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Dhamar Aided Self-Help (Earthquake) Reconstruction Project 1983-1984 

I started to clean up my archives and thought this may be interesting for some people. The information provided 

herein is still very much valid. Earthquakes do occur, and the earthquake resistant building techniques have not 

changed at all.  

 

In this period (1983-1984) colour photography was widely used, but computers were only just starting to be used 

by consultant companies and private persons.  Since 1983 I started writing reports on the first Kaypro, a metal 
box computer with 5ò green light cathode tube screen and 5ò floppy disks.  Without battery back-up, you needed 

to save your work every 5 minutes, knowing all codes. 

 

The original report was typed on such a Kaypro, and printed by a dot-matrix printer. The printing paper was an 

almost endless sheet long, folded and in a pack. After printing you needed to tear each sheet loose along the micro 

perforations. Our photocopy machine allowed to make enlargements and reductions; as a first. Photocopies of 

reports were bound with 21 slot plastic multi-binders. 

 
 

ABSTRACT  
 

Illustrated report about the seismic resistant building techniques suitable for aided self-help construction 

in areas with an abundance of natural stone or clay soils. U shaped cement blocks for wall endings and 
lintel or roof beams can be hand cast. These U shaped cement blocks provide room for casting 

reinforced concrete columns and beams, required as basic earthquake reinforcement. The  technology 

about seismic resistant construction is explained.  As general wall reinforcement galvanised wire-mesh 
is used, allowing a lower cement percentage in the masonry mortar, thus economizing costs. The 

technology with galvanised wire-mesh can also be used to reinforce loam and clay buildings that are 

constructed on the Dhamar plateau. A new construction method with wire-mesh cages is presented by 
Nagron. These galvanised wire-mesh cages are filled with rubble stone and cement plastered, providing 

a highly earthquake resistant building.   
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Foreword 
 

A magnitude 6.0 earthquake (Mercalli VIII) 
occurred on 13 December 1982 in the vicinity of 

Dhamar, causing the death of about 2800 persons.   

 

Many victims were found on the eastern side of the 
epicentre, being the mountainous areas, down from 

the high Dhamar plateau, where buildings were 

constructed from dressed and un-dressed rocks, 
often masoned without binding cement mortar. 

 

These mountain areas had very few roads, only 

passable with sturdy 4WD jeeps. The project 
therefore needed to formulate an improved seismic 

resistant design, minimising material transport and 

maximizing the widely available rock material.   
 

Assisted self-help, by which the project would 

supply the technology and the essential materials 
such as cement and reinforcement, was selected as 

the most likely working method. The number of 900 units were built by 1985. 

 

The one floor prototype houses were first constructed on the project office site and had traditional 
building style elements, such as window design and natural rock walls. After this, a Swiss Aid project 

team used the construction technology to build their own compound houses, including a larger hall.  

Houses built in this technology can be horizontally and vertically extended.  

 

Examples of very large houses, having two or three floors, that were damaged during the earthquake. 

Studying these (just standing) mansions gave a good indication about what was wrong in the design, 

and gave cause to collapse with an earthquake.  In particular the fine and square tailoring or cutting of 
only the exterior face of the stones, and the complete lack of cement mortar or other tie-beam 

constructions, caused a general lack of bonding.  

 
The introduction of cement mortar in combination with steel stress reinforcement and galvanised wire-

mesh, plywood floor and roof diaphragms, made the new houses highly earthquake resistant. 
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The use of a special U shaped cement block for both the wall 

endings (also door and window sides) and tie-beams makes the 
construction in combination with the cut natural stones simple. 

First the cement block corners are masoned, and after that the 

wall is filled in with the reinforcements. By alternating the 

cornerstones and introduce colour variations, the traditional 
architectural elements could be realised 

 

The existing 
design of the 

beam through the 

windows can be 
used as reinforced 

tie-beam to 

enhance the 

strength of the 
building.  

 

 
Local masons first placed the U shaped cement blocks after which the 

dressed stones were masoned in cement mortar and reinforcements. 

 

Although the project assisted in the construction 

of single storey core-houses, some villagers 
extended these, using the same technique, in 

larger or double storey houses. 

 

Black and white photo: larger building. 
Photo right: finished prototypes. 

 

See also the final evaluation report: 
pdf.usaid.gov/pdf_docs/PDAAV497.pdf 
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Note: It was considered afterwards that thermal insulation could be improved with double glass 

windows and properly attached thick straw-clay and soil plaster on the inside of the walls.   
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Note: The project implementation started between map coordinates 03 ï 30 and AA ï BA. 

The final DHV project area is located on the map between 58 ï 03, and between AA ï BA. 
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Note: Construction details are also provided in the illustrated ñconstruction manual self-help house.ò 

 



 

Dhamar Aided Self-Help (Earthquake) Reconstruction Project 1983-1984 

 
Note: The arch over the window can also be made with U blocks to accommodate the reinforcement.
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Note: The option 2.7. with compacted clay soil was not realized since this was outside the project area 

of the DHV project assignment. Different aid organisations had each their own working area.  



 

Dhamar Aided Self-Help (Earthquake) Reconstruction Project 1983-1984 

 



 

Dhamar Aided Self-Help (Earthquake) Reconstruction Project 1983-1984 

 

Note: In the mountain areas down from the high plateau, the supply of sand proved to be rather difficult. 
The sand was to be found only at the riverbeds, often hundreds of meters to one km lower in altitude 

than the locations where the house construction took place. 
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First concept drawing 

of the planned 
prototype houses 

showing the use of the 

U shaped cement 

blocks as decorative 
element, disguising 

the structural 

reinforcement along 
the wall endings and 

openings and the in-

between window tie- 
beam and the wall 

plate and floor tie-

beam. 

 
 

 

 
The overall design concept needed to conform with existing architecture that can be found in countries 

where an abundance of natural stone exist, and is used as primary building material. The corner cement 

blocks and the cement blocks around the openings in the façade, have a similar appearance as natural 
cornerstones that are used in traditional stone architecture. 

 
Houses in Britain with straight tailored cornerstones, providing a distinctive architectural feature. 

 

Houses under 

construction with 
wall corner blocks. 

 

Left: Ladakh. 
Right: Tajikistan. 

 

 
 

 

 

 
The use of pre-fabricated cement blocks along the wall endings and around the windows, allow the 

making of straight corners, after which the wall is filled in with slightly tailored stones. The house on 

the left has no tie-beam under and above the windows. The house on the right has adequate tie-beams. 
It is important that the floor diaphragms are intimately connected to these tie-beams.  A light-weight 

and insulation roof structure avoids large earthquake loads. 
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Note: Manufacturing details of the U block are given in the ñconstruction manual self-help houseò. 

Vertical reinforcement is required along all vertical openings of doors and windows.  
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Note: The vertical reinforcement is considered along all door and window openings, because most of 

the houses will be in the future vertically extended with one or two floors.   
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During the project implementation, many of these drawings were provided in a booklet to the masons, 

in order to give them instructions for the correct construction method. Most masons and stone cutters 

only had limited literacy skills, while the non-Yemini project staff had little Arabic language skills. 
From the buildings under construction video films were made and dubbed in Yemini language.   

With a house extension, the new reinforcement bars need to be connected to the existing bars. 
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Note: The double and galvanised wires and the galvanised straps to tie the timber floor or roof beams 

need to be hooked under the tie-beam reinforcement and cast in the concrete on the correct locations. 
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The diamond indented patterns and the diagonal bars in the cement blocks were made by inserting a 

thin metal plate into the moulds with the figure welded on it. The cement mortar used was rather dry 
and strongly compacted with a double metal U frame section.  After de-moulding the freshly cast cement 

block, the plate was pulled away from the fresh mortar.   

The corner roof extensions covered the reinforcement bars required for vertical house extension. 
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Note: Most people wanted the upper storey windows to start one block above the floor for the Mufraz. 

In the Mufraz the people sit on pillows on the floor. This way they could easily look outside. 
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Note: The reinforced concrete tie-beam at floor level can be substituted for two layers of wire-mesh in 

single floor buildings. However, this difference will be difficult to explain. Also, most houses will be 

extended vertically in the future, for which the concrete beam is more secure.  


