appendix A: Simplified Strength analysis of non-engineered construction

1. Estimation of shear force of model structure of shaking table test.

The shear forces induced by the earthquake wave in the shaking table tests are roughly

estimated. Equation of dynamic motion for earthquake is:
1

mX + CX + kx = —my
where:
M = mass of the model structure
C = damping ratio
k = stiffness
X = displacement of the model structure
y = displacement of ground motion

The result of wave on shaking table tests was showed that damping force (CX ) was small
enough to neglect. The above equation was derived:

mX +my =m(X + y) = —kx
where Q (kN) is shear force induced in the model structure. It can be roughly estimated
as,
Q = Ma

where:

M = upper half of the model structure (t)

a = response acceleration of model structure (m/s? = 100gal)

Q is defined as the inertial force. a denotes the maximum response acceleration in

middle or upper section of the specimen. Q before and at collapsing were estimated

U A, Shibata, “Soffilg s U — X BEREGEARST 5 2 i), Morikita Publication, pp.97-108, 2010
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Table.1 Rough estimation of shear force of model structures

Mass of upper | Response Rough
part Acc. of upper | estimate of
Model structure state
part shear force
M(t) A(m/s? Q(kN)
N .
; South Asian type of masonry Before failure 5.1 10.75 54.83
a .
© construction
) At the failure 5.1 25.09 127.96
™ .
g South-East Asian type of Before failure 25 24.05 60.13
I .
] masonry construction
o) At the failure 2.5 32.66 81.65
Model A Before failure 5.12 7.86 40.26
N (engineered) | A the failure 5.12 48.64 249.01
5 CHB masonry
_CC%' construction Model B Before failure 2.87 5.00 14.37
(@)
(non-
engineered) At the failure 2.87 11.69 33.59
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Simplified Strength analysis of non-engineered construction

2. Ultimate Shear Strength of Each Model Structure using Simplified Evaluation
Equation
In order to assess the shear strength in in-plane direction, three equations were employed
for calculation. Where, h' is half of height of the specimen. It can be assumed that N, =
o, =0.

Equation for calculation of ultimate shear strength:

H,, = WA, C’1+ Nu |1 ()2
’ C,b f A,

where, H| = ultimate shear strength (N)

f, = tensile strength (N/mm?)
A,,= horizontal cross section of wall (mm?)

h
b = — = shear force coefficient, h= the height of wall (mm), |= the length of wall

abl , -
C, = T = interaction coefficient

5
a= Z = parameter of shape and distribution of interaction forces

N, = vertical load imposed on wall (N)

1 o
V.=| f,— |1+045—=2 2)3
) ( 1.2 f, JAW @

where, V= ultimate shear strength of wall (N),
f, = average of shear strength of wall (= 0.125,/F, ) (N/mm?)

F, = compression strength of joint mortar (N/mm?),
o, =vertical load imposed on wall (N),
A,,= horizontal cross section of wall (mm?)

2 Miha Tomazevic, “Earthquake-Resistant Design of Masonry Buildings,” pp.109-159
3 National Standards of PR. China, Seismic Design Standards for Building Structures (GBJ11-89)
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Table.2 Rough estimation of shear force of model structures

Ea.(1) Ea.(2)
Ultimate shear Ultimate shear
Model structure state
strength strength
(kN) (kN)
South wall 171.27 90.93
(QV]
o South Asi f
g | Seuth Asian type of masonry | o 194.23 107.66
& | construction
&
South + North walls 365.50 202.59
o South wall 131.85 28.75
o South-East Asian type of
%’_ North wall 181.70 2712
g masonry construction
O
South + North walls 313.55 55.87
South wall 269.3 176.6
Model A
North wall 269.3 176.6
(engineered)
i South + North walls 538.6 358.2
5 CHB masonry
a .
@ | construction South wall 56.9 115.7
© Model B
(non- North wall 56.9 115.7
engineered)
South + North walls 113.9 231.3

Egs. (1) and (2) were proposed to evaluate the ultimate shear strength of the wall under

vertical load. It should be noticed that Eq. (1) depends on the tensile strength of wall (: f,).

Egs. (2) depend on the compression strength of joint mortar (: F, ).

As results of the present assessment, the calculation was quite larger than the

experiments data.
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3. Calculation of out-of-plane of brick wall (Simplified method)

A case of Chapter 3.4

Height of wall: Lx=2,600mm
Length of wall: Ly=3,600mm
Thickness of wall: t=100mm (brick wall)

t=140mm (retrofitting wall)
Weight of density of wall  », =19.613kN/m3 (brick wall)
7, =19.613kN/m3 (retrofitting wall)

1.96kN/m?

[ |

My /‘& ayl
S N T 7

L
N

0092=x1
W/NX96°L

\\\Q
\
-
/
N NS N N Y
RX|

|
. LS A A AN S AL

Mx1 Qxl

Lv=3600

Stress diagram of one end free, three fixed, uniform load by AlJ*
1) Nominal allowable stress
W=(3.6*2.6*0.1)* 7,/(3.6*2.6) = 1.96kN/m?
M=W * Lx?
=1.96 * 2.6%2 =13.25kN
Mx2=0.017 * 13.25 = 0.225kN
My2=0.069 * 13.25 = 0.914kN

4 Architectural Institute of Japan
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0.5%
w l‘:g w(t/m
Qxl M2 g
X Mx
e A\ ) ™~
I o i 3 =
= =
o My~ | & t‘% ™
™ =1y Wills J = -
oo |* 3 s = B
P =
. o < - d
- L :M“ 5 Lx A
0.35 A ALEM ]|
4
A d
030 30
A
F
u
0.25 - 25
_ 0 A 2.0
3 3
2015 LS50
y
010 ke fJ 1 ‘lﬂ = ==l1=F=====|= Lo
= H - 1]
1 ars R
0.05 et 0.5
man N Ny
- -1 ==n
0.00 L1 0.0
20 1.5 1.0 1.5 20 2.5 3.0 35 40

Ly/Lx e—f—e Ly/Lx

Stress diagram of one end free, three fixed, uniform load by AlJ5

Ly/Lx = 1.38
Sectional force
Z=1/6 * 1000 * 1002 = 1,666

,666 mm?

ot=M/Z =0.914 *10°/ 1,666,666 = 0.54 N/mm2

5 Architectural Institute of Japan
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2) The weight of mass of wall
Weight of Brick wall

W=(3.6"2.6*0.1)* y, = 18.35kN (brick wall)
Weight of Retrofitting wal

W=(3.6"2.6*0.14)* y, =25.70 kN (retrofitting wall)

Assumed acceleration 1G

The inertia force
E :g- Accelataion = Weight of mass of wall

3) The distributed force

g =1.96kN/m?  (brick wall)
q =2.74kN/m?  (retrofitting wall)
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Retrofitting method consists of mortar with 2cm thickness (h) and single wire mesh with 1mm

diameter (dw) spaced at 25mm (D) as ferro cement in both directions.

Brick-Wail

25mm

/—dw=d>1mm

25mm

Modulus elasticity of ferrocement from the following expressions taken from (ACI committee

549, 1999; Sandwich structures, Howard G. Allen) as follow;

Volume fraction of mesh in longitudinal direction

Nomdi1
“ 4h D
_LxQf 1
4.20 25
V, =0.001571 =0.15%
Volume fraction of mortar
Vi =1-V_
=1-0.001571
V, =0.998
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® Elasticity modulus of ferro-cement:
E,=EV_+EV,

= (6,995) x (0.998) + (205,000) x (0.001571)

E, =7,303N /mm?

Em =elasticity modulus of mortar matrix (=6,995N/mm?)
E: =elasticity modulus of reinforcement (=205,000N/mm?)
N =number of layers of mesh (=1)

® Flexural rigidity of retrofitted wall (brick wall as core and ferrocement as skin facings)

from Howard Allen®, p217 (10.1)

3 2 3
bt+Efbtd +Ech
6 2 12

b =1000 Assumed length of panel for calculation
t=2cm mortar thickness,

d =12cm  Distance between wire mesh,

® Tensile stress of maximum flexural moment at retrofitted wall (brick wall as core and

ferrocement as skin facings, from Howard Allen’, p11 (2.7)

o, =1.1333 kN/mm?

6 Howard G. Allen Analysis and Design of Structural Sandwich Panels, p217 (eq.10.1)
7 Howard G. Allen Analysis and Design of Structural Sandwich Panels, p11 (eq.2.7)

A-9



Appendix A
Simplified Strength analysis of non-engineered construction

A-10



Appendix B-1

Manual for retrofitting brick masonry house for seismic safety 2008

MANUAL FOR RETROFITTING
OF BRICK MASONRY HOUSES
FOR EARTHQUAKE SAFETY
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MANUAL FOR RETROFITTING
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D iman Satyane

SUPPORTEDBY:
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Approsimatety 70% of both light and heavily damaged houses, i brick masoney
wummmrmmm«ramm: This type of house - brick
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plint beam retrofitting

Why do plint beams need to be retrofitted ?

plint beam retrofitting plint beam retrofitting procedure

Step 1 - Install the steel bar
1. Measure the sieel bar for the lengih of the
plint beam required (inside and culsite he

room).
Add 40D (40 x the diameter) & overiap e

steel bars.

Example: f using 10mm diameter stes! bar,

then t overlap should be 400mm (40cm).
2. Cut the steel bar Lo the measurement

reguined.

3. il holes 30 om apart indo the srea to be
instaled with the pint beam, 1o insen fe
wire. Drill info the mortar betwesn e

Conditions that often exist in the field

room)

5 Bin the stes] bar with firee Imm diameter
wires. {lwo from the inside and one from
outside the room of vice versa). The binding
st be Sght

Step 2 - Install the wire-mesh

1.Drill holes X0 cm apart into the area (o be
mﬂm with the plint bearm o insert the

2 Install the wire-mesh along the steel bar,
insde and with & minimum 30 cm
width between sach wire.

3.Bind the wire-mesh (inside and outside) by
using two 2mm diameter wires: one from
inside and outside the room respoctively

Step 3- Cover with mortar
1. Use a mortar mitiine of
1

4 sand,

Preparations

1. Prepane matsrials and equipment nesded.
Materials - sleel bar, wire-mesh, binding wire, cemenl, sand.
[Equipment: drill, concrele drill bxts, bar cutier and bar bender, forceps, pliers, wire-mesh
cutter, shovel
2. Clean the prea 1o be retrofifled.
3. Measure the length of plint beam 1o be instaled.

g af Beick Menoney Mo

(B-1)-3
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plint beam retrofitling process

around plint beam retrofitting

How can retrofit plint beams be fitted to meet door frames?
I

wall refrofitting

Why do walls need to be retrofitted?

There are two condiions that require wall retroliting

a. I the wall Fame is more than & m*
the retroftting method used & to add a column of beam ko divide te wall inlo 2 sectons of
The: same afea

b. if walls have bad quabty brick masonry o mortsr, of walls are not siraight
the retrolEting method used B 10 install the wire-mesh on he face of all walls and plaster it
with 2 orn thickness of cement mortar

(B-1)-4
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wall refrofitting wall retrofitting procedure
If wall width is more than 9m?

Congditions that often exist in the field Step 1- Install steel bar

1. Cut the stesl bar according 1o the
equined measunement into four birs, (wo
bars for each side of te wal).

2 Drif holes 30 om apart for the length of
the steel bar info the area 1o be instaled
llih MM 1o insen the binding

s:wm-uu-lemmwum-
location (inside and outside

4 WMMM wih ltree Jenm
dlameter wres. (wo fom inside and one
from oulside the roam o vice versa). The
Darichng st Be tght.
hp! Install the wire-mash

. Drill holes 30 om apart into the area o be
Instadied with e calumn, to insert the

wires
2 Install the wire-mesh along the sised bar,
Inside and outskle with @ 30 cm minimal

width
3 Bind he wire-mesh (inside and outside]
Ty WNg wo Zmm Aameler wires: one
from inside and outside the reom
respectively
Step 3 - Cover with mortar
!.Unimo‘llrmnd
1 cament

ahierwards adding adequale waber.
2. Plaster the wall with mortar to cover e
wirg-mash with a 2om thickness,

Preparations

1. Prey needed.

plastered.

Materials Iuibl( ‘wirg-mesh, binding wire, Portland Coment, sand.
Ecuipmen: i concree crl bit, bar culer e bar bender, foroepa, plers, wire-mash

2 Mhmnhw

wall retrofitting process wall retrofitting procedure
If the brick masonry is poor quality and not plastered

Example of wall retrofitting process by adding columns

Step 1 - Install the wire-mesh

1. Cut the wire-mesh accarding 1o the size
raquired for inssde and outside the room

2. Dril holes 30 cm apart inko the aea 1o be
instabed with the wire-mesh. 1o insent the
wires.

3. Install e wire-mesh, nside and outside.

Step 2 - Cover with mortar

1. Use & mortas mixtune of
1 cemmient - 4 sand.

mcﬂ

wirg-mesh thickness.
3. We recommend all sides of lhe wall be
plastered.

 bdagorry Housas Ko Earfvousks Sty
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wall retrofitling process

around wall retrofitting

Examples wall rel'mﬁmng process if quairry of brick masonry is

How can brick masonry that was damaged during an
earthquake but hasn't collapsed yet be retrofitted?

Mb’rn earhquake & upnght and straight

!
{H

around wall retrofitting

column retrofitting

How can the comers of non-anchored walls be prevented from
cracking, due to an earthquake ?

dton sfier the wal &

Why must walls have columns?

(B-1)-6
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column retrofitting

column retrofitting procedure

Conditions that often exist in the field

Preparalions
1. Pregmre smertaks s expuipre e
Materins : steel bar, wire-mesh, binding wire, coment, sand.
Equapmant: nrll malu;wmmwm forceps, pliers, wre-mesh

the degth of the and add langth for

Mg i s of Bics Naasoney Hiouses o Eathouaks Sat _

Step 1 - Install the steel bar

1. Cut the sted bar according Lo the required
measurement into four bars (o bars lor

wach side of the wall)
2 Drill holes 30cm apar into the wall 1o be
stonl bar, 1o insen

wires. Diill into the mortar betwesn the

bricks.
3 Install the cul langths of steel bar n the
delesmined location (inside and outside the

roomp
4 Bind the steel bar with three Jmm
wires, (bwo from inside and one
from outside the rom of vios versa) The.
binding must be tight
p 2 - Install the wire-maesh
1. Dril hobes 30cm apar into the anea fo be
Installed wilh wire-mesh, o insert the
wires.

2 Install the wirg-rmesh along the steel bar.
Iﬂlldolld oulside with a minimum 45 cm

thd the wire-mash mmumm
using two 2mm diametes wires: 1
Inshde annd uutsade e l\mluw-ﬂ[

Step 3 - Cover with mortar

1. Use a mortar mixture of
1 cement : 4 sand

ZPh- the wall Mllm Inwl‘n
mwlmm
A We recomme = nitire wal be

_ Maua Fior Fegteutboss of Biick Wmonry oones ke Esrounes Saloty

column retrofitting process

around column retrofitting

Example of the column retrofitting process

How can steel bars and wi h for col g be
installed in walls under gable frames with no practical coans?

(B-1)-7
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around column retrofitting

ring beam retrofitting

How can cracks around the column at the joining of old walls and
new walls of additional roams be fixed?

Why must walls have ring beams?

ﬂhﬂ:‘." 15 funct :
framework becomes one
mﬁumﬂm?ﬁ “n

ring beam retrofitting

ring beam retrofitting procedure

Conditions that often exist in the field

Preparations

1 Mmmmmwmlumlmulm
sieel bar, wire-mesh, binding wire, cament, sand
Ewnﬂm nill, concrede dril bits, bar cutier and bar bender, forceps, pliers, wre-mesh
culler, shovel, trowel
2 Clran the area ko be retrofited
3. Measure the length o the ring beam Io be installed

(B-1)-8

Step 1 - Install the steel bar

1. Measure the sieel bar for the length of the
ring beam required (inside and outside the

room)
Audd 200 (40 x M diameter) to overlap the
seel bars
Ew W using 10mm dinmeler steel bar,
han the overlap should be 400mm (40cm).
2. Cut the steel baf to the measurerment
requined.
3. Drill holes 30 om apant inko the ares o be

i
H
&
%
]
i
H

determined localion. (nside and cutside the

room)

5. Bind the siesl bar with thiee Jmm diamoter
wires. (bwo rom inside and one froen outside
e room of vice versa). The binding must be
Bght

Drill holes 30 cm apan ink the
area o be installed with the ring
e, 10 ifnsert the wire.
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opening retrofitting procedure opening retrofitting process
Step 1 - Install the steel bar Example of the opening relrofitting process
1. Mensure the steel bar for the length of the
- lirtel beam reguined finside and outside the

room). Add 400 bar length.
2. Dell holes 30 om apart info the mea to be

determined location. {inside and cuside the

Foom)
5. Bind e sleel bar with three 3mm diameist
wires. (hwo from The inside and one from
outside T room of vice versa). The binding

Step 3 - Cover with mortar
1. Use a motar mixture of

1 cement : 4 sand,

) e Ebparatnioy o Reick Mooy euus e Exeiiuaiis Saky T T ———— _

around opening retrofitting around opening retrofitting

How can a steel bar be installed in round openings? Is there another way to create lintel beams?
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Why are gable beams needed in gables? | Conditions that often exist in the field

Freparations
1. Prepare materals and equipment reguined
Materiats slesl bat, wire-mesh, binding wite, cement, sand.
Equipmant * dril, ber cuther and bar bender, forceps, phers, wire-mesh autter, shovel,
triswal.
2. Clean the area to be refrofitied
3. Measure the length of the gable ko be retrofitied. Add the length for steel bas overiag.

Step 1 - Install the steel bar |
1. Cut the etes| bar sccording 1o the requined ‘ i

2. Drill holes 30 om apart into the aren to be
Installed with the gabls beam, lo insen he
wire. Dl into | i
the morar between the bricks.

A Instal the customized steel bat in the
dotsrmined ocalkon {nside and outside the
foom)

5, Bind the steel bar with three 3mm wires
[two from (he inside and one from culside
Ihe oM o vics versa). The binding must
L gt

Step 2- Install the wire mesh
1. Drill holes 30 cm apart ino e

wall beside e opening, 1o

insert the wires

2 Invstndl the wire-mesh along the
sleal bar, inside and outside
with & minmum 45 om width

Step 3 - Cover with mortar

1. Uss & martar mistune of
1 conert | & nand.

e 8%
AN waler

Bty adewue
2. Cover S wire-mesh with mortar
3. We he enfire gable be

(B-1)-11
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Manual for retrofitting brick masonry house for seismic safety 2008

What are the details for installing the steel bars at the bottom
of the gable beam and the meeting at the comer of the wall?

| height of the gable?

How should the steel bar and wire-mesh be Installed to the

bracing retrofitting

Why should a roof frame have bracing?

roof bracing relrofitting

The condition thal often exist on the field

Preparations
1. Propare materials and equipmint reguired

& Timber. S0rwn x TOmm, 4m
b U-plates: 17 cm wickh steel with 4 bok holes
©. Bolts: 10 mm diameter; 20cm length

2. Measure the diagonal distance between gables

(B-1)-12
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Appendix B-2

WHY and HOW? for safer housing, implementing construction work in field 2009

PANDUAN PELAKSANAAN
RUMAH YANG LEBIH AMAN TERHADAP GEMPA

ya Lebih Aman Terhadap Gempa?

_ Panduan Pelaksanaan Rumah vang Lebin Aman Terhadap Gempa

Penyusun
PENYUSUN
Hiroshi Imai SNS international Disaster Prevention Support Center Japang
Nobuhiro Okubo SNS intarnational Disaster Prevention Support Canter Jepang
Disichi Higashi SNS international Disaster Prevention Support Center Jepang
Amin Purwoko SNS intornational Disaster Prevention Support Center Jepang
Zahrudin SNS international Disaster Prevention Support Center Jepang
Haondry SNS international Disaster Prevention Support Cenler Jepang
Prof Dr. bman Satysmo  Universitas Gadiah Mada Indonesia
DIDUKUNG:
Tukang Nagari Enam Lingkung Kabs Padang
Pariaman Propins Sumaters Bara Indonesia
DIDANAL:
Japan Platiorm
Edisi Kotiga, Cetakan Portama, Agustus 2010
ISBN 9?’8—5?9—":!‘ 131
3D & SETTING:
Ed Sumardi

Hak Cipta Undang-Undang Hak Ciota tahun 1987
Dilarang memproduksi dengan carm apapun
tanpa seizin terfulis dari penerbit

Panarii:

KALIWANGI OFFSET

Ji. Monumen Yogyn Kembali 93
Yogyakarta

CATATAN:

Pendapat yang lercantum dalam buku ini adalsh merupakan milik perulis dan tidak mencerminkan
sehsruh SNS international Disaster Prevention Suppori Canter atau Universitas Gajah Mada

ma dan lam publicasi ini tidak menyiratkan ekspresi pendapat
‘apapun pada SNS Intemational Disaster Prevention Suppor Cenler, Universitas Gajah Mada,
mengenal stalus hukum setap negara atau wilayah, kata atau doerah, atay yang berwenang, atau
mengensl penetapan batas-batasnyn

Daftar isi

Pendahuluan

Pendahuluan

. Bahan bangunan

. Pondasi

. Balok Pengikat/Sloof

. Pasangan Bata

. Kolom dan Balok Keliling/Ring

. Gunung-Gunung/Ampig/Singok

. Ikatan Angin

. Perkiraan Anggaran Biaya Rumah

. Tentang SNS International Disaster Prevention
Support Center

W o~ s WK -
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Dikam kisnun waskiu lima tahun torakhir, daerah pantai barat Pulau Sumatera tolah mangalami

BMKG, EWUIM'HHHMWU&LSWWM BT, berada 57 km
lepas pantai barat laut dar Kota Pariaman,

Dasmpak darl gampa Sumatera Barat di13 Yaitu, Kab.
Padang Pariaman, Kota Pariaman, Kota Padang, Kab. Pasaman Baral, Kab. Agam, Kab,
Pesisir Selatan, Kota Bukit Timggl, Kota Solck, Kota Padang Panjang, Kab. Solok, Kab,
Pasaman, Kab. Tanah Datar and Kab. Kepulsuan Mantawai

bangunan Jurrdah rumah tinggal yang mangalamé kanusakan
114, W?nhqmmmbwﬂ anaewmme?anmmmtw

niversilas Andalas, 2010), Mayoritas numah lersabut adalah rumah pasangan bata
mw ghal beton beulang
1mmmmpmnmnnumum gal program
dampak kerugian akibal gempa & dal

mmhmwmdmbmmmmm

Panduan ini anal tukang
bangunan datam batn deserts cheking pelaksanan
di Pakandal Kec. Enam Lingkung Kab. Padang Pariaman. Wawancara dilakuian
terhadap 110 tukang bang program rehabilitasi dan rekonsiruks rumah pasca gempa
Sumatera Baral 2009 dilsksanakan. Danl wawancara lersebut diparoleh baberapa kebiasaan
(best praclize) dan kurang (bad praclise) dalam rumah pasangan bata dengan mengacy
pada buku saku (key vars Prop. Sumatora Barat, Dopt. PU dan
JICA (2009)

hasil survei tersebut maka diadakan kegiatan sebagai berikut

1 pelabhan penngkatan kapasitas

tontang rumah pasangan bata yang lobih aman terhadap gempa. Pelatihan déakukan dalam

§ kali paket pelatihan, masing-masing paket terdiri dasi sekali pelatihan bersifat teori dan sekali
mmsm uu:uuolennomwwm

dari pelatihan
ulamngmpndn mmmmm
ng-am
dan hasil prakiok
i

Panduan inl dari Buky Saku Py
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1. Bahan Bangunan 1. Bahan Bangunan

IRSERERREE]

Snladi et ek hoerpoae capuren orter 13,

S Katyu yang dgunakan haus borkuailas bk, yait ©

N X = Velaia. Proses e
setotah kayu dipotong sesum ukuran, satu bulan didamikin
dongan cara ditaruh bardin di lermpat leduh, kemudian drendam
o kolam air sel i ., Wy
Hroat i b 40 ANt Gl oo st

6. Besi baja untuk beton bertulang

Tabal 1. Ukuran Maimum Tulangan Pokok dan Bogel

[ Joris Elamon Lk Tuil. Prokok|
mm

G x | @8 mm - 15 em
Balok Ring x mm @

Kolom Utama
Staod

_ 1. Bahan Bangunan 1. Bahan Bangunan

Bagel B mm i harus disomgurnaken
putaran takukannym Hirgga 135"
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1. Bahan Bangunan

2. Pondasi

PRINSIP SAMBUNGAN
Tutangan pokok dibengrok minimum 40d (40 om)

PROSES PEMBUATAN SAMBUNGAN T

——gy W=

7. Gersne begel sapinniang 50 om (in-kanan ), sstugal iemoat
pembasokan fiangan

‘samibungan

< Banghoh Wwiangen pokok Sepanng minemum 404 (40 cm).
Puser kermbeb begel dan kat kuat-kust dengan kawat iat
satmp ok 15 om

3 Cak jarsh Bngel, peryambungan Tulangan el

ssiiiidfssl

_\ Prumas permbuatan
T ) Gl Kokom shanvery Shareen

D survei yang dilakukan tormadap 110 respanden tukang di Kec. Enam
Lingkang, dopat dkntahus ha-hal setopsl borkit :

* nutangan
m'lmmmm!nm] -
Grafiks 2. mm?:\immmh-mvﬂimmqu
mm.
Graflks 3. sobaryak 31 % tikang Jarak
letiih carl 15 om.

Panduan Pelaksanaan Rumeh vang Lebinh Aman Terhadap Gempa _

Kerusakan Bagian Pondasi Akibat Gempa

Secara umum Bangunan ini rusak karena pondasi dibuat tdak memenuhl syarat dan yang
sohansnya yaitu bahan bukan batu kakigunung yang keras, wkuran pondasi tidak memadas, dan
kol tanah kurang baik {seperti : sawah, rewn, tanoh bergenakitebing)

2. Pondasi

3. Balok Pengikat/Sloof

Proses Pembuatan Pondasi

E
a

4. Py
4 paur {kabinsasn selompat
0. Tanam besl 10 mm keiom peaktis di datam

i gk
Waran (D). Cor kolom cengan beton 12:3.

£, Tanam anghur besi @10 (E) di pondasi setiap 1 m.

Pandugn Petskeanasn Rumah vang Lebih fman Tathadap Gemog _

(B-2)-3
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3. Balok Pengikat/Sloof 4. Pasangan Bata

Proses Pembuatan Balok Pengikat/Sloof Foto-Foto kerusakan Dinding P Bata akibat gempa
1.

Sant tarjadi gempa. retak pada bangunan
i kel darl sudut

Doc. SN iamatonal (010)

Bardasarhan data hasil wawancara dengan
mangar dan tukang banguran,

Eandyan P Bumah vang Lebih Aman Tethadag Gempa _

Pangdian Palaksans Rumah yang Latdh Aman Techadag Getipa

4. Pasangan Bata 5. Kolom dan Balok Keliling/Ring

Proses Pembuatan Dinding Pasangan Bata

# Foto-Foto Kerusakan Rumah Tinggal Tanpa Kolom dan
Balok Keliling/Ring akibat Gempa

__L,TE

bata dengan
s donjolkan selang-seiing soport gengl

i dengan
porbandingan campuran morar | semen |
4 pasic dengan ketebalan minimum 1,5 om pads.
kedua sisinya.

(s yieg
‘bertulang tidak boish labeh besar 9 m')

Panduan Pelak Rumah vang Labih Aman Torhadao Gamog -l
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5. Kolom dan Balok Keliling/Ring 5. Kolom dan Balok Keliling/Ring

Prosedur Pembuatan Kolom

hll
gl

mmmuzmsm

®

At bt
tetnp dijaga sampai 400 (40 o)

_Pi

hodua s, dan k lobar bata kurang dan 15 cm maka uniuk
ongolkan dengan

mandagatian lebar kolom 15 cm, bokisting kalom hanss dil
Kayu reng dikedus sisinya.

ek bagian ' . Pengeconm
hodam dilakukan tap 1-1,5 m pasangan bata. Sstslah 3 hari, bekasting kolom bisa dlepas.

Pandyan Pelaksanaan Rumah yang Lebih Aman Tethadap Gemon _-

man Terhadan Gemos

unung/Ampig/Singok

5. Kolom dan Balok Keliling/Ring | 6. Gunung

Foto-foto kerusakan dinding ampig tanpa bingkai
beton bertulang akibat Gempa

]

bangiok
hodom ke avah besd tulangan balok
Camhmuwmmuwwpmmlmunzlmm

diatas (pada lokasi g

y&mﬂmmdmnﬁmlwmommywamﬂdlde&w - £
tulangan
h-nkwmkuhm-hhla-na-nng = Doc. NS Intemational (2010}
ampig tieradi k baita tidak berbinghul cleh taton tertuiang
Yang paru dengat nmwmwtmymmnwmwuwmm
P 400 uitama @10 mm.
pangang bonghokan 40 cm)

Pandusn Pelakss Rumah yang Lebin Aman Temadap Gompa
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8. Perkiraan Anggaran Biaya Rumah 8. Perkiraan Anggaran Biaya Rumah
3

8. Perkiraan Anggaran Biaya Rumah 8. Perkiraan Anggaran Biaya Rumah

VAT =3
man

6 PERKIRAAN ANGGARAN BIAYA 1 M' PEMBUATAN BALOK RING UKURAN 12 X 15 G

(Harga Satuan per 20 Marel 2010, lokasi di Kec. Enam Lingkung, Padang Pariaman}
77 1 m Bekisting Baiok R

0.000432|m Papan 2X20x200
0,000306| Kayu 4x6x400
00072 Paku
0.0009 Kep. Tukang
[} | Tukang Kayu
0.0036|oranghr |Pekerja

Jumiah
1 m' Mengerjakan/Memasang Besi Tulangan

it Besi @10 mm x 12 m
bt Besi @8 mm x 12 m
kg Kawal
orangnr [Kep. Tukang
oranghr [Tukang Besi
oranghr

semen (50 ka)
Kep. Tukang
[Tukang Baty
Pekera

Jumiah

[ 010 mem x 12 m
[Bess 08 mm s 12 m
rwr

e, Tukang
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Appendix B-2
WHY and HOW? for safer housing, implementing construction work in field 2009

Kegiatan Pelatihan Tukang

Dewasa ir, beberapa gempa basar lefad di duma hamps setap lahun dan beberapa o

mnmnmﬂmﬂwlmmm Khususny, gempa-gompa il menysbatkan kerugian

yang amal bosar ‘contoh, gempa Turki

(1869), Iran (2003), mm{m 2006, ml WWIMS}H‘.‘W
kerusakan amat parsh melampul pa yang kita bayanghan.

Sebagal contoh, di Iran, mminsmmmnmmnhﬂm

tima ki germpa barsar dan mengakibatian korban ribuan jiwa.

uful penelition mengenal kenusaksn akibat gempa di lren olsh Esthquake Research
Instibute of Tokye umm|w| saiu dai beberapn penyobat mmwmm
antarn 1962 hingga 1990 adalah runtuhnya bangunan nan-engineened akibal
bangunan yang bdak kuat mmmmwmwmw
Institute of Aapan. Maka, di lran, peryebab yang sama di seliap gempa ielah merenggut begitu

baryak jiwn.

Sabagas MWdemm

dan gompa basar Awajl paca tahun 1965 kot

dnerah sekitar Kobe dan telah membunub lebit dar 6,000 jwa. Namun, ma.leowm
i bebaraga tekrik, peraturan, dan pencegahan bencana

pempa sepert teknik-laknik konstuksi yang 0 daerah

i Jepang H Al dan

mwkwmmmﬂmmmmnmm&nnnamwum

tang di Asia dan daerah lan di sebitamya Jika teinik
ﬂmumwummmnmmmnmmomwbm-m;mm
budaya, maka, karni yakin batrwa kita dapat melakukan mitigasi bencana di masa datang
dengan mambangun langkan-langkah pencegahan bancana yang sesuai dengan karaker

ms«smmmmmwmmmmmw
i Irn clan kawssan lain di Asia untuk budaya mene

bencana, Untuk menjsiarkan misi ini, kami telaf k
Mmmmwum@wummmmm
keqiatan untuk mitigas! bencana berdasarkan analsis

tornational Disaster Prevention Support Conter
uruvm—m Totsuka-ku, Yokohama, Kanagawa, 244-0002 Japan
TelFax: +81-45-862-0780
URL: hiltp.fwwnw. sns-jagan org
E-mast: infoisna-japan.org

57 Panguan Pelaksanaan Rumah yar s Amman Terh; G

SNS INTERNATIONAL
YOGY)

No. Telepon/SMS: 0274-7456839

Qe - .
13 12 1"

109 8 7T 6 5 4 3 2
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