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L EEe BT I.ON

Since his first moment on earth, man has been, and forever will
be, in a continous struggle with different enemies, particularly nature
with its severe changes in weather, animals, and even his brother man.

Confronted with those enemies, his vital problem was to furnish
himself with en adequate residence that will protect him and his family
particularly from nature which could not be setisfied with the strong
enclosing walls - which may do with the other enemies, but required some

more effective measures, i.e. a grod dependable roof, which even was more

difficult to furnish and construct than the vertical walls, and required
mich more conditions to be existing in the materials befnre they could be
used on the ronf;~the covering of the upper part of the house, to protect
it against the penetration of celd, heat, rain or snow, and of gnod resis-
tance to fire.

In lMan's primitive early stage, when he was living on what he
gets in a day of bunting, he was pleased in having a good wide cave, which
once blocked at the only opening, ije. the entracne, will give him safety
no wmatter how unhealthy or unclean it may be.

But with the continuous evolution in his way of living, which
led him to the stage of shephard that obliged him to live unsettled keeping
always changing the place of his residence depending wpon the seasons of
the year seaking for pastures which fluctmated from one place to the other
according to the seasons, the cave became unpractical as a housing unit for

two reasons:



a/ The cave was too small to enclose him and his folks which also
nesded prntection from beasts.

b/  The cave was not always found in the neighbourhned of his new
pastures.

Moreover, he had to find a sort of a house which will be always
present and easy to construct and to be such that it could be capablé of
being dismahtled for reerection, and could be squeezed tn as small a volume
as possible to simplify its transportetion. The tent seemed to ke fit for
this, easy to dismantle and reerect, easy to transport end available with
skin and cattle hair from his folks while the trees furnished him with the
vertical and horizontal necessary posts.

Further development in his life, and the introduction of the
family and tribe system obliged him to lonok for some source other than
the cattles for his food, so he had to depend on the production of the
ground and became a farmer.

Thus a more permanent house was needed which not only will house
him and his cattle, but should be so adequate as to store his products and
protect his seeds from being spoiled by atmosphere.

However, in the course of his work in his land, removing stones
to the sides, preparing the land for farming, he became aware of the
sultebility of these stones for hiilding permanent walls, specially when
he had to get rid of them snyhow. So he was left with the second part of
the probdem, nemely a rooff that will, besides protecting him as previously

stated, add stability to his dry mascnry walls,



This problem seemed not to worry him much as timber heems from
the trees with conjunction with wattle and daub covered with grasses,
which is actually the father of thatch as a foofing material, gave him the
first and oldest type of proper roofing.

By and by he changed these primitive ronfing materials with
better types which he discnvered through experience, such as stecne slabd
and specially made tiles of which we find rermants from very old days, and
whicﬁ through continuous modification make our modern roofs.

Goond examples from old history can be seen in the Romen, Greek
and Messopotamian ruins as well as the femous Egyptian Pyramids. In these
oléd examples we notice the use of some injenicus devices such as special

units for each particular use such as ridges, hips, caves and guttefs,

and the special highting appartures in the sides or middle of the roofs.

——



CHAPTER I

ROOFS STRUCTURE

Roofs in general, whéther flat or not, can be resolved intec twn
wajor partss

a/ The covering or the roofing which also consists from

(i) Roofing proper which is the protective and covering part,
end so it is the main element of the roof in the full meeaning of protection
and insulation.

(ii) The sheathing which is the intermediate part between
the roofing proper and the frame and which may be omitted depending upon
the reliabdlity of the roofing proper.

The foﬁfing proper as well as the sheathing, if eny, varies very
much from one place to another depending upon many conditions which will
he discussed in detail under the Roofing liaterials! sectien.

b/ The Bearing structure or the Frame work which as 1ts name indicates
supports the ronfing proper as well as fixes it to supports and adds rigi-
dity te the whole structure.

This part also condists of systems of joists or heams, each res-
ting on enother and transmitting the dead and live loads of the covering
part from one system to the next - starting with the smallest joists at
the top - usually called purlins — and ending with the largest joists which
transmits the total load to the supports and are laid at reasonable inter-
'vahs depending upon the span, the weight and its stiffness,

However, the use of different kinds as well as sections of the
various meterlals depend upen

1- The kind, sigze and weight of the rnnfing waterial
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2—- The shape of the reef.

3~ The pitch of the ronf.

4~ The span and spacing of the supports.

But in general it is mostly of either one of the fnllowing
constructional meterials:

a/ Timber, the primitive material used for this use, as being avail-
able In the form of trunks of the trees, almost ready for use, costing
nothing more than cutting, trimming and fixing in the form ~f beams
ready to receive the lighter jnists carrying the roofbs load.

b/ Stones and bricks structures utilizing their compre=sive strength,
in the form of arches, vaults, domes and even the priwitive dry conical
roof still being used in small villages in north Syria., This type of roof
seemed to be the only alternative for the first part in regions with few
or no trees,

¢/ Steel:- Mostly and almnst has superceded the use of timber roofs
especially in trussed ronfs with long spens, due tos-

(1) Ease and speed in preparation and menufacturing.

(2) Ease and fix in erectien.

(3) Better strength and stiffness

(4) liore economical especially in big spans

(5) Durahilit: when painted.

(6) liore practical for transportation due to smaller volume

a/ Reinforced concrete which recently has heen in universal use more
than any other material on modern r~nfs, especielly when used in cenjunction
with the proper treatment es to adequate water pronfing and insuletions,

which were the weakest characteristics of these roofs.



This kind of ronfing more than any other kind made the use of
flat roofs very practical, as it provides monolithic slab with least
joints and adequate durability.

Other types of roof fremes are some times used such as allu-

minivm alloys .. ete..



CHAPTER II

ROQES ! SHAFE

Roof's, in general, are meinly either of twn shapes:
(1) Flat Roofs

(2) Pitched Ronfs, which could be considered as the nrigim

from which other miner shapes have ezggﬁtéd_with7€fs egtructural principle
besed on the compressive strength of some of the materials of low tensile
strength such as concrete, brick and stones, Such shapes are:

Ya) Vaulted Ronfs

(b) Arclied Roofs

(6) Domed Roofs

(d) Conical Roofs

FLAT ROQFS -
These are almost horizental roefs, except for & sma'l slée in
one or more directions - depending upon the ronf area and the span end is
usually 1/50 to 1/100 - for the idea of diverting rainwater to the system
of gutters at the eaves. Such a slope could hardly serve against penetra-
tion of water through the renf especially in other than concrete ronfs or
in ronfs of meny joints. So the use of such ronfs, in old davs, seemed
to be practical only in arid regions or for temporary sumer buildings,
and thus the cheaper pitched ronf limited the use of flat roof for many
reasons the most immortant of which ares
a/ linst of the 0ld rorfing materials that are fit for flat roof
such as lead and copper ..dtc. were only found iin limited areas, and the

concrete was not in universal use, and if used, with poor tensile strength.



b/ Lack of monolithic roofing material with no joints which were
weak points in flat roofs where water could penetrate.

e/ Last item seemed to be serious especially with rough surface
finishings and unsufficient slope which delaygd roof draining, giving
water time to find its way down through the roof which lacked any
protective or water proofing layer.

a/ ost of nld constructional material- were?geak structural strength
to enable it to carry the roof loads when 1aid_flat, eséecially the wain
rafters or beams, unless through the use of closely spaced supports which
mpans bad econnmny in materials, labour and svace,

e/ Difficulty of meking gond around openings or projecting parts
in the roof had linmited the use of ceiling openings and ventilators
except ofl. pitched roofs, as water found easy passage around such openings.
Such openings and fixtures seemed to be inevihable in nld houses and fac-
tories or mills, especially in dowded residental places.,

However, the modern scientific development made vossible be
reinforced concrete and steel heams, and the epplication of more suitabl e
material then lead, such as asphalt and bitumen as well as the new
insulating materials, has made it wore practical to erplny the flat form
which hes many advantages over the pitched roof, other things being equal,
such ass

(1) Basy and quick tn be constructed.

(2) Provides more open space especially in crowded residentel
places

(3) More economical especially with veinforced concrete re~fs,

(4) Can stand traffic mere.

I5) Suits such covering materials that will crowl under its

welght and creep in heat of sun.



PITCHED ROCFS

Similar to flat ronfs in structure kmt with a eonsiderable
slope in one or more directions, depending upon the matepials of
framevork and roofing proper, as well as upon climate and locality.

It is considered to be nlder than any other type of ronofs,
its advantages beings

(1) liaterials suiteble for its covering aveilable everywhere.

(2) Easy to drain with less risk of dampness.

(3) Provides space for tank and plumbing instellation as well
as interspace which iff not used will anyhrw provide heat and cold in-
sulation,

(4) The use of neceszary roof openings and nther projecting
places, made practigfal.

(5) Uiore econnmical especially for smell houses,

(6) liatches, especially with proper covering, with country

back ground, with charming architectural effect.



CHAPTER  IIT

TYPLS OF ROOFS

Both flat and pitched roofs have many types which differ from
each other in one or more aspects such as sfbe, type of frame work, kind
of materials and use. However, each type with its particular reofing
waterial has a special use,

The following aﬁicles will deal with the different types, as
far as the structural point of view and the particular constructinnal

material are concerned.

I - FLAT RCOFS

(A) TIMEER ROOFS

The simplest and earliest type of flét roofs, was that compnsed
of wonden jonists, cut from the trunks of trees, which spanned between
two supporting walls or columns, and which served as beams nr main rafters
on top of which other beams or joists of smaller cross sections and length,
which in turn were furnished by big tree branches, were laid. These
secondary joists are laid normel to the length of the main rafters and at
2! O" to 21 6" c to ¢c. On top of the second syste of joists the covering
waterial which consists mainly of thatch, sugar cane bundles or small tree

brsnches is fixed by sewing.
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The main rafters are about 4,00 m long and 0.20 - 0.25 @ in diaw~ -
and are laid parallel at around 1.5 to 2.5m ¢ to ¢, so they are gond
only for spans up to 4.00 m.
This type of roﬁfgiis still used in some viilages especially
for temporary structures or sumwer places, its origin being the primitive
houses of man in his earlv life.
Its advantages are:-
(1) Ease and speed of eonstructisn.
(2) Economy due to availability of all materials

(3) Good insulator.

Its disadvantages are:-
(1) of temporary use
(2) 1lot water tight
(3) Fire risk

(4) Can not stand strong winds,

(B) TIMEER - MUD ROCFS

It 1s a mndification of previous type and is still used in
cbuntry villages for second cless residental querters. It was widely spread
before the intreduction of concrete ronfs when cheaper rrofs than the tiled
roofs were required. PFig (1) Shows details of such roofs.

Similar to the previous type, it consists of:

a/ Wooden main rafters or beams from trunks of trees and 4 - L.5 m
long and 0.20 - 0,30 m in dia. spaced apart st 1.5 to 2.5m ¢ to ¢ or
between walls 3 - 5 m apart. These beams bridge the distance between two

walls or supports.
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b/ Secondary jnists, on top of the main rafters and normel to their
lemgth spaced at 0.6 to 1.00 m ¢ to ¢, and are 1.75 - 3.00 m long and
0.10 to 0,20 m in dia. These joists are either of trunks of swall trees
or of big branches.

o/ The sheathing which is supp~rted by the layer of smaller jnist
and which forms a foundation for the earth covering. This sheathing con-
sists of either a layer of bremnches of trees and twigs or a layer of timber
boafiding which is provided by splitting big trunks into thin beards.

These boards are held to the secondary rafters by nailing and by the wéight
of the earth layer.

da/ The covering material consisting of 0,20 to 0.40 m thiek snil
layer on top of the sheesthing, well compacted and enclnsed by parapet walls.
On top of this layer, and as a water proofing measure, afayer of mud and
tibu plaster is applied which will seal the roof.

For aesthebic beauty the secondary joists with the sheathing may
Eﬁ%hidden by & sort of false ceiling, consisting of a laver of wrought
timber boards 2.5 em thick, clnsely spaced and nailed to the bottém of
the secondary joists., This will add to the insulating power of the roof,

This type is still used even in roofs of gond houses with a few
improvements such as:

(1) Secondary joists tn consist of rectangular section, sea-—
soried timber 2.5" x 5% or 3" x 6% ., (Pig. 2)

(2) Sheathing to be of good wrought timber bomrds and may be
covered with a layer of felt.

(3)  Timber joists for main rafters may be replaced by a vrought

iron jnist which can spen lenger spans.



The advantages of these ronfs are:-
(1) Economical - all materials at hand
(2) Good insulator
(3) Case of construction
(4) Rdequate slope could be provided easily by varying the
thickness of the snil layer.
However, their disadvantages are:-
| (1) 1ot gond for spens more than 4.5 m or else main beams
have to be suprorted in the middle by auxiliary support such as timber
column or steone column.
(2) Continuous annual maintenance
(3) Liable to decay and rot.
(L) Fire risk
(5) Once moisture finds its way through a crack, it is
difficult to dry.

(6) Furnishes good hnusing for rats .. etc..

(Q EARTH POCFS - WITH BRICK ARCHES

Last yype seemed to be ecenomical as all material - mostly timber -
are available, which is not true for arid places with very few treeé,where
timher is very expensive, especially in clay reginns where sunburnt clay
bricks are very cheap.

In such regions an ingeninus type of roofing is used which is a
undification of last item with main timber jeoist replaced by a series of
parallei steel jrist, usually I section, spanaing between two walls and
@ 1.00 to 1.50 m ¢ to ¢. The gap between each twe beams is bridged by
a shallow brick vault with the joists as the gpringing lines and the rise

equal to 0.15 - 0,20 m, which serve as sheathing, as shown in Fig. 3.
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On the top of this brick-veultg sheathing a layer of earth
0,20 - 0,30 m thick is laid sifmilar to previous type, and sealed with
a cnat of mud and tibn plaster as well.
Advantages of this type are:-
(1) Good insulation
(2) Strength and durability
(3) Good architeptural effect
(4) Bconomical,
While the disadvenkages are:=-
(1) Continuous maintenance

(2) Difficult te construct, requiring special form work.

(D) EARTH RCOFS WITH LIASONRY ARCHES

In country places with little timber and no clay bricks a
modification of the earth and timber roof is used.

This type is identical with the other except that the main
timber beams could be replaced by a set of parallel series of masonry
arches with flct top to receive the secondery joists and the earth ronfing.

Each series spans from wall to wall with intermediate stove
supports usually about 0,30 m in diametver spaced at approximately 3.00 -

& 08 s

Timber beams may alen he replaced by a series nf intermediate

parallel walls dividing the space in rectangular strips of apnroximate

width of 2,00 - 3.00 m which is bridged by the secondary jonists.



This type hos the advantages and disadvantages of previnus types.
The use nf any in a certain lncality depends upon the availability 66 ‘the

different materials used in that particular type.

(8) EARTH ROOFS ON MASONRY VAULTS

This type of ronf is gond for places vhich are poor in brick
and timber.

It eould be of either:

(1) Barrel vault - (PFig. 4)
(2) Cross vault - (Fig. 5)

The first type conslsts of a masonry barrel vault that bridges
theswhole panel, springing from two parallel walls which serve as sup-
ports,

These two walls are extended above the measonry vault to a level
higher than the crown of the vault by 0,2 - 0,3 m. This part of the wall
gserves as retaining wall for the fill of stomes and earth, which is laid
on top of the vault to get a flat roof and to serve as a measure of
water proofing and insulation. As with other types of earth rocfs, the
top surface of the roof may be plastered with a coat of mud reinforced with
"tibnt, |

This type is good only for long and narrow panels and is used
mostly in churches and other public buildings, for architeptural effect.

The cross-vault type is similar te the barrel vault and consists
of tuo barrel vaults intersecting at right angles with their crowns at

the same level; it also has the supponrting walls extended upward to
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support the fill as in the previnus type. This type is elso yestricted
in use to churches with the vaults extended beyond the intersection

on each side of the other vault, having the shape of a cross; and to
residential rooms of almost square shape thus having the out-to-out
span of one equal to the length of the other vault, thus having the tue
vaults resting on four abutments each in one of the four corners, in
which case it is known as the level ridge vault (Fig. 6) and is
practical for spans of 4,00 - 6.00 m.

For wider spans, the area is divided into two or more almost
square pannels, by the use of intermediate masonry columas each of which
will be shared by two or four adjacent pannels depending upen whether it
is exterior of interior support respectively.

In all these three types the stones used in the vsults wmay he
either finely dressed in which cese the soffit 1s left with the masonry
exposed, nr it may be roughly squared in which case the soifit sheuld
receive a cnat of internal plaster which is of mud and tibn or sand and
lime. The second alternative is the cheaper.

This type is not used any more due to its high price as it needs
a lot of formwork as well as workmanship, especially when it is pnssible
to use reinforced concrete. An average cost of this type is between
1L.50.00 - 60.00 /ii.S. o

However, the advantages of this}téée are s—

(1) Good insulator and water proof
(2) Very strong

(3) Practical in remote places where other materisls of

construction are expensive, particularly for long transpertétion,



The disedvantages are:=-
(1) Very expensive
(2) Needs maintenance
(3) Long time for constructinn

(4) Very Heavy.

(E) STOIE SLABS ROOF (RABAD)

This type of roofing is still used in remote villages in Syria,
where they lack the timber and steel and where the rocks eould be splitted
into fairly long and thin slabs about 1.50 - 2.00 m long, 0,20 - 0,60 m
wide and 0,10 - 0.20 m thick, which are used to bridge roofs.

This type of ronfing is gond only for spans from 2.50 to 3.50 1,
otherwise, the area should be divided into strips of a width withing this
range by the use of supports thet could be either intermediate walls; or,
as when more space is required, they may be of a series nf arches at ghout
2,50 t0 3.50 m ¢ to c, supported by the walls or by walls and inter~
mediate masonry arches. In any case the top of the support should he flat,

On top of'éa;ﬁ support a row of closely spaced stone slahs is
laid, with their length normal to the direction of the support, overhanging
equally on both sides, and with their width in the direction of the support,

The gap between each adjacent pair of rows of slabs is bridged
by another row of slabs overlapping equally on both rows, as shown in Bl e, s

The top of these slabs is covered with earth and nud as has

been already explained.
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Advantages »f this type are:-
(1) Cheap for small panels
(2) uater tight
(3) Good insulatinn
(4) 417 material locally available
(5) Easy to construct
Disadvanbages ares-—
(1) Good for swall spans only
(2) 1ot economical in long spans when arcines are neaded
(3) Heavy

(4) Rather unstable.,

(F} WMETALLIC ROOFS

These ronfs are similar teo the timber joists roofs but are of
lighter weight and hetter architeetursl, as well as water proofing,
characteristics, because the heavy pergiible earth cogering is replaced
by other metalic coverings which fit the flat ronf,

lloreover, the heavy joists, whether main beams or secendary raf-
ters, are not needed in the sesme stiffneds and size tecausé the dead
weight they had to sustain was considerebly reduced., These joists were
even replaced in some cases by metalic joists such as steel and nther

alloys cspecially rolled. However, the joists could be ofs-
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(A Timber Joists: The space which is tn be roofed is bridged

hy main rafters of timber joists, the depth of which depend upon their
spacing and upon the weight they had to sustain, usually 2' - 4' ¢ to c,
and they run normal ton the direction of the slgppe if they have tn receive
the boarding directly, and in the direction of the si%e if they have to
suppert a layer of purlins. These main rafters span hetween supports for
small spans of 6' - 8! approximetely; otherwise, they have to be smpported
by intermediate beams.

On top of the rafters, or the-rafters and purlins, the shesthing,
consicting of timber boarding, is laid with their length parallel to the
direction of the sfhe of the roof - 1/50 to 1/80 - so as not to obstruct
water if the boérds get twisted due to heat and moisture.

The covering material is laid on top of the sheathing, with or
without an insulating and water proofing covering material such as felt
.. et8.. on top of the sheating., liost important fovéring materials are
lead, copper, zinc and asphalt with felts; these will be discussed later,

s some metaelic ceverings such as lead, zinc and coprer hhve
a relatively high ceefficient of expanaion, they should be fixed on roof
in a way which will allow these material to expand and contract easily in
the directinn of the fall, i.e, the direction of their length.

This is provided by fixing the &@ifferent sheets to the
sheathing by the means of rolls in the direction nof the fall and by drips
in the direction normal to the fall, all placed at the junction of the

sheets as followsé=



Rolls:

(1) Hollow rolls: consisting of z metal tack nailed to the
sheathing at the junction of twn sheets and bent vertically with its free
end hooked, these two sheets on easch side are hent against the tack as
shown inf Fig. 8, with the free end of one of them hooked inside the
hoek of the tack., The three pieces apeltent in the form of a circle es
shown in the figure., This will ellow free expansion and provide water
tightmess.

(2) Timber rolls: (13"xR") rounded nr splayed, which is
nailed to sheathing alecng the joints of the sheets at a distance ¢ to ¢
equal to width of sheet minus the lap,

The ddges »f the twn adjacent sheets are bent on trnp of this roll

one on top of the other from one bottom edge to the npposite edge of the
timber roll as shown inf Fig (8a). One sheet forms the undercleak, and
the other the overclnak. These clraks are held in place by special clips.

In some cases the edge of each sheet is bent vertically only
against the near face of the roll, which is rectangular or splaved, and a
special U#shaped cap %= encloses the roll and the bent edges and it is alsn
held in place by nailing to the rolls, as shown inf Fig. (8B),

Drips

Is used along horizontal joints where a step is forped in
the sheathing 24" high, against which the edge of the lower edge is hent
with its edge flush with top of step. Then the upper sheet is laid with
its edge over hanging over this step mfor 2&" which part is forwed in the
shape of a semicircle as shgwn inf Fig (8¢) or is bent downward against

the partnf the lower sheet which is bent as inf fig (8d).
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lelted Jointsse

The drip is sometimes replaced by a welfied joint by forming
the adjacent edges of bhe sheets in the form of flat hooks which inter-—
lock each other with an intermediate honked ¢lip which is nailed tn the
boarding tn hold the sheets in place as shown inf Fig (8e). This is

sed on slopes steeper than 1/8,

Corrugated Steel Roofs:

In secnnd class buildings and in temperary renfs the covering
on the purlins, without the sheathing, may be nof corrugated iren sheets
both new or old, and may be painted or galvanised.

These sheets are fixed to the purlins with nails and washers or
with hook bolts and washers - both lead and steel washers.

For further precautions a-ainst water leakage and for insulatien,
the top of these sheets may be covered with & layer of any ofs-

(a) Felt with asvhaltic compounds
(b} Concrete or cement screediﬁg
(¢) Iud and tibn layer - on old sheets.
(d) Grass or thatch
(e} Peint,
If a still better job is required, a timber sheathing with

felt on top of it may be wmed.

Asbestos Sheets

These are either plain or corrugated, fixed in a similar way

to corrugated iron sheets but to a less extent on the timber joists.



(B) Steel Joists:

The timber rafters and purlins ecould be replaced, for the sake
of strength and durability, as well as a quicker Jjob, by steel wmembers in
ey of the following shapes:

(1} Steel pipes 2" = 4" in diameter as rafters and vurlins,
especially with corrugated irrn sheetings which are built in the supporting
walls. The same coverings for corrugated sheets recomended in the
previous articles are pecommended here alsn.

(2) Reolled Joists: used in better and more permanent
buildings, and are of special cross sections either small channels or
small I - beams over which ashestos sheets or iron sheets are fixed or,
if a sowewhat tougher job is required, thin steel plates will be welded
to the top of these inists and covered with some insulating layver such as
earth, asphelt, cinder or foam concrete. However, these joists, if laid
in a special way, may be covered with precast slabs of concrete or nther
material which will be discussed under concrete ronfs.

(3) Steel Trusses: These are similsr to nther trusses, which
will be discussed later, but of special shape having their top meniber pepal=
lel to the bottom chords and herizontal. These are of three types, warren,
prat and howe, the latter more common in flat ronfs, and are gond for spans
between 40' to 130', end having their depth almnst equal te 1/5 of the spen.

On top of the upper chords and starting from the middle of the
spen in both directions, a series of fairly clese vertical supports are
fixed, diminishing in height so ﬁhat to_have thelir tnps sleping optwards

in both directions at = gentle slope (Fig. 9).
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On top of these supports and in direction of the slepes, the
common rafters are fixed, and on top of these horizental purlins normal
to direction of sleope are fixed& to receive the sheathing or the covering
haterial.

(4) Steel Troughs: Used in quick jobs and for small spans.

These troughs of sheet metal of trapezoidal shape with wide base at the
top and with the two legs bent at the top outward for a distence almnst
2/3 of the smell kmse. This hanging part is drilled for a row of bnlts,
at a distance from the end of the wide base equal to # the suall base,
by which the trrughs are fixed to each other by bolts.

The troughs are laid with their ends nn the walls and their
nverhanging parts upward with the holes in one exsctly nn toﬁfkhe holes
in the legs of the adjacent trough, and are beolted to each other.

On top of these troughs some water prnofing material is apnlied
such as asphalt or concrete and on top of that a laver of earth is de-
posited to add piore insulation and to make the surface level with a small
slope for drainage., This type is shgwn in Fig. 11.

As these troughs are tightly bnlted at the ridge by clbsely spaced
bnlts, they could be relied upon for water procfing, but not insulation,
if preoper drainage is achieved and the tronughs are sloped a bit. In this
case the top of these troughs may be painted with lead paint which reflects

the heat and in this case they may be left with no covering.

(G) CONGCRETE ROCFS:

Although this type of voof is rather a new subject, yet it has
almost superceded every other type of rnofing especially vhen economy in

expense and time is considered.
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As to principle, it is actually a modificztimrn ~f the old
types of roofs, especially that of joist supported on a series of arches
as beams which in turn are supported by stone columns, except for the only
substitution of reinforced concrete members for almeost all other members,
from column to roofing material; all built monolithically with each other,
except for few expansirn joints and thus increasing the stabilizing and
waterpronfing characteristics of the roof,
In general, the concrete roofs are growing in popularity due to
the following:
(1) Ease of construction
(2) Needs no time for preparation = desion rw fahrication,
(3) Could be epplied to any reasonable span and shape,
thus producing gnod arcniteetural effects,
(4) Can stand verv heavy traffic and is more rigid.
(5) Iionolithic surface with kss risk to leakage
(6) Econnpical in transport of materials and in first cnst
s all materials conuld be found lecally except steel, and as well it is
evonomical in construction and maintenance.
(7) Fire Proof
(8) Long life
(9) ‘hen used in conjunctinn with some hallew block, it
provides gond insulatinn,
(10) Yade the use of flat ronfs very practidal.
However, the wain disadvanboges are:
1) Poor thermal and sound insulation
(2) If improperly laid, it is nnt water proof and very dif-

ficult to repair.
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(3) Heavy
(4) Takes longer time in constructien than steel.

But these disadvantages are loosing their impnrtance especially
with mndern developrent in ways of construction and in waterproofing and
insvlating materials, such as:

1- & layer of cinder or foam concrete on top of concraste slab

2~ Bitumastic coupounds with felts and cork

3- Use of Hnllow hlocks in ribbed construction

/- Cinder fill (ove¥ which sla® is peoured).

5— Dopuble ro~fing - light slab on top of wain slab

ér Suspended or Talse ceiling

7- Fixing some insulating slabs on top of the concrete slah through
timber beads imbeded in the concrete.

8- Seecial water proofing tiles on teop of concrete slabs cemented
to it with igasol and rebated joints filled with mastic.

9~ Fixing cork or thatch hoards to button of concrate slabs

boits
by sé;eﬁs fixed prior to casting the slab which imbeds them.

10- A plaster of cement morbér applied to the soffit and
preferable rough cast, or as in better jobs, a layer of itex plaster is
applied,

Concrete rpofs are mostly flat, divided according to principle
of construction and shape int~ the followipg:
(1) Beam and girder
(2) Beam and slab

(3) Flat slabs



(4) Ribbed ronfs

(5) Steel jnists and slab

(6) Precast slabs on steel jnists
(7) Prestressed concrete roof.

(A)beam and girder

This type is based on the principle of the old types with the
load transmitted to the enlunn by huge widely speced firders which frame
in to and is supported by reinforced concrete columns, and which in turnm
supoort a series of more closely spaced concrete beams which frame into
the girders and transmit to them the load which the beams receive from the
slab which forms the flange of the beams, hy being built meonnlithically
w'th the beams, This slab is actuelly & flat beam supported by the main
besms, and sn serves for the covering materiai, the shecthing and the
purlins. The soffit of this slab ié either plastered with cement meortar
or lined sith soce insulation boards mme or treated with itex ..ete..

The monolithic constructinn of elab beams and girders has the
fallowing advenbages

(1) Gond water pronfing due to least joints

(2) The slab is able to support itself through the
reinforcement, less beams are needed.

(3) lore rigidity

(4) Beonomy in materials due tn the stif-ness ~f continunus
structures over siuply supported menhers.

(5) Columns and supperts could be put at wider svacing ranging

16! - 32t with the load on slab beteen 40-400 1Y/sq. ft.



The disadventages of this type are:-
LA

(1) Hot economical with two wide spans and heavy live lead
(2) Bulky
(3) Obstructs light by Girders

(4) Bad thermal insulation.

(B) __Beam & Slab

This type of ronfs is a mndification of the previous type,
but with the slab built monnlithically with the reinforced concrete
beams which frame directly in columns or other type of suprorts.

Such roofs are econnmical for narrow and long panels with beams
parallel to the length of the panel and the slab reinforceummt running
normal to the direction of the beaws, although it may be used success=

fully in more or less square pannels of small spans with slab reinforced

in two directions.

(c) Flat Slab Ronfs

These are used when the roof is supposed to sustain heavy
weights, or when the architectural design reguires this; e.g. for the
sake of the facade, or as in the case of very low roofs, the beams are
not desireable as they will obstruct light.

These ronfs consist of a relatively thick slab with rein-
forcement in twn directions and along the diagnrals, with the lerad

transmitted directly from the slab to the columms, (Fig. 12 c)
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This is econnmical in slabs up to 30! and for live loads
100 - 300 1bs/sq.ft, its advantages beingi-
(1) Economical in heavy loading
(2) Easier formwork and construction

(3) Saves space be getting rid of too deep givders and

beams
(4) Adwmits more light and air
(5) Better architecture is possible through high windows, ete..
However, the disadvantages are:-
(1) More intricate steel work
(2) Economical only in square panels or where the ratio of

one side to the other is between 0,75 -~ 1.33

(D} Ribbed Roofs

These ave modifications of the first and second types, here the
glab and beams are replaced by a system of small closely spaced paralled
ribs, transmitting the load to larger beams and girders oX to the beams
gggge and carrying a thinner slab which forms the flanges of small T-beams
with the ribs as the webs of these T-beams.

These ribs, whgich are usually spaced at 1'6" to 210" may be
in one or two directions depending upon the shape of the panel and the span,

with the space between them left freee or filled with a filler which

could he of meny kinds.



The introduction of this type tn concrete roofs has improved
these rnofs in the following respectss
(1) The use of false ceiling, fixed to the bottom of the
ribs, such as plaster, metal lath or boards of insulating material or
the use of special joist facers with hellow blocks, have facilitated the
use of cnncealed electrical and other installations.
(2) The dead space between the ribs, aspecially with fillers
had improved the Heat and Sound hollow insulation of the concrete rnof.
(3) The pessibility of placing fixed load anywhere on the
roof became practical,
The filler used between these ribs is of various kinds, some of
the important of which beings
(§) Clay Tile Blocks: They are clay blocks; clay which is
burnt in the kiln, and are usually hnllow for the following reasonss-
(1) Provides better insulation
() Lighter dead weight
(3) Easier for cutting when fixing installation as
well as providing space for these installations,
(4) tore economical.
These blocks ars of cstandard size usually 12" x 12" and 4"-12"
thick or 8"X6" and 5"-73" thick, and are laid in rows between the faces

of the concrete ribs which are usually 4-5" wide.
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The soffit of this ronf could be treated with eny of the fnllowing:
(a) Plaster applied directly to the roof after hacking the
concrete ribs, the blocks being molded with rough bottom.
(b) Plaster applied on metal lath fixed to the bottom of
the ribs.
(¢) Special clay joist facers which fit to the bottom of
the rib and are supperted by twe gronves in the lawer edges of blocks,
These facers are usually 13" - 12" thick (Fig. 13 a), and are laid on
the shuttering with their bottom flush with the bottom of the blocks
before concrete being casted on top of both,
(d) The Blocks should be having a projecting nib at the lower
edges 13" thick and projecting ; distance equal to half the width of the

concrete rib,

IT - Hollow Concrete Blocks; (Hourdeis): The previous type is
expensive especially in regions which are not clayv. So the cheaper hollow
concrete blocks are used as the filler and are laid on the same principle
as the clgy blocks,

They are mostly of regtangular cross section with a slight champher
at the top corners, for easier laying of concrete; with the bottom and
sides reugh enough to provide good adhesion, and with two or three cavities
in the centre, in the direction of their length which cavities mav he cir-
cular or rectangular. For providing vertical support to the blocks,
beside adhesinn with concrete, the blocks are sometimes made of trapezoi-
dal cross section with the short base at the bottom or the blecks are mede
with a rebate at the lower edges where concrete wighl he forced forming

a nib as a supvort for the blocks, However, more complete knowledge of



=9 .3

of concrete strength has almos proved the unnecessity of these devieses.

These blocks, (Fig 13 b), usually 8"x16"x54"-74" and are placed
in single or double rows both in one or t» directions, over which concrete
ribs, usually 4" wide and concrste slab, 3" thick, both reinforced and
monolithic are poured.

As to the treatment of the soffit, what has been stated for
clay blocks may be recomiended here.

These blncks are more popular here in the near east than any chher
kind of hollow Hocks as they are more available and their price considerably
less, the price of each block being between 35 & 50 LP for the 15 cm and
25 om. thick respectively. The price of roof with these blocks at

reasonable spans is between 17 and 20 LL per square meter of the roof.,

ITT - Gypsu: hollow tiles: They are similar in principle
and the method of construction as well as treatient of ¢ eiling offi soffits,
to clay tiles only differdng in shape.

They leve the merits, over the clay bloncks, of being light and
eésy to break or cut to fit the required size, but have the disadvantage
of great wastage through breekage if not properly handled, especially whbn
transported; moreover, they are more expensive.

Thev are of two main sizes: (1) 19" long, 12" wide, with rec-—
tangular cavities parallel to 12" side and are placed at 24" ¢ tn c, the
rib being 5" wide. (2) 30" long x 12" wide with circular cavities
perallel to the 30", and 3 to 8" thick, weighing 9.4 - 22.4 1lb/sq.ft.

They are placed at 16" ¢ to ¢, leaving 4" for width of concrete rib.
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IV - Terra-Cotta blocks: These arc of a special kind of
clay and of the best nature and mix. They are either solid or hollow.
The solid are also either (1) dense, hard and with high
compressive foree, or (2) porous or semiporous, the voids being made
by mixing saw dust which will burn in the kiln leaving empty space voids;
these will reduce its weight as well as add to the insulation power of the
blocks and help for better adhesion with the concrete,
The voids are 20% for sewi porous and 33% for pnrous blocks.
The advantages of these blocks arss
(1) They can be cut by the saw to any shape desired
(2) Could be nailed
(3) Gond surface for bonding with concrete.
The hollow type are used for lighter construction in a similar
way to other hollow blocks. The size being 12" x (18" = 24%) x 3" and

weighing R0 - 22 1b/sq.ft.

V - Steel tile fillers: These are special form of inverted

U - channels, tapering in section with its wider base at the bottom, and
are used either to stay in place with metal lath for plaster welded to
them o; as temporary shuttering for forming the ribs only with metal 3ath
or other false ceiling fixed to wooden strips or wedges embeded in the
bottom of the concrete ribs. The latter method is the most commonly used
due to its econony in steel tiles snd shuttering.

These tiles are of special staddard size 36" - 36" long and
FALNE SR VAL thick.and the width at the bottom from 10 - 31"; a width of

20" is the more conmon,



- 33 =

Near the supports, where more concrete is needed for the shearing
force, special tiles are used with hlocked ends and tapering in width in
both horizontel and vertical sections as well as tapering in their
height, the lower being the blecked side.

This type of fillers is becoming popular especially in buildings
where a good speed in construction is needed, and where the saving in
cost of fillers is more than cost of insulating layer fixed to the

bottom of the ribs, to compensate for the Hnllow fillers insulation,

VI - Hollow Slabs: The slab in this type of roofs may be
either monolithically built with beams and girders or be laid on some other
support, with the slab poured with a series of circuler and parallei cavi-
ties, closely spaced, formed around rubber cylinders with compressed air
inside them which air mey be evacuated after pouring and setting of the
concrete and the rubber tubes taken out, thus leaving the slab in the
shape of I - ribs with edges of flanges touching each other,

This type} Fig. 13 d, known by the name of Hourdis Rogeir is
liked as being very quick in construction, strong, and cheap as saving
concrete with very smell expenses on forms, But lésing sone of the merits

of other alternatives in ribhed ranfs.

VII - Glass Blocks: In roofs of special design such as in
workshops needing light, in ronf gardens and Hospitals, glass blocks may
be substituted for other blocks as fillers between the concrete ribs.

Such design is very expensive and delicate and used only for
luxury and for special use.

These blocks are of special ingenious design, (Fig. 13 e}, and
of special shape. They are used both in flat and arched roofs, and may as

well be used for the whole roof or for special openings in the roof.
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VIII - Precast Trusses: (Fig 13 f): A nev patent which is

used for very heavy loaded ronfs and is remarkable for its easy fixing of

the steel reinfnrcement as well as the economy in the quantity and workmen-

ship needed in the shuttering.

It is better than any other filling for long spans and heavy leading
especially with coneentrated loads which can be placed any where on the
roof, because this unit is designed to carry some load which it trensmits
by arch truss action to the ribs,

It is remarkable also for the economy in the concrete/unit area,
both of which are used in the rib and in the manufacturing of this filler.
lioreover, it has a lot of empty space, and so a very gond insulating
property.

However, its use is somewhat limited becaust it is a new patent
and of a considerable height, thus making it practical on large spans only,

which need thick slabs.

(E) Steel Joint Roofs

This type of concrete roofs differs from the others in having
the slab simply supported on & series of closely spaced parallel and
shallow joists in the form of trusses on actually shallow steel trusses,
from the prat:, warren er double warren type, supported on the ends on
steel or concrete beams or on supporting walls.

These joists carry a thin slab of concrete slightly reinforced
or precast concrete or gypsum slabs filled with mastic aththe joints. On
top of this slab or slabs an insulating eand water proofing layer is applied
which may consist of either felt and asphalt, felt and cork, cinder

concrete, or foam concrete.



These joists are of stendard sizes which range hetween 8" -

16" deep and 4' - 32! long and are placed at 12" - 30" ¢ to c, and are
sometimes braced laterally with smaller joists normal to the main ones,

This type of roofing is economical in places of light occupancy,
with no vibrating loads as they are easy to construct and prepare, with
less thEmsport expenses except for very far places, and saves a 1ot on
‘concrete. They can also be dismentled on demnlishing of roof and
reused again. lioreover, similar to réb construction, they can be made
good insulators and gould provide ample space for hiding any roof
installétion by fixing easily to the bottom of the joists either
metal lath with plaster or any other insulating material, leaving dead
space between these insuls tors and the concrete slab,

A modification of last type, is the concrete slab supported on
steel beams and is used in buildings of inferior importance in which these
prefabricated joists are replaced by a series of rolled steel beams of
I onr H - cross section, spanning between two supports at the spacing
of 81 - 10! ¢ to ¢, Over these beams comes the continuous slab AM = 57
thick, which unlike the previous type, should be self supporting with special
reinforcement running normal to the steel beams,

For insulation and water proofing the top of the slab may be covered
with the same layers describe#d for the previeus types, or else the space
between the stedl teams, but at closer spacing, may be bridged with shallow
vaults of clay bricks or other thin hollow blocks, as described under the
UBrick & Earth Flat Roofg". In this case, the slab needs reinforcement only
for temperature with no tension reinforcement, as its weight and the weight
it sustains are carried by the arch action of the bricks thus economizing

a lot on steel,
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(F) Precast Slabs on Steel Beams

Still a further medification of fhe last type in which the space
to be cavered is bridged by a series of parallel stiff I - beams at
suitable spacing to which other lateral joists of smaller section are
tied by welding or by bolting with the top of the smaller joists either
flush with the mein joists or lower by a fixed small amount according
to the design of the covering they have to support. The area is then
covered with eny of the following prefahbricated slabs:

(i) Coenrete long span channel slabs - Fig. 10, consisting
of flat concrebe slabs about 1" thick and 9" - 2! O wide and 6' O" =
8! O" long with projecting nibs along the two long sides, which fit in
2" deep notches in the lateral joists or on top of the main jnists, The
length of the slabs is equal to the spacing ¢ to e. of the later al smaller
joists,

The joints between theses slabs is filled with mortar and a layer
of poncretegcreeding or cinder concrete is laid on top of them alone or
with other insulating covering.

(i1) Flat long spans 2" - 3" thick and weighing 11 - 16 1b/sq.ft,
L' O - 61 OV in length, fixed in a similar way and with a similar surface
treatrent - (Fig. 10 a).

(iii) Flat Gypsum planks, 1! O wide and 4' O" - 6' O" long
with one side grooved and the other tongued so as te fit beside each other
firmly by tooth and tongue. Again, the joists ere filled with mortar

and mastic and the same surface treatment applied - (Fig. 10 b).
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(iv) Sheatrock or Weather Yood Pyrofill: They are gypsum,

concrete slabs, and are fixed a differedt system consisting of main
I - beam, spaced at maximum 10! ¢ to ¢, on top of which are fixed rolled
steel rails as purlins at 2! 83" c tn ¢, thus dividing the space into
rectangular panels equcl te size of sheet rock slabs, which are supported
by the rails and the main rafters; on top of these slabs pyrefill slab is
poured reinforced with galvanized reinforcement. The thickness of the
pvrofill is 8" - O yith 2" cover on top of the steel nails., On top
of this the insulating layer is applied - (Fig. 10ec).

All these items are expensive and for quick use though the

construction is easy.

(G) Prestressed Concrete Roofs

This very new type of concrete structure has a 1i ited application
in this part of the workd, besides heing uneconomical due to the reason
that all members and units should be imported from outside at a very high
cost and with a delay iﬁ the construction because there are no factories
for their local fabrication.

The principle involved in these structures consists of precasting
different units of céncrete in standard sizes for different structural
members, e.g. colums, beams, slabs, etc.. with each unit héing reinforcéd
with prestressed wires of steel to carry the tension whenever these
rembers are in acﬁion, and this is done by releasing from the prestressed
tension an equal amount to the developed tensile force. The prestressing
of these steel wires prior to casting concrete of the member is done by
special heavy machines vhich are not available here. The ercction of such

structures consists of assembling two or more units of the standard size



o S

according to the cross section and dimensions of the whole structure.
Then these members are fixed to each other at the joints by pouring some
concrete around the projecting dowels at the ends of each member,

This type is remsrkable for its ease and speed in construction
as well as the economy in steel which is very expensive in concrete
structures., Moreover, the weight of these structures is considerably
decressed by ommitting most of the ineffective concrete in the tensile
si.c‘le.wSo, this type of structures may be very economical whenever
the necessary equipment could be installed in neighbourhood of cons-
truction site. Once the structure is complete the usual treatment to
the top of this roof - for insulation and water proofing - will be applied.
However, Since a part of the concrete is omitted it could be considered
that this type of roofing has its own insolation.
Approximate Costs It is rather difficult to state one figure as being
reliasble to give a clear and fixed price for concrete roofs , so a range
of prices ﬂll be given for each type, because the cost varies depending
upon: (1) Span. (2) Live load. (3) Height of story and its number.

The price could be analyzed to the following:
(1) concrete. (2) Stéel . (3) formwork.

(&) Beem and girder Roofs, the slab will be 0,10 to 0,15m thick
to which an average of 0,04 m. cube per _mi'be_r_ square of roof to compensate
for concrete used on beams and girders meking a total of 0,14 to 0,20 mece
per square metre of roof which is equivelant to LL. 5.6 to 10,00 per mes.
and IL, 4.0 to 5.0 per mes. for formwork plus 14 Kg to 20Kg of steel per
metre spup equivelant to LL, 7.0 to LL.10,0 meking a total of 16.6 to LL.25,0

per metre spup of roof for the concrete struture .
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(B) Ribbed roofs the price will be 20% more to afford extra
concrete blocks and steel, however the difference will be less as the
span gets longdr and even it will get negligable so a round figure of
LLs 20,0 to LLe 28,0 per metre sup could be taken as an average.

(C) Flat slab roofs differ from the above two in that the
concrete will be taken for the thickness of the slab only, as there
are no concrete beams and girders, so the price will be a s follow:

Slab 0,20 to 0425 mecs/lns equivelant to LLe 7.0 to LL,10,0 pee ms.

Steel 35 to 50 kge per mes., " " LL.17.0 to LLe25.0 per ms.

Formwork will be less than sbove and " "LL, 3,0 to 4 per ms.

This will meke a total of LL, 20,5 to LL. 39.0 per metre sup also
for the concrete work only.

Concrete arches are more difficult to price as the price varies
in a wider range depending upon mayfactors such as span, rise and the slope
of the sides at the springing lines and on whether of so0lid slab or of
ribbed slab with hollow blocks,

More over these prices are for the concrete work only to which
should be added the price of the plaster to the ceiling (equivelant to
ILe2+0 to LLe 2.5 1f it is plane plaster or LL.4.0 to LL.4.5 if rough
cast for sound insulation) and the price of the top water proofing and
insulating t*reatment which 1s variable and ranges from LL.3.0 to IL.4.0
for felt and bitumen to LL.10,0 to LL.14.0 for special Sika tiles laid on
- a layer of Igasol end filled along the joint with Igol.,

In general for ordinary load use solid slab for small spans and
ribbed for long spans, and g flat slab for high live loading and almost

Square panels,



IT -~ PITCHLD ROOFS

This very old type of ronfs was once very popular due to many
reasons some of which have been already mentioned under flat roofs, and
may be summerized ins—

(1) Speed and effieiency in draining the ronf from rain water.

(2) liost of roofing members work in compression - specially
in the trusses - so, such materials with low tensile strength, as timber,
and which were very available in eld times, found gond feeld for apnlication
in these roofs,

(3) licst of 0ld materdals used for covering were of smell
sizes with the result of having tor manv joints in the middle of the panel,
so this type of roofs was practical in diverting water before it had time
to find its way through these jnints.

(4) These roofs are very suitable for douestic use and
possess very beautiful architestural affect, especially in country places
and when used in eonjunction with proper gutters and water down-pipes.

(5) HMpst of the cheap available nld roofing naterials
were fit only for sloping roofs. Such materials are tiles, clay, slates ..Bte,

(6) They erc economical in construction and initial cost.

(7) They provide enough space above the ceiling for tanks
and storage, etc. as well as a place for hidden instellations.

In general, the comfortable apnearance of a roof depends upon
the way itssprings from and fits on the walls. It may, by spreading far
from them, look as if it were a hat too large for its wearer, on ther

other hand, if it has no overhanging eves, it may look mean and pinched.



Gutters are one of the main items on pitched roofs, and the way
they are connected to these roefs, as well as the waterial of which they
are constructed, influence greatly the liveliness of the roofs. Such gut-
ters are mnstly exposed with secret gutters sometires used to a less
extent in valleys. The mein material entering their construction is either
lead, zinc or felt,

The following kinds of lead are for the special use indicated
against themj; each twype, heing known by the weight of this material in

pounds / sq. ft.

L =5 1b. lead for soakers

5 1b. lead flashing and aprens

6_- 7 1b. lead ridges, hips and small gutters

7 - 8 1b, lead main gutters and lead flat ronfs.

However, the actual pitch employed,gives charscter tn the building;
a.g. a 450 pitch is noncompital and dull; a 50O gives alivlier air to a
roof tiled with ordinary tiles, while certain kinds of tile or slate can
be used satisfactorilly, both aesthebically and practically on pitches
considerably lower than 457, and as a rule for pitches above 45° use tiles
while for lower pitches use slates. lioreover, it is advimable to give the
hips a steeper slope than the general rooff, which will lengthen the ridge
and add to the effect of serenity.

A general injunction be "Let a single building have singleness
of character, seldom use hips and gables on same building; simple and
direct means of roofing are most satisfactory, numerous gables and

tortured shapes may give a restless shape'.



Pitched roofs - to conclude -~ are desirable on both domestic
and industrial buildings with a certain kind of pitch and covering material
sulted for each paeriicular case,

The different types of pitched rnofs and the history of thelr
developient are listed briefly in the followings, which may be bebter read
in conjunction with figure 15, to show the meaning of different expressions

used in pitched roofs such as hips, eaves, ridges, etc..

(A) Lean to Roof:- The simplest and almost the earliest type
of pitched roofs, and is similar to the oldest type of flat roofs but,
with the only difference of having one of the supporting walls higher than
the other thus leaving the roof sloping in one direction,

The space is bridged by rafters spaning in the direction nf the
slope ~ at sultable intervals - on top of which lateral joists are laid
horizontaly from ome rafter to the other or to a wall, On top of thece
smaller joists (purlins) the covering with or without the sheathing is
laid,

The covering meterial and the sheathing could be any of many types
or kinds which will be discussed later, each for a speciasl pitch and use.
The oldest types of rafters were trunks of trees, then good wrought timbe

and in snpe cases 1t is replaced hy steel pipes.

(B) Couple Roof (Fig. 16 b): The preceeding type of roof though
succeeding in solving the proble; of drainage was gnod only for swall spans,

while on wider spans, this type proved to be impractical due to £he following:-
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(1} One side would be ton high

(2) Or ronf would be tor flat

(3) Large ronf drained to one gutter only

(4) Rafters and purlins should increase tremendously In
weight and cross eection, to an uneconomical structure.

So far spans above 8' = 10', a roof was used, having two pitched
roofs meeting at the high side of each, (the ridge), and sloping in
opposite directions towards the eaves where they were fixed, through a
wall tie well embeded at the top of the wall, thus securing the rafters
to the wall and d;;tributing the 1lnad uniformly to the walls, The ridge
mav be supported by an intemmediate wall or the rafters support each

other through a rigid junction.,

(C) Coupte Closed Roofs: The preceding type elso had s
difficulty in spans above 12', namely creating a horizontal push outwerd
on the top of the wall, which may overturn the wall rether than
stabilize it. So, the feet of every fifth or fourth pair of meeting
rafters from the two sloping sides had to be pushed inward by a tie rod,
unless a ceiling had to be fixed ton the botiom of these ties in which
case tie rods were fixed to the feet of each pair of meeting rafters.

This provided space for store and installation of any equivment as well as
gond insulation and aesthetic beauty. This type is good for spans upte
201, but the spans betwen 18 and 20' hed the tie rod supported from

the middle by special vertical king post joining it to the ridge.



(D) Collar R ocofs: (Fig. 16 d): Are applicable to spens
upto 18! and are almost identical with the last type.except that the tie
rod fixed at the middle.or lower third peint of the main refter for the
follovings=

(1) Gain more space for the room, especially when the upper
gpace waé not utilised, and without ralsing the walls

(2) The ridge was kept at a lower height to avoid extra
taxes.

Hovever, this was done on the cost of the sbrength of the tie red.

(E) Mansard Roofs: For wider spans in which the ridge
will come te a very high level, thus inpufring more taxes;an ingenious
modificetion of the last item was used, having the principal rafters
consisting of two slopes with the steeper one being the lower, thus
achleving the .followings

(1) More space in the room with lower walls

(2) The spece above the ties could be utiliéed as a second
storey, with dormer windows fixed at this steep side.

(3) The top flat part of the ronf could be covered with covering
materials suitable for flat roofs such as lead, copver and zinc, giving

better gppearance and insulation.

This type is gond frr domestic dwellings and for spans up to
20! and even may be applied to spsng of 30!, in which case, the tie rod
should be supported to the rafter by meens of verticdd posts and supported

at the walls by brackets.
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(F) Roof Trusses: For spans above 30' and without :
intermediate supports, the previous types were not suitable for the
following reassonss—

(1) Nainrafters had to be very high

(2) Structures became weak

(3) Otherwise members had to be very heavy with more expenmes.

So, & modification of the previously mentioned types was used
and consisted of'

(1) The Principal (Truss) which is the rafters and tie rod
medified for heavy weights by taking advantage of rigidiyy of triangulated
strur;tures. These were spaced at 8 to 16! ¢ to c.

(2) Purlins or horizental members running normel to the
direftion of the slppe. On top of these purlins are fixed the common
rafters parallel to the mein rafters and more closely spaced, to which
the sheathing and the covering were fixed. These common rafters were
snmetimes omitted specially when covering materials could support its
weight in which case wthey were supported directly on the purlins. The
purlins are usually spaced from 4 to 10' ¢ to ¢, the common rafters
from 1% to 241,

(3) The covering which consisted of

(a) Sheathing usually timber boards and batiens,
battens alone or boards alone, and it is fixed between the covering
material and the purlins.

(b) Covering proper which varries depending upon many

factors and which will be discussed latex.,



The nldest types of ronf trusses were mainly of timber, heing
the available material. Then, compnsit trusses of steel for tensicn and
timber for compression were used, and recently, steel trusses or even

other matllic allovs were used.

First: Timber Trusses: They are also of meny typesi-

(1) King Post truss, Fig 17 a, this type is suitéble for
spans upto 30!, and is almost the couple close roof with the middle of
the tie rod supported to the ridge through a vertical post, (King Post),
and two strutts comnecting the middle of the rafter atothe foot of the post
I and to the middle of the tie rod. A purlin is applied to each rafter
at the panel points, i.e. ridge and eawe and above the intersection of the
rafter with the diagonal strutt.

(2) Queen Post Truss: This is suitable for spans upto
45! and is similar to the king post truss except with the king post
replaced by two vertlcal queen posts joining the upper quarter point of
the rafter to two poinbs on the tie rod below them, and two diagonal
strutts joining the feet of these queen posts to the lower third points
of the rafter, and having one purlin mwore at the extra new panel point,
(Fig. 17 b).

For spans above 45! the main tie beem may be supported by more

than two vertical supports called princesses. However, as this struss
hes the middle panel of a rectangular shape, it is a weak structure and

this panel should be reinforced by ene of its diagonals jroined.



(3) Open Timber Roofs - (Fig. 17 c¢): These types of roofs
wvere used in the pedieval ages having their outlines from previous pitched
roofs slightly mndified by having the tie beem suppvorted hy masonry arch
or other internal wa2i. The @ifferent types of these ronfs are many, the
most dfiportant ares

(a) Cellar beam $truss and tie beam mtruss; These have
tiuber vaults instead of masonry veults, the only use of masonry besides
walls was tn support the arches. Such types were used in churches with

steep pitch almost 60°,

(b) Arched Tie team: The stone arches were replaced
here by timber truss in the form of arch acting aéabeams vwhich receive
the covering through lateral swmaller beams.

(¢) Arched Collar Beam Truss: It has a worden rib
in place of the arch inserted in the collar beam truss described in part (a).

(d) Hemmer Beam Truss: Used for spans above 20! in
which a hammer beam projecting from the top of the wall wiere it is also
rigidly fixed to the foot of wain rafter. This beam is also hracketed
to a eorbel projecting from the wall at a distance below the fool of the
principal rafter thus trdédngulating the arch et the end of the beam 5 as
shown in (Fig. 17 ¢). Two differend t?pes of this truss were used:

(1) Arched hamper beam truss

(ii) Bracketted hami.er beam truss.

(e) Curved Rib Truss: In this case the maximus interior

height of buildings has been attafned. This truss (Fig. 17 c) is made in
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two wayss
(1) Built up curved vertical plates
(2) Built up ribs with thin plates bent to the contour of

the curve, the plates heing bonded by the bunlt up method.

(f) Belfast or Bow Strung Truss: ?his cheap truss is used
for temporary or semi-perianent houses with its covering consisting from
timber boards with felt or corrugated iron sheets of circular shape to fit

he contour of the main rafter. These sheets may also be laid on purlins
at 2' to 2'6“ q_to ¢, and the span can go up to 100! with the rise of

the truss between $ to 1/10 of the span.

Second : Steel Trusses

The oldest roof trusses were mostly of timber which was preferred
to steel due to the ease of cutting and manufacturing of timber structures
and the lack of skill needed for steel structures at that timp, e.g. rolling
and manufacturing steel units were diffidcult and special shapes iere rather
impossible to get at that time, due tn lnadequate means.

However, the development in both the ways of extradtion and
menufacturing of steel members,as well as better scientific wethods for
constructions, had led in the recent years to push steel construction
ghead of timber construction, and even supercede it due to the following

reasong:
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one heing the main refter on that side. These tuo t rhdngles are divided
into swaller trddngles the nimber of which veries depending upon the span.
This characteristic makes this truss applicable to any gpan, and are
preferred to other types for the following ressons:-

(a) Presentable, b eing of harmonical division

(b) Could be extended tn any spen upto 150!

(¢} Economical

(d) Could be used for very wide halls in the shape of mmlti-aisle
with intermediate supports between every two trusses applied at every fourth
or fifth or third row of itrusses. The top of these columns ar: conrected
by stiff I beams or shallow trusses running normal 4o the span of the truss
end work as supports for the gutters and for.the covering ot the eaves.

fn I N
Fink ©

russes are generally spaced between 8' to 20' ¢ to ¢, hut
the most practical and economical spacing is 12' to 14! for the following
reasonss
(a) Planks of timber used on scaffolding for erection and fixing
of covering and perlins arz almwost £ - 4.50 m long, i.e. 13 = 151,
(b) With more spacing, heavier perlins are needed which will
ingolve more loss on perlins thah is saved on trusses.
In this locality and in most cases the principal rafters and bot-
tow chords are single or double angles depending upon the span and weigh t
and between 24" x 2" angles - 5" x 3%“.
These trusses are usually covergd with corrugated iron sheets
and ashestos = cewent sheets, and sonetimes to carry épecicl precast con-

crete or gypsum slabs in which case the purlins are of T - section with

the web upward to support the edge of the slab, (Fig 18 b).



In long spans and where heavy loading ém expected the purlins
may consist of shallow trusses noram to and suprorted by the principal
rafters of the main trusses, otherwise, they are of angle irpn spaced at
3" - 6' ¢ to ¢, depending upon the cove ing material, but in genersl the
following number of purlins is used for each spans-

for span of 14% - 251! wuse one purlin per rafter
1 "o 251 o 40! t tun 1 n ]
f f 1" 40! - 60! 1 Three 14 11 )]
The weight of steel used per unit area varies and depends upon

the span, the pitch and the live load, but in general on pitch of 2/5
in this locality it is between 25 kgs/m.s. to 50 kgs/m.s., and the
cost of the complete truss including evervthing except the covering is
LL.1,10 - LL.125 /kg of steel, thus making the cost of square meter of

roof between LL.30.00 & L1..60.00 for the steel only, to which the cost

o+

of the covering and its erection should be added, which ameunts

1-—1
O‘\
)

N
o

o LL
to LL,12.50, which wakes a total of IL,36,50 = LL.72.50 /sq.m. of finiched
rgof area,

(2) Warren Truss: Consisting as in (Fig. 122 of principa

S

top rafter - flat or pitched ~ and a bottom chord, both divided into pagel
péints at suitable intervals, with the pancl points in one chord just
above or belovw the—mit—potri—of the middle point in the panel of the
other chord.

These Pannel points are braeced by diagonals, each panel point
tied tn the end of the opposite panel in the nther chord, thus as in the

fink truss the truss is divided into system of triangles.,
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In heavy losdings these triawgle may be braced by a vertiocal
tie from the vertex to the middle point of its base,

This type is more or leas similar to the fink truss in coat
and the way of fiximg covering materials, ., etec.

Pratt Truss 3 Similer to the Warren and consists of

%op and botsom chords both divided imto panels whioh come exactly on top
of each other, these chords are braced to each other at the pamel poinﬁ
by verticsl members thus diwviding the truss into trapezoids or rectangles,
depending upon whether it is with sloping top member or flat sop member;
these trapezolds or rectangles are further braced by ome of their diagonals
Joining the inner panel point on the bottom chord %o the outer panel point on
the top chord if it is a rectangle or visa versa if it is a trapesoid, thus
the whole truss is divided into triangles, as shown in Fig, 19 b.

(4) Hows Truss (Fig, 19 4) ¢ This is identical with the pratt

truss and differs only in that the diagonals are joined exactly contrary to
tke pratt in both cases,

(5) North % Roof Truss : This type is used widely in
factories and larze bulldings where a lot of lighting and ventilation are
required, In shape it is similar to the fink truss but having one of its
rafters muoh shorter amd steeper than the other, It is more efficiemt when
used on the multi-aisle system in which it is known as SAW TRUSS (Fiz.19 8),
with the steeper side used for fixing windows for roof lighting and ventilation ,
This type is very convehlent in windy places by facing the wind with the gentle

slope thus reduoing the height and correspondingly the wind effeoct.



(6) Other types of roof trusses are occasionaly used
and which are of inferior isportance and ar: almost rere in use, such as
scisors,truss, ..etc..

(7)_Reifforced Concrete Trusses: These are used over

large spans and in ronfs of big public halle, and its use is popular for
the following reasonss-~

(a) It sustains very heavy loading

(b) Gontinuous and monolithic reef over very wide halls could
be echieved cheafly by these $trusses.

(e} . I% is?economical for concrete and steel than any other type
of concrete roofs,

These roofs may be of any of the preceding trusses én-cased in
concrete for fire proofing, or, it may be on the shape of one of these
trusses with the wembers being of reinforced concrete. One of the
advantages of this roof is that it eould be used for supporting orna-
mental ceilings on large halls by use of ties hanging from the panel

pointe of the truss.



ITI - VAULTS

This type of roofing works on the principle of the arch end its
main advantage is thet it can sustsin high lpads and be build of either
gtones or bricks, especially when other meterials of censtruction are not
available, However, its use now is limited to architectural requirements,
It cen be found in any of the following shapess-

(a) Barrel Vault, consisting of a centlnuous maseonry
arch supported by two walls and may be single or double veults inter=
secting ot right angles with their crowns at the same level; both
tyﬁes are still uged in churches., When built of masonry tle stones mey
be either finely dressed in which case the soffit is left with the
masonry exposed, or fairly scuarsd in which case the sof f16 should be
plastered. This type is now obsclete 66r the high cost of the form work
involved in its construction, especially when made of concrete where double
form work is needed,’ which over balances the merrits of the rigidity of
concrete

structures.

(b) Ribked Vaults = Fig. 203 Consist of & series of
mesonry arches of equal spand and rise with their crowms at the seme level,
and are speced at suitable intervals. These arches are used 2s beams vhich
support lateral joists and covering following the shape of a vault, This
type is very common with the arches and the lateral beams consisting of
reinforced concrete members, with the zrches exposed on the top in the
form of ribs and its soffit flush with the soffit of the sleb supperted
by these arches. This arrvengement is dome to speed the job up by spending
less time on the form work as well as money by neerly shifting it from

one place to the nther without dismentling it,



The concrete slab which bridges the spaces between these arches
or rihs may be either solid or of the ribbed construction with the ribs
normal and resting on the main arches., This is good for insulation and
water proofing, but is very uneconomical especially with very steep
sides because the shuttering for each rib and the concrete slab it
supports which is te the width of one row of hollow blocks, should be
assembled separately to allew laying of the next Row of the hollow blocks
whenever double shuttering is needed.

(c) letallc Vaults: These consist of petelic semi-
circular ribs fixed to concrete bases by holding down bolts and spaced
at suitable intervals usually from 6 - 10', These ribs may be of bent
metalic pipes supporting horizontal smaller pipes as perlins or it may
by of speciel T - joists with the wdb upward, fixed in a similar way,
Over these inverted T - joists timber perlins, usually 2" x 4" are fixed
by hook bolts., The covering on these ribs consiszts of two lavers of
corrugsted iron sheetings. The first layer resting with its narrow edges
nn the top of the flanges, i.e. the sheets run parallel to the length of
the vault., The next layer consists of three raws of steel sheets bent
in its direction to suit the curvature of the ribs amd shpported hy nailing
to the timber rafters with the middle raw, which is on the top nf this
vault, overlaping the other twdé raws which are on both sides of the
vault. This two layers system helps a 1léb for a betier insulstion and
water proofing. NMoveover, this type of roof is remarkable &s being cheap,

easy to dismantle and reerect with little transportation broubles.
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IV =  DONES

This type of roofing gets its mame from the Roman wordt
Duomo, and is any roof of ovonidal or hemispherical or conical vault
approaching the true dome in shape.

In its earlier days it was mainly of clay blocks or stones
from which we still find many examples in the ruins of lesopotamian
Valley, which are of high elliptical form having its idea from the
tent.

As the dwellings devisted from the ciruclar shape to the square
this type of rnofing was rather difficult and the problem was solwdd
by building it from herizontel cipuar rings diwinishing in radius
as they go up. The next step was in the Roman Empire by introducing the
clolster vault with oveidal vaults springing from four sides equally. Then
the Pyzantians applied the dome to almost any shape especially in churches
end temples and to domes of 50' diameter supnorted on diagonel arches, whiéh
type is still used in this country for big domestic halls and worship plces.

The French medieval domes were remarkable for their pointed arches
having the curve of the dome and pendentive continunus having a projecting
moulding at the base.

The Rehaisance domes were influenced deeply with the Roman
cloistered veults, with double shells supported and connected by stone
ribs which turned to be a combination of drum and pendentive and of
dorie and lantern. The double shedls were mainly for architectural reasons
and for insulation; the idea bbBhind it is to raise the exterior shape of

the dome without raising the interior umecessarily.



In general, domes could be considered as a shell of uniform
thickness or as an arched rib vault gtiffened with horizontal rings filled
in between with slabs. The covering material on these domes may be brick,
mud phaster om masonry or lead, copper or iron sheetings, etc.. supnorted
by timbe or steel structure. Concrete slabs 3" deep fixed on rebated
concrete ribs 5" deep which are supported to the exterior of the dome
thus leaving a 2" off dead space B6r insuletion, Furthermore, the top of
these slabs may be treated with bitumistic or other water proofing
compounds .,

However, the use of these domes in this country is mostly
restricted o wgrship places and institutional buildings, and are mostly
of stone or concrete with few of clay bricks. Some of the primitive
type may be seen in placed of brick masonry with smell squars rooms
with small dowes in the middle of the ronf.

L modification of this type of roofing, particularly the construction
depending on the action of hbrizontel rings is the primitive conical reofs
of dry masonry used in north Syria, Another example is the conicel roof
consisting of a conical shell with streaight small branches ¢f tlrees
meeting at the top with their bsses equally speced at the circumference
of a cirtle, The crvering material here is the straw and thatch.

Conical steel roofs consisting of 4" thick plates welded to each
other with reinforcing ribs or without these ribs used on spans uptil 20,
for the 72nd: and above 20' for the first. This type of roofing is very

L

heavy and uneconnuical.



CHAPTER IV

ROOFING MATERTAIS

So fer we have heen dealing with roofs as from the structural
point of view negiecting the architectural side which is the true sense
of the roof, namely - pbotection from penetration of wind and rain and
adecuate insulation against heat, cold and rain; and sasund, which de-
pends upon the cover or the roofing material.

Roofing meteriaels can be of many different kindg the use of
any depending upon availability, climate and the slope of the roof, as
well as on the nature of the use of the respective building, e.g.

(a) For domestic buildings : Slates, stone tiles,
stone slebs, clay tiles, concrete tileg, shingles, asphaltic roofs and
felts, straw and thatch,

(b) Por industrial buildings : The roofing way be
either of & flexible material of good quality such es lead, copper and
zine, etc..; or a heavy strong metal such as corrugated or plain steel
and ashestorycement sheets,

However, the relative werit of a certain kind over the nther
depends upon:

(1) Ease of fixing

(é) Damp and heat insuletion

(3) Veather resistance and durability

(4) Length of life

(5) Pire resistance



(6) Aesthetic beauty
(7) Corparative 1light weight

(8) FEconomical in bpth initiasl end maintenance coets

Durability and leather Resistence

These impertant characteristics devend upon the guality of the
material as tos
(1) Vhether of gond resistance to chemicsl and physical
diséntegration, and
(2) 4s in slates, tiles and other manufactured materials,
to be sound althrough the unit, non absorbent, free from cracks or falts
which are thg-results of any iwpurity in the wix. lioreover, some material
will get oxidized when exposed to the atmosphere and will he self probecting
while others such as iron sheetings will deteriorate if not painted or
protected,
However, the way of fixing of the material as to freedom of
expansion, lap, podnting and proper ventillaticn to timber plavsa zood
deal in determing the durebility of the material, especially with good

maintenance,

Aesthetiec Value

This is very impertant especielly in slates and tiles which

could be achieved through harmony or pleasant contast in the colour.



However, trick and tiles in general can produce a pleasant
combination, perticularly as both can be found in a range of verious
colours and textures which both depend upon the degree and pethod of
barning, as wéll as on the constituent end surface finishing
materials. On the other hand, stones, tiles and slabs produce good
combination when used on pitched ronfs over stone walls.

s a general fule: For permanent works the initial cost
should not be the determining factor, but the suitebility from the
joint stand points of efficiency, durability and aesthetic value

and occasionaly, fire resistance.

I - SILATES

This very old type of roofing materials was onee very
popular but it is now giving way to the tile roofing., It is fron
laminated argillaceous, clay or other rocks which split easily along
certdin planes vhich are the result of long exposure to heat and pres-—
sure and $hearing actien, and should not be coincident with the planes
of the original grains, These slates have the adéantages of being non-
absorbant, durable, resisting to atmospheric sgencies, very cheap in ini-
tial const, except for the cost of transport, easy to prepere and fix, and
on top of that, match aesthetically on masonry wallg from the seame or
neighbouring quarries, and could be used on roofs of relatively flat pitch.
Gnod slates should be herd, tough and of a fine and easily dis-
tinguished planes, free from dark veins, with Ieast lines of cleavage to

avoid erumbling by force action, and should be tested ®efore use for the

following
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(2) Should not when soaked for 12 hours in water absorb
more than .005 of its weight, nor the water should raise more than 4 of
an inch.

(b) Should be tough ennugh to ring when struck by the
knuckles] and to be neither ton soft so as to get loose around nail
holes, nor to be too hard to splinter while trimming.

(¢) Should be of a plessant ctlour in harmony with the
under masonry, free from patches or iron pyrites which decompose easily.

(d) The texture should be of fine and fegular grain,

end in the direction of its length.

Characteristic

Thinner slates are better, neater and lighter, hut leas durebie
and weaker, Slates are differentiated by colour and weather action which
are related to each other, =.g. the Welsh slates are grey, grey green or
rustic red, while the hard durable Barlington slates are blue grey and
resist acid fumes and fire; on the other hand, Scotéh reddish slates are
coarger and thicker often containing iron pvrites. The slates are of
various sizes from the Randoms, larger size slates, to the Peggies, and
mey be either of one size on the roof or bdth used on the same voof with
the Rendoms at the eaves, diminishing towerds the ridrses whers the Peggies
are laid, However, the slates are usually between 36 x 24" & 10 x 5",
with the smeller size used on steep pltches, Slestes are of three mailn
categories:

(a) Firsts or Bests, straight, thin and reguler thikkness
(b) Seconds, less uniform, thicker and heavier

(¢) Thirds, still less uniform.



Method of Fixing

In general slates suilt pitched ronfs and are fixed to the steep
main rafters by either of the followings:
(a) Battens parallel to the eaves which gives least
insulatinn
(b) Timbered boarding covered with felt
(¢) Timber boarding covered with felt with battins on
top of them laid parallel to the eaves. This gives better insulatien.
(d) As (c) with another laver of battins normel to
the first layer between it and the boards, This gives best insulation
and provédes adequete ventillation for timber against rot,zas well as
drains quickly any water that pas-es through defficiency in the slates.
In any of these methods the slates are fixed tn the sheathing
by nails in two ways:
f1) Head nailing - (Fig 22 e). This is economicel as
it leeves little margin and it is more water proof as two layers of slate

cover the same nail hole. The battens are lajd at the gauge of (3length

% lap - "), and the lap is hetween 2% %0/4", the 4" being on the exposed
surface., The nails holes are at abrut 13 to 3" from the head.
(2) Center nailing - (Fig 22 f)., This is stronger

in resisting the wind levering action. The battens are at the gauge of
(3 length ~ % lap) and the nails at the middle of the length of the slate
at about 1% to 3" from each side.

However, another methed, but rarely used due to the bhad water-
proofing and insulation except over sheds and temperary buildings, is the
open slating method, (Fig 22 g), in which the slates are still nailed by

two nails, but not edge to edge and with open space between them for economy |,
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The battens are usually 3/4 to 1" thick x 1% to 3" wide. The
nails should be of gpecial kind such as a coppositien of iron, coprer,
zine, with lead of tin; sinc nails ere no good and cast nails ere brittle,
iron nails are malleable, and lead nails used for repeir works.

Slate are laid In lorizontal courses starting from the eaves
with double eourse there, the first one tilted by means of a spfocket
or a facia tnard and is laid up-side-down so as top deviate water to the
gutters and block air and wind. At the ridge double course is also used
with the first course bedded with cement water and the second course tourched.
For draingage at the intersection of twn planes at the hips an® the ridges,
a row of special tiles is used, of a speclial shape, such as half round or
bonnete, (Fig. 22 h), or the hip and the ridse may be covered with a
timber roll and lead flushing. Similarly the walley is done by specizl
tiles or by boarding with lead or felt covering.

To make the slate=roofs water proof a good standrad of work should
ke achieved besldes the following:

(1} vVertical joints should be in the middle of the slates
directly above and below it., This means thet every other raw a special
slate of 1% or & the length of normal slates should ' used at the end.

(2) Valleys are forwed by fixing timber boarding covered
with lead,nas flushing, or felt lining.

(3) &Sletes should be tourched, i.e. the internal jointk:
printed with hair mortar.

(4) Slates are sometimes rendered, i.e. imbeded in hair
mortar; shouldering is sometimes used l.e. forming a 2" seal of morter above

the joints,
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However, mortar should not be used if timber is nnt seasened or
gets destroyed by the morbér, or if they block the ventilletion for the
roof timber.
And as a final word, slates may give good architectural appearance
by alternating purple and green slates and these roofs will match more

with masonry rather than hrick walls,

I - QSTONE SLATES

These are nnt slates in the full meaning but thin slabs of lime
stone that could split., Its use is mostly for architectural requirements
especially when covered with poss ani finished with half round red eridge
or hip tiles.

They are fairly non absorbant used on steep pitch., Thev are
heavy, especially after the rain and thev sre rather thick, and of good
insuletion. Lipmited in use due to its weight and the heavy supports it
needs, but in places where it is found plenty these states are used
and supported on a series of arhes with larger ones at the eaves and
diminishing in size towards smaller ones &t the ridges.

Fixing is almost similar tn ordinary slates, or when better
insulation is needed, battens are fixed on the rafters and lath in hetween
the two covered with ldfielwatiér to be flush with the hattens over which
the slates are fixed by galvaniged iron or nak nails with mortar pointing.

The hips, ridges, vallevs and eaves are treated in a similar way
to the ordinery slates. The preparation 8f these slates is by stacking the
stones with their beds vertical and leaving them through the winter to be

split by frost action. However, they are nnt used here due to unavailability

and high cost of imported enes.



IIT - CLAY TILES

These and the slates sharel most of old poofs each in the locality
where it is avdilable., ‘e have gond examples of eld rnofs with clay tiles
still existing in the ruins of Pompei with special shapes of clay tile
with special names such as Tmprex and Tegula,

These tiles are used in clay regions and areﬁmanufactured from a
special tenstious and well preparzd mix %hich is burnt carefiully in a
special kikn, and then tempered, cured and dried carefully to get ¢ non-
absorb8nt tile which wil stand weather actien,

These tiles are manufactured in two ways:

(a) Hand made (01d Prncess) which gives tiles that
are coarser, harder, more absorbtive, but less laible to lamination thah
the other type, and they weather to colour of red and brown which mav spoil
the roof whenever tiles from the two kinds are used on the ssme roof,
(b) Machine made and artificially dried tiles which apr=
netter if properly prepared and deo not weather in colour.

However, the nature of the clay (as vhether it contains iven oxide
and to vhat percentage), the method of burning, the speéisl surface treat-
ment, as well as the method of manufacturing all effect the weather properties,
texture and the colour of the tile, e.g. over=burnt tiles are strong but
warped, while under-burnt are weak, porous and nondurable.

As to the shape and size, these tiles ar: of three main typess:

(2) Flct Plena tiles
(b) Pan tiles (Single lap)

(¢} Various single lap tiles of special patterns.
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Plepa Tiles
These are flst tiles mestly 104 x 6% x 2 with two holes for nailing
to the battens in each tile; and similer to slates they are laid with
double overlap and beeak joint sidewise. Some tiles have also tun
projecting nibs at the top by which they are hung to the battenm and so
they are nailed only every fourth or fifth coumse. These tiles are
cambered in their length and are laid convex upoward to ensure tighteness
at the tail and to reduce the effect of wind 1lifting and blocks the way
of the rain and wind inside the roof, As these tiles abe more abhsorbtive
then slates, they are never laid on pitches flater than 45° while slates
are laid on pitches of 25° to 300,
The fixing of the-e tiles is similar to the slates #nd in the
sape order as to double coumses at the eaves and ridses, special head tiles
it having the first course at the ridge and the eave of flat tiles with
no nibs and the tiles embedded with mortar and tourched.
Valleys also are si;ilar to the slates and they mev be alsn secret
or open with the following special units:
(1) Special angular tile which bondw th the tiles
(2} Flat curved tiles convex downward and laid similar to
the anguler tiles
(3) By special V shape or trapezoidal hoarding nailed

to the valley rafter and lined with felt or zinc.



Pen Tiles (Single Lap)

They ere of traditional shape of red, grev or buff colour, plesing
in line and amearance as it gives bold texture, hut are not suiteble for
small places or placed where they have to be cut and trimmed such as
around chimmey of dormer windows, or with a lot of valleys and hibs.

Ls their name indicates, they are laid with one lap only, i.e.
with double covering than tripole as in the case with slates and plane
tiles. This leads to economy in tiles as well as timber, framewnrk
(due to longer gauge and to lighter weight), so it consumes 4 as much
of tlmber battens and 4 less of tiles, combined ith easier fixing and
could be fixed even to the flat part of the mansard roof as well as on
pitches as flat as 35° if they are without interlncking, and on flat roofs
almost completely, if }add dnterlocking.

They have the diadvantage of inferior insulation and water proofing,
so they should not be used on exposed cases except with felt and double
layers of battens on top of the felt for hetter insulation and draingzage.
Moreover, it 1s difficult to renlace the broken tiles and as it is almost
obsolete kind, a good lot of spare tiles should be kept extra for repair
works which neans a lot of initial cost extra.

These types are of fantastic design especially when glazed, in
wihich case they match wonderfully on white masenry. As they are of
Ogee section they permkt a side lap which if properly té%ched provices
gond water proofing., They are usually 935" x 133" and weighin g 5 1lbs/tile
with or without nibs and overkaping 1& to 3" on the edges anc 13" nn the

side, thus leaving a clear area.per tile of 8" x 10"- 12u,
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The fixing of these tiles is similar to the plahé tiles
especially at the ridges and the eaves and the hips, but the firsk
course at the eaves and the ridges should be of viidne tiles and having
the gebs in the edges of the second pan tile course hlocked with cement
mortar and tile chipnings or else this second row should he of special
design with blocked in - (Fig 23 a). Hips else should be used in the
seme vey, i.e. the gaps filled with moréer and pdate chipping or else
specigl tiles with block sides tp be used,

The covering over the double courses at the hips or the ridges
ds similar to plai@ tiles and slates,

Special type of thece tiles having the section of almost a
channel is laild on ridge and vellev system (Fig 23 BG, with conurses
laid vertically instead of horizeontally alterneting betveen ridge and val-
ley chape starting with one course from rid e to eave as channels and
the two rows on either side laid inverted in the shape of ridges, thus

having quick and efficient draingge towards the gutters.

QOther types

These are similar to the pan tiles in principle but specisl
pattern; the most important are:-
(1) Corrugated tiles of ordinary shape and angular flutes
(2) Itealian shape with double roll
(3) Fosters
(4} Poolés bonding roll tile,
Clay tiles are widely used here, especielly in mountains and of
the Lmrselleé patent costing 38 LP per tile, 13 of vhich meke 1 sq., m. and

the cost if 11.30.00 to LL.40.00 per square meter of flaor area.



IV - Concrete Nonfing Tiles

Cocnrete tiles, similar in shape to ordinary plane tiles may
also be obtained by mixing sand and rapid hardening cement with some
eolouring pigment, thus matching plane tiles in form and eelour, with
red enlours inferior to grey and buff and brown ones. These tiles
should be left to cure after casting before beipng used.

They are heavy, easier to prepere than clav tiles, cheaper
but are difficult to cut and liahble to breakage in transvort, and need
heavier support. They are similar to clay tiles in texture, thickness
end camber requirements, and are laid in almost the same way. They are
of various patterns, the most of importance are:-

(1) Brosely tiles, 103" x 6%" almost identical with
plang tiles

(2) Interlncking tiles, 15" x 9B x &%, with tun
nibs and twn nail holes.

(3) Corrugated tiles 16" x 7" with tuo corrugatiens,

(4} Other types of flst tiles of gypsum or concrete or
other combinations which have been discuseed under flat and pitched roofs,
ard are to be trcated with mastic along the joints and sone bitumistic or
other insulating and water pronfing layers, by the use of which gond end
cheap roofs will be achieved, but with less aesthetic beauty than other

special enncrete tiles.



V -~ LIETALLIC COVE ‘ING

This type of roofing is almost restricted in use due to the
unavailability of these metals and to the substitution of the reinforced
concrete for them. However, a brief word will be given about every
kind tha t could be used on roof:

(A Lead

It is used mainly on flat roofs as a covering material end almost
in every type of roofs for fleshings and lining of gutter, rolls, etc..
due to its IReéxibility and easy workmenship. It is used in the form of
shects of different thicknesses for different usages, as has been alreadv
explained.

It is very ductile and malleable and so it cen not be used alone
over large spans except with sheathing such as timber boardings, bul not
oak as this contains an acid which will attack the lead, 4s it is seft,
plastic and wmalleakle, it will crovl under its nwn weight if uszed on steep
ronfs,

It is found in two kinds: Cast and milled, both being dureble
and subject to expansion to a good extent, and so should be Ilaid free to
expand end centract by means of rolls and drips, (Fig. Sa & 8¢} with no
nailing or soldering at ell.

Hovever, cast lead is thicker, heavier, leas uniform, more durable
and less liable to crack under the heat of the sun than the milled leed,
Its advankage is that it is flexible, durable, adaptable te be moulded in

any shape particularly ornamental places, corners and gut ers.



Lead when fixed is starte’ with at the cessponls then in hori-
znontal rows st rting from the eaves towards the ridge. When the ronf
intercepts a vertical wall, the sheets are tirned against the wall over
a triangular fillet at the corner and then the edge of the sheet is
turned and built in the wall with a piece of flashing over it. Gutters
lined with lead should be with & base of narr~w strips of timwber boards

to minimize the effect of warping of the timber board s by moisture,

(B)_Copper

It is a well tried material which has been used for centuries
on flat oitched and even on domed roofs., Its advengages which nade its
nge popular speceilly in the recent wears ares

(1) It is stronger than lead and does not creen under
its own weight if used over pitched roofs.

() Weight te weight, covper is stronger than lead, and
most of the nther materials, and for the same roof we need from coprer &
in weight as we need from lead, 100 sq.ft. of roof needs 1.2 CVUT from
copper, 8.5 CUWT from 6 1b lead, 13,2 CUT from tiles, 6 - 12 CUT from slates
end 3% CUT from zine., It is durable and stand more traffic than lead,

It is less attfecked by heat than lead
(3) It is more durable than steel but weeker.
lMoreover, it is ductile, workahle and when expnsed te the atmos-
phere it gets conated with a green crat of oxide which will protect it from
further deterioration, add do its beauty, and save the xpense of its
painting.

On the nther hand it is bad insulater and it deteriorates in heat



unless protected with felt covering; it is very expensive in initiél cost
inspite of its long life and the saving on the frame work, and though it
could be strong enough whén very thin, the saving in the material will be
overweighed by the extra cost of menufacturing in this thin shape, It
is formed in sheets 4! to 513" long and 2' to 316" wide and veighing 16 to
19 oz. per sq. ft., with thickness of D.622%to 0.024", It also may he
found in the form of corrugated sheets which are almpst nbsnlete now. Its
way of fixing is similar to thst of lead. Steel nails should not be used
but rather copper nails,and in first class jobs even these nails should
be covered by a layer of felt or cork applied to the top of the hoard
sheeting. Copper should not be hamrered otherwise it will hsrthen.

When used on pitched more then 1/8 the drivs over the horizental

Joints mav be replaced by welted joints.,

(c) Z INC

Extracted from the sulphide, oxide or carbonate. If properly
treated, it is cheaper, lighter than lead and will stand corrosion tn a
gond extent, provided that it is not contacked withk other material te
avold the risk of electrolyssis effect and thet it is not used on nak
shquﬁngs. Furthermore, it should not be used in atmpsphere with a
lot of acid in it such as industrial cities.

It is stronger weight to weight hut less durable than meost of

th

@

materials except iron, coprer & steel, as well as it is less liable
to breakm than slates, bricks and glass, and can be used on steep ronfls
as will creep under its own weight. Similar to coprer it gets oxidized

with a protective layer.



On the other hand, similer to copper, it is ted insuleator,
needing some insulating material snd it is not suitable for industrial
places or sea shoee cities, unless hesvily galvanised or painted to
vrotect it from corresion. Its fire resistence is verv poor, and
when heated ik gives inflamable vapour.

It is used in the form of flat sheets, 7'8" long, 2! 8t ~ 380"
vide, and weighs 11% to 25 oz. pe r square foot with a thickness of
19 to 25 S.H.G. or corrugated sheets with the corrugations at 15" ¢ toc,
supported on eonnon rafters at the same spacing with their top eerners
rounded tn fit inside the corrogations.

The preparatinn of roofs to recétve zinc sheets is similar to
lead, with the rnll differing in deteils, (Fig #& b), i.e, the sheets
are bent =t the two sides against the verticel faces of the rells which
are negr the sheet, end fixed tn the rnll by clips with inveited
U shaped caps enclonsing hoth and nailed at the too tn the roll, by special

zine nalls, Again soldering should be prevented here,

(D) _ Tin Sheets
i |"Q“‘-d g i . !

These are actually wezstte iron sheets 14" x 20" or double this
size quated with tin or zinec.

When fixing these sheets or tiles, thev should be used in conjunctinn
with some insulating wmateridl such as felt or cork which should be laid
below the metal and tn he thoroughly dry when the metal is laid. In
first class jobs the seams may be soldered, each sheet being fixed in the

roof by tww or three tin cleats and its life may he doubled by painging

which in turn adds to the cnst a lot.



() Corrugated Irnn Sheets

Aesthetically it is difficult te see that this meterial can
be used for other than temporary or sem-temporary buildings. It has
a comparatively short life which could be lengthened bnd rather should
be, by painting or other protective cover such as galvanizing, ashesto§,
tar or asphalt. However, painting is generally preferred to galvanizing
as any scratch in the gelvanizing will he a weak point from where
corrosion will attach the sheet.

These sheets are of gnod quality iron with corrugations
peral el to the length of the sheet at 3%, 4" or 5" ¢ to ¢. These
enrrugations serve as gutters for draining water besides strengthening
the sheet to be ahle to support itself, and they are supported by
purlins normal to the direction of the corrugations spac=d at 58to 10!
centers depending upnn live weight, pitch and the strength and stiffness
of the purlin. These sheets are remarkable for being able to be used in
large sheets which means less joihts and less risk of water penetration,
They are of verdable thickness from X8 to 24 5.7.G. end varialle size also
2t 31 tp 21 6" in width, and 5! to 10' in length., The most practically
used here are 5 mm thick for domestic buildings, and 10 mm thick for
limited use.

Special Italian Petent with eigant appearance has simildr zinc
sheets corrugations at 15" ¢ to c¢. The disadvantages of this type of roofing
material ares

(1) Short life
(2) Troublesoue nnise of rain and heil felling on these ronfs.
(3) " Difficult to be water tight

2 L))

(4) Bad insulatinn power unless with other insulators.



FIXTNG

is has been stated this type of roofing materila is self supporting
and so it can be supnorted by widely spaced purlins which may be either
of's

(1) ©Steel angles, channels, er small joists to which
the shects are fixed by the use of hook belts hecking the purlin and
passing through the layer of twn sheets at the ridge of the corrugations
with lead and steel round and bevelled washers,

() Timber purlins usually 2" x A" at 4' ¢ to c, fixed
also with book bolts or hy nailing the sheet to the purlin by nails applied
av the ridges with flat top snd the same washers,

In bhth cases the sheets are laid in horizontal rows with
corrugatinns parallel to the direction of slope and are laid starting from
the eave end which is nearer to the prev&iling wind towards the other end
of the eave with side lap of 1# corrugation at least. Then the other layer
overlapning this layer is fixed in the seme way with an overlap of 6",
IAfter compléting the whole roa@lxﬁh.horizontal and verlical laps ane sewed
tegether by seam llts with washers and spaced at 9" ¢ o c.

In goond jobs the sheets should be laid on top of tar which is
fixed tn a sheating of timber boarding between the purlin and the steel
sheets for insulation purposes. This type is widely used in this part of
the wolt, especially of the 5 mm thickness in which case the meter square
of this metcl will cost LL.7 apnroximately including cnst of material and

erection and painting.



VI - ASHSTOS - CEIENT ROCFING

This type of ronfing is known here under the naue nf eternite
and is fabricated from ashestos fibre and portdand cement., It generally
suffers from the aesthetic disadvantage of smnothness and thinness, but
efforts are heing made to overcome these defects and produee something
more satisfying to the trained eye. This is important as the materials
has meny possibilities,

This material im general is non-permiable, strong, fire
resisting, durable, and will stand the atmosphere with its scids be-
sides being a znod insulator, It could be mwoulded in many shapes ffom
slate to tiles, and from plane she-ts and corrugeted sheets to the
thin diamond size type which is rather ohjectionable to the eve. The cor-
rugated sheets are light in weight with also light freamework to supnort
them, so they have a good field of application in big buildings like,
sheds, harns and facteries.

lMoreover, this material could be of various colours depending
on the pigment thet is added to hhe mix. In general, the happy happy
grey sheets end the white aspestos which counteracts the drab tone of
vortdand cement are preferred to the harsh red clay tile.

The disadventarces of this material are:

(1) 71t is verv difficult te cut

() Should be handled very carefully tn avoid breakage
wnich connot be rapaired contrapy tn the iron sheets which cnuld be welded
nr adiusted if bent.

(3) Can not sustain heavy traffic and being britile will



break easily under live leeds which makes it den-erous to walk on while
erecting.

(4) Contrapy to the iron sheets it is difficult to dismentle
and reuse again,

The various forms of this meterisl ere:

(a) Astestos cement slates, rectangular in shave and
of size 24 x 12" +to 20 x 10" of changing colour from green to greeen brown
to brown and blue. Being very light they save a lot of timber,

Slates may be laid on boarding of on batten supnorted on rafters
at 2! 6" ¢ to ¢, with 4" nverlap, and with a vertical batten fixed to the
rafter, and supnorting a ceiling at the bottom for hetter insilation an
water proofing, The slates are fixed by center nail with a disc rivet

between each pair of slates against wind action, (Fig.25), end usuelly

having three courses at the eaves. The same treatments as for ordinary
slates will be used here for ridge, hips, eaves and valleys.

(b) Pantiles of twn sizes 153 x 13+ " and 153" x 9 7/16",
used on pitches of 40 © hen without boarding and en 30° pitch when
supported by boarding., It las special stop end pan tiles for eaves, special
twin pan tiles for hips, double rolled tiles, strips of ashestos cement
covered with expanded metsl as an undercoarse on which the tilesz are
edded at the verges, and special hip end ridge round tiles lined with-
concrate for a better key.

In general these are chesp but not of a meutifu’ ecoifor.

(c}

Asbestos ceuent corrugated s eets s Theze are
tough and durahle in any climate, £2d are 413"x 3! to 10! long with

Changéng colour. bt has specizl closed end sheets for eaves and ridges.



As to the methnd of fixing, it is similar to corrugated iron
sheetings already explained, (Fig 26). This type of corrugated sheets
is finding now great popularitv in use over the C.G.I. sheets due tn its
cheapness end lightness in weight. The sheet of this type 6! x 24! costs
LL.7,07 et the average of LL.4.00 per sq. meter to which the cost of
erection of LL.150 /sq. m. should be added making a total of average

LL.6.00 to LL,6,50 per meter mquare of complete roof.

VII - ASPHALT ROCFS

This includes all bituminous materials or compounds whether
the natural rock, the bitumen, the artificial asphalts and even the
tar, ¢nd in general to all mastic aspnelts which conzist of minepal
particles Bound with and asphaltic cement;

(1) Natumel rock (Lime Stone) consisting of 8 to 20%
bitumen which is ground mixed with grit and bitumen and reduced to
mastic,

(2) Bitumen vhich is the real asphalt

(3) Artifieial asphalts which are mixturss of some of
the following materials: lime, pitch, saw dust, ground iron slag, ceal,
tar pitch, chalk and sand.

The mastics are of three grades:-

(1) Fine

(2) Fine gritted which is mainly used on roofs

(3) Course gritted used on roads



However, the introduction of asphalt mixes and mompounds in roof
construction was for water Proofing and insulating purpesed, althnugh now
grod asphalt layers on some concrete or metal lath suprorted by goists
hes proved to be practical, The use of these asphalts, also facilitated
the easy use of flat rrofs by reducing the number of joihts and having
a continuous surface st the top 6F the ronf especizlly when applied
to the concrete roof slab, hesides bteing applied to the timber
and other ronfing materials with an umllercrat of felt with slate and tiled
ronfs,

In general the advantages of asphalt roofing lie in the fact that

it is sanitary, demp resisting, non absorbant and easily applied.

Sefore this covering material can be applied tn ronfs, all
other operatinons or constructional work should he completed with nothing
left to be done later, with the foundation surface ready to receive the
asphalting material. On flat roofs the foundations should be made to a
glppe of 1 in 80, although sepme claim thet it could be macde flat as
presence of some water on top of the roof is gonnd for protecting roof from

2.

heau of the sun. In cese of concrete ronfs the fall is given by special
screed applied t~» the top of the slab.

‘hen some thermal insulating material is to he sued with the
asphalt such as cork the screedings necessarv tn give thefall can ve
placed either directly over the coneret, or the nther roofing foundations;

or the screedings are alternatively superimposed over a water proof paper

oY the insulating medium.
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However, a modern alternative is te employ nne of the light
inorgenic screeds as the insulating mediwm over which the asphalt is

laid,

Since asphalt is plastic material, it has disadvantage of ‘teing
viscous especially in hot climates which mekes it run under sun heat. The
remedy of this to a small extent may be mixing with the asphalt some
filler such as sand or stone dust which will make it move enlid. However,
this is not ennugh and svecial keys should be formed in the foundsetinn sur—
face which will meke asphalt stick to this surphace, especially on sloping
surfaces. Those keys differ with different types of the surfaces, and

on a steep ronf a specisl lath should be provided.

DUNDERLAYS

there the foundation is liable to movement, true vibration, thermal
movepent or other csuse, direct contact with the asphalt should be prevented
by an intermedient insulating member which will otwgate such movemeht from
being transmitted to the asphalt, and will also prevent vapours of the
molsture on the foundation from spoiling the asphalt. Sucl mewbranes are used ong
cork or other insulating material, concrete with shellow steel, pernous
concrete foundatinns. In the absence of such underlay which shpuld

e kept clecn and dry, enough care should be baken %o be sure that the

foundation surface is theorwvughly clean dna dry.



APPLICATTION O ASPHALT

1- On horizontal roofs in twn layers of 3/8 to 3" each to a totel
of 3/L" aver age and 1" where heavy traffic is expected.
2- On vertical sections such as skirtings in two coats tn a total
thickness nrt leas thah 4%
In first cless jobs, the tendency is to use these coats with
QP
an yndercoat whsh felt cemented to each other by & coat of bitupastic
paint, (Fig. 27) shows the application of asphalt on ronfs .
Asphalted roofs are mainly for thermal insulatinn for twn regsons:

(1) T~ avnid partial movement of roof under heat of sun

(2) To vrotect inside of ronf from loss of heat or
too much h:ating.

The methods generally used are:

(1) The use of special material such as felt, cork, etc..
vhnse efficiency depends nn perceniage »f dead space in it.

(2) By use of speciel tile to be cewmented to the top of
the ro-f by a coat of algasnl and the rebated joints at the edges of the
tiles filled with Igasol westic, (Fig 28), at the rate of LL.100to 137sq.m.

(3) By use of reflecting metel or painted surface with

some reflecting paint.
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ROOFING FELT

This type was once considered as temporary cover or as an
auxiliary to the asphalt roofing on top of other foundations,especial-
ly in water proofing. But with proper maintenance and good wepkman-
ship it may produce a goof roof esp-cially if laid on a lath.

It is a fabric of animal or vegitable fiber treated with
bituminous preperation to make it capable of resisting the weather,
especially when treated with a compound of tar and slaked lime, well
bolled and ;pﬁlied hot; on tp of which sand is applied as a sealing.

It is founéﬂihe market in three kinds:

(1) Bitumen felt consisting of a fibrous base
impregnated with asphaltic bitumen,

(2) Hair Pelt of cow hair and flux, or jute impre-
gnated with tar or pitech.

(3) Tar felts of varicus fibers and coal tar pitch.

In general, the life of felt roofs depends upon the surfacing
layer such as sand, mica or granules of minerals which are cemented to
the felt by hot bituminour solution.

The advantages of this roofing material are:-

(1) Very light needing very light framework
(2) Very water proof but needs good ventilation, especial-
ly when laid on timber roofs, which should have the joints of butt
and not tounged system.
The felt comes in rolls 30" wide x 25"-30 yards long, which

should be unfolddd and cut to the required size, and kept flat for a
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térbain time before use in order to take its final shape, and the
method of its application varies with foundation material:-

(A) Timber:

The bomdding should be firm unsagging, and the felt ap-
plied in rows overlapping by 3" = 4" and starting from eave to eave
or from eave to ridge, but not from eave to the opposite eave over the
ridge. The felt bhould be applied in two layers the first im nailed
to the bearding and the other bgg;;gé at the underlap. This upper
layer is cemented to the lower and to the underlap by mastic solution
with few nails - of flat heads - along the laps. These nails, as
well as all the joints along theledges, should be sealed with magtic
compounds. The gutters always should be overlapped with 1" which should
be bent downward, nailed and sealed.

(B) Concrete:

The surface of the concrete should be thoroughly cleaned
and painted with bitumastic 80/100 solution, then the first layer is
applied while paint is still hot, then bhe second coat of paint is
applied to cement the second coat of felt to the first layer; then the
second layer of felt is sealed along the joints by bitumen. The average
cost of this is LL.3.25 to 3.75 per M.S.

In a better job the top of the second layer is coated with
bitumen to which while hot a layer of sand or gravel is applied. In
this case, the average cost is LL.40O - 4.50 / M.S.

A still beter way is to coat the roof with two coats of 80/&00
bitumen then a coat of idealite over it a coat of 20/30 bitumen over

it a layer of lLatqia asphalt then the sealing co:t of bitumen and sand.

This operation costs from LL.5.80 - 6.50 /M.S.
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In all kinds of roofs, box and tappered gutters may be
lined with felts using traiangulated fillets at the cormers to avoid
sharp corners. The operation onvolves nailing the first layer,
then cementing the second layer to the first by bitumastic solution,

nailing it and sealing the joints and the najls.

SHINGLES :
It is becomg rather popular, due to its durability, beauty
and architectural charm, especially in a country background:-
These are sihilar to slates in appearance and are thin slabs
of timber of durable kinds, the most important are:-

(1) oOak slabs longitudinally splitted, and are of com-
mon size 12"xh", with two holes for nailing ti®e the shezthing with oak
nails or by copper nails. They are suitable for high church spikes
and summer houses, and have good qualities as they weather to a very
beautiful grey colour which is restfull. Moreover, they are unobstruc-
tive in rural surroundings.

(2) Canadian Wester Cedar, which is cheaper and more
durabde than oak, as it has weather resisting, provides a bone dug roof,
is not resisting, laps so closely as to resist the strongest gales,
and of a long life, and high insulating power. On top of that, it does
not need any preservative treatment. A major advantage of these Fihes
over tiles is that when laid at 5" exposure they will weight 1/10 as

that of clay tiles, thus economising in timber.
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The usual size is 16" long and 3n_1h" wide and 2/5% thick
and tapering in théir length to ensure close fit at the tail.

(3) Red Wood & Whnite Pine: These are less durable and
have to be coated with creosate.

In general these roofs are very much liked for their cheap-
ness and light weight and good insulating power, as well as ease of
fixing. The only major disadvantage is their fire risk which is no
more so serious if shingles are treated with special wompounds .

These tiles should be éaid on a slope at Jeat of 30% in
which case the exposure is Sl“; for lefist &lopes down to 27° the
exposure should be 3 3/L".

These tiles are laid on the sheathing by two nails of oak
or galvanized nails accorind%to thg following specifications: -
(a) The shingles should lap 13" to avoid having
continuous vertical seam in two adjacent courses.
(b) Shingles should have a gap of 1/8" - 3" to allow
for swelling in winter.
(¢) Form a double cousse at eaves as With ordinary tiles.
(d) As with slates and clay tiles, there should be special
tiles for hips, valleys, ridges, etc.., lapping eath other L* wide.
The shea%&ng is either:-
(1) 1" x 2" battema at 5" ¢ to ¢, or
(2) On felt and boaring. This type is leas durable but

more windproof and of better insplation.



Thateh
This ancient and beautiful roof covering was once in com-
mon use, and is to a certain exten still in use in rural districts.
Its regival in the recent days has produced some goode examples
especially when properly combined with architectural constructions.
Amorg the many advantages of thatch arej-
(1) It insulates the building against heat, cold & noise.
(2) It can frequently be procured locally and cheaply
(3) It is practically and comparatively cheap
(L) It saves timber and other materials
(5) Being unbreakable, it is good for sports pavilion.
(6) From an aesthetic point of view, its colour tones
with its setting and it needs simplicity of treatment; it excercisee
a definite influence on design.
(7) Does not need gutters and down pipes, but the
paving around walls should be slpped.
On the other hand its disadvanbages are:-~
(1) Fire risk which is peduced by treating it with
special compounds
(2) Should not be placed under trees or group of
telegraph wires to avoid its penetration by continuous deops of water.
(3) Not fit for plans with many valleys
(4) Birds are tempted to build their nests in the roof

*as well as houses of rats or other insects.
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(5) Not sultable ‘or slopes less than 45°.
(6) Short life
(7) Weak against storms
(8) Needs a lot of maintenance.
There are two kinds of thatchs
(A) Water grown reads
(B) Wheat straw - for farm buildings and small
cottages or unimportant places.

In both cases, the reeds are cut at the end of winter,

Thatch is usually laid on 14" x 1" batteng, which are fixed
on rafters at 2' O" ¢ to ¢, and are laid starting from eaves to ridge,
the bundles are sewn together and to the battens by &arred twins or
hazel rods. The thickness varies from 12" - 16".

Thatch in the form of 2" thich flat bundles or rather boards
are used inco&ination with flat concrete roofs as internal lining, fastened
to the concrete by hook bolts which are imbedded in the concrete. This

gives a very good insulation and architectural effect.

Canvas Roofs

The use of treated canvas is advisable ti ensure against kildew
and damage from oil in paints, canvas to be nailed with 3/L" copper
tacks laid in heavy bed of white lead, then painted 2 coats of lead
and oil, and repainted every two or three years.
It éemes in widths of 30" & 36", and could be fixed either
over concrete slabs by special wooden sleepers laid while pouring to nail

the canvas to it, or over boarding which is fixed over trusses or pitched

roofs.
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GLASS ROOFING:

In large glassed roofs the bars are usually of steel rolled
to special sections, so as to carry the condensation water. The
steel bars and caps that fix the glass in position are mainly of
steel which may be shaathed with lead, and with special arrangement
to prevent the glass from cracking, although timber bars are used
sometimes., However, the following are some of the most important
patents:-

(1) Sheathed steel bars
(2) Special bars not requiring sheathing
(3) Special glazing bars supported on steel or timber

(L) Steel grooved bars.

Glass & Concrete Roofs:s

The large roofs ppanning open Spaces often required in modern
bulldings, the wide continuous canopies to stores, theatres and railway
stations have lead to the construction of domed and flat rocofs constructed
o/ concrete and glass in some respects similar to pavements lights.
Well-known examples of this type of roofing are Lenscrete, Glasscrete,
Novalug and Crete-o-lux. This type of flat glazed roof is suitable
for use over the lower floors of buildings with large open light areas
above., Curved and domical soffits allow very effective internmal archi-
tectural treatment, and the light received being top or zentth ligﬂ;
thw whole enclosed area is w11 lighted. This form of construction may
be used on top of lantern lights in ordinary flats instead of slopes

glazed with the roof light bars referred to previously. These flat
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tops have a wide mar gin all round formed in ferrmconcrete with weathered
tops, rounded edge and drip underneath. They may be supported on

curbs of concrete or on side-lights. The lenses are insulated in order
to allow for 'xpansicn and contraction of the glass.

If thez/is a possibility that water from condensation will
be troublesome the makers of this type o roof construction recom-
mend double glass with an air space between.

When the lenses are thin it is claim d that the glass may be
annealed more completely and therefore will not be so liable to
fracture from internal stresses. The lenses may be toughtened.

Provided the first cost is not prohibitive, the upper
surface of the concrete may be protected by asphalt, this wifthuthe

glass forming a perfectly watertight covering.
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CHAPTER V

CONCLUSION

From this brief report on the different types of roofs, we
can find our way to decide on a certain type which could be considered
as the most suitable for local use.

However, in chosing any type, we should consider the roof
from the following poikts of view:-

(1) Economy

(2) Suitability

(3) Aesthetic Beauty

On the other hand, we camnmot find any one type which could

be suitable everywhere in this locality, but rather divide the locality
in fhe following regibns with a particular type for each:-

(A) Sea shore and low altitudes

(B) Mountainous region of high altitude

(C) Desebt.

A - For sea-shore and mountains of low altitudes, where there is
a good quantity of rainfall as wellgas ample heat, the concrete roofs
seam to be the most suitable as being very cheap especially «with
cheap cement and gravel.

Moreover, the ribbed roof with hallow blocks - which are
improving in quality and in economical construction,- could give
adequate heat and cold insulation, especailly when combined ¥ith some

asphaltic water proofing.



It is worth mentioning that although this type of roofing is
more expensive than the solid slab type for moderate spans, yet the
more expensemy be compensated by less needing ihsulation and water
proofing,

Moreover, as the rcof is seldom seen from above in these
regions, there is no risk or fear that they will look aesthetically
unbeautiful, even the flat surfiaces with the recent waterproofing tiles
look somewhat pleasant to the eye.

Again, due to the heavy rainfall, the concrete roofs furnish
the best drainage by being monolithic and continuous surface,

The ceilings could be plastered either with Itex or rough
cast plaster or else the ceiling could be lined with someim insulating
beatiful boards of special design.

On the other side, for factorieé and large stores etc..,
concrete trusses could be quite satisfactory a else steel trusses
preferably of the fink type covered with eternite or corrugated iron
sheets. Wlth & eelling of 1n_n;o};mting materisil supported by the
main ties,

B - Mountainous Regions with High Altitudes

Here we have doubledphase problem of drainage, i.e. rain and
snow on top of that a better cold insulation should be provided.

So the pidtched roofs should be quite satisfactory for this
type with the covering to be either from ciay tiles for high class jobs
or eternite tiles or concrete tiles for secondayy johs, especially #®ith

the factories for such items already in action.



More over, the pitched roofs give adequate insulaticn and
waterproofing i€ used in conjunction #ith a good ceiling and a
sheathing of boarding and felt.

On top of that pitched ro-fs mateh more than any other type

with country backgrounds.

C - Desert Places:

This regicn being arid aﬁd hot its vital problem is heat
insulation rather than waterproofing; combined with economy.

As for insulation, the earthcovered roofs have proved to be
the best, particularly.if laid on rigid foundation to avoid cracks or
sugging.

On the other hadd, concrete and metallic roofs are bad
insulators besides being uneconomical.

Moreover, the materials, other than metalic coverings which
when used em=pitched roofs could give adequate insulations, are very
expensiveand uneconomical while clay bricks are very available and
cheap and good insulat#rs.

So a roof of earth layer, as insulator, on top a series of
shallow vaults built in clay bricks will be a very convenient roof
for such regjons. The only problem that stands unsoigd is the
longitudinal supports along intersections of adjacent vaults; e.g.-the
steel joists already described under flat roofs.

The most convenient type for such supports will be reinforced
concrete ribs, which are more economical than expensive steel joists.,

However for any special case other alternative may be used

which will suit that case more than those enumerated here.
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For example, a good alternative to be used in the desert
for second claas jobs where it is hot and where timber 1s very scarce
while clay blocks reinforced with straw are cheap; is to divide the area
into square panels and to cever each with a dame roof of bricks, with no

shuttering; by a special devises

This ingenious méthod comsists of driving a timber post exactly
in the centre of the panel with its top on the same level with the top of
the walls (fig 21). Another guiding rule of timber is fastened to the top
of the post in a way allowing the rule to retate around the joint vertically
and horizontaly, and its length being equal to half of the diagonal of the

Troom or panel,

Then the walls are raised up by half circles with the diameters
as the tops of the walls. Then the gaps between these cemicircles are
closed by segments of horizontal rings, diminishing in radius as they go
up, and built with their internal face tbuching the edge of the guiding
rule « Once the gapes are closed, engding at the top of the cemicireles
with a horizontel cirecle, this new circle is roofed with a dome aiao built
in horizontal rings one after the other with their soffits always touching
the edge of the rotating rule.

Thus a cheap and good roof - especlally if covered with mud -
will be achieved.

As a last word before I close this short report:- We should not
look after better materials only, but we should combine a suitabt__. materials

with proper technical methods of construction, as well as the other water
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proofing and insulating accessories in order to get an adequate roof
which will satisfy the requirements of the roof- already stated- and to
be cheap, economical and a esthetically beautiful without sacrificing the
strength of the whole structure for the sake of the roof.
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