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Design and Construction Assessment 

Tsunami Reconstruction Housing 

Thailand, Indonesia, Sri Lanka & India 

 

Executive Summary 
 

¶ This Design and Construction Assessment relates to the houses currently being constructed 
by Habitat for Humanity International (Asia ï Pacific) in Thailand, Indonesia, Sri Lanka and 
India, in response to damage caused by the major tsunami of 26

th
 December 2004. 

 

¶ The Consultants recognise the very great commitment of the staff of HFHI-AP in all areas, to 
relieve the distress caused by the tsunami, and take this opportunity to encourage them to 
keep up this good work. 

 

¶ The purpose of this report is to: 
Á Check the suitability of the designs for the particular applications. 
Á Check that the construction is in accordance with the documented designs. 
Á Assess the impact of any failures to comply with the documented designs. 
Á Provide design alternatives. 

 

¶ Site Inspections and Structural Analysis were carried out between: 
31

st
 August 2005 and 10

th
 September 2005 (Thailand & Indonesia), and 

2
nd

 December 2005 and 19
th
 December 2005 (Sri Lanka & India). 

 

¶ For details of the Construction Management Audit and Peer Review Peer carried out during 
the same period, refer to Report No P05042602.  

 

¶ For details of the structural analyses, refer to Report No P05042603.  
 

¶ Recommendations 
The following are the principal recommendations presented in order of considered priority. 
Various other improvements are listed in the section for specific projects. 

 

Supervision 
The general level of supervision should be improved in most areas.  
Construction Checklists have been prepared and included in Appendix 2.  
It is recommended that these be used. 
Particular attention should be paid to: 

¶ General site safety 

¶ Compaction of foundations  

¶ Dimensions of reinforcement in footings 

¶ Cover to concrete in strip footings, columns and beams 

¶ Anchorage systems for roofs to resist wind loads 

¶ Fixing of masonry walls into the structure 

¶ Corrosion resistance of steelwork. 
 
 
Large Format Tiles (Thailand) 
HFHI-AP should secure test data on the transverse breaking load of the tiles currently being 
manufactured in Thailand. HFHI-AP should determine whether the possible breakage of large 
format tiles, both during construction and in-service, represents an unacceptable safety 
hazard. 
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Safety 
There should be a general tightening of site safety practices, with particular emphasis on 
scaffolding, tidiness and electrical safety. 

 
Regional Performance Criteria (HFHI-AP and Consultants) 
HFHI-AP should develop Regional Performance Criteria for houses and septic systems, 
generally along the lines described in this report. In the absence of suitable (or relevant) 
country Building Regulations, consideration should be given to these Regional Performance 
Criteria when designing for houses and septic systems for particular applications. 
 
Policy of ñTransparent Flexibilityò  (All areas) 
Each country organisation should examine its design criteria, as suggested below. 
 

1. The Regional Performance Criteria should be clearly defined by HFHI-AP (with the 
assistance of the Consultants) and communicated to the HFH Country Offices and 
Affiliates. 

 
2. Local designs should be tailored to suit the prevailing local conditions and 

expectations, provided the deviations from the Regional  Performance Criteria are 
clearly justified on economic and/or cultural grounds, documented and communicated 
to HFHI-AP. 

 
Design differences between countries and projects (HFHI-AP and Consultants) 
In very broad terms, the conservatism of the various designs may be ranked as follows, from 
most conservative to least conservative ï  

¶ Lam Kruet (Aceh) 

¶ Villupuram (India) 

¶ Thailand (general) 

¶ Indonesia (general) 

¶ Kanyakumari (India) 

¶ Sri Lanka (general) 
 
Design conservatism in Lam Kruet project (Lam Kruet) 
If considered appropriate, the partners should be advised of the probable conservatism of the 
design. In particular, the drawings should be amended to delete the requirement for close-
spaced ligatures. 
 
Anchorage of Tiles and Roof Structures (All areas, particularly India and Sri Lanka) 
HFHI-AP should develop and clearly state local policies on the anchorage of roof cladding 
(sheet or tiles) and roof framing, giving consideration to Regional Performance Criteria for 
wind uplift. 
 
Strengthening and Securing Masonry Walls (All areas) 
HFHI-AP should examine the economic and the structural features of each wall system at the 
design stage, develop and clearly state local policies on wall anchorage, giving consideration 
to Regional Performance Criteria for wind load. 
 
Materials Specifications (HFHI-AP and Consultants) 
Detailed materials specifications, clearly defining the required properties of materials and 
standards of installation should be prepared and used. The Consultants are prepared to 
undertake this task if requested by HFHI-AP. 

 
Quality Assurance Documents (HFHI-AP and Consultants) 
Quality Assurance Documents clearly defining the procedures and quality system should be 
prepared. The Consultants are prepared to undertake this task if requested by HFHI-AP. 
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Suspended Concrete Slabs (Galle, Villupuram, Kanyakumari) 

¶ Unless specified otherwise by the structural design engineer, the specification for 
suspended concrete slabs detailed in the report should be adopted. This includes an 
increase in cement content (indicated by compressive strength) and concrete cover. 

¶ Specify a minimum slab thickness of 150 mm. 

¶ Ensure that there is close supervision in the positioning of reinforcement and placing 
of the concrete, particularly in the maintenance of cover. If steel is found to have 
inadequate cover, remedial work must be carried out to provide adequate protection. 

¶ Paint any exposed concrete surfaces with at least a primer and two coats acrylic paint 
(or equivalent treatment) to maintain corrosion protection. 

¶ Ensure that tiled surfacing to suspended slabs provides adequate additional cover to 
the reinforcement. Otherwise provide a painted membrane protection. 

 
Size and General Layout of Houses (HFHI-AP and Consultants) 
The size and arrangement of houses should be standardized.  
In some areas, government regulation prevents this. 

¶ A 6.0 m x 6.0 m module is preferred, rather than the 7.0 m x 5.0 m module 
constructed in some locations. However, the sourcing of timber sections of suitable 
length may prove to be a practical limitation. 

¶ Minimum room size should be 9.0 m
2
.  

¶ There should be two bedrooms, living room and kitchen. A small veranda should be 
included. 

¶ An external toilet should be included. 

¶ The suggested window area is 20% of floor space. Additional fixed ventilation should 
be provided.  

¶ Fly screens should be provided. 

¶ Optional extras (requested by home owners) may be approved, but must be 
documented in the permanent records. 

 
Corrosion of Roof Steelwork (Phru Tieow)   
Tie-down details and corrosion resistance should be improved. The Bang Niang details 
should be adopted for this project.   
 
Corrosion resistance of roof steelwork (Bang Niang, Pakwep, Khuk Khuk, Phru Tieow) 
Subject to availability, use galvanised steel roof framing and cold-galvanizing touch up paint 
at the welded joints to reduce corrosion problems. This is a particular problem at Phru Tieow. 
 
Strength of roof steelwork (Bang Niang, Pakwep, Khuk Khuk, Phru Tieow) 
The sections should be checked as mild steel with yield strength as low as 250 MPa, to allow 
for the effect of welding.  
 
Cement/soil interlocking block house with steel roof frame & tiles (Khuk Khuk)  
The use of the cement stabilized soil interlocking blocks should be expanded, subject to the 
following: 

¶ The susceptibility to corrosion of the reinforcement, including the effectiveness of the 
grouting, should be established. 

¶ The effectiveness of the laps, including the need for tie-down and wind/earthquake 
resistance, should be established. 

¶ The need for column ties should be investigated. If they are not needed, they should 
be deleted, in order to reduce the risk of corrosion. 

 
Water harvesting (All areas) 
Consideration should be given to the collection and use of rainwater from the roof. This would 
involve the installation of eaves gutters, rainwater downpipes and piping to a cistern or mandi. 
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Septic tank effluent disposal (Phru Tieow) 
Consideration should be given to the probability that the close-spacing of septic tanks 
between the rows of houses will lead to over-dosing of effluent.  
 
Septic tank effluent disposal (Kanyakumari) 
Consider the effectiveness of the soak pits currently installed. 
  
Septic tank effluent disposal (All areas) 
The merits of dual tank septic systems should be considered.  
 
Precast Lintels, Ring Beam ñTò, ñLò and ñXò Sections 
In houses incorporating ring beams, the use of precast Lintels, Ring Beam ñTò, ñLò and ñXò 
Sections should be considered. 

 
 Various other improvements are listed for specific projects. 
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Design and Construction Assessment 

Tsunami Reconstruction Housing 

Thailand, Indonesia, Sri Lanka & India 

 
Purpose 
 
This Design and Construction Assessment relates to the houses currently being constructed by 
Habitat for Humanity International (Asia-Pacific) in Thailand, Indonesia, Sri Lanka and India, in 
response to damage caused by the major tsunami of 26

th
 December 2004. The Consultants 

recognise the very great commitment of the staff of HFH in all areas, to relieve the distress caused 
by the tsunami, and take this opportunity to encourage them to keep up this good work. 
 
The purpose of this Design and Construction Assessment is to: 
 

Á Check the suitability of the designs for the particular applications. 
 
Á Check that the construction is in accordance with the documented designs. 

 
Á Assess the impact of any failures to comply with the documented designs. 

 
Á Highlight differences in designs between various regions and countries. 

 
Á Provide design alternatives. 

 
 

Scope 
 
There are several different designs currently in use in each location, and they are grouped as 
follows. 
 
Thailand ï Khao Lac area 

T1  Standard masonry house with steel & tile roof - Bang Niang & Pakwep 
T2 Cement/soil interlocking block house - Khuk Khuk  
T3 Masonry house with steel & tile roof - Phru Tieow   

 
Indonesia ï Aceh area 

A1 Standard masonry house with timber roof frame & sheet steel - Mulia, Tibang, Sigli 
A2 Masonry house with timber roof frame & tiles - Lam Kruet 
A3 Steel framed and plywood sheeted house - Lam Lohm 

 
Sri Lanka - Galle, Trincomalee, Batticaloa, Colombo 

S1  ñ300 sq.ftò house - Galle, Trincomalee, Batticaloa 
 S2  ñ300 sq.ftò house - Galle with concrete roof 

S3  ñ500 sq.ftò  MAS house - Galle 
S4 Two storey row houses - Colombo 
S5 Prefabricated steel rendered house - Galle 
 

India ï Villupuram, Kanyakumari 
I1  Relocated brick house with suspended concrete slabs - Villupuram 
I2 Reconstructed brick house with tiled roof - Kanyakumari  
 

House renovations and repairs in India were inspected, but are beyond the scope of this report. 
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Design Review Group 
 

This report has been prepared on behalf of Partner Housing Australasia (Building) Incorporated by 
the following personnel, whose assistance is gratefully acknowledged.

1
 

 

¶ Final design and construction reviews were carried out by Rod Johnston. 
 

¶ Preliminary design reviews were carried out by Bruce Hutchison and John Matheson. 
 

¶ The final Thailand design review has been carried out with the assistance of Julia Ratcliffe, 
who has prepared the designs. 

 

¶ The design in Sri Lanka has been carried out by Lasantha Guruge, who also assisted in the 
assessments. 

 

¶ Construction inspections were carried out with the assistance of Barry Clark. 
 

¶ The designs in other locations were prepared by various consultants, whose work is 
acknowledged. 

 

 

 

                                                           
1
 Refer to Appendix 1 for the details of the participating design team members. 
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Availability of Detailed Drawings, Specifications and other Documentation 
 

 

Availability of Detailed Drawings and Specifications 
 
 Detailed Drawings Specifications Quality Assurance 

Documents, 
Construction 
Checklists etc 

T1 Bang Niang & Pakwep 
 
 

Full set available Not available Not available 

T2 Khuk Khuk  General arrangement 
available. Details to 
manufacturerôs manual. 

Not available Not available 

T3 Phru Tieow   
 
 

Exists - Partial set 
available during 
assessment 

Not available Not available 

A1 Mulia, Tibang, Sigli 
  
 

Full set available Not available Not available 

A 2 Lam Kruet 
 
 

Exists - Only a few 
sheets available during 
assessment 

Not available Not available 

A3 Lam Lohm 
 
 

Not available during 
assessment 

Not available Not available 

S1 ñ300 sq.ftò house Galle, 
Trincomalee, Batticaloa 
 

Full set provided Not available Contract documents 
available. Others not. 

S2 ñ300 sq.ftò house Galle 
with concrete roof 
 

Variation of S2  
(Slab details not 
provided) 

Not available Contract documents 
available. Others not. 

S3 ñ500 sq.ftò  MAS house, 
Galle 
 

Full set provided Not available Contract documents 
available. Others not. 

S4 Two storey row houses, 
Colombo 
 

Full set provided Not available Contract documents 
available. Others not. 

S5 Prefabricated steel 
rendered house 
 

Full set exist, but not 
provided 

Not available Not available 

I1 Relocated brick house 
with suspended concrete 
slabs in Villupuram 

Full set provided Tamil Nadu 
Government 
Guidelines provided 

Not available 

I2 Reconstructed brick 
house with tiled roof in 
Kanyakumari  

Partial set provided Tamil Nadu 
Government 
Guidelines provided 

Control sheets under 
development were 
inspected 
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Detailed Drawings 
 

Except as noted below, the drawings for buildings currently under construction by HFHI-AP 
were available during the Design and Construction Assessment. In some cases the level of 
detail shown on the drawing required some building judgment to be exercised. 
 

¶ Drawings for the Indonesia Lam Kruet site were available in the site office and copies of 
some sheets were made available. A copy of a full set was not taken. 

 

¶ Drawings for the Sri Lanka MAS house, Galle, were available in the site office. 
 

¶ There were no drawings available for the work at Kanyakumari. 
 
 
Specifications 
 

Except in India, specifications for materials or construction were not provided during the 
assessment. It is not known whether they exist, or (if they exist) whether they are in use. 
 
In India, the Government of Tamil Nadu Guidelines for Reconstruction of Houses Affected by 
Tsunami in Tamil Nadu, which include materials specifications, were provided. 
 
 Recommendation 
 Detailed materials specifications, clearly defining the required properties of material 

and standards of installation should be prepared and used. The Consultants are 
prepared to undertake this task if requested by HFHI-AP. 

 
 
Quality Assurance Documents, Construction Checklists etc 
 

No Quality Assurance Documents or Construction Checklists were available during the 
assessment. It is not known whether they exist, or (if they exist) whether they are in use. 
 
 Recommendations 
 Quality Assurance Documents clearly defining the procedures and quality system 

should be prepared. The Consultants are prepared to undertake this task if requested 
by HFHI-AP. 

 
 Construction Checklists have been prepared and included in Appendix 2. It is 

recommended that these be used. 
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Performance Criteria 
 

Local Building Regulations 
Houses and septic systems should be designed to meet the performance criteria (or prescriptive 
details) set out in the relevant Building Regulations of each country. Unfortunately, such regulations 
are not always available, sometimes do not tackle all of the issues or do not provide workable cost-
effective details. 
 

Regional Performance Criteria  
It is recommended that HFHI-AP develop Regional Performance Criteria for houses and septic 
systems, generally along the lines described in this report. In the absence of suitable (or relevant) 
country Building Regulations, consideration should be given to these Regional Performance Criteria 
when designing for houses and septic systems for particular applications. 

 

The Problem of Regional Performance Criteria 
What constitutes ñacceptable performanceò under wind, earthquake or tsunami load may vary from 
area to area, depending on local expectations and established practices. This is best demonstrated 
by the following examples. 
 

Throughout Sri Lanka (including in the Wind Category III areas around Trincomalee and 
Batticaloa) there is local acceptance that tiled roofs should be laid without anchorages. 
Although the use of mortar strips at the verges and at intermediate positions lock the tiles 
together in medium wind loads, they will be ineffective in extreme wind and tiles will fly off the 
roofs. This would appear to be a locally accepted consequence of local practice used in both 
commercial 

2
 and housing projects. 

 
 On the other hand, the removal of tiles during extreme wind is unacceptable in Thailand, 

where the tiles are tied to the battens, which are welded to the rafters and beams, which are 
welded to the column reinforcement, thus providing a complete load path to prevent removal 
of both roof cladding and structure. There is a local expectation that roof cladding and 
structure remain intact during the extreme design event. 

 
It is generally considered desirable to achieve uniformity of performance requirements across the 
region ï What is considered ñsafeò for (say) Thailand should be the same as what is considered 
ñsafeò for (say) Sri Lanka.   
 
However, forcing uniformity will cut across ñlocal practiceò, in some cases with serious economic 
consequences. For example, the locally available Sri Lanka clay tiles do not incorporate a hole for 
tie-down (or nailing). The imposition of tie-down requirements for tiles would result in these tiles 
being deemed unsuitable, necessitating a change to steel sheet roofs at considerable increase in 
cost. 
 
Therefore, the imposition of uniformity is not recommended, but rather, a policy of ñtransparent 
flexibilityò is suggested. 
 

                                                           
2
 Recently constructed hotel roofs in various locations, using the same tiles not tied down, were observed. 
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Policy of ñTransparent Flexibilityò   
Each country organisation should examine their design criteria, as suggested below. 
 
The proposed policy of ñtransparent flexibilityò is: 
 

1. The Regional Performance Criteria should be clearly defined by HFHI-AP (with the 
assistance of the Consultants) and communicated to the HFH Country Offices and Affiliates. 

 
2. Local designs should be tailored to suit the prevailing local conditions and expectations, 

provided the deviations from the Regional  Performance Criteria are clearly justified on 
economic and/or cultural grounds, documented and communicated to HFHI-AP. 

 

 
Design differences between countries and projects 
In very broad terms, the conservatism of the various designs may be ranked as follows, from most 
conservative to least conservative ï  
 

¶ Lam Kruet (Aceh) 

¶ Villupuram (India) 

¶ Thailand (general) 

¶ Indonesia (general) 

¶ Kanyakumari (India) 

¶ Sri Lanka (general) 

 
This does not mean that (for example) Sri Lankan construction is not appropriate to its application, 
only that it will fail at lower wind or earthquake loads than a house to the Villupuram or Thailand 
design. 
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Proposed Regional Performance Criteria 
 

Introduction 
The following Regional Performance Criteria have been proposed for the selection of the appropriate 
loads for the design checking process.

3
 
4
 In some areas, Local Performance Criteria may be 

imposed by governments or reconstruction authorities. These may be more stringent (e.g. 
earthquake loading in southern India) or less stringent (e.g. reduced wind uplift in Sri Lanka). 
 

Design Life 
The design life of the building shall be 15 years for structural members and 10 years for non-
structural items such as windows, doors, joinery, render etc. 
 

Loads and Loading Combinations 
Loads and loading combinations shall be in accordance with AS/NZS 1170.0, except as set out 
below. 
 

Permanent Loads 
Permanent loads shall be calculated using the known values of material densities and dimensions, 
together with the principles of AS/NZS 1170.1. 
 

Imposed Loads 
Imposed loads shall be calculated in accordance with AS/NZS 1170.1. 
 

Wind Loads 
Wind loads shall be calculated in accordance with AS/NZS 1170.2 and HB 212 Design wind speeds 
for the Asia-Pacific region, both published by Standards Australia.  
 
The following uplift pressures and racking pressures apply in the nominated wind classification areas 
for: 

¶ Equivalent annual probability of exceedance of 1 in 500 

¶ Reference period (design life) of 15 years 

¶ Leading to a probability of exceedance during the design life of approximately 0.03  
 

  
Refer also to Appendix 5 

 

                                                           
3
 AS indicates Australian Standard. AS/NZS indicates Australian and New Zealand Standard. HB indicates 

handbook published by Standards Australia (or SAI Global). 
 
4
 The selection of Australian Standards (and AS/NZS standards) reflects not only the origin of the consulting 

team, but also the general suitability of such documents to disaster response in the Asia-Pacific region. 
 

Wind Classification Uplift 
kN/m

2
 

(kPa) 

Racking 
kN/m

2
 

(kPa) 

I  Thailand, Malaysia, Singapore, Indonesia, East Timor, South & 
West Sri Lanka, Deccan of India 

0.7 0.6 

II   Australia A (Most of south and inland) 
Central Sri Lanka, West coast & southern India 

1.0 0.8 

III   Australia B (< 25
o
S 50-100 km, 25

o
S - 30

o
S 0-100 km), North 

& east Sri Lanka, India (East coast, North, Ganges, Assam) 
1.5 1.2 
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Earthquake Loads 
Earthquake loads shall be calculated in accordance with the method set out in draft AS 1170.4 
(2005), except that hazard factors appropriate to the region are selected.  
 
The following equivalent racking pressures equivalent pressures apply in the nominated hazard 
factor areas for: 

¶ Equivalent annual probability of exceedance of 1 in 500 

¶ Reference period (design life) of 15 years 

¶ Leading to a probability of exceedance during the design life of approximately 0.03  
 

 

 

Foundation Soil Properties 
The bearing capacity of foundations shall be determined using the principles set out in AS 4678 
Earth retaining structures and the Terzagghi method, for a characteristic friction angle (conservative 
estimate of the mean), ű. Unless there is geotechnical evidence to the contrary, a characteristic 
friction angle (conservative estimate of the mean), ű, of 32

o
 shall be used, corresponding to a 

medium compacted loose sand, as is common in many of the construction areas. A further limitation 
of 100 kPa shall be applied to working dead loads, to minimise the risk of settlement. It is this 
criterion that normally governs the design. 
 

Non-structural Items 
All non-structural items such as windows, doors, other joinery, render and painted finishes shall be 
assessed against the criterion that they can operate easily without sticking and without deterioration, 
in the absence of on-going maintenance during the specified design life. 
 

Septic Tanks, Effluent Retention Tanks, Soak-aways and Effluent Surface Evaporation 
Septic systems for low income housing shall comply with the following criteria. 

¶ Not less than five people per household 

¶ Sewage loading of: 
Á 70 litres/head/day (with water reticulated to a  cistern flush system)  
Á 60 litres/head/day (with manually administered ñdipperò water flush) 

¶ Sludge retention period 3 years 

¶ Effluent retention period 24 hours 

¶ Sludge loading 0.18 litres/person 

¶ Effluent disposal by either: 
Á Soak-away designed to account for insitu percolation rate (time in minutes for 

water to drop 25 mm) in the following range: 
 

Percolation 
Rate 

Application rate per 
area of the sides and 

ends of the drain 

mins/25 mm l/m
2
 of drain sides 

3 108 

10 80 

20 53 

30 33 

 
Á Surface evaporation at a dosing rate not exceeding 25 litres/m

2
/day. 

Earthquake Classification Racking 
kN/m

2
 

(kPa) 

Hazard factor Z = 0.28 0.6 

Hazard factor Z = 0.38 0.8 

Hazard factor Z = 0.57 1.2 
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 Site Safety  
 
There are poor standards of site safety on most sites. Refer to P05090202 Construction 
Management Audit and Peer Review Report for full details. 
 
Principal concerns relate to: 
 

¶ Poor quality light timber scaffolding 
 

¶ General untidiness of sites 
 

¶ Electrical hazards e.g. Inadequate isolation of welding equipment, in puddle. 
 

 

        
Light timber scaffold    Broken scaffold  Welders in water  (Phru Tieou) 
(Phru Tieow)     (Sigli)    Photo: J Ratcliffe 7

th
 June 2005 

    
 

Recommendation 
There should be a general tightening of site safety practices, with particular emphasis on 
scaffolding, tidiness and electrical safety. 

 

 

Light timber 
scaffold ï 
Villapurum  
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Large Format Tiles 
 
The T1 Bang Niang & Pakwep houses and T2 Khuk Khuk houses incorporate roof tiles described as 
follows. 
   

¶ ñLarge formatò thin corrugated cement tile. 

¶ Thickness is 9 to 10 mm.  
¶ Exposed surface is approximately 500 x 500 mm. 
¶ The tiles a manufactures on site by a manual process using a vibrating table and plastic 

moulds. The specified mix was not provided, but subsequent laboratory tests indicate that it is 
1 part cement to 3.3 - 4.6 parts sand. 

¶ The tiles are cured under plastic and painted manually before use.  
¶ The pitch is approximately 27 degrees.  
¶ Each tile is tied by two wire ties, one on each side to steel battens.  
¶ Battens are 25 x 25 x 2 rolled steel angle (bearing surface for rile is 2 mm i.e. oriented with 

the bearing leg vertical)   
¶ No safety mesh is used. 
 
There is concern over the safety of the roof tile system, during construction and during service. 
 

Transverse Breaking Load 
Australian Standard AS 2049-2002 requires tiles to have a transverse breaking load (tested in 
accordance with AS 4063.3) as follows: 

¶ Average of six tiles not less than 4 N/mm (i.e. 2 kN/500mm or 200 kg/500mm) 

¶ No tile shall have a strength less than 3.325 N/mm (i.e. 1.63 kN/500 mm or 166 kg/500mm) 
 

Recommendation: 
HFHI-AP should secure test data on the transverse breaking load of the tiles as manufactured. 

 
Other Tests 
Australian Standard AS 2049-2002 requires tiles to have a particular properties for water absorption, 
permeability and resistance to salt attack. If available, data on these properties would be useful in 
determining the long-term suitability of the tiles. 
 

Safety Considerations 
This report raises questions concerning the ability of the tiles to support the load of a person laying 
or repairing tiles. 
 
Recommendation 
HFHI-AP should determine whether the possible breakage of large format tiles used in Thailand, 
both during construction and in-service, represents an unacceptable safety hazard. 

 

     
Tile Manufacture ï Thailand      Large Format Tiles - Thailand 
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Anchorage of Tiles and Roof Structures 
 
In some countries (e.g. Thailand and Indonesia), roof tiles are tied to the battens and the roof 
structure tied to the walls. There is a local expectation that roof cladding and structure remain intact 
throughout the life of the building. 
 
In other areas (e.g. throughout Sri Lanka including in the Wind Category III areas around 
Trincomalee  and Batticaloa) there is local acceptance that tiled roofs may be laid without tie-downs 
and that removal of the tiles in high winds is acceptable.

5
  

 
In line with the proposed policy of ñtransparent flexibilityò, it is recommended that local designs be 
tailored to suit the prevailing local conditions and expectations, provided the deviations from the 
Regional  Performance Criteria are clearly justified on economic and cultural grounds, documented 
and communicated to HFHI-AP. 
 
The following table provides theoretical estimates of the probability that roof tiles will be blown 
off a roof at least once during the design life, if not tied down. This table is intended to assist 
in the formulation of appropriate policies in the particular regions.

6
 

  

Probability that roof tiles will be blown off a roof at least once during the design life if not tied down 

Region Terrain 
Category 

Probability tiles blown off 

Design Life of House 

5 years 10 years 15 years 

I - Thailand, Indonesia, Sri Lanka (South & West) 2 12% 22% 32% 

II - India (South coast) 2 25% 44% 58% 

III - Sri Lanka (North & East), India (East coast) 2 49% 74% 86% 

 
This table is based on the following assumptions. 
 

¶ Local pressure factors have not been used. Rather, average pressure factors have 
been used, assuming that the gable barge and ridge strengthening mortar strips, in 
combination with the interlocking tiles effectively even out the pressure over the whole 
roof. This assumption may be non-conservative. 

 

¶ Making the roof pitch steeper in the direction of the wind is often cited as a practical 
means of reducing uplift pressure. However, in the case of wind parallel to the ridge, 
making the pitch steeper does not reduce uplift pressure, but does reduce the 
resistance to uplift. Therefore, the pitch has been ignored in this analysis. 

 

¶ The houses have relatively airtight timber shutters, which will be closed in the event of 
a cyclone or tornado. The resulting internal pressure or suction coefficient has been 
assumed to be 0.1. This may be non-conservative. 

 

¶ Because of the many assumptions involved in the calculations, the relativity of the 
numbers is more significant than their absolute values. 

 
¶ Sites are in Terrain Category 2, with no shielding, and in flat topography. 

 

¶ A 95% factor is applied to the wind speeds, to allow for variability in orientation.  

                                                           
5
 Although the use of mortar strips at the verges and at intermediate positions locks the tiles together in medium 

wind loads, they will be ineffective in extreme wind. 
 
6
 Refer to Appendix 6. 
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Typical Tile    Ridge & Gable Barge             Ridge & Gable Barge  
Sri Lanka & India    Sri Lanka         India  
 
The photographs above demonstrate that that the ridge and eaves treatment is much more 
substantial in India than in Sri Lanka, and therefore more likely to be effective in higher winds. In 
both cases, the tiles are interlocking. 
       
 

   
Tiles tied down ï Thailand   Roof sheeting tied down ï Indonesia 
 
 
 

    
Tiles not tied down ï India     Tiles not tied down ï Sri Lanka 
 
Recommendation 
HFHI-AP should develop and clearly state local policies on the anchorage of roof cladding (sheet or 
tiles) and roof framing, giving consideration to Regional Performance Criteria for wind uplift. 
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Strengthening and Securing Masonry Walls  

 
There are various methods of strengthening masonry walls and securing them into the structure, 
each with its own advantages and disadvantages. The problems encountered on various sites were: 

¶ Lack of corrosion protection for the ties 

¶ Possibility that the ties are not included at all 

¶ Lack of cover to the column reinforcement 

¶ Columns constructed smaller than required.  
The following options, listed in order of Consultantôs preference, are available. 

 

Option 1 - Reinforced 190 mm hollow blockwork 

 
The construction consists of vertically reinforced partially grouted 190 mm hollow concrete blockwork 
with a reinforced bond beam at roof level. 
 
This form of construction is in wide use in northern Australia and is very strong, but was not seen in 
any of the four countries carrying out tsunami reconstruction. 

     
Photographs of Reinforced 190 mm masonry buildings (These are Australian examples) 
 

Advantages 
 

¶ Reinforcement can be incorporated with adequate cover. 
 

¶ Roof anchorage can be incorporated in to the top bond-beam. 
 

¶ Walls do not need to be ñtiedò into concrete frames. 
 

¶ Excellent cyclone and earthquake resistance. 
 

¶ Excellent resistance to wall cracking under footing settlement. This permits some saving 
in footing construction. 

 
Disadvantages 

 

¶ Although used widely in Australia and other developed countries, this form of construction 
is not common in any of the four countries carrying out tsunami reconstruction. 

 

¶ Wall thickness is 190 mm (rather than 90 mm with 200 mm columns).  
Compensating for this loss of floor space adds cost, although there could be considerable 
savings in column construction. 
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Option 2 ï Unreinforced masonry is constructed first, toothed into columns with ties built in. 
 
This is in use in some houses in Mulia, Tibang and Sigli.   
 

 
 
Advantages 
 

¶ The masonry is positively fixed into the structure. 
 
Disadvantages 
 

¶ The columns are often being incorrectly formed, leading to columns that are 
smaller than required by the design, with insufficient cover to the steelwork and 
the possibility of corrosion. 

 
Procedure 

1. Place column reinforcement, lapping with starter bars. 
2. Construct the masonry in 1.2 m lifts. 
3. Form the outside edges of columns. 
4. Build in ties, allowing the masonry to tooth into the columns. 
5. Form the inside edges of columns. 
6. Use column spacers clipped to the reinforcement to provide cover. 
7. Pour and vibrate concrete in columns. 
8. Strip the forms. 
9. Repeat the process until wall height is achieved. 
10. Construct the top ring beam. 
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Option 3 - Columns are constructed first, with ties set in columns before brick construction 
 
This is in use in Lam Kruet and Galle, although it is not clear yet how the designers intend to 
fix the ties to the columns. Options include drilling and casting in bars (expensive), or power 
nailing conventional column ties to the columns (requires a ñRamsetò gun) 
 

   
 
Advantages 
 

¶ The columns can be correctly formed with correct cover. 
 

Disadvantages 
 

¶ The disadvantage is the cost and complexity of the fixings, leading to a real risk 
that the ties may eventually be omitted 

 
Procedure 

1. Place column reinforcement, lapping with starter bars. 
2. Form all edges of columns. 
3. Use column spacers clipped to the reinforcement to provide cover. 
4. Pour and vibrate concrete in columns. 
5. Strip the forms. 
6. Fix masonry ties - drilling and casting in bars, or power nailing conventional 

column ties. 
7. Construct the masonry walls. 
8. Construct top ring beam.  

 
. 
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Option 4 ï Columns first, with ties cast into columns and built into masonry  
  

The ties are cast flush with the column formwork and retrieved later by picking the concrete 
surface off to expose the bars. These are then bent out of the column into the plane of the 
walls. 

 
This is in use in some parts of Mulia, Tibang, Sigli, Bang Niang and Pakwep.   
 

 
.  
Advantages 

 

¶ The columns are correctly formed with correct cover. 
 

Disadvantages 
 

¶ Damage to the columns in retrieving the tie bars, possible corrosion to those bars 
and lack of structural integrity of the ties. 

 
Procedure 

1. Place column reinforcement, lapping with starter bars. 
2. Form all edges of the columns. 
3. Use column spacers clipped to the reinforcement to provide cover. The ties are 

cast flush with the column formwork. 
4. Pour and vibrate concrete in columns. 
5. Strip the forms. 
6. Locate the tie bars within the columns, and retrieved by picking the concrete 

surface off to expose the bars. These are then bent out of the column into the 
plane of the walls. 

7. Construct the masonry walls. 
8. Construct the top ring beam. 
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Option 5 ï Unreinforced Blockwork with Reinforced Horizontal Ring Beam  
 
The walls are constructed of unreinforced 90 mm (or 100 mm) concrete blockwork with a 
concrete ring beam constructed at door and window head height. The fact that the rooms are 
small and that the ring beam is cast integral with the blockwork minimises the risk of uplift or 
racking failures. This form of construction is in wide use throughout Sri Lanka.   
 

   
 

. Advantages 
 

¶ This construction is the most inexpensive option. 
 

Disadvantages 
 

¶ The required resistance to roof uplift, out-of-plane failure of the walls and racking 
failure must be provided by the small rooms and ring beam. 

 
Procedure 
 

1. Construct the unreinforced concrete blockwork. It is preferable to build in the 
doors and windows at this stage. 

2. Construct the reinforced concrete ring beam. If ties are to be built in, they should 
be incorporated at this stage.  

3. Continue the unreinforced concrete blockwork up to roof level. 
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Option 6 ï Unreinforced Double Leaf Brickwork with Reinforced Horizontal Ring Beam  
 
The walls are constructed of two leaves of unreinforced 110 mm clay brickwork with a 
concrete ring beam constructed at door and window head height. The fact that he rooms and 
small and that the ring beam is cast integral with the brickwork minimises the risk of uplift or 
racking failures. This form of construction is in wide use throughout India.   
 

   
 
. Advantages 

 

¶ This form of construction is stronger than 90 mm unreinforced masonry infill, but 
not as strong as reinforced 190 mm concrete blockwork. 

 
Disadvantages 
 

¶ This is the most expensive of the various options. 
 

Procedure 
1. Construct the unreinforced brickwork. It is preferable to build in the doors and 

windows at this stage. 
2. Construct the reinforced concrete ring beam. If ties are to be built in, they should 

be incorporated at this stage.  
3. Continue the unreinforced brickwork up to roof level 
4. Secure the tops of the walls by incorporating concrete roofs. 

 

 
Recommendation 
HFHI-AP should examine the economic and the structural features of each wall system at the design 
stage, develop and clearly state local policies on wall anchorage giving consideration to Regional 
Performance Criteria for wind load. 
.



Partner Housing Australasia (Building) Inc File: HFHI-AP  P05042601-3   Approved: Rod  Johnston   13/1/06    Page 25
  

 

Suspended Concrete Slabs 
 

Application of Concrete Roof Slabs 
In Galle (Sri Lanka) and in Villupuram (India), some new houses are being constructed with 
suspended concrete slabs. These suspended slabs are accessed by external concrete steps and,  

¶ act as roofs,  

¶ provide floor slabs for a possible future upper storeys, and  

¶ provide a means of escape from moderate high-tide flooding or minor tsunami. 
 
 

Previous Durability Failures of Suspended Concrete Slabs 
The main concerns with this type of construction relate to the maintenance of suitable long-term 
durability (i.e. prevention of corrosion of the reinforcement). 
 
Inspection of failed slab gable roofs and lintels in Kanyakumari (India), reportedly constructed 
approximately 10 to 15 years ago, indicated very severe durability problems, perhaps due to salt 
contamination of aggregate, insufficient cement  content, and/or inadequate cover to reinforcement . 
 

   
Suspended concrete roof reinforcement corrosion  Concrete lintel reinforcement corrosion 
Kanyakumari        Kanyakumari 
 

Durability Requirements 
AS 3600 specifies the grade and cover of concrete to achieve a required level of durability. AS 3600 
does not allow for the contribution to cover of external concrete, afforded by waterproof membranes, 
paint and other coatings, tiles set in grout or the like. This is presumably because such additional 
protection is unreliable in the long term.  
 
If one adheres to the requirements of AS 3600, the following classifications and cover requirements 
result. 
 

¶ The Tsunami Reconstruction Houses are all close to the sea coast, and therefore would be in 
Zone B2 (Near Coastal).  

 

¶ Grade N40 concrete (fôc > 40 MPa) and the minimum cover 45 mm.  
In practical terms this means that the concrete slab would be not less than 130 mm thick  
(say 70 lever arm + 5 mm half bar + 10 mm bar + 45 mm cover) 
 
Or 
   

¶ Grade N32 concrete (fôc > 32 MPa) and the minimum cover 65 mm.  
In practical terms this means that the concrete slab would be not less than 150 mm thick  
(say 70 lever arm + 5 mm half bar + 10 mm bar + 65 mm cover). 
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Of these two options, the first is considered to be impractical, since N40 (40 MPa) concrete is difficult 
to achieve consistently with site-manufactured concrete. Although N32 (32 MPa) concrete is also 
difficult to achieve consistently, it is recommended that it be set as the target grade. 
 

Recommendations 

 

¶ Unless specified otherwise by the structural design engineer, the following specification 
for suspended concrete slabs is recommended. 

 

¶ Concrete shall have a minimum cylinder strength of 32 MPa and maximum aggregate 
size of 20 mm.  
 

¶ Reinforcement shall be: 
Á Deformed bars - 500 MPa, normal ductility (N) 
Á Square fabric, rectangular fabric or trench mesh - 500 MPa, low (L) or 

normal (N) ductility ribbed wires  
Á Fitments -500 MPa, low (L) or normal (N) ductility ribbed wires 
Á Round bar (eg R250 N10 for dowels) - 250 MPa round 

 

¶ Bar chairs shall be such that 65 mm cover is achieved, and shall be placed at one 
metre centres both ways. 
 

¶ Formwork shall be fixed rigidly, permitting a maximum deflection of 5 mm. 
 

¶ Unless specified otherwise on the drawings, structural laps shall be as follows: 
Steel bars up to and including 12 mm  500 mm 
Steel fabric      2 cross wires overlap 

 

¶ All concrete shall be compacted by mechanical immersion vibrator, or thoroughly 
rodded to produce dense concrete. 

 

¶ Concrete surfaces shall be finished as noted below unless specified otherwise. 
Á Floor slabs - Steel float. 
Á Vertical surfaces exposed in the completed building - Rubbed back to 

fill all voids and provide smooth surface. 
Á Vertical surfaces not exposed in the completed building - Off form 

finish. 
 

¶ All concrete shall be cured using a sprayed curing compound or flooded for not less 
than three days.  
 

¶ Minimum stripping time for formwork shall be 14 days. No masonry shall be 
constructed on slabs that are still supported by props. 

 

¶ Specify a minimum slab thickness of 150 mm. 
 

¶ Ensure that there is close supervision in the positioning of reinforcement and placing of the 
concrete, particularly in the maintenance of cover. If steel is found to have inadequate cover, 
remedial work must be carried out to provide adequate protection. 

 

¶ Paint any exposed concrete surfaces with at least a primer and two coats acrylic paint (or 
equivalent treatment) to maintain corrosion protection. 

 

¶ Ensure that tiled surfacing to the suspended slab provides adequate additional cover to the 
reinforcement. Otherwise provide a painted membrane protection. 



Partner Housing Australasia (Building) Inc File: HFHI-AP  P05042601-3   Approved: Rod  Johnston   13/1/06    Page 27
  

 

 

     
Formwork for Roof Beams  External Steps  Slab Edge & Protruding Reinforcement 
Galle     Galle   Galle 
 

    
Underside of Suspended Concrete Slab Tiles over Suspended Concrete Slab 
Villupuram     Villupuram 
 
 


