Load Bearing Walls:
Log Wall Construction

This is a system of walling in which logs are laid horizent.
ally with interlocking corners when logs intersect.

At the point where a log overlaps, one or sometimes hoth of
the upper and lower surfaces is slightly cut away to prdvido
a groove for the next log overlapping it. Each log becomes
firmly fixed in position by these notches. Where an opening.
is required, the gap between two horizontal logs is filled
with a short (50 cm.) spacing log held in place by a vertical
‘post. The gaps which remain between horizontal logs are
filled with small rolls of mud. Qccasionally a gap is left
unfilled to provide additional light to the interior. Al-.
though in many of the poorer examples the walls have not brern
rendered outside, it is usual to finish off the interior

and exterior surfaces with plaster. '

Previously for this type of walling trees could be cul from
the forest. Control by the Forestry Department has restrict-
ed this and alternative walling methods are being used in nt-
most all areas (see Coursed Stone and Timber Lath Wallod.

TLog walls can be extremely strong provided that the inter-
locking of logs has been properly done at the corners, waﬂ
ever, where these structures are situated on a slope, the
stone walls built below the loprs to form either n level plath
form bage or a complete lower chorey, are oflbon nnobkablo,
These walls are usually made of rTubble stone wibh mud moprto
and collapse eagsily. The recommendations for chbone ond boio!

walls apply in this case.
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LOG WALL
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Log wall house
under construction
south of rFouman.

Interlocking corner
detail of log wall
house under cons-
truction.




Log walls are not
always regular.
The gaps ULetween
logs are filled
with mud.

Careful interlock-
ing of logs reduces
the amount of mud
packine required.
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Coursed Stone Set in Iud With Timber Ring Beams

This type of wall is predominantly found in the mountains,

and is one of the methods of walling now used instead of log
walls. Stones are laid in horizontal courses set in a mud
‘mortar. At approximately 1 metre horizontal intervals, a ©im.
ber ring beam is laid round the building. Thic te egconbind
for achieving a strong wall, since the mud mortar has no nd-
hesive quality with stones, and without reinforcement the wo'l
would be unsafe especially in earthquakes or land movements.
The walls are rendered inside and out, with a fresh coat of
plaster applied annually to external surfaces to protect a-
gainst weathering. |

These walls would be much improved if a sand/lime mortar wer:
used. The stones should also have proper bonding through .the
thickness of the wall and at corners. The depth required for
an adhesive mortar should be much thinner than currently usod!
with mud mortar. This will increase the quantity of stone
needed in the wall; however most buildings with this type of
wall are sited quite close to stone supplies, and the incre o -
in strength offsets the extra effort required.
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Chineh Walls (Packed Earth)

Such walls are found in both Mazandaran and Gilan. For this
type of walling earth is moderately wetted and mixed with
finely cut straw to produce a plastic mass that can easily be
moulded. Mixing is usually done by kneading with bare feet.
The mix is carried by'hand in a lump or by spade or basket ir
the building site, normally immediately adjacent to the mix-
ing area. The builder places the mix in lumps onto the wall,
smoothing the sides on completion of each layer. The walls are
ually 50 cm. or more wide. It is built up in stages 50 cm.
high, with a drying period allowed between each stage. In
most cases the base is wider than the top of the wall. Foun~-
dations are of stone laid in a mortar of mud, lime and water
(shefteh) and are essential to preserve the wall from water
damage and to give stability. Provided there is a stone foot-
ing, a chineh wall can last up to 100 years, but usually re-
quires external rendering annually. A whitewagh with lime
render lasts up to two years. Chalk whitewash is used in-=
ternally. Where contact with moisture occurs, chineh walls
deteriorate rapidly. They are subject to damage by rats and
other animals that burrow into the wall for nesting. A small
quantity of lime in the base course of chineh walls normally
deters rodents and insects. A well organised mixing aresa
adjacent to the building site was noted in Sar-e-Marz (Mazan-
daran), with water supply, earth supply and mixing area arranm-
ed side by side in two pits, the smaller with a well, the layye
for providing the earth and mixing. A straw supply is to one
side, and the prepared mix is shovelled out to a pile bernide
the larger pit, ready to use. One drawback of this type of
walling system is that large pits occur near to the house,
which become unhealthy stagnant pools of water or rubbish kiro.

Where a chineh wall is used around courtyards and has no nd--

ditional load on top, horizontal movement perpendicular to
the wall does not usually cause collapse., On the other hand,
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where the wall is supporting a heavy roof, movement caused
by an earthquake can result in the wall collapsing. When
chineh walls are used in house building; it is eséential to
have a horizontal ring beam below the roof framework. In
addition, vertical framing can at least help to support the
roof in the event of wall collapse. A horizontal ring hoam
can also be introduced lower down the wall, particulsrl:y im-
mediately above the top of openings. Windows and doors
should be placed as far away as possible from corners and
should all have deeply imbedded lintels at the same height .
At the corners the 50 cm. layers of mud should either be
bonded into each other, as in the overlap of bricks meeting
at a corner, or built continuously without joints at corners.
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House with paclked earth walls Packed mud walls are laid in
gndor.constructlon. The mix-— lavers and can be seen in this
ine pit for rad shows in the unrendercd wall.,

foresround.

A simple rocf btruss bheine built over a packed mrud wall
“ L ~
houce (Bare Harz).
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Mud Brick Walls

There are two types of mud brick wall found in the Cospian
Region. First there is mud brick produced in n mould wand
then left to dry until ready for use. Two hasic sizes were
noted: 20x20x6 cm., the size cormonly found in JTran; ont =
larger block approximately 20x15:1% cme The second twpe 1o
the hand cut mud brick. The production method involves
spreading a layer of mud, =lightly drier than used for monld.
ing, over a prepared area of ground, to a layer of approxi-
mately 7 em. This is then cut into brick sized units with »
spade, providing a comewhat irregularly shaped vnit with
wedge shaped edges. This method is, according to the local
builder in Fouman plain, better than mud brick made in a
mould, since it is prepared with mud of a drier consistency
and is used semi-dry on the wall, where it dries more ecasily
in the humid conditions of the area. These bricks are oftan
laid in a herring bone pattern, providing good vertical in-
terlocked bonding.

All types are laid with mud mortar, which provides adhesion
tween bricks. No other mortar should be used. However, it
is essential that proper bonding between bricke is employed,
especially at corners and also through the width of the well.
liud brick walls in Masouleh where there is a history of Land
slides, make use of horizontal ring beams at approximabely
one metre vertical intervals. This is a good practise ~ni

should be encouraged elsewhere.

All types of mud walling require rendering, usually opoeval)
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Fired Brick
" Fired brick is more common in the Sari Plain/Behshahr to Gor-
gan area and Turkomansara, than it is in Gilan, where it is
used in towns and the Astara area. However the fired brick
produced previously in the Rasht area is of poor quality and
is damaged by weathering. Some of the fired brick found in’
‘Mamouleh has been imported from Tehran. Kilns in the Beh-
shahr area which previously produced tiles have now, where
8till functioning, changed to small scale brick production.
There are a large number of brick kilns in that area.

Bricks should be laid =0 as to have a proper bond throuéh

the thickness of the wall, along its length and at corners.
As with elsewhere in Iran, this is not always properly'done.
Infil walls between vertical columns are often only one bricl
thick and are liable to fall down. Fired brick walls were
observed with only a mud mortar in Turkomansara. There in
no adhesion in such a wall and it will be easily damaged.

The following mortars can be used: |

Cement Lime Sand Powdered Brick

1 16 -
1 2 or -
17 - 6 -
1 18 -
- 1 3 -
- - 3

*Recommended for the Caspian Region

The chart shows considerable variation: different mixen vl
be preferable under different climatic conditions, diflorent
quality of materials used and different functiops ol tho walld
Availability of materials will also afflect the choice of mor-
tar. To illustrate this variation, lime sets better in !

moist atmosphere, since the chemical reaction which lire
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goes through in setting requires the presence of water or
water vapour. Mortar mixes should not be stronger than the
brick itself. In general, mortars containing cement are lens

likely to cause failure.

A common fault in bhricklaying is to attempt to save mortar

by only applying it to horizontal joints. By propsrle £i171.
ing the vertical joints as well, the nfrength of a wall can
be increased by 20% to 25%. Bricks should always be thor-
oughly wet by submergence in a bucket of water before théyb
are laid. " This greatly helps adhesion between brick and mor-
tar.

It is common practise in Iran to build up corners before A
infilling the wall., This is done to ¢implify the problemﬂ

of lining up and levelling. However, this practise produces
badly bonded and weak corners. Corners are critical stress
areas in an earthquake and this practise should be discontin-
ued. Brick courses should be laid continuously and wall
building should progress evenly.
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Concrete Block Walls

Hollow concrete blocks are produced in smallvyards all ovenr
the coastal area of the Caspian. ’

Production yards often employ only two men, teoing = ﬂimylé
block press. Distances for tranaportivneg the hlocle ta bhe
building site are small and this walling «ynben i populav
in part because of its wide availability. The cont of hlocks
vary depending on the quantity of cement used. Cne bhag of
cement per forty blocka produces moderately strong blocka, .
selling at thirty rials each (1978). One bag of cement per
seventy blocks produces a weak block selling at twenty—fivm
rials each (1978). Because the latter are cheaper thﬂy’uré
more commonly used. The cement proportion in these bloecks
is too low and a major criticism is that the blocks are of
poor quality and deteriorate quickly.

Concrete block walls are only bonded longitudinally. CWells
used in the Caspian are one block thick. Mortar is appliead
to face edges only and to one header face (e.g. the block

adjacent to it). This does not produce a good moisture rern-
istant wall, and rendering of exposed surfaces ig es-entinl,

Concrete walls are quick to build, taking ahout half the
time required for a comparable fired brick wall. The joint-
ing of blocks is, however, not very strong and it is crbrown
ely susceptible to ground movement, resulting parvbticulsvly:
in failure at corners. Concrete columns have a poor «lond
ness ratio and are unstable. These hand made blocles (ueaing
a hand press) are only suitable for single storey buil!ling:
for more than this machine made blocks are necescary, hich
have a greater compression strength. To improve the chabil
ity of the wall, vertical reinforcing bars can be used, wilth
the bollow of the blocks filled in with mortar. This will,
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however, considerably increase the cost. The lack of quality
control in both manufacture and building often results in
poor quality walls. Damp proofl courses should be used ab

the base of the wall to resist the penetration of moisture.
On the other hand, it is kocally bhelieved that the vell mecdc
blocks will last at least a hundred years. It is folfbs Bl
this is an exaggeration and relects over confidencs in now

prestige materials.

324



* Wall Renders-

A1l materials deteriorate to some extent with the pasgage Of
time; obviously some more rapidly than others. It is partin-
ularly important to ensure thnt this debterinrafiion does not
take place to the extent that the structure becomes vnunfe,

The deterioration of materials can occur in several wﬁysé

by corrosion (as in the rusting of ircn or steel, which is =
a chemical reaction and can reduce the strength of the mat-
erial); by damage through impact and abrasion; and by the
effects of the weather. The above are not an exclusive lint,
and in addition the deterioration of timber is discusgerd in

the section on timber.

For the indigenous materials of the Caspian Region, the eff=ctn
of the weather, notably rain, is most likely to cnuge damnpe
to a building. In this context the walls are particularly
vulnerable., In most areas of the Caspian a simple mud/strow
render is used to protect the wnll structure. HMogt of the
indigehous wall systems contain mud, either as an infill
(eeg., timber lathing and mud packing), a mortar (e,g. coarsc
stone with md mortar), or as the principle wall materi-l
(eeg. mud brick walls). In all cases, a mud straw rendar wil:
adhere well to the mud used in the wnll, and while annnual
maintenance is required, such a vender is cheap and aimple

to use. A cement render, which is nercessary for a conaorale
block wall, will not adhere well to mud. In addition, comer
renders, while not requiring such frequent mainternance, v
expensive and place an additional load on the finsmees of ki
house owner. Hence the chenpness of the annually maintoin o
mud-straw render may outweigh the andvantages of the memi-
maintenance free cement render, and in turn influcnce Lho
type of wall used. It has also been noted that chineh (nae!
earth) walls can last for a hundred or more vears, providin:
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the render is im good condition.

A more water resistant render is provided by =n coating of
lime whitewash, and it is frequently used at the base of o
wall to a height of one metre, to prevent darmage frop wat:
splashing against the wall. Duch damage can undapmine B
wall and cause it to collapse. The lime whitewssh ig alec
quite cheap =nd lasts better than a plain mud-straw render,

In the mountain settlements of Kodir and Masouleh, the exter:
nal walls of houses have an additional coating of mud on top
of the render. 1In the case of Masouleh, this coating is
applied quite thinly but can last for three vears. This

mud coating differs from that which is used on the flat
roofs. While both came from sites on the hillside oppositeo

the town, this mud can be classified ag a sandy-clay, and ia
3 v AN | )

yellow in colour (see soil test chart).




VICGHANIUVAL ANALYOID
LOCATION: Masouleh, Gilan, Iran

SITE: hillside, render soil

' DATE: 24.10.78 Granulometric Chart
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Masouleh
Soil Profiles
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Unrendered log walls are un-
tidy and the mud packing can
be washed awayv.

The interlockine corner de-
tail on rendered log wall.
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Roof Truss Frameworks:

Roof trusses can be divided into three main indigenous types
within the Capsian Region. Subtle variations do occur, which
are often the result of the differing skills of 10hq1 huw?d'v
and the requirements of different roof covorlnr%.

The roof trusses have been divided here into the following:
A. Shallow pitch (25°-35°)

B. Medium piteh (40°-50°)

C. Steep pitch (55°)

A, The shallow truss type (?50~55O) is used with roof cover-
ings of shingle, tile and sheet metal, although in each case
the arrangement of the battens is different.

The roof truss has a vertical central post and hangers on
either side, but no struts. The ceiling Jjoists span between
the wallg and to the framing on the aivan. They rest on a
wall plate fixed to the top of the wall. The ovorhqn@ of the
joists varies depending on the covering material and the sren:
it's between S0 cm. and 1 m. At the eaves is a plate, Formiw
a ring beam round the building, to which the rafters are-at-
tached. At the centre of the truss section, and midway nlong
each half, are runners resting on the ceiling Jjoists. These
in turn support the central posts and the hangers on either
side. The latter are steadiead by diagonal braces vhere nec-
essary. At the top ol the central vposts the ridge pole is
fixed. Purlins are similarly fived to the top of the hanger:
Rafters at approximately 40 cm. centres span frem the 1idge
to the eaves. The fixing of the rafters to the purline i
ridge pole is done with string on simpler buildings; bub il
are used where the standard of joinery is better and sqguanrod
timbers have been used. Battens are either tied or nail-d !
the rafters. In the case of tile and shingle roofs, th~ bab-
tens are usually small in section (see tile and chingle roof.

ing section), but where sheet metal is used as a covering,
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Surveyed In Sar Marz, Mazandaran.
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boards are nailed over the rafters to provide a flat Sup-
face for the_sheet metal to lie on, and a fascia board'ié
nailed to the rafters where they overhang at the eaves. Mhis |
is covered by metal sheeting, usually with cut out decoration,

B. This is a roof truss with a single tier of struts used

on medium pitch roofs'(400~500), The covering: is Lhwtvhj ‘
mostly of rice stems but somebimes with reed. Ceiling Jjoiot:
span between walls and the framing at the edge of the niven,
On the aivan side these ceiling Jjoists project out 50 cm. be-
yond the front of the building. At the outer ends of these
joists a rail is fixed, forming a ring beam around tbe‘bui]dm.
ing. The central post (as noted in the house of a 10cnlibui14¥kf
er interviewed) is fixed into the top of the wall dividinpg th-
aivan from the rooms. It would be better if this post rested
on a beam at the top of the wall, spreading the point 1load.
These posts are at 2 m. centres and continue up to the ridge,:
where a ridge pole rests on a natural or artificial 'Y' braci.
et. Thin diagonal wooden braces are used to steady these ver -
tical members where necessary. Round section timber rafters
run from the ridge pole down to the eaves. In the Fouman «reo
the rafters at the rear and one side (north and wesb midém}
project down and beyond the walls, to stop about one metrr ot
from the main building. At this point a wall, usually of 1.
connects the eavesg to the ground. Rafters are spaced =t
35-40 cm. centres. Furlins are attached with a strinpg wovon
from rice stems, to the underside of the rafters at 1/3% and
2/3 intervals up the side of the roof. After the rafters no -
in position, struts are put in between the lower purling ond
the runners (the runners rest on the ceiling jolsts) and b
tween the upper purlin and the central wall (see sechion)..
These struts provide stiffening to the rocf framework np w1
as resistance to any sag that may occur in the rafters. Theo
battens are attached to the rafters with string. Their speo
ing depends upon the method of thatching being used (see goo-
tion on thatching). This truss uses a minimum of sawn timbor,
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Because of the regular use of struts, the size of the rafters
can be quite_thin. Compared to a flat roof of similar span,
the pitched roof makes economical use of thin poles which nre
cheaper and eagier to obtain. '

C. A roof truss, unusual for having two tiers of struts, i
used on steep pitched roofs (55”). The covoring ia Lhatelh,
either of rice stems or reeds. 1In constructing bthic bLype of
roof the framing of the walls is first capped by a rinpg beam,
over which horizontal squared beams are laid at approximately
“one metre centres. These beams carry the smaller ceiling
joists and plates at the eaves. Another set of squared beams
are laid over the ceiling Jjoists. This strong platform sup-
ports the runners to which struts, hangers and the central _
posts are attached (gee drawing). For the remaining truss round
members are used. Hangers at 1.50 m. centres connect from

the runners to purlins half way up the side of the roof.

Thin wooden braces are used to steady these vertical member:
where necessary. Purlins on each side of the roof at this
level are connected by a collar supported centrally by a cen-
tral post. Over the centre of the collar is another runner,

in turn carrying the upper half of the central pogts. At L
ridge is a horizontal pole (the ridge pole) on which rest 1!
rafters, at 40 cm. centres, coming up from the eaves on ejit! r
side. When the rafters have been put in place, additional =
purlins are added under the rvafters at 1/4 and 3/4 distancon
up the side of %the roof. Between these purling and the runn: o
below, diagonal struts are placed, spaced at 1.50 m. centro:.
The bracing effect of these struts provides stiffness and »'
idiﬁy to the rafters and framework in general. Additinnal
secondary struts are placed at 3 m. centres between the pur
lins half way up the side of the roof and the runner bhelow

the central post. Furlins, rafters and battens are all at!
ached with string. Nails are used at the foot of the strutb:
and hangers. Battens are laid horizontally on the rafters.
Their spacing varies depending on the type and method of
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ROOF TRUSS with two tiers of struts, used on steep
pitched roofs (55°), with thatch covering.
C Surveyed 1n Shijan, Gilan.
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‘thatching. Reed thatch has battens spaced at 20 ém. centres,
For rice thatch the spacing can vary, depending on the method
of fixing used (see section on rice thatching process). Par-
ticularly through the use of the double tier of struts, thi«

truss makes use of relatively small poles to provide n lafnw

roof area. | |
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Detail of bruss
framewor¥ for a
sheet metal roof
(4aleh Rud Khan).
The central sup-
porting post ig
geen in the middle.

Diagonal bracing
is used within the
roof framework to
provide rigidity.




Boarding Covers the roof framework, ready for a sheet
metal covering.

Sheet metal roof trusses are

cimple. Bracing provides

stability during construction
338 and loter life.

Ceiling joists suprort
the roof framework.




Apalysis of Roof Trusses

With many traditional building mebthodn, the builder maokes
ure of his empirical knowledge accumulated and poccood doon
through generations of experimentnbion, Lhred cn Lrinl oo
error. The result is often extremely accurnte, BRal to nn-
derstand the behaviour and requirements of a roof framecworhy
it is helpful to take an apalytical approach. This can

agnist in locating areas needing improvement.,

In the calculation of loads applied to a roof trusg, varioun
factors are taken into consideration. The dead load of the
roof consists of the roof covering (thatch, shingle, ebe.)
and structural members (rafters, purlins, posts and fixingo).

The live loads of the roof are the changeable loads (snow,

windload, maintenance workers, etc.). The sum of these

two allow one to calculnte how strons the roof munst be, and
how heavy, which in its turn affects how much load the wnlle
and foundations will have to carry.

These loads vary according to the depgree of pitch on the roof.
Snow load decreases with increase in pitch. For example, for

a roof at 250, if the snow load was calculated at MUK/,

the equivalent for a roof at 50° pitch would be only .Hhﬁfﬂ" “

slightly less than 1/3. It is usuvally necessary to desgipn
for the worst condition ponsnible. In the cases of snow

load, this i3 not the product workoed out from the overac
amount of snow over a period of Gime, but the Tikalihoot [
the amount of snow that will collect on the rvoof durins

heaviest snowfall.

For a constant wind velocity, wind load increases aceorde
ing o pitche. Additionally, wind will exort pre::mre on
some parts of the roof sand suction on obthers. IMirher rue.
tion and preﬁﬁure occur at the edres of the voof. Obeopor

suetion

¢ = pressuyre - = suction 2nne

%"+€§W flat by + | El ‘kb . 10 ’
o | [ =% A Ll T e € xﬁA 44
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The effect of wind on buildings
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pitches suffer less from this effect than do lower pitch
and flat roofs, where suction on the windward side and edge
can be considerable. On lightweight, shallow pitched roofn
(e.p. sheet metal cladding at 250) considerabla care should
be taken that the roof is not damaged by thiz effrel, Shoed
ing can be stripped of f in high pusts of wind.,  In conrdd- |
eration of this, the lighter roof covering doos nob necces. .
sarily reproduce benefits in lightnessa of supporting shtile-
ture, since the framing must be capable of withsotanding
these additional pressures. A tile roof, provided it is
securely fixed to the battens and cemented at the ridge

and eaves (as in Astara tile), can assist in stabilising

the roof structure by its added weight, counteracting the
suction effect of the wind. In short, the econonmy in shruc.
ture provided by using a lightweipght roof covering i=s lim-
ited. '
To assist also in counteracting the effect of wind, mosat
rural houses in the Caspian Region are protected by cheltey
belts of trees (see micro-climate and the houre).

The roof framework itself must be able to resist hobh fihe
dead and live loads, '

The roof trusses used in the Cogspinn Hepgion 2ve nenrly =11
variations of the conventional strutied purlin roof. Th i
in an economical forin of roof when there im a conbeol poor.
tition to support the framewor!s olong: ibe lenel
ing vse of purlins wvhich provide support Lo the
the effective span of the rafters is reduced and thev oo
consequently be formed from smaller members than wonld _
have been necessary in the abrence of purlins. Individoal

timber members can be considerably thinner than thogs

in a flat roof of similar span.
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However, most of the members in the trusses shown are in
compression (fig. a ). Those members must be strong enough
to carry the loads applied on them without deflection or |
failure. Equally, the point loadr, an at the hase ol bhe
central posts, must be effectively transforved to bhe ohieue.
ture belowe. It has been notoed din Truss Bobhot Lhe st egl
post was placed directly dinto the bop of the ehinch wall,
Although this detail is not univercal in the aven, it dis
worth illustrating as a particularly weak point. The post
can sink down into the masz of the wall, It should be re-
‘mtrained by a plate along the top of the wall, which would
spread the point load over a larger area. In the event of
this central post moving downwards, the Jjoints at the eaves

will come under preater tension and are also likely to Fall,

Another area of weakness commonly occurs at the foot of ﬁhn.
.struts. These members are in compression, carrying the Jond
from the purlin and rafters above. The nature of this probt -
lem can best be illustrated by a simple triangle (Fipge)e
Sides A and B are in comprescsion, carrying the load of the
roof, A being the rafter and B the strut. C, the ceiling
Joist acting as a tie bar, must act to restrain this down-
ward and hence outward movement. The joiste at E ond I’

are in ftension when no blocking is provided to resint Lhe
compression of A or B; in the event of failure this would
allow, for example, B the strut to move outwards. It on
commonly observed that this joint was formed by sgimply
nailing the foot of the strut Lo the runner or joi L b lou
as in fig.b, at an oblique anple.  This is Iikely to b in.
sufficient to restrain its movement. A method must ho w2
that will provide a counteracting force to this pot-ntinl
movement, e.g. provide a comprecsion Jjoint. In coniider-
ing this, and in the context of other Jjoints within the vreo
frame, it must be remembered that the dead lond and the

snow load apply a predominantly downward force, which pmt
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members such_as the strut mentioned above in compressions
However wind loading exerts different forcems: suctien,
which can 1lift the structure, and an overturning effect
caused by pressure on one =ide of bthe rocf. Both bthese
can alter the stresses in the Tramework -~ Jointa normolly
in compression can be reversed and he in tension,  This
effect will furthermore be intermittent, so thot joint.o.
and members will be potentially in compression at one time
and tenzion at another. In effect, a joint is likely %o’
be shaken at any time by a force contrary to the one it .
is already subject to. Thir situntion is vastly exagger—

ated in an earthquake.

Rigid joints as illustrated above should have proper bloekin:
against which the member can push. This ideally could be
provided by a spreader connecting from the foot of the
atrut at one side to the foot of the strut on the other
side (fig.c ). The member upon which it rests should have
ite connecting surface at a right angle to the forces' '
apainst it, and preferably some form of gusset connector
should be used to link the strut to the joist, providing
resistance to tension occuring when ruction is appliecd to
the roof surface (fig. ¢ ). In the shallow piteh rootn
hangers are used which ftransfer the load vertically down
onto the ceiiing joists. This provides a more nhkable Son-
nection - the two members being at right anglen Lo ~nch
other. Many joints used in the roof structure urn‘mimpiy
bonnd tightly together with rdpn. This rope dr nocl o

i made from loeally available maberials ~ rico Lo
raeds, split wood (used in thin strips). Tight lashiie

of two poles provides an adequate Joint, and in additi-»
allows the members some movement. The joint is wmore v
harmony with the inherent movement of both timber itaelf
and the whole roof ctructure, and does not fail when Lhig

movement occurs., On the other hand, such lashings deber-
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iorate quite_rapidly and need to be maintained or replaced
periodically. It should be noted that the strength of the
joint dictates how strong the whole framework will be
(stress is concentrated at theee points).

Vertical membe}s in the truss chould also be provided with
lateral bracing, particularly to resist unusunl forcesn
(ee;e not the expected dead and live loads) such as occur
in earthquakes. This bracing has been noted in many of
the roof frameworks, but should be universal.

The problems of connecting members together in the roof
framework apply particuiarly when untrimmed poles are used.
More sophisticated connections are posnible when smquared
timber is used. As an example of Jjoinery, the standard

at Kodir and Kojur is excellent. However, it is worth
stressing again that Jjoints between members in all parts
of the building are extremely important and should be made

with care.
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Eaves debail at
seen projectines

at the eaves of the Khan's house in Kodir.

thn corner of the roof. Ghineles can be

out

hevond the roof framework.
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Timber detailing in bhodir is of extremely
hirh quality. Capital and eaves detail of
Khan's housc.

Balustrade detail.
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House front in kojur with carved wood balus-
trade, caritals and eaves.
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Detail of carved capitals. Kojur.




Thatch:

There are two types of thatching material in the Caspian
Region: reed thatch and rice thatch. Where it ig available,
reed thatch is preferred to rice thatch since the rice stemg
can be used for animal fodder and for making handierafts euch
as mats and baskets. Reed thoatch also lasts almont tuics |
long as rice thatch and is less susceptible to athack by role
and mice. However, with the reclamation of marshland and bh:
channelling of irrigation water in concrete pipes the avail-
ability of reed has been reduced, and rice thatch is in more
widespread use. This type of thatch occurs primarily in the
rice growing plains of Gilan between the marshes and the foot-
hills,

There are two methods of rice stem thatching. In both césa%,
after the harvesting the rice is removed from th=s stem by bert -
ing with a large wooden mallet. The stems are collected in
larre bundles either for home use or for sale (200.to 300 vi:!«
per 50 bundles). A one hectare field produces about #80.0f
these bundles. Large bundles are divided into half kilo
sheaves for use in thatching (kuloosh).

A ’lOOm2 house with a 550roof pitch and a ’l?Om2 gurfoce arc:
takeg about two days to cover, ermploying six men: two men iy
volved in transporting and preparing the bundles, one in Lhr
ing bundles to the men on the voof, two in fanning the bundi:
out and one man in fixing the bundles. Annual maintenanca
consists primarily of tightening the ropes holding down th-
thatch on the ridge, with new rope used if necessary. Al
though a rice thatch roof lasts about seven years and even
up to twelve years where a largse quantity of bundles has b
used to provide a thick thatch, replacement is au ongeinge o
cess; each year old bundles are removed and new added, so th

it is not necessary to replace the whole roof nL ono time,
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There are a number of problems with rice thatch roofs,'fire
being the most serious. Buggestions for fire retardant:pfo~
cesses are made in the section on preservation of timber.
The thatch also harbours insects (especially bees), rats whbich
destroy the rice stems, and snakes which, according to the-
local people, do no harm and ecat the rnts. Oldnrrroofs,-ﬁ“
addition, become dirty, and durin: hipgh winds and rodin diet
and particles of rice straw fall into the roomg helow. Hieh
winds, common during the autumn, can damage the roof., Yro-
tection against this is provided by the trees which surround
nearly every house and act as wind breaks. .

On the other hand, since most people in the areas with rice
thatch grow their own rice, much of the thatch reqﬁired for
annual maintenance is free. While the upkeep of such roofs
require some attention and labour each year, the capital cost
of such roofing is low. PFurthermore, thatch provides good
insulation against extremes of temperature since still air
is trapped within and behind the thatch, and air itself is

a poor conductor of heat or cold. This allows the roof. gpnes
to be used for food storage, which was pointed out by locel
people interviewed as being an advantage over the use of
sheet metal roofinge.

Many people desire to change from the use of thatch to sheet

metal, which, while involving a greater capital cost, reqrir
less maintenance,
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Rice thatch held between two battens (Sumesaré/Dogoor‘area)
Rice stems are bundled into sheaves weighing approximately
half a kilo. These sheaves are bound top and bottom with
string, also made from rice stems (fige n).

To prepare the sheaf for use in theatching, th cbring vear
the top is moved slightly necarcr to the end and tighbzsund.

A handful of stems are pulled out heyond the end of the sheat,
and are then pulled down and wound tightly round the t0p of
the sheaf (fig. b & c). The sheaf is then thrown to the
roofer who unties the lower binding string, fans out the
stems and pushes the bound top between the battens on the
roof (fig. d). The battens are at 15 cm. centres. The dins-
tance between bundles along a batten is on éverage 30 cm.
The bundles below are spaced in between the bundles on the
batten above (fig. e). ’

At the ridge, the thatch is held in position by string laced.
over from one side of the roof to the other and attached to
poles pushed through horizontally below the ridge. Thisg Top-
must be tightened annually and replaced when necesgaary to ’

ensure the good condition of the roof. If the rope is loopo.
the high winds can remove the thatch,



RICE THATCH HELD
BETWEEN TWO
BATTENS

(Dogoor) -

Sheaves of rice stems
a.bundle as stored

b. preparation of bundle
for thatching; stems
pulted out and bound
round top of bundle (1)

c. bundle ready for use

d bound tops pushed
between battens
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Above: a handful of rice
stemg are pulled out above
the top of the bundle.

i

;l.

Bundle ready to be passed
to roofer.
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Frojecting stems are pulled
down and bound round top of
bundle.

Vicw from incide roof. Bound
tops c¢f bundle projecting
between battens.




Overhangine eaves at west
end of thatch roof,
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Rice thatch tied to battens (Shanderman)

Rice stems are bundled into sheaves weighing~approkimatély
half a kilo, all lying with their top at the same end, and
bound near each end with rope also made from rice stems (a).
Before being passed to the workers on the roof, the top-bind~
ing string is moved up slightly towards the end and tightencd.
A handful of stems are pulled out %0 cm. beyond the edge of
the sheaf (b). The sheaf is thrown to the roofer who unting
the binding string at the lower end and fans out the stems (c).
At the top end the stems that extend beyond the top of the
main bundle are tied round the battens on the roof (d)s Thess
battens are spaced at 30 cm.

The method for securing thatch at the ridge is the sameé as
that used on the "Dogoor" method of thatching.
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RICE THATCH TIED
TO BATTENS
(Shanderman) ) \i/;

Sheaves of rice stems \
a. bundle as transported

b. bundle as thrown to
roofer; stems pulled
out for tying to battens 1)

c. bottom binding string
removed; stems fanned

out
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Rice thatch bundle being The stems are fanned out in
received by the roofer, rosition.
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Reed thatch (Shijan)

Reeds are bundled together into sheaves and tied near the
top and bottom (fig. a). Prior to being used on a roof, the
top binding string is moved up slightly towards the end of thir
sheaf and tightened. . A handful of reeds is pulled out rought -
30 cm. béyond the top, and pulled down and wound round the
top 20 to 25 cm. of the main sheaf (figs. b & c¢). The gheaf
is passed to the roofer, who places it on the horizontal bat-
tens of the roof so that the top binder is just above the .
batten. The bound end of the sheaf is then pulled down be-
hind the batten and tucked in front of ‘the lower batten 20 cm.
below (fig. d). The ridge is bound over with rope, attached
to poles pushed horizontally through the roof Jjust beldw the
ridge. At the éaves, the lowest layer of thatch is of rice
stems which, being shorter than the reed, are covered on: the
outside by the layer of reed thatch immediately above.,

Near the marshland north of Sari reed thatch roofs have hor-
izontal bamboos placed over the thatch, tied through the ﬁhntch
to the inner framework with string. These battens serve to |
hold the thatch tightly in place (fig. e). "

Reeds take four to five days to dry after cutting before theyw E
can be used. A two room house takes three to four days to '
thatch, with five to six workers. The organisation of labour
is the same as it is for rice thatch.

Reed thatch lasts about fifteen years but replacement is an |

ongoing process.
Reclamation of marshland in Mazandaran has reduced the suppl:

of raw material, and nearly all new buildings are roofed with

sheet metal.
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REED THATCH
(Shian)

Sheaves of reed stems

a. bundle prior to use
on roof

b. preparation of bundle
for thatching; stems
pulled out and bound
round top of bundle )

c. bundle ready for use

d. bound top pulled
over batten and
tucked In above
batten below

In Mazandaran, additional
battens over thatch (e)
are tied through to
main battens
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Reed thatch has the disadvantages of fire risk, insects and
dust, but is less subject to attack by mice and rats than

rice thatch,.

Reed thatch can be used on lower pitch roofs than rice thab: o,
and although this is not the case in Gilan, pitches are PO
siderably lower in lMazandaran where the rainfall is 1mw¥r.
Methods are suggested in the section on preservation’of tim~
ber which are also applicable to reed thatch for reducing th-
fire risk and insect attack. | ‘

363



SR g
J:\'Id ;" ;"4
. ’ , 4

Internal detail of
reed thatch show-
ing bundles pulled
over bhattens and
tucked hehind bat-
ten below.

A house with reed
thatchiny and reed
walls. Zebar Kenar.
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Keed thatched
roof on a house
in Shijan.
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