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| 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 peria (19831984) colour photography was widely used, but computers were only just starting to be used

by consultant companies and private persons. Since 1983 | started writing reports on the first Kaypro, a metal
box computer with 59%9cmgeernahnd ghd fclad phpyg ey yownbeded Wi t h
to save your work every 5 minutes, knowing all codes.

The original report was typed on such a Kaypro, and printed by-maatoix printer. The printing paper was an
almost endless sheet prfolded and in a pack. After printing you needed to tear each sheet loose along the micro
perforations. Our photocopy machine allowed to make enlargemaht®dnctions; as a first. Photpies of
reports were bound with 21 slot plastic ntlinders.

ABSTRACT

lllustrated report about the seismic resistant building techniques suitable for aideglselbnstruction

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 hamdst. 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 galvaresedshir

is used, allowing a lower cement percentage in the masonry mortar, thus economizing costs. The
technology with galvanised wiesh can also be used to reinforce loam and clay buildings that are
constructed on the Dhamar plateau. A new construatietihod with wiremesh cages is presented by
Nagron. These galvanised wingesh cages are filled with rubble stone and cement plastered, providing

a highly earthquake resistant building.
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Foreword

USGS ShakeMap : Dhamar, Yemen
Mon Dec 13, 1982 09:12:48 GMT M6.2 N14.68 E44.22 Depth: 7.0km 1D:198212130912

A magnitude 6.0 earthquake (Mercalli VII . P R
occurred on 13 December 1982 in the vicinity ALY
Dhamar, causing the death of about 2800 persor

155"

Many victims were found othe eastern side of the
epicentre, being the mountainous areas, down fr =3
the high Dhamar plateau, where buildings we g
constructed from dressed and-dmessed rocks, s
often masoned without binding cement mortar.

These mountain areas had very few roads, o
passable with sturdy 4WD jeeps. The proje
therefore needed to formulate an improved seist & . &
resistant design, minimising material transport a e " e -
maximizing the widely available rock material. e o o o ootos AT

PERCEMED | Notfelf Weak | Light |Moderate| Stiong |Very stiong|  Severe Viokent | Extreme

135"

POTEMTAL | none | none | nome |Verylght | Light | Moderal Heavy |Very Heavy]
PEAKACC(%g) | «.17 |.17-1.4| 14-39| 3.992 | 92-18 1834 34-65 65-124 >124
PEAK VEL{ems) | <0.1 0.1-1.1| 1.1-34 | 348.1| 8.1-16 1631 31-60 60-116 >116
S TRUNENTAL IHI| vV v Vi Vil

Assisted sethelp, by which the project woulc
supply the technology and the essential mater
such as cement and reinforcement, was selecteu as

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

The one floor prototype houses were first ¢nded 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 technologytild 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 abduvasarong 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 etieantie
constructions, caused a gesidack 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 cementlbli@r both the wall
endings (also door and window sides) anebams makes th
construction in combination with the cut natural stones simj
First the cement block corners are masoned, and after tha
wall is filled in with the reinforcements. Byltarnating the
cornerstones and introduce colour variations, the traditig
architectural elements could be realised

The existing
design of thef
beam through thef#
windows can be|%,
used as reinforcedigs
tie-beam to
enhance the
strength of the

bUIIdIng. EXAMPLE OF A HOUSE WITH A REINFORCED CONCRETE FLOO/ROOF DIAPHRAGM

Local masons first placed the U shaped cement blocks after which|. 0

L?-

dressed stones were masoned in cement mortar and reinforcemeke

Although the project assisted in the constructi
of single storey corbouses, some villagery
extended these, using tleame technique, i :
larger or double storey houses.

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

See also the final evaluation repo
pdf.usaid.gov/pdf docs/PDAAV497.pdf
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diskette: 23Z.0RG.NYN FILE:BUILEVAL.NYN
DHAMAR AIDED SELF HELP RECONSTRUCTION PROJECT

FILE: 3.4160.62.03

DATE: 21 AUGUST 1984

SUBJ: BUILDING TECHNIGUES, FINAL REFORT NO S, PHASE 1.
FLANNING ACTIVITY Na 32

INTRODUCTION.

The following document gives a review of the proposals for
the =elf help reconstruction buildings to be erected in the
earthquake affected areas such as the Project area of ths:
Magrib Ans.

This document is also a review of the experiences obtained
with the construction of the staff houses in Dhamar and tho
first experiences of the construction of the Building Advics
Centers in Dubah and Wathan. Fartly based on the latest
experiences an additional model house design has been deve-—
loped which would require even less sand aggregate than the
chosen U block design. (paragraph 3.1.pag.?)

Self-help constructions in the Yemen are those buildings
which are constructed with local craftsmen under the general
direction of the owner of the dwelling. In practice an
experienced mason wWill build the house for the owner, who
will pay the man and his aids, eventually he can participate
himself in some labour activities.

A main distinction can be made between systems suitable for
self-help canstruction on the plateau area around Ma'bar
(see page 2 and page 35) and those constructions which ars
cansidered for the mountain districts such as Dawran, Jabal
Al Sharqg, Maghrib Ans and large parts of Al Hada. {(page 2.)
Such a distinction is based on the influence aof the
transport possibility and cost on the mass of the building
materials. For example the designs with burnt brick ar
cement blocks are: not feasible, when all those materials
have to be transported from the plateau area down to the
mountains.

This means, that all systems are possible on the plateau
area, as well in the mountain area, but some will be more
economic than others in the specific situations. For
example, the natural cut stone designs, will be more
expensive on the plateau area than the cement block designs.
However the construction of thaose types of buildings will be
a matter of taste, and for the people who have the money or
easy access to natural stones, or to soil or cement blocks,
can perfectly build any of the proposed constructions.

All designs are climatological adequate for the altitudes
around Z2000m (main mountain areas) upto 2500m (plateau).

--
Note: It was considered afterwards that thermal insulation could be improved with double glass
windows and properly attached thick stralay and soil plaster on the inside of the walls.
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PAGE 2.

Note: The project implementation started between map coordd@&ie30 and AAi BA.
The final DHV project area is located on the map betwedn@®8 and between AA BA.
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1. EVOLUTION OF TECHNIRUES.

The first phase of the Froject has been characterized by
constant evolution of the designs, as to adapt those to;
a) relevant resistance to the suspected erarthquake forces,
b} local technology in building techniques and methods,
=) available materials, labmqr and transpart means,

1.1. Amount af reinforcement.

By further aobservations in the field, it was felt that the
force of the earthguake were not that large in the Maghrib
Ans, and hence the suspected future earthquake forces would
nat he that big. One of the results of this observation is
the reduction aof the amount of reinforcement steel. This
could be done partly because the seize of the window apening
was kept relatively small, and the walls would function very
well as shear wall constructions.The basic reinforcement
will allow a second storey to be constructed. (page 15, 21).

1.2. Type of reinforcements.

In order to have as a minimum joints in the masonry work
which would not rapidly erode, a non erosive soil-sand-
cement mortar is proposed for one of 2 modelhouses. The
horizontal reinforcement in this case (. :s to bhe galvanized
steel , in order to avoid carrasion. iiwae galvanized stes!
wire 1is 2-3mm thick and is factory produced as a wire maesb .
which has to be cut to its required width. This is S—-10 oo
smaller than the wall thickness.

1.3. Concentration of reinforcement.

In two of the designg, (Z.1. and 3.7.) a spreading of reis

farcement is suggested instead of the realization of t:

concentrated tie beams at the window and at the {floor/roo

level. (page 11).The spreading of the thinner galvanize:
steel @mesh reinfarcement requires a whole zone abave thi-
windows in which no openings will be allowed. This =zone,
together with the floor diaphragm will provide for suffi-
cient stress resistance and coherence of the construction,

1.4. Floor diaphragms.

After several try-outs in the staff houses, ways have bes:
suggested +ar the improvement of the floor diaphragms and?
their connection in its two harizontal directions to all the
walls of the construction. The nailing of the 12mm plywoos
to ALL the joists will give a stiff harizontal
diaphiragm, {(page 20) and this diaphragm has to be connected
to the side walls parallel to the joists with galvanizo:!
steel strips or wire mesh. All the joists are tied to E
wall with thick galvanized wire. (see page 13.)}

-3~
Note: Construction details are al sselfhgphowuiseéed i n
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‘CONCENTRATED REINFORCEMENT IN TWO TIE '~ BEAMS
2 BARS 8 mm IN TWO TIE-BEAMS
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PAGE 4o

Note: The arch over the window can alsmade with U blocks to accommodate the reinforcement.
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2. OVERVIEW OF SYSTEMS.

2.1. Model house and core—-house basic type. (page 9-15)
Natural stone walls 30 cm thick, cement mortar.
All wall endings and openings with 30cm U block.
Intersections of walls with 8mm steel bar reinforcement.
U block tie-beams 30cm wide.
Timber joists and plywood floor/roof diaphragm.

™

-2. Model house and core—house, alternative. (page 16-21)
Natural stone walls 30 cm thick, soil-cement mortar.
All wall intersections with 30 cm U block.
Intersections of walls with 8mm steel bar reinforcement.
No window openings over the door level.
Abave door level all layers with galvanized wire mesh
reinforcement.
Timber joists and plywood floor/roof diaphragm.

Z2.3. Natural staone walls 30 cm thick. (page 22-26).
At wall intersections with casting of concrete and
steel reinforcement of 8 mm steel bars.
Cast on reinforced concrete tie-beams 30cm wide.
Use of timber formwork for all casting.
Timber joists and plywood floor/roof diaphragm.

2.4. Massive cement block walls 20cm thick. (page 27-29).
U block corners for wall intersections and 8mm bars.
U block tie-beams 25 cm wide.
Timber joists and plywood floor/roof diaphragm.

M

.J. Massive cement block walls 20cm thick. (page 30-32).
Hollow cement block corners for wall intersections,
reinforcement 8mm bars and filled with concrete,

U block tie-besams 25 cm wide.
Timber joists and plywood floor/roof diaphragm.

2.5.1. As above but with cast—on corners. (page 31 and 33).

L]

Hollow burnt brick masonry walls 1Scm. (page 34-35).

U blocks at all wall endings and openings, reinforce

ments at wall intersections, steel bars Bmm.

U block tie-beams 25 cm wide.

Timber jaoists and plywaood floaor/roof diaphragm.

2.6.1. As above but with cast—on corners. (page 35 figure)

]
o

2.7. Reinfarced soil construction, 40cm thick and with
machine compacted walls. (page 34-41)
Formwork of prefab steel and plywood panels.
Galvanized steel wire mesh reinforcement.
Cast in corner reinforcements Bmm bar and coancrete.
Reinfarced concrete tie—beam constructions, 40 cm wide,
ar increased application of wire mesh.
Timber joists and plywood floor/roof diaphragm.

-5;

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.
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2.8. Wire—-mesh—frame NAGROMN system, 25 cm rubble walls. (pag
42—-44)
Factory prefabricated steel frames with mesh, altl
galvanized. Plaster inside and outside.
Steel floor/roof canal sheets with rubble fill.

The last system, the prefab.NAGRON galvanized wire-mesr
frame can be modified for use with soil—fill. This variety
is not independently elaborated. With this variety, ths
larger mesh is covered at the inside of the wall with a fine
mesh. The plaster should be an elastic lime-mud plaster to
allow swelling and contraction due to hygroscopic activity
of the clay compaonent in the walls.

All suggested building methods, except the NAGRON prefab
system have a timber floor/roof diaphragms, covered with an
impermeable plastic roaof foil and a mud cover for the roof.

Reinfarced concrete constructions.

The proposed systems, the U block and stone architecture,
with and without the tie-beams are developed partly as an
alternative to the wholly reinfarced concrete design which
is’ proposed by the Executive Dffice. This design would be
filled in with hollow burned bricks.

Both elements, the reinforced concrete and the burned
bricks, are transport intensive and camplicated to realize
in rural circumstances by self-help methods.

Lack of sand aggregate.

Apparently the availability of sand aggregate for the
masonry martar is scarce in the higher regions of the
mountains, where the wadi does not have large deposites of
gravel and stone. Unless the project will consider the
crushing of aggregate to sand, the latter will become more
and more expensiva.

Ta avoid this problem and to provide a design which is
adapted to these circumstances, the alternative design wa:=
developed and it is suggested to build the core-house s
Dubah according to this design. In Wathan which is farthz:-
away from the plateau and the wadi is considerable larger.
the problem of sand does not occur. '

Since sand aggregate is required in the masonry, the amourn
of required sand is reduced by replacing 40% with soil, thuo
obtaining a stabilized earth joint, resistant againz?
wind and rain erosion.

.7..

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 constru¢tok place.

Dhamar Aided SelHelp (Earthquake) Reconstruction Project 19884



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 4n
between window tie
beam and thewall

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 andhe cement blocks around the openings in the facade, 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 cornerblocks

Left: Ladakh.
Right: Tajikistan.

The use ofpre-fabricatedcement blocks along the wall endings and around the windows, allow the
making of straight corners, after which the wall is filled in valightly tailored stones. The house on
the left has no tideam under and above the windows. The house on the right has adeeuedentse
It is important that the floor diaphragms are intimately connected to thdseaties. A lightweight
and insulatn roof structure avoids large earthquake loads.

-8-
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3. SFECIFICATION OF SYSTEMS.
3.1. Natural stone wall 30cm, U block.

This selection is extensive commented in the Model houss
design report and the introduction document, reports &3/,
and no 84. (For general perspective see page 8)

Traditianal buildings have thick and heavy, laose ston
walls, (often more than SOcm wide) climatologically advanta-
geaus, but seismically extremely instable and dangerous,
Basic improvement 1is the use of erosion resistant cemen:
mortar for the masonry. However for thase thick walls enor-—-
mous amounts of mortar and cement will be required, whilist
with cement mortar the wall has not to be so wide to obtair
stability. Considering the climatoleogical conditions, =
minimum wall thickness af 30 cm was chosen.

The thinner stane walls have less weight, thus the farces
effected by the earthquake are smaller than with the thick«
traditional walls.

The U block allow straight and rapid construction of ali
corners of openings and wall endings, and it allows the egasy
placement of vertical reinforcement. The concrete cast in
the U block gives ample protection of the reinforcement
bars, it further provides a cheap formwork and good protec-
tion for tie—-beams. (page 10)

The design has excellent climatological conditions, inclu—
ding adequate heat storage capacity and a sufficient heat
transmission time—-lag.

The architectural design is appreciating and within the
Yemen characteristics of architecture. It allows both rubble
masanry work and cut-stone masonry. (see page 12).

The special architectural feature of the use of the U blcck
is the fact that even with rough rubble masonry a nice
facade is obtained, due to the straight sides. (see page 14).
The rubble masonry is considerable less expensive than the
cut—-stone masonry. Within this system aold stones from col-
lapsed buildings can be used.

The choice aof this construction method is based on the
optimum wse of the locally (abundant) available natural
stone (tuff) and the existing skill of working this stone.
Due ta the transport difficulties in the mountainous project
areas, large material transports have to be avoided. It is
suggested to find ways of local production of aggregates £
the (limited) block making and the concrete. The U blocis
can be hand-praoduced as was shown with the construction of
the staff houses in Dhamar. They can also be machins
produced with both the black laying machines as with tt
smaller pallet machines.

-.3..
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1. U BLOCKS AND STONE WALL
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U BLOCK LINTEL BEAM

det ai l

of
Vertical reinforcement is required along all vertical openings of doors and windows.

S
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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.

Dhamar Aided SelHelp (Earthquake) Reconstruction Project 19884



ol

BUILDING SHOWN AT LINTEL BEAM-LEV

Extensions for window arches

THE PREFAB STEEL DOOR AND WINDOW FRAMES
ARE PLACED BEFORE THE MASONRY IS MADE

PAGE 12

many of these drawings were providelookéet to the masons,

During the project implementation

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

only had limited literacy skills, while the nofemini project staff had little Arabic language skills.
With a house extension, the new reinforcement bars need to be connected to the existing bars.

From the buildings under oetruction video films were made and dubbed in Yemini language.
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=
[
o]
1=l
]
m
2
<
(&
Fre
(=]
<
(5]

Note: The double and galvanised wires and the galvanised straps to tie the timber flobbeamnm
need to be hooked under theltieam reinforcement and cast in the concrete on the correct locations.
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'ROUGH STONE MASONRY
STRAIGHT CORNERS WITH CEMENT BLOCKS
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STONE MASONRY PLASTERED -

PAGE 14

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 figwvelded on it. The cement mortar used was rather dry

and strongly compacted with a double metal U frame section. Afierodéding the freshly cast cement

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

The corner roof extensions covered thafcement 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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S.24 Natural stone walls, 30cm thick, WU blocks for
reinforcement of intersections of walls, galvanized wire
mesh wall reinforcement.

This design is & variation from the fore mentioned U
block design, developed in order to reduce the amount of
sand aggregate. The masons mortar will be composed of 1 part
of cement, 2 parts of clay containing saoil and 3 parts of
sand. This mortar will be sufficiently resistant against
rain and wind erasion and much better than the present used
mud for the joints.

Galvanized reinforcement steel wire mesh is used for the
hRorizontal reinforcement. The reinforcement is evenly spread
in the walls as also the earthquake forces are evenly
spread. Above the door level, upto the floor level every
layer of stone masanry has a reinforcement mesh. (see page
17 and 18).This band or series of layers shall not be inter—
rupted by window apenings. This is different compared to the
other designs where a concentration of reinforcement is
found at the lintel beam and the roof/floor beam. {(page 11)
The galwvanization of this mesh avoids caorrosion  in  the
stabilized sail-cement joints.

The thick galvanized wire mesh is provided in rolls and witn
a greater width than the walls. It has to be cut at ths
proper width. (page 1%). It also means that this system of
construction and reinforcement is directly transferable 1o
the traditional architecture with eventually thicker walls.
With the thicker walls, automatically more and wider wir::
mesh is required, thus creating a heavier reinforcement fo
the heavier walls.

The wire mesh 1s used further for the fixation of tha
parallel Jjoists of the floor diaphragm to the outside

walls. (see page 20) Steel concrete nails are used to nail it
to the (red) hard wood floor or roof joists.

The U block is used for the intersections of the main cross
walls, where one bar 8mm of normal steel reinforcement is
applied. This vertical bar has to be cast in concrete of =2
mixture of 1 cement 2 sand and 3 fine aggregate, since this
bar is not free from corrosion if it comes into contact with
moisture through a porous mortar.

The U blocks can be used around the inside doors, but if the
wall will be plastered afterwards, the uss of the gpecial
blocks there is a matter of calculation of labour costs.
With the U blocks in the facade it becomes a recognizable
architecture, whereas the location of the vertical
reinforcement is clear. (page 17).
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Note: The reinforced concretedieam at floor level can be substituted for two layers of-miesh in
single floor buildings. However, this difference will be difficult to explain. Also, most houses will be
extended vertically in the future, for whitihe concrete beam is more secure.
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