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Build Change is an international non-profit social enterprise that designs earthquake-resistant houses and trains 
homeowners, builders, engineers, and government officials to build them. Through its work in improving housing 
design and construction practices, Build Change has made over 8,800 houses in China, Haiti, and Indonesia 
earthquake-safe. 

This handbook provides simple guidelines for safe construction of the two most common structural systems for 
single family homes in rural Indonesia: confined brick masonry and timber frame with masonry skirt. The handbook 
was developed during Build Change’s programs in Aceh and West Sumatra, Indonesia.  It was first published in 
September 2008. It can be used by builders, homeowners, government officials, engineers, architects, and construc-
tion supervisors. A detailed design guideline for confined masonry is available at www.buildchange.org. Detailed 
drawings, bills of quantity, and construction quality checklists are available upon request.  

Build Change provided hands-on technical assistance and training to 655 homeowners who lost their houses in the 
2007 earthquakes in West Sumatra and Bengkulu. In the 2009 earthquakes, none of the houses that met our 
minimum standard were damaged. Earthquakes don’t kill people; poorly designed and built buildings do. This 
handbook is dedicated to homeowners and builders in Indonesia so that they can use it to keep their families and 
communities safe during earthquakes.

Takengon, Aceh Province, Indonesia, October 1, 2013
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7KLV�ERRNOHW�LV�WKH�UHVXOW�RI�FRQWULEXWLRQV�RI�PDQ\�LQGLYLGXDOV��LQFOXGLQJ�%XLOG�&KDQJH·V�,QGRQHVLDQ�HQJLQHHUV��
architects, and construction supervisors; many builders and homeowners from Aceh and West Sumatra, 
DQG�%XLOG�&KDQJH·V�WHDP�RI�SUR�ERQR��OLFHQVHG�VWUXFWXUDO�HQJLQHHUV�IURP�WKH�6DQ�)UDQFLVFR�%D\�$UHD���

Other primary sources of inspiration include Don Hausler Masonry Construction and the guidelines for 
earthquake-resistant simple masonry houses produced by Teddy Boen for Indonesia and Marcial Blondet 
from Peru.  

Insights and hard work from all parties are greatly appreciated.  

%XLOG�&KDQJH·V�KRXVH�GHVLJQ�IRU�$FHK�ZRQ�D������([FHOOHQFH�LQ�6WUXFWXUDO�(QJLQHHULQJ�DZDUG�IURP�WKH�
Structural Engineers Association of Northern California.  

%XLOG�&KDQJH� LV� D� �����7HFK�$ZDUGV�/DXUHDWH� �ZZZ�WHFKDZDUGV�RUJ�� DQG�:LQQHU�RI� WKH�.DWKHULQH�0��
Swanson Foundation Equality Category Cash Prize for making culturally appropriate, earthquake-resistant 
housing solutions available to all homeowners, regardless of income level.
 
%XLOG� &KDQJH� LV� D� IRXQGLQJ�PHPEHU� RI� WKH�&RQÀQHG�0DVRQU\�1HWZRUN�� DQ� LQWHUQDWLRQDO� QHWZRUN� RI�
DFDGHPLFV�DQG�HDUWKTXDNH�HQJLQHHUV�SURPRWLQJ�HDUWKTXDNH�UHVLVWDQW�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�FRQÀQHG�
masonry.  CM_NET has reviewed and approved this handbook. 
�ZZZ�FRQÀQHGPDVRQU\�RUJ�
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Dimensions of foundation: 
25 x 40 x 50 cm

Pour concrete on column 
footing and give anchor

Use anchor on wall 
masonry

Every timber connection 
should have a proper joint

Every connection should 
have a wooden peg or nail 
to secure joint

Must have diagonal bracing 
on every corner

Scarf joint for beams

Nail the wire to the frame 
ÀUPO\�DQG�VWUHWFK�WLJKW

Plaster and mortar mix 1:3

Truss Connection

Wind Bracing

40

4” nail

Tenon

Choose good quality timber Use preservative paint

column column

anchor anchor
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For more information on timber see page 38

For more information on truss connections see page 72
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Avoid long and narrow structures where the length of the 
building is more than 3 times the width
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See pages 62 & 63 for more 
information on steel reinforcement

See pages 48-50 for more 
information on steel bar-bending
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For more information see pages 62 & 63
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For more information see page 62-63
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Number of bars required will likely be greater than the amount used in a simple house
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*See pages 62 & 63 for more information
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There are two types of cement commonly available in Indonesia.  The first 
type, Type 1, is straight portland cement.  It sets up faster, cures faster and 
is better for foundation and concrete elements, such as the plinth beam, 
columns, and ring beam.  The second type is PPC (also known as PCC), 
which is portland cement with an additive that slows down the setting 
time.  This makes it easier to work with, especially for masonry and 
plaster.  It sets up slower, and we don’t need to use it up as quickly.
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For more information see pages 48-51

Good Not GoodNot Recommended
Smooth

Steel

Ribbed
Steel

Don’t use
recycled steel!
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Steel anchors should be placed in the foundation at intervals of 1.5 m maximum, and at the 
locations of all columns.  The anchors help to reduce sliding between the foundation and foundation 
beam, and they reduce uplift of the columns.  You can use waste bar, 10 mm ribbed bars or smooth 
bars.
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See pages 62 & 63 for more information

Bed Joint Reinforcement Method Rebar Dowel Method

Alternatively, rebar dowels can be used to connect the wall to the column.  In this case, a 
reinforced concrete lintel beam is required in the wall above all openings.

Weld
Steel Ø 6mm
Steel Ø 4mm

8
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For more information see pages 46 & 47
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* For more information 
on soil types see page 41
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Besi
Ulir

Besi
Polos

Besi
Polos

40 cm 80 cm 40 cm





50

Ring Beam 15/20

Ribbed Bar (4) Ø 10mm

Mix (1:2:3)

Stirrups Ø 8mm @ 15cm

Ribbed Bar (4) Ø10mm

Mix (1:2:3)

Stirrups Ø 8mm @ 15cm

Ribbed Bar (4) Ø10mm

Ribbed Bar (4) Ø10mm

Stirrups Ø 8mm @ 15cm

Mix (1:2:3)

Overlap 40cm Typ

15cm
Typ

Overlap 
40cm Typ

15cm
Typ

Ring Beam 15/20

Ribbed Bar (4) Ø 10mm

Mix (1:2:3)

Stirrups Ø 8mm @ 15cm

Ribbed Bar (4) Ø10mm

Mix (1:2:3)

Stirrups Ø 8mm @ 15cm

Ribbed Bar (4) Ø10mm

Ribbed Bar (4) Ø10mm

Stirrups Ø 8mm @ 15cm

Mix (1:2:3)

Overlap 40cm TypTypT

15cm
TypTypT

Overlap 
40cm TypTypT

15cm
TypTypT
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Use 6mm - 8mm diameter smooth bars for the stirrups
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1 bucket of cement 2 buckets of sand 3 buckets of gravel
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                 (1 bucket cement, 
3 buckets sand)

(1 bucket cement, 3 buckets sand)

Commonly, bricks are very porous and 
dry, so they absorb the water from the 
mortar before the cement has time to 
hydrate and stick the bricks together
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2cm - 4cm

Distance between column steel and
bricks is between 2cm and 4cm
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Use 1.5 - 2 cm of mortar 
above and below the steel



6363

page 62

50cm 
minimum 

50cm 
minimum 

7 courses of brick.

Install steel bar every 7 courses of 
brick and extend steel bar at least 50 

cm into masonry wall.
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page 54
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For more information see pages 48-51
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For more information see pages 52-56
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see page 56
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1 Foundation
• Soil must be strong enough to support the weight of 

the house 
• Fill all the spaces between foundation stones with 

mortar

2 Tie Columns and Ring Beams
• Stirrups must have hook and hooks are rotated
• Use good quality sand and gravel
• Use a mixture of 1:2:3
• Good casting: there is no exposed steel
• No cavities
• Compact with a steel rod and tap with hammer
• Must have a connection between the ring beam and 

column
• Use deformed rebar for longitudinal steel

3 Masonry Wall
•
 

•
 

Soak the bricks before laying
•
 

Spacing between bricks should be maximum 1.5 cm
•
 

Distance brick with columns 3cm
•
 

Cast column after height of the wall reaches 1 to 1.2 m
•
 

Use good quality bricks, sand, and concrete
•
 

Fill all joints between bricks

4 Walls Without Openings
• Use steel bed joint every 7 courses of brick, tied into

columns, or
• Use a single steel bar every 7 courses of brick, tied

into tie columns, extending at least 50 cm into the 
wall

• Add minor column to walls of more than 4 m

5 Walls With Openings
• Use steel bed joint every 7 courses and above and 

below openings, tied into tie, or 
• Use a lintel beam above openings and a single steel 

6 Connection Between Ring Beam and Truss
• 

• Use bolts and steel plate / strong nails in truss

7 Gable
• Do not use masonry for gable wall. Use wood, CGI 

sheet, or other lightweight material

• Do not use recycled or rusty reinforcing steel

bar every 7 courses of brick, tied into tie columns,
extending at least 50 cm into the wall

Use additional steel or a U plate to connect the 
truss to the ring beam
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Chapter 1, “Rawan Sumatra Earthquake” is reprinted with permission from Dr. Danny H. 
Natawidjaja. 

The sketch on page 22 and 27 drawn by M. Alfata Isa, Technical Team Leader for Build 
Change. 

The sketch on page 24 and 44 drawn by Nahdhul Rida, Technical Supervisor for Build 
Change.

The sketch on page 41 reprinted with permission from the Dr. Adi Jatmika Suryabrata, 
0�6F���3K�'���IURP�́ *XLGHOLQHV�IRU�%XLOGLQJ�(DUWKTXDNH�5HVLVWDQW�+RXVHV�6LPSOLÀHGµ��

The sketch on page 46 reprinted with permission from Marcial Blondet, from 
´&RQVWUXFWLRQ�DQG�0DLQWHQDQFH�RI�&RQÀQHG�0DVRQU\�+RXVHV��IRU�0DVRQV�DQG�
Technicians”, edited by Marcial Blondet.



%XLOG�&KDQJH�LV�DQ�LQWHUQDWLRQDO�QRQ�SURÀW�VRFLDO�HQWHUSULVH�WKDW�GHVLJQV�HDUWKTXDNH�UHVLVWDQW�
KRXVHV�DQG�WUDLQV�EXLOGHUV��KRPHRZQHUV��HQJLQHHUV�DQG�JRYHUQPHQW�RIÀFLDOV�WR�EXLOG�WKHP��

www.buildchange.org
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