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PREFACE

The history of FCR/MCR

FCR/MCR Toolkit Series

The FCR/MCR technology was developed in the 1970s based on
many years of experiences made with concrete tiles and asbestos
cement sheets. During the 1980s it found applications in many
countries all overthe world. Today the technology is atamature stage
and experiences have shown that it offers areliable roofing material
which can compete inmostcases with conventional roofing materials.

This guideis partofthe FCR/MCR Toolkitseries. This series impart
the entire know-how that is required in the field of FCR/MCR
technology, covering technical as well as economic, organisational,
management and marketing aspects. The FCR/MCR Toolkits
Overview shows the structure of its contents.

Roles of BASIN, SKAT/RAS and ILO

BASIN

SKAT

SKAT and ILO are co-publishers ofthe FCR/MCR Toolkit Series
whichthis guideis one element.

SKAT is a member of BASIN (Building Advisory Service and
Information Network), a coordinated network of experienced
international professionals, which was established to provide qualified
adviceandinformationinthefield ofbuildingmaterialsand construction
technologies.

Theactivities of BASIN are divided amongst four leading European,
non-profitorganisations in the field of appropriate technology viz.
GTZ/GATE Germany, ITDG Britain, SKAT Switzerland, CRATerre
France. Each of these organisations covers a separate specialised
subjectarea, thus providing more qualified expertise with greater
efficiency.

SKAT isaninformationand documentation centre and a consultancy
group engaged inpromotingand implementing appropriate technology
inpartner countries worldwide.
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Network of specialists

ILO

Asamember of BASIN, SKAT specialises inroofing technology,
particularly FCR/MCR technology. Within BASIN, SKAT estab-
lishedthe Roofing Advisory Service (RAS). Tofacilitate the promotion
and dissemination ofroofing technologies, SKAT/RAS producethe
“FCR/MCR Toolkit” series of which this “RoofCover Guide” isone
element.

A worldwide network of specialists and specialised institutions
provides technical support to new and existing producers of FCR/
MCR. This helps to ensure the reliability and quality of the products
inthis growing market.

This FCR/MCR network is coordinated by SKAT/RAS.

A programme for the development, promotion and application of
appropriate building technologies suitable for low-cost construction
iscurrently beingimplemented by the Micro-enterprise and Informal
Sector Section of the Entrepreneurship and Management
Development Branch of ILO.

The objectives of this programme are to minimise construction costs,
maximise the use of locally-available raw materials and generate
productive employment. The programalso aims atdeveloping small
and micro-enterprises in this sector and at demonstrating their
commercial viability. [tmakesuse ofan innovativeapproach whereby
some ofthe activities are carried outin ongoing technical cooperation
projects for the development of small and micro-enterprises. These
projects are executed by ILO or other agencies suchas UNDP, as
multilateral or bilateral projects. Various approaches areused by this
programme: research and development, dissemination of techno-
logical information, advisory services to governments and implemen-
tation of technical assistance projects.
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1. INTRODUCTION

1.1 FCR/ MCR in general

What are FCR and MCR ? FCR (Fibre Concrete Roofing) consists of concrete tiles made of
cementmortar mixed withasmall amountofnatural orsynthetic fibre.

In the case of MCR (Micro Concrete Roofing), fine aggregate is
used instead of fibre.

For furtherbasic information please referto ““The Basics of Concrete
RoofingElements”.

Theadvantages of FCRand MCR  Thetechnology provides an inexpensive and reliable roof cover and
especiallysuitstheneeds ofdeveloping countries. Themainadvantages
are:

Theraw materials are available locally and thus foreign exchange
issaved.

Theappropriatetechnology thatis involved enables decentralised
and small-scale production.

Thetechnology involveslittle investment.

Theproductionis labour intensive rather than capital-intensive, it
thus creates jobs.

Compared to metal sheeting, rooms covered with FCR/MCR
are more comfortable during solar radiation because of better
thermal insulation and ventilation.

During rain, compared to metal sheeting, FCR/MCR-covered
roofs are less noisy than those covered with metal sheeting.

The productis environmentally appropriate.

Thetechnology is easy to learn.
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The drawbacks of FCR/MCR

The durability of FCR/MCR is basically the same as ordinary
concretetiles, whichhaveshownservicelife spansexceeding 50 years.
Sometimes, however, lower strength of the material compared to
modern concrete tiles and AC-sheets was achieved. This can be
accounted for by small production units involving a higher risk of
quality variations and by alack of standards.

1.2 Objectives of this guide

Target group

Theroof constitutes the most important part ofa building and special
carehastobetakeninpreparingitand its elements. Thebestavailable
raw materials should be used and throughout the production process
itshould be keptin mind that a sub-standard and ill-designed roof
may notonly resultin a defective roof, but may also lead to severe
damage of the whole building.

Inorderto constructareliable roof, not only the cover material - in
this case the tiles - must be of a high quality, but the entire roof
structure and cover must function as a coherent system which is
adapted to local conditions such as climate, available skill and
materials.

This guide, therefore, aims athelping to do proper detailing, and to
build and maintain the roof cover in asound manner. For the design
and construction of the suitable roof shape and the adequate structure
the Toolkit Element 24: “Roof Structure Guide” [6] should be
consulted.

The guide is addressed to architects and engineers involved in the
design ofbuildings with FCR/MCR roofs, and also to builders, site
engineers and overseers, which are implementing construction.

Producers of roof cover materials can also use the guide as a basis
for advising their customers on the successful use of their product.

This guide can alsobeuseful as ateaching aid during training.

The guide is notintended for newcomers who are interested in the
FCR/MCR technology in general. For basic information we suggest
that the following booklet be consulted: “The Basics of Concrete
Roofing Elements” (available from SKAT free of charge in English,
Frenchand Spanish).
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1.3 Contents of this guide

Whatyouwill find inthis guide:

Whatyouwill NOT find in this guide

The guide provides the necessary information on the design and
construction of FCR/MCR cover. Emphasisis givento simple and
basicroofforms. Free and complicated forms inroof design are not
dealtwithin detail as they require higher expertise, skill and practical
experience.

¢ Different FCR/MCR cover systems are described and particulars
given aboutthe dimensions of the mostcommontiles. A method

for calculating the number oftiles required is explained.

¢ Provenandwell-established methods of detailing for the different
situations onroofs are provided.

e Methodsand practical hints for the construction process as well
asmaintenance are provided.

¢ Theappendix contains conversion factors forroof slope measures
andalistof'selected literature.

The guideisnotascientifically-comprehensive textbook, butisrather

designed for practical application.

Italso does not contain:

Information on production management

¢ Specifications with regard to costs and profit

¢ Information aboutparticular problems in specific countries
¢ Guidelines forthe production oftiles

¢ Guidelines for quality control of tiles and the required tests

o Designand construction ofthe roof structure

For information on these subjects consult the respective Toolkit-
elements (see overview on the frontcover).
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1.4 General remarks

Validity of data

Responsibilities ofthe
producer ofroof-cover material

The material presented in this guide is based on general know-how
anduniversal practice. Itisupto thereadersineach particular country
todevelop and apply corresponding solutions which are adapted to
local practice and circumstances .

Thereliability and functional value of the entireroofas asystemas well
as ofits individual components such as the cover or structure, are of
relevance for the house owner. The producer of cover materials
should, therefore, notonly be concerned about the high quality ofhis
product, but also about the quality of the roof as a whole. If he
constructs entireroofs as well as sellstiles, hisresponsibility is clearly
defined. Inthe case where the roof'is constructed by someone else,
however, the producer should also take an interestin its design and
construction. Although he can, naturally, notbe held responsible for
the structure and the laying of the cover, he should participate by
advisingand providing allnecessary information.

Only iftheroofs are properly functioning and long-lasting, will his
products earn a good reputation and become a sustainable success.
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1.5 Definition of main terms

1.5.1 Roof types

Gable roof, saddle roof or double-pitched roof

Single pitch roof or mono-pitched roof

Hipped roof

Pyramid roof

Shed roof

Broken pitched roof

Lean-too roof
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2. ROOF COVERTYPES

2.1 Single leaf roofing

The simplestand cheapest method ofroofing with FCR/MCR s the
singleleafcladding.

Advantages

¢ Inexpensive
¢ Simpleconstruction

e Maintenanceiseasy fromtheinside

e Control ofleakageiseasy

Disadvantages

¢ Relativelypoorthermalinsulation

¢ Hotinsummer, cold in winter, though better than aged
corrugated iron sheeting

e Notairand insectproof

Suitability

e Forlowcostbuildings
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2.2 Double leaf roofing

A more sophisticated method of roofing is the use of an inner leaf
alongtheroofslope. This canbe fixed from the inside onto the rafters
and formsasloped ceiling. The space between the tilesand the ceiling
isventilated by special openings or simply by the gaps between the
tiles.

Advantages

e Improvedthermal performance

e Dust, insectand (more or less) wind proof

e Propersurface fromtheinside

Disadvantages
o Highercosts

o Leakagecannotbe easily detected from the inside

o Changingtiles fromtheinsideisdifficult

¢ Uncontrollable spacebetweentiles and ceiling (rats etc.)

Suitability

o Middle-classhousing
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Typesofdouble leafroofing o Ceilingunderrafters

Plywood or another material can be nailed onto the rafters from
theinside. Bamboo matting a possibility which is cheaper, butless

effective.
/

» Additionalunder-roof

For improved safety against leakage and wind penetration, an
additional foil (strong plastic or similar) can be placed over the
rafters before the battens and tiles are fixed. In this case the tiles
canonly be fixed and maintained from the outside.

» Ceilinginbetween purlins

This system uses purlins thatare laid ata distance of40 cm, thus
providing direct support to the tiles without rafters and battens.
The purlins are made of precast concrete and have a T-shape,
providing supportto ceiling sheets (plywood, flat MCR sheets or
other material). These sheets can be installed without fixing and
easily removed to provide access to the tiles. This enables
changingtiles fromtheinside.

Thissystemisstill inthe research and development stage.
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2.3 Horizontal ceiling

Rooms canbe closed off from the roof with ahorizontal ceiling. This
requires ceilingjoists thatare either fixed onto trusses, spanned from
wall to wall, or suspended from the rafters.

Plywood or other sheeting are possible materials.
The space between the roofand the ceiling should be accessible for

maintenance purposes. Therefore the ceilingjoists should be fixed so
that they are strong enough to supporta person.

Advantages

¢ Highly-improvedthermal performance

e Dust, insectand wind-proof

e Propersurface fromtheinside

Disadvantages

Higher costs

o [Leakagecannotbe easily detected

e Reducedairvolumeintheroom (incold climatesthiscan b e
anadvantage)

¢ Uncontrollable spacebetweentiles and ceiling (rats etc.)

Suitability
¢ Middleclasshousing
Cross ventilation of the roof space is important to keep the rooms

cool. The openings should be protected with a wire mesh againstrats
and birds.
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w |3

3 MATERIALS

FCR and MCR elements are available intwo sizes: semi-sheets and

tiles.

Product size Thickness Effective cover No. of tiles / sheets Weight
(Dimension) per m? (sloping) | per m? (sloping) per m? (sloping)
Tiles
500 x 250 mm 6 mm 0.076 m? 13 20 kg

8 mm 26 kg
Semi sheets
600 x 600 mm 8 mm 0.25 m? 4 26 kg

Other shapes and sizes may become available in the near future
Semi sheets Semi-sheets are designed for a higher efficiency in production. The

U

cement requirement per m?is 40% higher than for tiles. Their
dimensions are 60 x 60 cm, 4 pieces per m*roofare required. Semi-
sheets require careful handling and a very even and firm roof

structure.

Comparedtotiles, the laying of semi-sheets is more efficient.

im .
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Tiles Tiles produced so far have a size of 25 x 50 cm. They are more
responsive to slight movements within the roof structure such as
bending or distortion due to wind or earthquake. Handlingtilesis easy
sincethey weighisonly 2 kgperpiece.

Two different shapes are common: the Roman tile and the pantile.

Pantile Roman tile

Roman tiles have a flat area on which they rest. They fit well, but
require a rather evenroof'structure.

Pantiles have asinus-like shapeand canalso fitonslightly unevenroof
structures, such as pole timber or bamboo structures.

im

L Perm?roof 13 pieces are required
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4. NUMBER OF TILES
AND LENGTH OF RAFTERS AND BATTENS

Whendesigningan FCR/MCR roofand working out the dimensions
including roof overhangs, the area covered by each tile has to be
taken into consideration.

Thetypical overall dimension of the tiles are 500 x 250 mm and the
area covered is 400 x 190 mm.

4.1 Tile requirements

Forarough estimation of the number oftiles required the following
rule canbeused:

T e
| 5 tiles cover 1 m roof along its length
| |-

5 tiles cover 2 m roof along its width at a slope

Rough estimation

Thus for 1 m? of roof, 13 tiles are required.

e To convertthe horizontal dimensions into the width along the slope
by different pitch, see the conversion tables in Appendix 1.
L L) =
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Tile requirements for adouble
pitched roof with a 30° pitch

Remarks

For roof slopes with less than 30° pitch the difference in the tile
requirements is negligible and can be disregarded.

When orderingtiles, add 10% for wastage, inaccuracy etc.

Number of tiles per row
5 10 15 20 25 30 35 40 45 50
Length of roof including overhang (L in m)
1.00 195 290 385 480 575 670 7.65 860 9.55
6 Width 2.20 30 60 9 120 150 180 210 240 270 300
8 of roof 2.90 40 80 120 160 200 240 280 320 360 400
10 incl. 3.60 50 100 150 200 250 300 350 400 450 500
12 overhang 4.30 60 120 180 240 300 360 420 480 540 600
14 (Win m) 5.00 70 140 210 280 350 420 490 560 630 700
16 5.70 80 160 240 320 400 480 560 640 720 800
18 6.40 90 180 270 360 450 540 630 720 810 900
20 7.10 100 200 300 400 500 600 700 800 900 1000
22 7.80 110 220 330 440 550 660 770 880 990 1100
24 8.50 120 240 360 480 600 720 840 960 1080 1200
26 9.20 130 260 39 520 650 780 910 1040 1170 1300
28 9.90 140 280 420 560 700 840 980 1120 1260 1400

Number of tiles for double pitched roofs

Example In the case ofaroof which is 4.8mlong (L), and with a horizontal
distance (W) of 6.4m between eaves, the total number of tiles
requiredis450.
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4.2 Length of rafters and battens

Exactcalculation To calculate the length of rafters and battens exactly, the accurate
coverage area and detailing of the edges of the roof (verge, ridge,
eaves) have to be taken into consideration.

Rafterlength The coverage of onetilealong its length is400 mm and the overhang

~tthe eavesis 100 mm (aminimum of 50 mm s required here). The

rmula:

‘his formula gives the following values

No. of tiles x 400 mm) - 50 mm = L rafter

xact length of the rafters can be calculated using the following

Number
of tiles

10

Rafter
length
mm
350
750
1150
1550
1950
2350
2750
3150
3550

3950

Number
of tiles

11

12

13

14

15

16

17

18

19

20

Rafter
length
mm
4350
4750
5150
5550
5950
6350
6750
7150
7550

7950

Number
of tiles

21

22

23

24

25

26

27

28

29

30

Rafter
length
mm
8350
8750
9150
9550
9950
10350
1750
11150
11550

11950
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It is possible to vary the length of the rafters by adjusting the
overlappingarea ofthetiles (minimum 100 mm). Foran optimumuse
oftiles, however, itis advisable to take the tile size into consideration
already inthe planning stage. This isimportant especially in bigger
projects, where there are large numbers of identical buildings or in
large housing schemes etc.

Battenlength The coverage ofonetilealongits widthis 190 mm.
The exactlength ofthe battens can be calculated using the following
| L batten , formula:

#“” L LT zﬂn P (No. of tiles x 190 mm) - 40 mm = L. batten

E 5 This formula gives the following values

Number Batten | Number Batten | Number Batten | Number Batten | Number Batten
of tles  length | oftiles length | oftiles length | oftiles length | oftiles lenth
mm mm mm mm mm

1 150 11 2050 |21 3950 31 5850 41 7750
2 340 12 2240 | 22 4140 32 6040 42 7940
3 530 13 2430 |23 4330 33 6230 43 8130
4 720 14 2620 |24 4520 34 7420 44 8320
5 910 15 2810 |25 4710 35 6610 45 8510
6 1110 16 3000 | 26 4900 36 6800 46 8700
7 1290 17 3190 | 27 5090 37 6990 47 8890
8 1480 18 3380 |28 5280 38 7180 48 9080
9 1670 19 3570 | 29 5470 39 7370 49 9270
10 1860 20 3760 | 30 5660 40 7560 50 9460

Inpractice, battens are kept somewhat longer on the right verge and
cut to the correct length only after the last row of tiles have been
placed. (also see Chapter 7)

In contrast to the rafter length, the correct batten length has to be
ensured. Less flexibility is allowed here, because the spacing of 190
mmmustbe observed when laying the tiles properly.
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5.

FIXING OF TILES

Wind creates a suction force on tiles with the tendency to dislocate
them or even to blow them off.
(Alsosee[6], Toolkit Element 24: Roof Structure Guide)

Especially exposed to wind suction are allroofedges, ridges, eaves
and verges. Openroofs, large overhangs, veranda covers, open shed
roofs etc. are also exposed.

In these exposed areas (B), very careful fixing is required, for
example withadditional hooks or doublenib fixing.

Inless exposed areas (A) fixing with a single nib with one wire loop
issufficient. Inless importantbuildings in areas which are not storm-
prone, wire loop fixing may be omitted. This, however, applies only
inthe case where there isno ceilingand readjusting of displaced tiles
istherefore easily possible fromunderneath. In this case, however,
thetiles have to be laid with great care and the under-structure has to
beeven, so thatthe surface is smooth and the wind cannot easily find

agrip.

Methods of fixing see Chapter 6.1,6.5, 6.6.
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6 ROOF COVERDETAILS

Overview This chapter provides common detailing forroofs of different forms and shapes. The details
are based on Roman and pantiles.

Theillustration below serves as an index for the details explained in this chapter.

Detail A Normaltile

Detail B Eaves

Detail C Double-pitchedridge

Detail D Mono-pitchedridge (lean-toridge)
DetailE Leftverge

Detail F Rightverge

Detail G Hippedridge

DetailH Hippedroofapex

Detail I Pyramid roofapex

Detail K Valley

Detail L Adjoining wall ridge (lean-toroof)

DetailM Adjoiningwall verge
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6.1 Normal tile

Themitre

Fixingmethods

100mm oyerlap _

A
" Mailed through a hook

1L Min. 2mm thick
f wire hook

Detail A

Thelaying pattern oftiles requires a mitre on two corners of the tile.
Two types of mitres can be used.

a) Straightcorner cut

This is the most common form used. Ithas the disadvantage thatan
inaccurate laying ofthe tiles is possible.

b) Mitre withanotch

A modified mitre withanotch enforces an exactlaying ofthe tiles. A
properroof surface can more easily be achieved.

Tiles overlap each other inthe direction ofthe roof slope by 100 mm
andreston the batten by means ofanib. The nibis normally situated
attheupperend ofthe tileand hasan inserted wire loop atleast2 mm
thick. Thetile s fixed with anail through this loop.
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Fixing with anail through thenib ortile is notrecommended because
itinvolves therisk of damaging thetile.

Fixing by wire l;nrilsted
around batten .. . . . . .
Fixing with a thin wire twisted around the batten is also not

recommended because of rusting of the wire.

Not recommended: fixing
with twisted wire

Inareas with heavy storms, the nib can be placed at the lower end of
the tile. This provides double fixing and dislocation by wind is
impossible. In this case the spacing of the battens must be very
accurate.

¥
Fixing to lower batten

Nib at lower end of tile for
areas with heavy wind s

In areas where there isno risk of storms, normal tiles do nothave to
be fixed. Only thetiles at the edges of the roof must be fixed. In this
case, however, thetiles have to be laid with great care and the under-
structure has to be even so that the surface is smooth and the wind
cannot find a grip.

(see Chapter 5 and FCR - News No 5)
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6.2 Eaves Detail B

== | Attheeavestiles withoutamitre atthe lowerend canbe used. Where
( suchtilesareavailable, more propereaves canbe achieved. Itisalso
[ | possible to use normal tiles which are less ideal, but it means that
| production and construction are easier.

Theeaves” battenis fixed atof only 300 mm instead 0f400 mm from
the nextbatten providing a sufficient overhang of the tile and thus
protecting the timber structure. A strip of wood (beading) of the
thickness ofatile (normally 6 mm)is added to this batten to provide
aregular slope to the lasttile.

Thetilesatthe eaves should be additionally secured by means ofanib
atthe bottom against wind uplift.

? ..Addl”qnal I‘ix'rng

Fasciaboard Foraesthetic reasons a fasciaboard may be used. Ifthe timberused
intheroofstructure is soft, fasciae also have the advantage that they
protect the exposed end-grained wood of the rafters from insect
attack.

Ifafasciaboardisused, the last batten is not essential as the fascia
board provides direct support to the last tile.

The fasciaboard canbe placed eitherin a vertical position oratright
angles to therafters.
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Gutter

Round gutter with facia board

Guttersize

Gutter types

'*--"’{‘"Hild steel
= Ixd0mm
painted or

Round gutter galvanized

Rectangular
gutter

Inareas with heavyrainfall a gutterhas many advantages. It protects
the basement and the lower parts of the walls from splashing water
andmoisture. Italsomakestheaccesstothe buildingmore comfortable,
doors and windows are protected. Furthermore, it provides the
possibility of collectingrain water and storing itin a tank for lateruse.

The gutter can be made of galvanised steel sheet, 0.6 mm thick.
Aluminium or copper is more durable but also more expensive.

The gutter should be laid at a slope of 1 - 2%.

The width of the gutter depends on the roofarea feeding the water to
it.

Foraroofarealess than 50 m*the gutter width (@) should be 180 mm.

Foraroofareamore than 50 m?the gutter width (@) should be 220
mm.

The gutter can be rounded or rectangular in shape.
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Improvised fol-
ding nquipmantf

L

Maintenance

Drainage of gutters

Wooden
hammer
ﬁTimber

Metal sheet

A rectangular gutter can be produced with simple, improvised
equipment, usually resulting ina somewhat inaccurate workmanship.

The manufacture of a rounded gutter requires special skill and
equipment. Ithastheadvantage of staying cleaner and looking neater.

Guttersrequire a certain degree of maintenance. Leaves and dirthas
frequently have to be removed and gutters made of galvanised iron
havetobe painted occasionally.

Gutters aredrained by adischarge or by drainage pipes (downpipes).
The water is drained into the drainage system the plinth drain.

Inareas where water is in short supply, the water from the gutters can
be collected and stored in a tank.

Iftherain wateris discharged into a yard ora field which can absorb
it, this has the advantage that the rain water is fed into the ground
water and therisk of flooding the drainage systemis lowered.
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6.3 Double-pitched ridge Detail C
Tiletypes The construction of theridge requires the use of two specialttiles, the

ridge cap and theridge tile.

b Angla nnrn_-uauy 120°
w0 depending on Ty iqoe capisasimple V-shaped piece with an angle normally of
4 roof slope . .o
/Itlr. & 120° (depending on the roof'slope). More sophisticated types, for

| /o example, tiles which are shaped according to the corrugation of the
] iles (like some AC-elements) are too difficultto manufacture.
{d‘" tiles (lik AC-el t too difficultt factu

Theridgetile canbe an ordinary tile oramore sophisticated tile with

,f"'/aj anadditional “dam”, which prevents driving rain water from entering
Dam

A‘\ “Dam” theridge. Anupper mitre isnotrequired.

Ridge tile

Layingofridgecap Theridge caps can be laid according to different patterns:

a)Parallel, usingatype of long caps.

/Parallel pattern

b) Triple pattern, using short “blind” caps and long covering caps.

Triple pattern
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¢) Overlap pattern, using a type of long caps.
e

/

Overlap pattern

Mg; . . . . . .
I wing e d) Conical pattern, using conical caps staggered in one direction.
ct
el

Conical pattern

Torous pattﬁ-

e) Nepal pattern, using ridge caps with a torus.

) Directpattern, where the ridge caps are joined by means of cement
'“--n-/t:S mortar grout.

Cement plaster joint

Fixingtheridgecap Theridge capis fixed to the roof structure with wire loops tied to the
purlins, similarly to the fixing of the tiles to the battens. In the long run,
rusting of this wire loop may create problems.

Vent. opening
(not safe in dri=
wing rain)

S
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Theuse ofaridge board facilitates an exact positioning of the ridge
cap. Inthis case the ridge caps are fixed with GT hooks or straps. This
solution is more durable than fixing with a wire loop.

lidge board

Fixing in cement mortar Fixingtheridge capsin cement mortaris alsoacommon practice, but
isnotrecommended because the mortar tends to crumble with time.

Ventilationofridge The FCR/MCR roof'is not airtight and usually allows sufficient
ventilation in the roof space. In extreme hot or humid climatic
conditions additional ventilationin the ridge areamay be required for
reasons of comfortreasons . This canbe achieved by

a) omittingthe dam, with therisk of drivingrain entering the
ridge;

b) raisingthelastrow oftiles orusingtworows ofridgetiles.

=
'-.I

Ridge ventilation

-~

Y,
I
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6.4 Mono-pitched ridge Detail D
& " Approx. 250 The construction of amono-pitched ridge requires asimilarridge cap

: 4 .\/\ x astheridge ofadouble-pitchedroof. The angle, however,is 90-. The
a0°

two sides may be unequal insize.

Theridge cap canbe fixed inasimilar way asinthe case of the double-
pitchedroof, namely,

a) withwireloopstied tothe purlins with a certainrisk of rusting,

or

b) by fixingtheridge cap inmortar ononeside and attaching it
with ahook on the other side.
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6.5 Left verge (gable end) Detail E

Attheleft verge tiles without a mitre at the upper end can be used.
Where suchtilesareavailable,amore proper verge can be achieved.
Itisalsopossible touse normal tiles which are less ideal, butitmeans

that production and construction are easier.
A verge board is used to support the outer row of tiles. This board
/ is fixed priorto laying the firstrow oftiles, which is begun on the left.

Theboard should be of good quality timber or be properly treated or
painted, because it tends to get wet.

£ Because of wind exposure the tiles of the outer row require fixing by
jmok gE means of two nibs or an additional hook.
L % - I C :
3 Additional nailing in the overlapping area is not recommended

because ofthe danger of damaging thettiles.

30m
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6.6 Right verge (gable end) Detail F

Alternative 1

30
T’r
|
Hook
-"h“ergrlf
- board\!
[ |
Batten th“at ﬂ:;:‘.'a_ﬁ g S

Alternative 2

—~IF

Alternative 3
250

T TL 2s0

Attheright vergetiles withoutamitre atthe lower end can be used.
The sametile type as for the eaves can be used. Where such tiles are
available,amore proper verge can be achieved. Itis also possible to
usenormal tiles which are lessideal, butit means that production and
construction are easier.

Thebattens are cutto the required length only just before the lastrow
oftilesislaid.

Because of wind exposure, the tiles of the outer row require fixing by
means of two nibs or an additional hook.

Additional nailing in the overlapping area is not recommended
because ofthe danger of damaging thetiles.

Duetothe shape ofthetile the right verge differs from the left verge.
Thereare various possibilities:

A standardtileisused. Inthis case asimilarverge board as on the left
sideisrequired.

This s the easiest solution, but has the disadvantage that the verge
board isnot fully protected from rain. The board has to be of good
quality timber and/or mustbe well treated.

Analternative istouseaspecial tile consisting of the top portion of
anormaltile only. This solution provides aright verge which looks
similarto the left verge. A special mould for thistile is not required,
but fixing itrequires special care.

Itisalsopossibletouseaspecial tile with two “waves”. The width
must be the same as in the case of normal tiles, so that no special
vibratingtableisrequired. Thisis aesthetically and technically the best
solution, butaspecial mould is required.
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6.7 Hip ridge Detail G

i S Atthehipridgethetiles are carefully chopped to exactly the required
} _{___ - shape. Ifthenibis chipped of, the tile has to be carefully fixed with

IB\ o anail.

— —_-Additional

5 ] _
1‘%\ | battens
s

S, | reauired  The open gap is covered with ridge caps, laid in an overlapping
. '\\]I \ = pattern.
| \\}\'
(= " . e . .
L1 ] | X E: ;L i:-| o Formoreaccuratefittingaspecial hipridge cap canbeused withan

angle which s flatter than that of an ordinary ridge cap.

Fixing ofthe hipped ridge cap Thehipridge cap is fixed to the roof structure with wire loops tied to
the purlins, ina way similar to the fixing of the tiles to the battens. In
the long run, this wire loop may rustand the cap slide down, causing
problems.

o L "‘-.HH*-\
¥’ PN
s f"f-leip rafte;\\?\‘ﬂjtﬂ“ i R“m =y
o Jack raftar’ ~

Theuse ofahipridge board facilitates the exact positioning of the hip
ridge cap. Inthis case the caps are fixed with G hooks or straps. This
is more durable than fixing the cap witha wire loop.

N

/”j

,

AN

o

) \\?{‘\M\\\f
—_ e "'-'\\_5_:";,‘ Hip board
N

M

“Overlapping

——
|




46 Toolkit-Element 25: Roof Cover Guide

Layingthe hipridge caps incement mortaris alsoacommon practice,
butis notrecommended because the mortar tends to crumble with

Hip board time.
\
Z O\
/' / LY "‘\\kh\\x HH\-\
-~ S
2R
- /,/’ \\ ~

Fixing of hip ridge
cap by hooks
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6.8 Hip roof apex Detail H

The proper construction of the hip roof apex is a demanding job.
Variousalternatives are possible:

a) Theapex iscovered withalead cap.
b) The apex is covered with cement mortar.

¢) A perfectsolution would be the use of a special cap. It canbe made
withamodified ridge cap mould.

These solutions are also valid for other similar positions such as ridge
corners, etc.
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6.9 Pyramid roof apex Detail |

The proper construction of the pyramid roofapex isademanding job.
Variousalternatives are possible:

a) The apex is covered with a lead cap.
b) The apex is covered with cement mortar.

s c) A perfectsolution would be the use ofaspecial cap. It canbe made
P T withamodifiedridge cap mould.

FIN "/ Thesesolutionsarealsovalid for other similar positions such asridge
.| corners, etc.

Local traditional features such as the use ofa clay pot or decorative
elements are also possible.



50

Toolkit-Element 25:

Roof Cover Guide




Roof Cover Details 51 6

6.10 Valley Detail K

The valley is the most exposed position on the roof where leakage
would have a disastrous effect. Therefore its construction requires
greatcare. A metal gutter should be used. This can be eitherasimple
flushing oraU-shape gutter. Thetiles inthe valley have tobe carefully
chopped.

Between the metal and the tiles alayer of roofing felt should beused
toavoid corrosion.

a)Flushing
overian " To supportthe flushing, planks are placed in the valley on top ofthe
- .~ rafters.

Instead ofusing planks, the flushing canalsorestdirectly onthe valley
rafter. Covering the metal flushing withalayer ofroofing feltisa good
protectionagainstcorrosion.

| T Jack rafter
-~

T Wallay rafter

b) Gutter

A more sophisticated solution is the use of a gutter, U-shape or
o rounded. Itmightbenecessary in extreme situations where the roofs
are very large or where snow occurs.

Ifagutterisused, apair of valley rafters isneeded to provide a gap
for the gutter.

ﬁooring
felt
rafter

“dack

“Valley rafter
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c) Valleytile

Special valley tiles can also be used. This method is, however, not
safe and therefore notrecommended.
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6.11 Adjoining wall ridge (lean-to roof) Detail L
When a lean-to roof adjoins to a wall, 4 basic types of joints are
possible:

a) Tiles builtinto the wall and sealed with mortar.

b) Flushing with lead sheet.

i c¢) Flushing with galvanised iron or another hard metal sheet. In this
] case atile with a “dam” as for ordinary ridges (Chapter 6.3) is
used.

Alayer ofroofing felt should be used between the metal and the
tiles to avoid corrosion.

d) Cement mortar jointagainst the plain wall.
Risk of teschage " This solutionisnotreliable because cracks may occurbetween the
Coment mortarsi ] wall and the cement mortar.
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6.12 Adjoining wall verge Detail M

When aroofjoins a wall on the verge side, the tiles can be builtinto
the wall, orthe joint can be sealed with metal flushing ontherightside
and a gutter on the left side.

Alayer ofroofing felt should be used between the metal and the tiles
toavoid corrosion.

Left verge with gutter laid on
top of the battens

4777
'- ?/.;é

Right verge sealed with
metal flushing
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7. ROOF CONSTRUCTION PROCESS

7.1 Safety

—

iy
Scaffold built during
wall construction

e

.-""'-F'-FFH—F

Scaffold added subsequently to
the wall construction

This chapter contains the basic rules for laying of battens andtiles. A
report on a course in Ghana [10] gives a detailed step-by-step
description ofthe construction ofa L-shaped hipped roof.

Working onroofs, especially erectingroofs, is obviously adangerous
job. There are many different dangers which can cause serious
accidents.

Forthe safety ofthe workers all possible precautions must be taken
to minimise therisks. The mostimportantaspects are:

a) Construction ofareliable scaffold
Forlaying theroof'structure, a properly-builtscaffold isnecessary.

Oftenitisalready needed for the construction of the walls. Where this
isnotthe case, the scaffolding mustbe built subsequently.
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If gutters or fascia boards have to be mounted, itis advisable to add
arailingto the scaffold.

b) Substructure

The substructure must be strong enough to support the weight of the
workers as well as stacking of the required material. Battens and
rafters for instance have to be strong enough to carry aman as well
asthe weight of theroofcover (see Chapter4.3.4 “Sizing of timber
structures” and Appendix 3)

c) Safe access

Ladders, stairways etc. mustbe strong enough and should notreston
slippery surfaces. Ladders should be fixed with ropes.

d)Clothing

Workers should wear solid and non-slipping shoes. The use of
helmets is advisable, especially for those working below the roof
because of the danger of material and equipment falling.

¢) Physical fitness

Only mentally and physically fitand healthy workers should work on
theroof. The work is too dangerous for people who are ill, unfit, weak
or drunk. Children and old people should also notbe employed for
such work.
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7.2

Laying of battens

alsosee [6], Toolkit Element 24: Roof Structure Guide)

Thebattens whichnormally measure 50x 50 mm or 30 x 50 mm, are
fixed to the rafters starting from the ridge. The firstbattenis placed
atadistance of 50 mm from the ridge and checked with a string for
straightness.

The subsequent battens are fixed ata distance of400 m and are also
checked for straightness. A template is a good tool to check the
correctdistance ofthe battens.

Thelastbatten has a distance 0250 - 300 mm only, because of the
tileoverhang atthe eaves.

After the lowest batten has been fixed, the rafter is cut to its final

length.

Attheright verge the battens are kept slightly longer. Afterlaying the
lasttile, the final batten is cut to the required length.

Where necessary, minor cutting or wedging work isneeded to ensure
thatno difference in height would hamper laying the tiles. The top of
the battens must be level, except the lowest one which should be
higher by the thickness of atile.

Jointing of battens is done always on top and in the centre of a rafter,
sothatsaggingjoints can be prevented.
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7.3 Laying of tiles

I,_J]j"J: _____ r'pl_‘ (also see Chapter 6.1)

l|- _ Once the roof structure has been erected, it should be covered as
= — : ! soon as possible to protect it from sun and rain; otherwise the wood
5 may startto warp and the joints loosen. Laying thetiles is started with
1 — . the bottom tile atthe left verge. Then the entire row along the verge
islaid and brought into line with the help of a string. The second row
) . islaidand broughtinto line, and so on. The direction of the prevailing
~~ | : : windis does notinfluence this laying pattern.
) Iy vy ‘r ] y
Y ,—uL_
Laying from left to right

and from eaves to ridge

Thetilesarelaid astightly as possible tominimise daylight penetrating
theroof.

Before laying the lastrow of'tiles, the battens are cut to the required

length.

Once all tiles have been laid on one side of the slope, the work is
continued onthe other slope, butin the opposite direction (also from
lefttoright). Atthis stage theridgetiles are placed, simultanously with
eachrow oftiles. Inthis way the need for climbing onto the roof later
~~._ canbeavoided.

Thetiles are fixed by anail through a wire hook built into the nib or
by a wire loop around the batten (see Chapter 6.1).
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8. MAINTENANCE

8.1 Maintenance concept

Aspects ofamaintenance concept

As with all building parts, the roof structure and its cover have a
certain life span. This can be extended considerably if the roofis
maintained regularly and damage isrepaired intime. Severe damage
canoftenbepreventedifitis repaired immediately atthe initial stage.
Inthissense, regular maintenance does notonly retain the value of the
building, butitalso saves cost.

For these reasons it is advisable to plan maintenance work, to
establishamaintenance concept.

Responsibility
The persons who are responsible for checking, organising and
implementing repair work have to be clearly identified.

Timeschedule

Checking the structure and the roof cover should be done routinely
accordingtoacleartimeschedule. A yearly inspection should be the
minimum. Theroofcover should also be checked after every storm
and of course in the case of any leakage.

Material stocks
Some basic materials such as spare tiles, wire, nails and tools should
bereadily availableto facilitate immediate minor repairs.

Money allocation

Although the maintenance costs for well-constructed roofs are
minimal, difficulties can arise if there isno budget allocated for this.
Therefore asmall amount of money should be reserved inthe yearly
budget for maintenance. This can save higher costs arising from
damage to theroofand the interior if timely repair is neglected.
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8.2 Maintaining the tiles

Working fromthe inside

Replacement

Readjustment

(Maintainingthestructure see[6], Toolkit Element 24: Roof Structure
Guide)

Normally the roof structures as well as the tile cover does not need
muchmaintenance. However, tiles can be dislocated by heavy storms
and break when people walk on them, and be damaged by falling
branches, coconuts, or large hail stones. Faulty manufacturingmay be
anotherreason for damage.

Tiles should beregularly inspected, maybe once ayear. Afterevery
heavy storm inspection is also indicated or whenever moisture
appearsinside the building.

Inspection and repair of tiles should be undertaken from the inside of
the building. Small cracks and dislocations can easily be found as a
resultofthe daylight shining through. Walking on the roof'should be
avoidedto preventbreaking.

A firm and safe scaffold is required for work done under the roof.

Where there is a ceiling, it may be removed for maintenance
purposes.

Where thisisnotpossible, walking on theroofisunavoidable. Inthis
caseacrawlingboard or aladder should be laid on the roof. Jute bags
between thetiles and the board cushionitand preventif fromsliding
down. For safety reasons, especially in the case of multi-storied
buildings, scaffolding isrecommended as access to the roof.

The replacement of broken elements can easily be done from the
inside. Where a ceiling renders access from the inside impossible,
replacement mustbe done from the outside. In this case fixing the new
elements with wire loop isnot possible.

Ifroofing elements are dislocated by heavy storms they should be
readjusted. Atthe sametime the wire loop fixing may bere-tightened
where required.
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APPENDICES

1

2

Conversion factors for roof slope

Recommended further reading and

references
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Annex

APPENDIX 1

Conversion factors for roof slope

Pitch (Degree) Pitch (%) ratio rise : span ratio rafter length : span
b:a aic
2agn 40.4% 1:247 1:1.079
24° 44.5% 1 i 235 1:1.095
L 48.8% 1:2.05 1:1.113
28° 53.2% 1:1.88 1:1.133
30° 57.7% 1:1.73 1:1.154
320 62.5% 1:1.60 1:1179
34° 67.5% 1:1.48 1:1.206
36° 72.6% 1:1.38 1:1.236
Reading example: With a given pitch of 30r
e the pitch is 57.7%

¢ the span is 1.73 x the rise
o the rafter length is 1.154 x the span incl. roof overhang

or

with a given pitch of 30° and a span of 5m
e the rise is 5m:1.73
o the rafter length is 5Sm - 1.154 =577 m

=2.899m
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Conversion factors for roof slope

Pitch (Degree) Pitch (%) ratio rise : span ratio rafter length : span
b:a a:c
21.8° 40% 1:2.50 1:1.08
24.2° 45% 1:222 1:1.10
26.6° 50% 1:2.00 150
28.8° 55% 131.82 1:1.14
= 140P 60% 1267 1:1.17
3300 65% 1:1.54 1:1.19
35.0° 70% 1:1.43 15122
36. 9° 75% 1:1.33 15125
Reading example: With a given pitch of 60%,

e the pitch is 31.0°
o the span is 1.67 x the rise
o the rafter length is 1.17 x the span incl. roof overhang

or
with a given pitch of 60° and a span of 5Sm

e the rise is 5m:1.67 =299 m
e the rafter lengthis Sm - 1.17 =5.85m
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Conversion factors for roof slope

Pitch (Degree) Pitch (%) ratio rise : span  ratio rafter length : span
b:a a:c
21.8° 40% 1:25 1:1.08
26.6° 50.0% 1:2 1:112
33.7° 66.7% 1:15 1:1.20
Reading example: With a given ratio of slope (rise : span) of 1 : 2

e the pitch is 26.6°or 50%
e the span is 2.0 x the rise
e the rafter length is 1.12 x the span incl. roof overhang

or
with a given ratio of slope (rise:span) Os 1:2 and a span of 5 m

e the rise is 5m:2 =25m
o the rafter lengthis 5Sm- 1.12 =5.6m
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Annex

APPENDIX 2

Recommended further reading and references

(E)=English; (F)=French; (S)=Spanish; (G) =German

1. Evans,Barrie: “Understanding Natural Fibre Concrete, Its Application as a Building
Material”, IT Publications Ltd., London, 1986 (E)

2. Gram, H.-E.;Parry,J.P.M.; Rhyner, K.; Schaffner, B.; Stulz, R.; Wehrle K.; Wehrli,
H.: “FCR - Fibre Concrete Roofing. A comprehensive report on: The Possibilities of

Fibre Concrete Roofing. The Limits of Application, and The State ofthe Art”, SKAT,

St. Gallen, 1986 (E)

3. Gram,Hans-Erik; Gut, Paul: “FCR/MCR Toolkit Element 22, Production Guide”,
SKAT, St. Gallen, 1992 (E)

4. Gram, Hans-Erik; Gut, Paul: “FCR/MCR Toolkit Element 23, Quality Control
Guidelines”, SKAT, St. Gallen, 1991 (E)

5. Gut,Paul: “FCR/MCR Toolkit Element 4, Standards Guidelines”, SKAT, St. Gallen,
1992 (E)

6. Gut, Paul: “FCR/MCR Toolkit Element 24, Roof Structure Guide”, SKAT, St.
Gallen, 1993 (E)

7. Gut,Paul: “Climate Responsive Building”, SKAT, St. Gallen, 1993 (E)

8. Heierli, Urs; Beck, Victor: “FCR - Fibre Concrete Roofing, Feasibility and Market
Study Guides”, SKAT, St. Gallen, 1987 (E)

9. Lola,CarlosR.: “Fibre Reinforced Concrete Roofing Sheets, Technology Appraisal
Report”, AT International, Washington, D.C., 1985 (E)

10. Miiller, Heini: “Roofconstruction training in Ghana, T.R. 14”, SKAT, St. Gallen,
1991 (E)

11. Parry,John: “Fibre Concrete Roofing”, Intermediate Technology Workshops,
Cradley Heath, 1985 (E)

12. Parry, John: “Fibre Concrete Tiles, Users Manual”, Cradley Heath (E)
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13. Preiswerk, Susanne, Miiller Heini: “Introduction of Micro-concrete tiles in the Philippines,
T.R. 17”,SKAT, St. Gallen, 1991 (E)

14. Schunk Eberhard; Fink, Thomas; Jenisch, Richard; Oster, Hans Jochen: “Dach Atlas”, Institut
fiirinternationale Architektur-Dokumentation, Munich, 1991 (G)

15. SKAT: “Informacion Basica Sobre Techos de Micro Concreto (TMC) y Fibro Concreto
(TFC), Introduccion para Arquitectos, Técnicos, Epresarios, Instituciones de Desarolloy el
Publico Interesadoen TMCy TFC”, SKAT, ST. Gallenen, 1989 (S)

16.  SKAT:“TheBasics of Concrete Roofing Elements, Fundamental Information on the Micre
Concrete Roofing (MCR) and Fibre Concrete Roofing (FCR) Technology for Newcomers,
Decisionmakers, Technicians, Field Workers and all those who want to know more about

MCR and FCR”, SKAT, St. Gallen, 1989 (E)

17. Stulz, Roland; Mukerji, Kiran: “Appropriate Building Materials, A Catalogue of Potential
Solutions”, SKAT, St. Gallen, GATE, Eschborn, IT Publications Ltd., London, 1988 (E)

18. Twigt, Fred Jan: “Fibre Concrete Roofing in Malawi, Kenya, Tanzania, Zambiaand Uganda”,
FCR Advisory Services, SKAT, St. Gallen, 1988 (E)

Audio-visual material

19. MacWhinnie, Ian: “An Introduction to FCR/MCR Production”, ABASIN Video, ITDG/
GTZ-GATE, Eschborn, 1990 (E)



This guide provides the necessary information on the design
and construction of FCR/MCR tile roof cover. Emphasis is given
to simple and basic roof forms.

The guide aims at helping to do proper detailing, and to build and
maintain the roof cover in a sound manner. It deals with the
different roof cover types, gives information about tile require-
ments and provides detailed solutions to all commonly occur-
ring situations on roofs.

The guide is addressed to architects and engineers involved in
the design of buildings with FCR/MCR tile roofs, and also to
builders, site engineers and overseers, who are implementing
construction.

Producers of roof cover materials can use the guide as a basis
for advising their costumers on the successful use of their
products. The guide is also useful as a teaching aid.
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