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WEATIIERTIGHTNESS AND WATER PENETRATION IN BUTLDINGS

R A Hazelwood

UNDERSTANDTNG THE PITCHED ROOF

INTRODUCTlON

At our laboratories we have been involved over many years in testing of
pitched roof components and in improving their design. As was recounted

at the SC. meeting in 1979(l), it is fair to say that aithough we feel we

have learnt a great deal, there is still plenty of scope for increased

understanding of why a pitched lapped roof works so well.

RELIABILITY v. WORIO,ÍANSHIP

It is generally recognized

than flaÈ roofs, and iÈ ls
that pitched roofs have prove<1 more reLlable
i¡rteresting to consider why this is so.

!'lhilsÈ there are probabì-y many reasons, I believe the principal advantage

of a pitched roof is its tolerance of indifferent workmanship. In partJ-cular

it ernploys a multilayer approach to resistj-ng weather penetration. If
reliance is put in a single, completely (you hope) irapermea-ble layer, then

iÈ must be perfect. If, alternatively, there is a second line of defence,

with means to carry water away/ then iÈ wil-l be more reliable.

From this discussion it may be thoughE that f refer to 'ehe use of und.erlay

or sarking, and indeed I do, but I also refer to the effect of the lapped

joints thernselves, to which I will return

In testing and designing tiles, we do noÈ rely on the underlay Èo resist
driving rain. The underlay's prime fr:ncÈion is to resis"u any powdery

snow which is known to penetrate roofs without rrnderlay. It is then

essential that the consequent rnelt rvater can be safely conducted to the

eaves. To this end 855534(2), the code on "Slating and, Tiling" recom¡nends

special underlay support at the eaves, counterbattens over boarded sarking

and other important details. A second less well recognized function of
an. underlay is to red.uce air flow through the roof. By so doing¡
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the likelihood of leakage of the primary la1'er of slates, tiles, etc. is

much reduced and, less obvi-ously, the wind uplift on t-he roof is distributed

between tl,e two l.yer=(3). It is believed that this effect plays a major

part in allowing many of us southerners !o continue to deal ouÈ tiles over

our roofs llke cards, with no fixings to hold theru down to the battens-

lfhilst distinguishing between practlces north and south of the border -

which are j-n part due to the differences in climate - I would, Iike to question

the Scottish practice of uslng boarded sarking. At one time, I believed

that this would be superior to bitr¡uen feLt underlay. I a¡n now less sure.

It seems that it may be too efficient in reducing loft ventilation, with

a consequent sensitivitl- to condensation. fn contrast, a lapped felÈ

underlay laid with a saq beÈween rafters, gives many ventilation Paths which

fortuitously self seal under windy conditions to give ventilation only when

needed, in tj-mes o¡ light wind. It is an active ventilation controller,

albeit crude. It is also cheaPer I

CONDENSATTON

T¡ris discussion has brought me to the issue of condensation. The increasing

concern with thj-s problem implies changes in building practice. Whilst

I d.on't think'nost of these changes have arisen above the loft space, t-hte

boarded roof may be more sensitive to the changes lower down-

In my view two major changes are:-

Better sealed houses. The efforts of the "SAVE IT" carnpaign, of

tåose testing the air tightness of windows, and those raising fuel

prices, have aLl indirectly encouraged the 3 gallons of water vaPour

produce daily(4) to head for the loft.

Better insulated ceilings. This change gives colder lofts, more

prone to condensation unless adequately ventilated.

I

1
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VENTII,ATTON

BS525o(4) *ho"" recornmendations are now Iikely to be incorporated into

the Building Regulations, asks for eaves ventilation gaps equivalent to

a continuous slit lOrom wide each side (roof pitch over I5o). T'¡o things

are not yet clear to me - firstly I have not fotrnd out on what basis this

nr:nber is specified (although it seens sensjlcle) and secondly I do not

know if it is adequate in practice. I would welcome any information or

practical experience which you may be al¡le to provide'

Eaves to eaves ventiLaÈion must rely on the wind as a driving force. rn

contrast, eaves Èo ridqe ventilation can also call on the two "stack effects"'

Firstly, even witle ceiling insulation, the Ioft air is likely Èo be wal:Iner

t¡an outside air, especially on a calm clear night. Secondly, danp air

is Iighter than dry air. Both give rise to a "chi-mney" effect, driving

warÍrDer, moisÈ air out through a ridge vent'

whilst this flow is likely to be small ccmpared with wínd driven flows,

it is available just tvhen needed - on the aforesaid calm nights' Hor'¡ever'

it needs an entrance and exi¡- at different heights, best provided by rldge

and eaves ventj-Iators. The wrnd driven ventilation is also likely to be

j-mproved, particutarly for conditions with wind incident on a gable end'

because ridge pressures are almost universally more negative than those

rutder eaves.

LAP DESIO{

As discussed earlier, the design of the tiles, particularly single lap,

Iow pitch tiles, involves an understanding of the potential leakage mechanisms

through the gap(l). Capillary leakage can be overcome by "anti-capillary

devlces", principally the chambers formed between the underside riJcbing

and the top surface of the lower tile.

These ribs al-so serve to provide t}re multilayer design referred to earlier'

Any water spray driven by wind through the gaps at the external edge of

the lap is caught by seconclary ribs and returned by gravity to the external

roof surface.
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A¡¡ IMPROVED DRIVING R.AIN INDEX

Ttre true si¡oulation of all aspects of the roof environment is so comPrex

as to be effectively impossible. It is however possible to simulate

the various potential leakage mechanisms and perform com.oarative tests
between different roofing systems. The remaining difficulty is to decide

which mechanisms are important and what weather conditions produce tlem.

Is it the effect of short intense storms, or do long term danp winter
conditions play a part ? Í. believe they do.

BRE Digest L2'1 1971(5) gives both yearly and hourly indices. Whilst both

have some relevance, the hourly figures are preferable in that they record

intense storms. !lo'¡/ever, analysis of the table shows that if the year is
arbitrarj-ly divided into winter (October to March) and sr¡nrner (April *'o

SepÈember) only 5 stations out of 23 had their worst storm in the winter.
S'r¡smer storms are more likely Èo be followed guickly by drying ccnditj-ons

and it is felÈ that this index is not Èherefore ideal.

At the same time, it seems likely'Ehat since wind pressu.re is proportional
to wind speed squared (V2) an index of rainfall rate (R) x V2 v¡ouJ-d, be

rnore appropriate than the RV index used in Digest I27.

Íle are therefore paying the l4et. Office to re-analyse their data to give

the worst stonns using three different indices RV, RV2 and RV3. RV3 nay

weII be appropriate to wal-L or window leakaqe(1). Results so far (9 stations)
giving the worst storm in each year. have been further anaiysed to show hov¡

the storms thus selected differ depending on the criterion used. For

Plylouth, over thirty years, the seven worst storms selected by the RV

index comprise only two winter storms (2w) but five suûuner sto¡ms (5S) .

For RV2 the ratio j.s reversed,, 5W - 25, whilst for RV3 it becomes 6[,7 - lS.
fhis trend is apparent in all 9 stationsr dar-a.

The extre¡ne value given for PÌymouth in July 1957 by Digest 127 ranks first
in the list by a large factor but is tweLfth in the RV3 ranking. The wind

directj.on in this storm was east (9Oo) whereas the directions of all other
worst storrns for RV lie between L5Oo and 24Oo, i.e. broadly southerly,
which makes sense fot severe conditions at Plyruouth on the south coast.

We therefore believe Ehat an Rv2 lndex is more representative of winter storrns.
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I Pitched roofs are likely to be more tolerant of indifferent

workmanship than flat roofs and hence more reliable'

Felt underlay may give more appropriate ventilation then boarded

sarking, as well as being cheaPer'

frrere is an advantage to be gained from eave to ridge ventílation

toavoidcondensationpartícularlyoncalmnights.

4 RV2 may well be a better index of drivÍng rain than RV'

CONCLUS TONS

2

3

RÀH/BK
24.9,8(J^.

. - l, ^ l,; ..l--.--l-:- '[-.¡.,--¡ilo,-"]-,.i--t,,:r,,,.,-,r.: ,.:,;;iii.,.:*,üi,,r;,,*.; ¡t,;;:,.ir;ì:ii',råü',:ii¡i¡iir*+*''*.¿"llii. *'d.rti'ii,*:.iiiì;.idililåiül.$[üd;Ir.,



6

REFER.ENCES

I Rain penetration mechanisms in lapped pit'ched roofs.
R.A. llazelwood. Chenistry and Industry Aug. L979.

Code of Practice for Slating and Tillng.
855534, Part, I f978.

Principles of Wind Loading on Tiled Roofs and their Application
tn the BriÈish Standard 855534. R.A. tfazelwood
Journal of Wind Englneering and Industrial Aerodynamics 6 (1980),

Code of . control of condensation in dwellings.
8s5250 1975.

An index of ex¡rcsure to driving rain.
BRS DigesE L27, L97L.

R.E. Lacy

2

3

4

5



7

WEATHERTIGHTNESS AND WATER PENETRATION OF BUTLDÏNGS

D Armour

ROOF LEAKAGE AND ROOF FAULTS

The primary functLon of a roof, in our climate at

any rate, is to provide a watertight covering to

the buil-ding bel-ow. In doing this it shoul-d not

only present a surface which cannot be penetrated

by water, but also shed water as quickly as possible.

It appears then that the pitched roof must be the

most logical and functional- shape to employ. How-

ever, where large complex buil-dings are concerned

flat roofs become the only practical and economic

form. Both types of roof can experience failure,

but the types of failure occurring in pitched roofs

are in general better understood by architects and

builders, are easier to avoid, and often less expen-

sive to rectify.

FAULTS IN PITCHED ROOFS

These include faults developing in the supporting

roof timbers due to fungal or insect attack, corrosion



I

of fixlng naiLs, overLoading caused by a new and

heavier roof covering, etc.

Clay tiles may l-aminate through frost action t ot

be damaged by frost cryst.al-Lisation if underf ired.

Slates may become detached through the corrosion

of the fixing nails ¡ or by breakage at the nail

holes due to a rubbing actLon caused by wind.

Cracking or corrosion of rigid roof sheets is often

brought. about by poor fixlng practices. Hol-es may

have insufficient clearance to all-ow movement of

sheets due to temperaÈure, moisture absorption, etc.

Fixings may corrode due to contact between dissimilar

metals. Cutting and driLling will expose uncoated

metal in coated sheets, and so on.

Due to the limited size of most pitched roofs and

the often fairly sma1l areas of defects, sometimes

only individual slates or tiles, the cost ,of
remedial work is often comparatively small and we

shal-I turn our attention to defects in flat roofs

where costs of remedial work are l-iabIe to be much

higher.
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FLAT ROOFS

Basic Construction: A1though flat roofs may consist

of a greaÈ many 3-ayers of different materials the

basic and most simpl-e form consists of four layers.

These are :

1. A roof coverì-ng (eg asphalt, fel-t and chips etc) .

2. Insul-ation (eg pol-ystyrene, f ibre board) ,

3. A vapour barrier or vapour check.

4.. A structural- roof (eg timber, concrete, etc) .

Trad.itionaS-1y then 3-ayers can be arranged to form a

tCol-d Roof t. See Fig 1-. ThLs has a ventilated air

space between the roof deck and the insul-ation.

Alternatively the fWarm Roof t type of construction

can be used. where the structural deck lies in the

warm region of the buiLding with the insulation above

the strucÈuraI d.eck.

The efficiency of all insulating materials is dependent,

on their remaining in a dry condition. 11 . Cold Roof

the ventilation provided is d.esigned to evaporate any

moisture which may have passed the vapour barrier or

check via holes for light drops or other perforations

of the barrier. In much of Scotland. however for half

the year there is as much chance of the outside air
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introducing moisture into t,he roof through the

ventilators, as there ls of removing rnoisture '

So one would hesitate to reconunend a Cold Roof type

of construction. It has also the additional problem

that the above cell-lng area is not likel-y to be

unif orml-y ventLLated. rDead I areas are likely to

exist where moisture will- not be read'ily removed.

These will- produce col-d spots on ceil-ings and

condensation is ltkel-y to occur below these spots.

In the trlarm Roof (see Fig (b) ) the whole load-bearing

construction lies in the warm region. Everything

below the heat-insul-ating layer is exposed' to the

internal temperature of the buitding. If, for the

sake of appearance an under ceilì-ng is required,

then this should have a minimum insulation value and

be as permeable as possible. A complete vapour

barrier is placed between the insulation and the deck.

one of the main causes of trouble with flat roofs has

been connected with high temperature variations in the

water-proof roof membrane. It has always been obvious

that if these variations could be reduced then the

life of the membranes would be prolonged, and fewer

faults were like1-y to develop. This has led to the
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introduction of the Inverted or rUpsC-d'e-downl

Roof. (See diagram), The development of a closed-

cell type of expand.ed polystyrene which will noÈ

absorb water has made this type of roof construction

possibl-e. In the Inverted Roof the Roofing Membrane

which coulét be asphalt or built-up felt is laid

directty on the structural deck, and the mernbrane

also forms t.he vapour barrier. The insulation

consl.stLng of l-oose-Laid expanded polystyrene slab

is. l-aid. on top of the membrane and held in position

and proÈected by a 50mm layer of gravel or by pre-

cast concrete paving slabs '

COMMON FAULTS IN FLAT ROOFS

In April L978r a PaPer by Mr P II I¡Íilson of the

Scottish Laboratory of the BRE quantified the types

of faults being frequently encountered. in investigations

by t.he BRE. Those most commonly found were:

l. No, or inadequate vapour barriers or vapour decks.

2, Inadequate provision for movement of supporting

structure.

3. Entrapped moj-sture between layers or in screeds

4. Inadequate flashings, etc.

Some investigators of faílures like to categorise

these as being d.esign faults, faults in materials or
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faults Ln workmanship, Wê have normalLy found

that things are seldom as clear cut' as this. It

is usually not possibl-e to pl-ace all the blame on

to one person. În most cases there is some measurè

of inadequate workmanshlp, some rather poor design

details, and often a wrong seLection of materi-al.

In some cases there is a l-ack of detail-ing by

designers who may d.epend on the ingenuity of the

workman to provid.e a Proper barrier to moisture

penêtratlon.

There is some merit in a "be1t and bracestr approach

to design, where the designer assumes that he is

going to get somethJ-ng a littIe less than one hund-

red percent perfect workmanship. Where he designs

in such a way that his construction will still func-

tion perfectly, even if the quality of workmanship

is merely average.

It seems that architects and other designers are

often not fuL1-y conversant with the varj-ous, effects

and their relative magnitude which can affect a flat

roof . The maj-n ef f ects which should be kept in mind

are :
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(a) The higher degree of thermal insulat,j-on

demanded today may mean considerably higher

temperatures Ln a membrane overlying the

insulatLon, with a consequently greater

softening of the bltrmrinous materials.
(b) The conslderabLe pressures v¡hich can be set

up by the expansion of air, or an air and

v¡ater vapour mixture irmnediately under or

v¡ithin the 1-ayers of a waterproof membrane.

(c) The considerabLe time needed to d.ry out

materials in Scotl-and; this is frequently

underestimatedr so that materials are used

irl construction which are barel-y surf ace dry,

and. stili- contain considerable amounts of

moisture.

(d) ft is nearly always safe to assume that people

will walk on any roof. Frequently after the

roofers have departed other trad.es will walk

over thej-r completed work. There is thus an

obvious danger of splits and cracking of the

membrane, particularly where blisters have

formed. The membrane may be punctured. by

stones being treaded down into it or by Èoo1s

and other maÈeria1 taken on t.o the roof .

(e) Different movemenÈ of the various materials

whÍch make up the roof tsandwicht. Some have

/
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considerable moisture moVement, in the case

of felts thLs may be greatly dj-fferent when

measured al-ong as aga.Lnst across the sheet,

Insul-ation boards may aLso show considerable

moLsture rnovement causLng overlying felts to

tear or winkLe al-ong the l-ine of joints in the

insulation board.

(f) The necessity of mechanical fixings to hold

down roof Lng material-s to a troughed deck.

Mopping on bitumen and hoping to stick

material-s to a troughed metal deck is at best

providing onJ-y a partial- bond, due not only

to the troughing, but to t,he rapid cooling of

the bitumen.

In many cases the l-ack of understanding of the basic

requirement for a successful- roof extend.s also to the

contractor and his workmen. Too often unskilled

labour is employed to construct a stand.ard built-up
felt roof under the impression that such a roof is

merely a case of pouring on some bitumen and rol1íng

out the fe1t.

Too often bitumen is applied too cold t or it is applied

to a surf ace which is dirty or \,r¡et.
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In many cases materlal.s are used which already contain

a good deal- of moisture. A tarpaulin used to cover

insulation boards wil-l- not prevent them soaking up

water from damp ground.

Moisture is too read.ily trapped between successive

Iayers of felt and within porous insulation or

porous timber decking. If a partly completed roof

gets wet from rain, snow'or otherwise it is very

difficult to dry it out complete1Y, except in the

very best of dry summer weather, unprotected roofs

in this country are always likely to get wetter than

drier.

The great care necessary to bond to the previous days

work is often not fu1Iy apPreciated. This applies

particularly to asphal-t roofing, but to other types

aIso.

In an ideal world flat roofs would never be pierced

to accommodate pipes, roof-Li9hts, ducts, etc. The

d.ifficulty of preserving the integrity of the water-

proofing around these can be considerabler moreover

it d.emands slow careful work which is time consuming

and apt to aggrarrate the workman who is trying to
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"get on with the Job". Workmanship tends to deter-

iorate and poor workrnanshl-p is often undetected due

t.o inadequate supervision.

Traditionall-y, partLcul-arl-y tn the West of ScoÈLand

the waterproof membranes employed on fl-at roofs have

been l-argel-y asphal-t or multi-1-ayer Situminous felt

systems,

More 'recentLy the plastì.cs industry have produced

a range of sheet pollmeric material-s designed for

use as singl-e 1-ayer systems, The main polymers used

are plasticised PVC, PVF, polychloroprene¡ pol-yiso-

butylene and chlorosulpphonated polyethylene. The

membranes are of thin plastic and are often supplied

bonded to their sheet materials such as asbestos

sheet to give more dj-mensional stability and to

simplify handling,

The main problem with these materials lies in the

jointing. The joints are normally sealed by, adhesive

or by heat welding, and since in a single layer

system there is no second line of defence, the joints

musÈ be perfect. So, as in many single-iayer systems

we are looking for perfect workmanship.
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If joint,s are a rnaJor proÞLmr in roofing membranes,

it would appear l-ogical to try and' do without them.

Jointless coverlngs have been avail-abl-e for many

years in the form of a great many proprietry roofing

Èreatments, whLch coul-d be 1-oose3-y ref erred to as

rrroof s in a tl-nr'. Many of the older ones consist

of bituminous emulsion or cut-back bituminous which

are painted on to the roof in several- coats. The

coats are usua3_]_y reinforced with a fabric or mesh

often of glassfibre.

In a wet area such as the west of scotland the drying

time required between coats can be the main problemt

and many of these membranes are very vulnerable to

damaÇe until- fut-l-y cured. Tn most cases they are

given a measure of mechanical- strength by trowelling

on a sand-bitumen mixture, and may also be given a

light colour to resist solar heat absorption. Again

then jointless co'¡erings demand a high degree of care

and workmanship, and. in effect good weather conditions

or adequate protection while being laid'

In conclusion one cannot arzoid saying that in roofs,

as j-n much el-se, the client Èends to get what he

pays for. All types if well designed, adequately
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detailed, and if the workmanship is good will

reslst water penetrat,ion, They wiLl' not however

all have the same tlfe or dernand the salne amounts

of mainÈenance.

References: BS Code of Practice CPL44 $Roof Coveringsr.

Built-up Roofing - Information techniques

and specifLcat.Lon by

Fel-t Rooflng Contractors Advisory Board 1977.

Buil-ding Research Station Digest No I44.1972

Asphal-t & Built-up FeIt Roof ings - d'urability.

BRE Dígest 8, Built-uP Felt Roofs.

DOE Advisory Leaf1et 79, Vapour Barriers.

DA: SM
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WEATHERTIGTITNESS AND VÍATER PENETRATTON OF BUILDINGS

ROOF CONSTRUCTION : FLAT ROOFS : GEOMETRIC LAYOUT

J Y Campbel-l-

Flat roof construction ls often used as a means of

sealing the top part of the weather envelope of many

strucÈures. Sometimes the technique is successful,

but more often than not a compLete barrier to water

penetration is not achieved.

This inadequate performance is a subject whichr over

the years, has prompted investigations by various

authorities. One cofltmon factor running through these

investigations has been the feeling of d'issatisfaction

with the high incidence of failure of the end product.

There would. seem to be three main reasons for this

situation:
(i) Inad.equaüe materials to accommo'dãte

the effects of thermal and structural

movement and the effect of sunlight

(ii) Poor design details

(iii) Poor workmanship by building contractors '
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It is the purpose of this part of the proceedings

to look at the geometric l-ayout of flaÈ roofs and

to assess if the correct approach is made at the

design stage.

One of the first aspects which has a bearing on

the topic is the topic of flat roofs itself! The

dictionary definition of fLat is f'having a hori-
zontal surfacett. This statement, when trans1ated

into geometric terms, conjures up a plane only ín

two dimensions. Thus unwittingly, at the outset,
we may present designers with a picture of a

rectangular shape in the txr and tyt planes, having

apparently no important features in the tzt p1ane.

In fact the picture the designer could have in his

mind is the shape shown in Fig 1. It is to be hoped,

however, tlrat he does not have the complete content

of this photograph in his mindl

Nevertheless, it is a fact that the outcome of many

designs more than occasionally results in problem

roofs like the one in this photograph.

Ifhere does the roof designer turn for guidance? In
CP308, is the general statement., "Flat roofs should

be designed to avoid ponding except that some degree
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of temporary accumulation of water during heavy

storms may be permitted where the roof covering

is speciall-y designed to remaLn watertight under

such conditionsr'. In the same Code of Practice

the following guid.e l-ines are given f or roof l-ayout.

"Flat roofs may be designed to drain in two $rays

either :

(i) Towards the outer edges

(ii) Towards channel-s or outlets within

the roof area.

In both cases fal-ls are required and minimum values

are indicated ln CPI-43 and CPL44. Fal-l-s can be

provid.ed by tilting the roof or building up from a

level roof construction. In the latter case falIs

should not be excessive in ord.er to avoid costly

screeds or firring". How helpful is the last

sentence? These guide3-ines are not very tight and

it is little wonder that problems sometimes ensue.

Some two years agor in an attempt to find out the

extent of geometric irregularities in completed

roof s, a survey \^¡as carried out for the BRE by the

MACDATA Unit of Paisley College. The main remit was

to establish the degree of surface irregularity that

typified various types of flat roof construction and'

therebyrto determine the minimum overall fall required
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to nullify the effect of l-ocalised a<lverse falls

and to ensure ef f ectl.ve roof drainage.

The results of this survey are to be found in the

Autumn 79 editLon of t,he publication I'BRE Ne$rsrr,

Briefly, the survey ldentified six roof types and

five examples of each $¿ere surveyed. The roof types

were:

(i) Plywood deck on timber joists.

(ii) Wood. wool sl-abs on timber joists.

(iii) ltiood wool slabs on steel joists'

(ív) Fibre insulation board on steel deck system.

(v) Insulating materìal on pre-cast concrete units

(vi) Insul-ating material on cast-in-situ concrete.

Most of the roofs had built up bitumen felt as weather-

proofì-ng except the in-situ concrete roofs which had.

mastic asphalt. The bull-dings v¡ere located in Central

and VÍest Scotland.

The main conclusion drawn from the study was that many

of t,he roofs did not meet the minimum recommended fall

of 1 in 80 as suggested. in cP144 and two thirds of the

roof had falls shallower than I in 100. Localised low

spots, inadequate falIs adjacent to drainage ouÈlets

and poorly located outlets frequently gave rise to

ponding even in cases where fal1s of I in 80 or better

had been achieved.
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Subsequent modeL tests and cal-culations indicated

that to offset the effects of surface irregularities

and t.o give a final minimum local falI of 1in 80

then the overaLL design fall- should be based. on

I in 40 as a minLmum. This conclusion amply justifies

the statement in the proposed. code of practice for

the design of f1.at roofs which says frTo ensure a

minimum fa11 in the membrane of 1 in 80 it will be

necessary to control the deflections and inaccuracies

in the supporting structure or to provide for ad.ditive

fa11s to offset their effecÈ".

Íiithout, these precautions to offset ponding. then

the risk of water entering the building will be greater.

Further, should leakage occur in the ponded area then

naÈuraI1y the quantity of water entering would be

greater than that which would have entered through a

properly drained surface.

Examples of poor layout and shallow falls are shown in

the following f igures and associated sketc.hes. The

accompanying descriptions to the figures hiqhlight

the faults.

NotwithsÈanding the fact that materials, workmanship

and components can all have a bearing on the problem,

if the geometric design is basically inadequate then

the roof will have little chance of performing properly.
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Fig 1 r'Typical rfLatr roof?r'

Fj.g 2 Low point ad'J.acent to drainage outlet lack of

accuracy Ln settLng out plane of roof?

Fig 3 "Good falls and badrr. Adverse fall to only

drainage outlet,

Fíg 4 rrFlatrr roof belng repalred (not for the first time!).

Fig 5 Contoured plan of roof in Fig 3.

Fig 6 rrlmpossible escaperr - Edge of roof at gutter

higher than adjacent roof area.

Fig 7 Poor drainage channeL to almost impossible

drainage ouÈleÈ.

Fig I Low points adjacent to drainage channel.

Fig 9 Good built in roof fa1Is.

Fig 10 ContoureC plan of roof in Fig I
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Fiq I

Fig 2
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Fig 3

Fig 4
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WEATITERTIGT{TNESS AND !ìTATER PENETRATTON OF BUÏLDINGS

I Buchan

FLAT ROOF MEMBRANE SYSTEMS

A ROOFTNG SYSTEM IN SCOTLAND normalty includes

(i) membrane protectl.on and surface treatment'

(ii) a membrane consisting of one or more layers

joì.ned to be compositely waterproof ,

(iii) thermal insulatlon
(iv) vapour barrier, and

(v) roof structure/deck.
I.Il

In some cases, prefabricated decking incor-

poratrng alL features (r) t.o (v) is used in

Iieu of Putting on each layer on site.

THE PRTNCTPAL CATEGORIES OF ME}4BRANE FAÏLURE

OR DEFECTS have been diagnoseo by R L Bonafont

of Ruberoid as given in frg 1 (reproduced oelow)

of hrs paper tApplrcation of Perfot*"rr.. Concept

in Evaluation, Specification and Selection of

Roofing Materialsr APril L977 .

2
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A sumrnary of these categories is given in
paragraphs 3 to 7

PRTNCTPAL MEMBRANE 1FATLUREI CATEGORIES

Wind Damage ÞL PAGEDeficiences
WATER PEIIETRATTON

I
APPARENT

Condensation
Constru.ctlon water

ACTUAL

t-
PTJNCTURTNG RUPTURE SELF TNDUCED

DTSJOÎNTNG

REVERSTBLE
MO\ÆMENTS

FATlGUE

3.

I

TRREVERSTBLE
MO{/EMENTS

FIGURE 1.

High winds are prevalent in Scotland and the

membrane requires (i) a high interply strength

and peel strength between membrane and substrate

insulation, and (ii) nail hold.ing strength.
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Poor ad.hesLon of layers due to a low bitumen

temperature or to the presence of water during

construction shourd be avoided.

Slippage of memÞrane on vertical upstands may

occur if the membrane is not mechanically

anchored or if the hard. IL5/L5 bitumen is

destroyed by overheating on site. (1L5oC is

the softening point, and l-5 is the hard'ness

penetration val-ue as determined' by BS tests) '

Cosmetic deficiences such as wrinkl-ing, surface

crazi-ng, membrane blisters and surface disinte-

gration are indicative of possj-ble future f ai'l ures.

Vüater penetration may be apparent as condensation

or water entrapped within tne membrane during

construction or by an incomplete vapour barrier"

!,Îater peneiration may be real, due to puncturing

of the membrane by animal- action (pecking by birds)

or by hail stones but the puncturing is more

likely to be caused during construction by excessive

fooÈ and wheel barrow traffic, material stacking,

roof alterations and maintenance after construction

5

6
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or subsequent abuse by bui3-ding tenants using

the roof for sporting/Leisure actlvities. The

membrane faLl-s frequentl-y due to sharp point

loads especiall-y if the insuLation is soft.

Water penetratLon can occur at and close to gutters

when these are of fJ-ì.msy construction and are

used as wal-kways. Special strengthened walking

zones shoul-d be provlded and. marked out.

Structural- fail-ure of a membrane which is indicated

normally by teasing or by foldÌng suggests that
the tensll-e strength and el-asticity of the membrane

are inadequate to cope lsith diurnal strate movements

and buil-ding movements arising from thermal shock

due to insul-ation or blown hot air, vibration of

the roof deck, settJ-ement etc. Ice formation and

clay layers at low points also stress the membrane.

Oils, petrols and oÈher liquids may also attack

Èhe membrane.

THE TRADITIONAI SCOTTISH FLAT ROOF had a rigid
structure with l-ittle thermal insulation and two

or three layers of bituminous felt, asbestos or

glass fibre sheet usj-ng bitumen adhesrve covered

with a single stone layer 13 mm size. Such
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roofing systerns nave lasted up t'o 40 years

and more without, troubl-e but generarly about 383

of such roofs have failed durrnq a possibl-e

20 year rife.

TIIE }4EMBRANE SHEETS WERE AND STTLL ARE 'MANU'

FACTURED TO BS 747 and an independ.ent investigation

of the degree of quality assurance given by such

bituminous sheet,s ind.icated that the sheets made

by the 1-arger British manufacturers r^lere of good

uniform quality backed by excell-ent control Pro-

cedures during manufacture and distribuÈion for

identification. The British manufacturing industry

test for (i) the constituent' materials viz bitument

sand, f Ì11-er, f el-t, asbestos , 91ass f ibre (ii)

production control of sheet and. (iÌi) verification

of sheet characteristics after production in

accordance with gs 7 47 | using professional chemists

and engineers.

The manufacturing j-ndustry and the flat roof

contractors association provide an extensive

literaÈure servace for the use of BS 7 47 materials

ind.icating how the sheets should be used' for

different types of structure and thermal insulation.

r0.
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The Buil-ding ResearcTr Establ-lshment provides

authorative publications on BS 747 sheet membranes

and roofs and there is a British Code of Practice for

flat roofs CP144 using BS 747 membranes.

The Construction Ind.ustry Training Board train

annually l-00 me¡nbrane Layers at three training

centre, one of which is Gl-asgow,

It.can be seen that the BS 747 membrane system

estabLished for concrete roofs and. strong timber

roofs with l-ittJ.e insulation is sti11 adequate

for some of today I s ouitding works and there j-s

stilr a big demand for feLt, asbestos and glass

f ibre bituminous sheets. Hor¡rever it r-s general..t-y

consrdered that onJ-y glass fiOre and. asbestos

BS 747 roofing materials snouid now be used in

high class roofing membrane j-n association wj-th

other roofing membrane materials as discusseo

in paragraphs 14 to I7

INTRODUCTTON OF HIGH THERMAL TNSULATÏON AND

HIGH PERFORM.ANCE ROOFTNG MEMBRANE.

About t969, new insulation boards made of Iow density

plastrc were introduced and. this thermal blanket

caused tensile failures of fu1Iy bonded BS 7 47
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membranes particularl.y over Joints ln the

insulation. The Brlt,ish manufacturing industry

researched the problem, pointing the way to the

use of :

(i) existLng glass fibre bituminous sheet BS 74i

(ii) polyest,er base bitumlnous sheet, and

(iii) ventiLated layer

when high thermaL insulation \^/as specif ied.

There is extensive weLl il-lustrated technical

literature on the polyester base bitumrnous

roofrng materia.l-s being produced Ìn the UK.

Tnese UK hígh performance roofing matertal-s are

produced on the same equrpment as BS 7 47 f el-ts

and use bitumen as adhesive to other memþranes.

In terms of thickness there are two classes.

(a) I.4 to 1. 8 mm (b) 3 to 3 .5mm, class (a)

incorporating high grade polyester of mass t25g/n2

whj-le class (b) has 350 g/m2 polyester.

lrfhereas existing BS 7 47 systems can only elongate

about 42, the polyester based system can elongate

about 40?. The tensile strength is also much

greater as is the Mul-len Burst Streng+-h which is

a measure of the resistance to puncturing by a

point load on an area of less than 10OO **2.
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16. The t-estlng procedures for the htgh performance

poJ-yester bituminous material- are more extensive

and demandLng than for BS 747 felts and. more

statistical- control Ls necessary as the cost of

the pol-yester etc is several times that of

BS 7 47 feLts.

L7. Several- years use of hlgh performance polyester

base two I-ayer systems and of three layer systems

having mixed BS 747 and UK high performance

maÈerial- l-ayers have been successful to date.

18. COLD APPLIED LTQUID LAYER

There are occasions on l-ndustrial premj-ses when

the fire risks attendant upon the use of hot

bitumen boilers are not acceptable e$ whisky,

explosives etc,

A layer of polyester fibre is placed on the

insulation (or on the surface that has faited)

and a cold polyester resin giving a 2 .5 mm thicJ<

light grey layer is sprayed on. The system is

waterproof afler eight minutes, fu1ly cured after

24 nours and 'Ehe materiaL has similar characteris-
ì

tics to the high performance polyester roofing

¿escribed in paragraph L7,
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19. OTHER 'I\IEMBF,ANES

There are other proprietary mernþranes made

of polypropyj-ene and polyethylene base in

Lieu of polyesÈer base.

Againr some manufacturers have

gone for a high perforrnance ie high

el-asticity by mod.ifying the original bitumen

with ad.dition of rubber (SBR) .

There are se¡¡eral- manufacturers now ì:sing glass

fibre or pol-yester as base wìth SBR bitumen'

Other manufacturers in Europe add polypropylene

(APP) to the bit'umen d'uring manufacture and the

finished APP sheet may contaLn gt-ass fÌbre and/ot

polyester, Thl-s APP bitumen is more brittle than

sBR bitumen or ordinary bitumen at low temperatures.

20. A further type viz po11'meric sheet is particularly

resistant to petrols and' oi1s, foot traffic and

f rre. The polymeric sheet is homogeireous (without

a base) but contaj-ns reinforcing fíbres in the

pitch compound for stability, Ad.hesion of polymeric

sheets to other sheets may require special attentÍon.
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2t. To sununarl.se, there are several- options for a

fl-at roof membrane on a fLexiOLe roof construction
bearing in mind the requì.rements of para i- to 7 vlz z

(a) A mixt,ure of BS 7 47 g3-ass f ibre roof j-ng sheeÈ

and polyesÈer based bl-tuminous high perfor-
mance roofing sheets 3 Iayers.

(b) Two layers of pol-yester based high performance

bituminous rooflng sheets, wlth or without vapour

. escape sheet.

(c) A col.d l-t.guld poLyester l-ayer

id) Polyrnerlc sheeting with BS 747 93.ass flbre
3 layers.

(e) SBR and APP proprietary systems.

(f) Single-3-ayer proprietary systerns (not discussed

in this paper).

Schemes (a) and (b) are the most popular at the

present moment, but the other schemes (c) to (f)

may be more applicable in particular conditions.

Acknowledgement is rnade to the Director, Building Research

Establj-shmenÈr Dr R Bonafont of Ruberoid. and Mr B Holden

of Anderson & Son Ltd for information and data used in
this report by the Author.

IB: SM
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WEATHERTIGHTNESS AND V\TATER PENETRATTON OF BUTLDINGS

D Armour

T\TATER PENETRATION THROUGTI OR INîO WALLTNG

Where an outer waLl. consl-sts of two leaves with a

cavity between, compl-ete penetration by water to the

inner face should not occur. The whole purpose of

the cavity is to prevent this happening and theo-

retically only the outer leaf should be affected by

rain pene-r-ration.

lrihere wet or damp areas appear on the inner face

of a wall_ the first thíng to look for is sígns that

the damp area dries out and re-apPears within a few

hours of rain falLing on the wall-. If such is the

case then water penetration seems likely.

If signs of d.amp only appear when the building is

occupied, and tend to vanish when it is not, for

instance at holiday times, then the cause is most

probabty condensation,

Although evidence of damp on :'-nternal wall fj-nishes

may cause the occupants of buildings most concernt
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in the long term dampness which penetrates only

as far as the cavity, and. is not evidenced on the

internal face of the wal-1 r maY cause serious damage

which can be very expensìve to repair.

RAIN A}ÍD WATER PENETRATTON THROUGH WAÍ,LS

In many cases rain can penetrate through cracks in

brickwork, pass across the cavity and c:ieate a wet

inner'Ieaf. If the cracks are fine ones then the

water will be drawn through by capiS-lary action and

the passage of water is much more Iikely than with

wide cracks, I,rÏide cracks may however al1ow the

passage of wind-driven rain if air is able to pass

on through the inner leaf.

CRACK DEVELOPMENT AND VÍATER PENETRATÏON

Cracks in brickwork are most like1y to develop due

to expansion of new brickv¡ork, although they can

also occur due to ground. movements, movement of

supporting structural frameworks and other causes.

If Èhe outer leaf of a cavity walL allows moisture

to reach the cavity through cracks which have developed

or otherwise, then ihe first line of defence is breached,
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and the integrity of the whol-e wal-l- as far as

water penetration is concerned depends on detailing

and workmanship.

Wal1 ties must be clean and s1-ope downwards

towards the outer Leaf.

Cavitles must be free of mortar droppings and

other debris, partLcul-ar1y where such d'ebris

reaches the l-evel- of damp proof courses or

fi11s cavity gutters.

An additional hazard can occur wiÈh fil-led

cavit.ies if the insulation material- is capable

of transmitting moisture, or where water could

run across the top of foam fill or through voids

in the fiLl-ing.

cracks 1ike1y to permit water to enter the cavj-ty are

most likely to occur at or near quoins due to rotation

of a sñort return caused. by the expansion of two

elevations of brickwork linked by the short return. This

expansion is likely to occur when brickwork, is newly

built and is a property of the new bricks. It is most

likely to produce a crack starting at dpc 1evel and'

extending upward.s cracking through stretchers in

alternate courses
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Where brick in-fiLL panels are used in a concret,e

frame, again there ìs a tendency for the new brick-
work to expand, but here the movement is resisted by

the concrete frame which may have a tendency to shrink.

Sincé the brickwork is rest.rained by the frame it tends

to bow outwards and. tensiLe cracks d.eveJ-op, This type

of crack generall-y starts at the bottonr of a panel of
brickr¡ork and extends verticaLLy upwards, If there is
a dpc at the bottom of the panel, then the brickwork

may oversail the mat,erial beLow.

MOVEMENT JOTNTS IN BRTCKT^TORK

As mentioned above, bricJ<work tends to rnove through

various factors other than load.lng. The main factors

producing movement are:

(i) Sulphate attack on the rnortar joints.

(ii) Drying shrinJcage of the mortar

(iii) upta:<e of moistr:re by the bricks themselves

liv) Thermal movements.

The magnitude and seriousness of these movements vary

widely and in many cases can be largely reduced by taking

certain precautions.
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(Ì)

(ii )

(iii)

Sulphate att.ack on mortar joint.s.

Ideall-y this should not occur if

suitable precautions are taken. It

can however create expansions of a

high order, but is not likel-y to be

serious if bricks are kePt dry, Nor-

mal-ly lt is not al-Lowed for in the

design of movement joint.

Drying shrinkage of mortar. This can

be minLmised by avoi.d.ing very strong

Portland cement mortars. Sometimes a

temporary toothed construction joint

is incorporated, f il-Ied in the f irst

insÈance wlth a very weak mortar, and

l-ater raked out and re-f lIled. This is

generally the only allowance made for

drying shrinkage of mortars,

Moisture movements are of two kinds.

First an initial moisture expansion when

the dry bricks from the kiln gradually

take up moisture and reach a stage of

moisture equilibrium with the moist

atmosphere. This initial take up of

moisture may cause a moisture exPansion of

about 0.12 or twice that in severe cases

in an individual- brick. Ho!,¡ever the walling

will not move as much, and. its expansion may

be about 0"6 that of the individual b::ick.
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Later rnoisture movements due to var-

iatLons ln humldlty are of a much small-er

order. Partly this Ls due to the very

humid cl-imate ln the UK at all times.

IÏowever, during a Long period of drought,

movements of the order of about one tenÈh

those experienced during the initial take-

up of moLsture may be experienced..

(iv) Thermal- movements. In bricl<v¡ork the thermal

coefficient of expansion varies from 5 to 9

x 10-6 per Cdeg. Since most brickwork

suffers some restraint the Lower value is

general-3-y used.

Since brickwork is weak in tension and

generalJ-y is subj ected to some restrain' it

will- tend to crack with falling temperatures,

It has been suggested by Smith and others

than movement joints are required at about

12m intervals in brickwork and. should

accommodate a movement of 3 to 4 mm.

WATER ABSORPTION OF BRTCK WALLTNG

All over Scotland we see frequent examples of cracked

and disfigured renderings. In the vast majority of cases

this is due to sulphate attack,
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It is important to understand two things at the outset:

1 The sulphates which attack brickwork usually come

from the brl-cks themsel-ves, Therefone sulphate

attack occurs in clay brickwork and hardly ever

witn concrete or calcium sil-icate brìcks.

The sulphates r¡¡hich attack brickwork are in sol-ution

in water. Therefore lf there is no water, there

is no sulphate attack. The water may originate

from construction processes (bricks built wet, or

walls becoming wet before coPes or roofs are put

oñr etc.), Or the water may penetrate into the

brickr^¡ork through def ective water barriers, cracks

in rendering etc.

However the water enters t.he brickwork, it dissolves

sulphate sal-ts, and the soLution reacts with the

tricalcium silicate in the Portland cement mortar

or rendering causing it to expand and soften.

Sulphate attack is generally a gradual process, and

seldom becomes either very unsightly or dangerous in

periods shorter than two Years.

Recentlyr wê have had two very Severe winters in Scotland.

These have given us an insight into the damage that can

be produced by frost. Many wa1ls which vrere quite old,
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and had survived und.amageð. for many winters suddenly

showed signs of frost attack. Bricks had their faces

pushed off, renderings were d.LsLodged, copings of bricks

on edge disintegrated, etc.

Again it is essential- to appreciate that frost causes

damage by freezing water contained in the Pores of a

permeable material- and causing that water to expand.

Thís expansion exerts pressures internall-y which the

materiaf is not strong enough to resLst. Since water

absorption causes both sul-phate attack and frost attackt

the two may often occur together. Frost attack however

can be much more severe and can damage brickwork more

quicki-y, and is frequently found during the first winter

in the life of brick wa1Ling,

To avoid frost attack several- obvious steps suggest

themselves.

(i)

(ii)

(iii )

Introduce as little water as possible into

brickwork during the construction process.

Protect new brickwork from Èhe elements.

certainly until iÈ Is pointed or rendered.

Try to avoid cracks in rendering, íe use

weak mixes rather than st,rong ones, do not

conÈinue renderings across joints between

bricks and concrete frames etc.
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(iv) Try to shed rainwater off, the brickwork

by use of d.am¡l-proof courses, adequate

drips on copes n cf l-l-s. Use dry-¿¿5¡

rend.erings rather than weÈ. qs-point

joints in ol-der buil-dings when required etc.

THE FUTURE

It seems to me that, there are one or two points we shall

have to watch very carefullY:

1. The advent of a whol-e host of rmiracl-er joint

sealants each with their easy appl-ication devices.

2, The use of fil-led cavities, which automatically

prevent heat reaching the outer l-eaf of brickwork.

It Seems to me that these two factors have to be Watched'

carefully, We must detaiL adequately and not re1-y over-

much on some sealant mat'erial to fill up cracks - a mater-

ial of probably uncertain durabj-lity and difficulty of

replacement.

We must also try to keep the outer leaf of brickwork as

dry as possible, since it is certainly going to become

very cold in winter. To do this it, or the applied

rend.eringrmust shed the rainwater and dpcts must be

effective.

DA: SM
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I'IATER PENETRATION THROUGII I¡IÏNDOWS AND DOOR JOINTS

INTRODUCT ION

This paper is entitl-ed. tr{ater Penetration through

l[ind.or¡rs and. Door Joints, but witt concentrate on

Water Penetration through v'ind.ow joints since this

has been a ma j or area of interest of the Maed.ata

Fluid.s Group, It will be appreciated- that <i.oors

can be consid-ered. as large vind.or¿s and. water penetra-

tion through cloors can therefore be consid.ered. in a

similar manner to water penetration through windows.

The general practice of positioning d.oors on the less

exposed. walls of a build.ing afford.s doors a degree of

protection which is not generalJ-y possible with wind.ows.

Problems of water penetration assoeiated. with wind.ows

fall ínto three categories:

(i)

(11)

(111J

Penetration between window frame and the

ad.jacent waI1

Penetration between wi.ndow frame and. the

opening light 
"

Penetration between the glass and. the

glazing frame.
a
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ProbJ-ems arising in the first category can occas-

ional-ly be d.ue to the selection of a wind.ow d.esign

which is not appropriate to the d.egree of exposure

experieneed., but are more general-Iy d.ue to faul-ts

in d.etail-ing or constructlo'n as d.iscussed. in earlier

papers.

The oeeurrence of the najority of problems arising

in eategories ( ii ) an¿ ( iii ) can be reduced by

testing iv'j.ndovs and. gl-azing systems and. comparing

their test performance with recommended performance

leveIs.

COMP0NENT PERFORMANCE TESTING 0F r^lÏND0WS

The penetration of a build.ing by airborne moisture is

dependent on two climatic factoïs, wind. and. rain, and.

it is impossible to d.issociate these two factors. It

is aif f icul-t to det'ine let alone reprod.uce, the preeise

interaction of these two factors on a build.ing. The

test method.s availabl-e do not attenpt to reprod.uce

natural rnreather eond-itions on the wind-orq, ,rather they

attempt to give consistent results of the wind.ows per-

formance which can be related to natural cond.itions.

The principal

in BS 4315 :

/

test method used. at Macd.ata is d.efined.

Method.s for Resistanee to Ai.r and. I'later
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Penetration ¡ Part 1r lfind.ovs and Gasket Glazing

Systems t L968. The pressure d.ifference at r^¡hieh

gross Ieakage oeeu?s and. the air infiltration rate

are used to d.etermine the particular grad.e of

exposure.

GRADES OF EXPOSURE

The British stand.ard. Instltution!s Draft f or Develop-

ment \: L7TI: Recommend.ations for the Grad.ing of

Wind.ovs, states that three grades of exposure shoul-d-

be recognised. whìch are d.efined. in terms of the maximum

3-second. gust speeds to be expected. in the particular

area. The 3-second. gust speed. is provid-ed- by meteoro-

Iogical data and. i s d.ef ined. as the maximum speed

averaged. over a 3-second. period. on a once in 50 year

probability. The recommended grades of exposure are

given in Table 1.

Expo s ur e
Maximum 3-seeond.
Gust Speed (n/s )

Shel-t er ed

Mo d.erat e

Severe (a)

Severe (¡)

l+o

]+5

50

(ii) #

TABLE I : GRADES OF EXPOSURE
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Normally the upper linit for serere exposure

should- be taken at 'rO m/s, The higher speed

of ,5 m/s is an assumed upper linit and- is

rarely necessary unless specified..

lhe test nethod and. the reconmend'ations for the

grad.ing of vindovs are not perfect, but experience

of testing vindows at Paisley in the past ten years

shows a significant improvement in the grad.ings

achi eved.

SELECTTON OF SAMPLES FOR TEST

a minimum number of three unitsBS l+315 recommends that

per thousand. should. be

between the purchaser

tested- unless otherwise agreed-

and supplier.

In Scot'l and., the practice to d-ate has generally been

for one sample from a given type to be supplied' by the

manufacturer and provid.ed. this is satisfactory the pur-

chaser accepts the results as applying to the complete

batch. 1f not satisfactor1r, further samples are provid-ed'

until the required. exposure category has been obtained'.

this proced.ure is only valid provj-d-ed. that

quality control exists in the manufacturing

provid.ed. reasonable care is taken on site in

This is clearly demonstrated in Fig 1r'¡hich

non-repeatability characteristics for three

vindows tested, prior to I97I.

reasonable

process and.

hand ti ng .

illustrates

simj-Iar type
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DESCRIPTION OF SA},fPT,ES TESTED

The distribution of the samples provided for Êest ate given ín Table 2

which indicates that over the past decade 534 windows have been tested at

Paisley of lqhich 597" were of the Horizontal PivoË Eype and 27'7. were of the

Side, Top or Bottom Hung type. IË is also worth noting that 787" of all

rnrindows tested were tinber framed.

TABLE 2: DISTRIBUTION OF ÎESTS

Type No. of Tests Material No. of Tests

Horizontal
Pivot 316

(sez)

Timber
Metal
Aluminium
P. V. C.

Total

275
31
I
2

(
(
(
(

877"
roz
37.)
L7")

)
)

316 (1ooz)

Side Hung
Top Hung
Bottom llung

L44
(272)

Timber
Metal
Ah:minium
P.V. C.

Total

116
10

6

L2

(8L7")
(72)
(47")
(97")

t44 (1002)

Vertical
Pivot

19
(47")

Timber
Metal
Aluminir:m

Total

L6
2
1

(847")
(l1z)
(s7")

Le (1ooz)

Ilorizontal &

Vertical Slider
47

( ez)
Aluminiurn 47 (1ooz)

Sash & Caseuent
(Lz)

Timber I (1ooz)

TOTAI s34 (1002)



tsg

OVERALL PERFORI'ÍANCE ANALYS IS

The overall perfomrance of the 534 windows Eested at Paisley are

tabulated in Table 3 and shor,rn graphically in Fig. 2. These indicate

that there has been a steady improvement in performance since the inception

of B.S. 4315. In the period from 1970 to 1978, the statistics indicate

thaË there has been an increase in windows suitable for

(a) severe exposure from 2LZ Eo 537"

(Þ) moderate exposure from 4OZ to 787"

(c) sheltered exposüre from 642 to 9OZ

and a decrease in v¡indows unsuitable for any exposure from 367" Eo I07".

100 (1002)

6L (1002)

62 (1ooz)

73 (1ooz)

103 (1002)

76 (rooz)

s9 (1ooz)

s34 (1ooz)

TABLE 3: PER-FORMANCE A.\TALYSIS

Year

Exposure Sui rabi liry
Severe Moderate Sheltered None Total

No. of Tests

< L97L

L97 2-3

L97 4

L97 5

L97 6

L977

L978

21 (ztT)

L4 (232)

22 (3sZ)

28 (382)

43 (427")

34 (4sZ)

31 (s3Z)

40 (402)

33 (542)

36 (s8Z)

49 (677")

82 (8oZ)

se (782)

46 (7BZ)

64 (642)

44 (722)

42 (682)

62 (8sZ)

e6 (e3z)

70 (e27")

s3 (902)

36 (367.)

17 (282)

20 (322)

11 (L57")

7 (72)

6 (82)

6 (roz)

TOTAL 1e3 (362) 345 (657.) 43L (812) 103 (L97.)



Z suitable for sheltered exposure.

Z suitable for moderate exposure.

Z suitable for severe exposure.

r97 I

59

L977

76

r976

ro3

r97 5

73

T974

62

L973

6t

L97 2L97T

100

L970

90

80

70
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50

40

30

20

10

f¡l
(-)
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f¡l(J
ú
trl
Pr

YEAR

I^IINDOI,JS

unc
\0

FIG. 2: PERFORMANCE ANALYSIS
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EFFECT OF I,TEATI{ERSEALS AND TOP FIXINGS

The improvement in performarice over the years is undoubtedly due to

a greater arüareness by architects and manufacturers of the deficiencies

in design shown up by the introduction of B.S. 43L5. Prior to 1970,

very few windows incorporated a r¿eatherseal. Top fixings on horizontal

pivot type windo\¡/s \,{ere uncortlon. At the present time, both these feaËures

are fairly standard and there has been a marked improvenent in perforuance.

This is clearly illustrated in Tables 4 and 5 and in Fig. 3.

TABLE 4: EFFECT OF I^IEATHERSEALS

Exposure Suitability
Type Severe Moderat.e Shel tered None Total

No. of Tests

Al,L i^iINDOl^IS

(a) with wls

(b) without w/ s

186 (437.)

7 (72)

326 (7 57.)

19 (lez)

3e9 (SZZ¡

32 (322)

33 (87")

6e (682)

433 (looz)

101 (1002)

TIORIZONTAL PIVOT

(a) with r¡ls

(b) without w/s

ro4 (4L7")

5 (82)

L87 (742)

1s (242)

23e (e4Z)

23 (372)

L4 (67")

40 (637.)

2s3 (roo7")

63 (1ooz)

SlDE TOP BOTTOM ]TUNG

(a) with w/s

(b) without w/s

s8 (4ez)

L (47.)

e2 (782)

L (47.)

103 (872)

4 (L57")

ls (ßz)

22 (857.)

118 (1002)

26 (1002)



16

50

lr-t
o

.lJ
Ë.r{
o

r.l-l

o
0)
t¡
.lJ
a)

côé

l¡1
C'4

Í¡1
F¡

ú,
H

70

60

40

30

20

10

0
10 20 30 40 50

PRESSURE m.m. I/ATER

*t
2

{f
3*

Sheltered

ModeraEe

Severe

Exposure
Limits

$

1
(-

2
* å

J
L

ToP-Í

i

as
& î'iîuo,'

FIG. 3: ET.}.ECT OF 'TEATIiERSEAL & TOP-FASTE}I]NG



Ilorizontal
Pivot

Exposure Suitability
None Total

No. of Tests

(a) with top fixing
and w/s

(b) w/s only

(c) top fixing only

(d) without top
fixing or w/s

68 (5rZ)

36 (3O7")

s (t77.)

2 (57")

r14 (8s7") 130 (977.) 4 (37")

7 4 (627") 110 (922) 10 (87")

I (447") 12 (677") 6 (332)

6 (L47") 10 (232) 34 (777")

L34 (1ooz)

Lzo (1ooz)

18 (1002)

44 (1002)

62

TABLE 5: EFFECT OF TOP FIXINGS AND I¡IEATHERSEAIS

0N HORIZONTAL PIVOT I,{INDOI¡IS

CONCLUSTONS

The existing test method (¡S )+315) and. the recommen-

dation for the grading of windows (ln\) have been

criticised. over the years. The above results, however,

show a marked inprovement in wind.ow perf ormanc e and.

d.esign, witn a eonsequent saving in maintenance costs.

The imninent introd.uction of the

(¡s l+:68), will hopefully remove

of the present test method.

new test method

some of the criticisms

JDY/SM
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WATERPROOF COATINGS AND JOTNT SbALANI'S

L Water roof coatin

Waterproof coatings are defined as liquid applied materials which
either set or cure to produce an impervious layer. The curing
may involve a chemical reaction or simply the loss of solvent or
water from'a solutÍon or an emulsion. The materials may kre

applied by either brush, roller or spray and may arrive on site
as a ready to apply material or can involve the mixing of 2 or
rnore components.

The waterproofing system may consist of several layers of the sarne

material or of different materials. Sheets of reinforcement
may be laid onto the wet layer or choppeci reinforcement may be
íncorporated into the material. The reinforcement may be of glass,
terylene, hessian, asbestos or metal fibres.

labl-e I lists the main types of materials available with examples
of each type. The list is not exhaustive as there are many

products on the market which are only defined as being liquid
plastics or liquid rubbers.

Included in the table is the group of materials known as water
repellants which should not realIy be included in a list of
waterproof coatj-ngs as they do not normally provide a continuous
coating and will not prevent the passage of water under pressure.
However they do have a useful applicatj-on in weatherproofing walls
and have been included because of this.

British Standards exist only for Group I and materials a and b of
Group 5. Very few of the remaining products are covered by
Agremerrt certificates.

There are many different applications for waterproof coatings in
buildings. Some of the materials may be used in several application;
buÈ others are only suitable for a particular application.

Table II gives a list of the main applicaÈions
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Table I

Group

1.

2.

3.

4.

5.

Tvpes of waterprccf coatinqs
t

Bituminous a) hot applied
b) solution
c) emulsion

Modified Bitumens

Elastomers a) Neoprene
b) Hypalon
c) Neoprene/Hypalon

a) modifÍed with elastomers
b) modified with polyurethane
c) modífied with epoxides

Plastícs a)
b)
c)
d)
e)

Water repellants

PVC
PoIyr.trethane
Epoxy/polyurethane
Acrylic
Polyester

&,rl*!, J\*,;* 4
r,úJ¿r ,.J -'.*;- t^1,¿,
(,nr^- 

'r¿(¡ï)

a) Silicones
b) Siliconates
c) Complex Aluminlum Stearates





TAbIE II

Applicatíons for wate rproof coatinqs

I Damp proof membranes for concrete structures

2. Tanking of basements

3. Weatherproofíng of walls

floor covering
protection of concrete floors

3.

Matería1 ro s

Iand2

Iand2
preferably with
reinforcement

land5

4

3and4

I, 2, 3 and 4
preferably with
reinforcement

4 Flooring a)

b)

o

5. Roofing and repairs to roofs

Injected damp proof courses6. 5
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Failures and causes of compl.aints

I Failures in design : in adequate detailing or detailing that
is impossible to attain with the partictilar material used

Workmanship faults : failure to achieve complete coverage
failure to prepare substrate ad.equately
failure to comply with instructions

2.

3. Failures due to pin holing : the loss of solvent from
solutions or emulsions often results in pin holing of the
waterproof layer. It is for this reason that two or more

layers are invariably applied allowing each coat to dry
before the next is applied

Failures drre to inadequate adhesion : failures caused by
v¡et substrates failures caused by di.rty substrates

4

5

6

Failures rlQe to bl.istering
moisture or solvent trapped
high b.emperatures

Failures due to mechanical

of the v¡aterproofing: caused by

in the substrate expanding due to

damage: impact damage

indentation damage

abrasion damage

7 Failures due to splitting of the waterproo'fÍng:
cracking of substrate
movement at joints in substrate

I'ailures due to inadequate durability8.
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Àdvantages of poured waterproofing systems

Although problems can occur with waterproof coatings they do have
certain advan'tages over other forms of waterproofing j-n particular
cj-rcumstances such as : many of the systems do not require
specialist applicatj-ons and can be instal-led b'y normal site labour.
some of the more comprex systems used for r-ofing, frooring and
tanking however do need specj-al_ist contractors.
: in general a jointless waterproof covering is achieved
although special arrangements will usually have to be made where
the material passes over joints where movements is J_ike11, to occul:

: complex shapes can be waterproofed v¿hj-ch would be difficult
or impossibre with sheet waterproofing materials
: with waterproofing systems containing reinforcement it is
possible to provide additional layers of reinforcement Ín areas
where the hj-ghest stresses are likely t-o occur.

However to avoid problems it j-s esseilL.iaI that before any system
is used that it is checked that the p::oduct is suitable for the
particular application.
It should be checked whether the material is covered by a British
standard, code of practi-ce or an Agrement certificate. rf not
then it is necessary to check that the product has been adequ.ately
tested for its proposed use.

The following gives a l-ist of requì_rements that may have to be
checked depending upon the proposed use of the product.
General reguirements

Ii'aterproofing properties versus rikely head of water
Adhesir¡n to the substrate
Tolerance to moisture in the substrate
Tol-erance to surface imperfectj-ons in the substrate
Tolerance to dust and dirt on the substrate
Curing or setting time under aclverse conditions of tenperature
and hum-i-dity
Tolerance to sudden changes in atmospheric conditions such as
rain or f--rost
Chemica.L compatibility with the substrate and other materials
with which it will be in contact
Expected life of the product
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Specific Requirements

Vertical walls : resistance to clump
Damp proof membranes : resistance to impact

resistance to traffic
Tanking : penetraticn resistance to backfilling operation

if protection is not provided
Flooring : resistance to traffic - pedestrian

rubber tyres
steel- wheels

resistance to indent.atiorr - static
dynamic

resistance to impact - domesti.c
public
factory

resistance to chemicals and cleaning - domestÍc
public
factory

resistance to slippage

Roofing : resistance

resistance

resistance
resistance

to traffic - pedestrian
vehicles

to indentation static
dynamic

to thermal shock
to movement of the subst-rate
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2 Joint Sealants
A sealant is defÍned as a compound, applied to a joint irr an

unformed state, which constitutes a seal- by adhering to appropriate
surfaces within the joint. Sealants may Ìce non-seLting or they
set or cure within the joint. The curj-ng may involve a chemical
reaction or simply the loss of solvent.

The sealant.may be applied by either hand, gurlr or pouring and

may arrive on site as a reacly to apply material or calt involve
the mixing of 2 ox more comPonents.

The main types of sealants classified accor<fing to the chemical

make-up are:

Oleo-re.sinous
Bitunens arrd rubber-modifed bitumens
Butyl rubber
Acrylic resiu
Flexible epoxides
PoIy sulphide
Si-l icone
Polyurethane

British Standards exist for the quality control- testing of the main

groups of sealant-s ancl Lhere is also a B " S " Code of Practice
"Guide to the selectj-on of constructional sealants". The following
sections on Joint clesign consirlerations and causes of sealant
failure are taken from that document"





8.

Èhe naEure and causes of Ehe movemenl:
t the üovenenE and havlng selected a

and of adequaEe rno';em€inE accommodati-on,
etry requirecl Èo acttieve satisfactory

The joÍnt E,eomeEry, expressed as the ratlo of width:depEh of Èhe sealanÈ, cross

u*.cio", ir related to the dynamic properties of che different Èypes of sealant,
*f rn cire object of rninimizing Èhe stresses induced in f.he sealant as a result of

novemen! defo¡latl ons.

The pref erred r.¡ldth: depth rat,ios f or the dif f erent, sealaûi types are !

ElasEic sealants
Elasuoplastic sealants
Plastoelastic sealants
Plascic sealants

z
,)

I
I

I
I
I
I

to l:I
to I:2
to l:3

Nouwithstanding Ehese
Lhat. tire depch of È.he

shorrld be I0 Eüx mln.,

3.6 Sealant uodttlus.
a m'ea sure oÍ t.ile stlf

r?.tios, ln narrow joincs care should be [aken to ensure
sea.lanÈ is aciequate, i.e. f or porous subsErsEes Èhey

f or non-porous sub-qtrac,es Ehey should be 6 mm rnin'

The nodulus of a sealant. at a sta¡ed degree of exÈension is
rness of fhe r*rteriai; and, for m:ny sealanr,s ¡his will Èend

to incre¿se aarkecily at low tenperaÈures. SealanEs traving high moduli nay irnpose

excessive sEresses on -.he su'osEraces to which E,hey adirere, and should t-heref ore

be avoided when soecifying sealanEs for use',¡iih Ðortar and other uaterials
prone Eo çe-¿l.k suriaces. Lr, sirould also be nct,*'d !haf, f or such seaLancs with lú¿h

r3covery properr,ies (i.e" ne¿Ilgi.ble scress re-Laxatlon) the perslsÈence of hiSh

stresses at che sealarrc,/ subscraEe incerf ace will lncr¿ase the 11!:elihooci of this
t;ype of f ailure.

3,7 lfaintenance. '*hen specif ying a sealant the jolnC designer should give
sealanc at

sone
souethought to

tlme during
:_he

the

( solverrt )
( enuls lon)

need for irainienance and/or replacenent of the
ex,necEed lifet.lne of rhe building.

Liferlnes of Ehe sealants theaselves can only be estinat.ed crudely on the
basls of current, experience of Eheir perlor:ance in ser"'ice, and on Che

assu;nption;haC design of the Jofnr, erectio'r of the joinred conPonents aad

appliàation of E.he sealanr h¿ve all ..been correccly perforrned. (See figure listecl
below. )

Expected service life of sealanE t'ypes.

Types of sealant Expected servlce llfe

01eo - Resinous
Bi.rumen and rubber/blEumen

brrlyl

Up to l0 years
)
)
)
)

Acryllc
AcryIlc

)
)

Up to l5 year:s
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part polysulphide
part poJ-yu:cethane

S il.lcone
2 part p<.rlysulphlde
2 part- polyure Ehane

NOTE" Under favourable
may be exceedc:d.

Prenature sealanÈ, failure is ofboth klnds nay ofEen be seen on

Acih¡:sive fail ure

Up co 20 years

Up [o 30 years

condi'c-tons the expected se¡:vice life quoEed above

t
I

)
)

)
)
)

Tire amounE of e:<posure to weaEher, r¿hich isÈhe building or sÈructr¡re åi:d the joii,rt, andi¡rfluence the effecr:ive life of chå seaiant

a function boEh of Ehe
of Èli,: joinc design,

in service.

incerface t¡e tween
has been applied.

occurs as a resulE of
the sealanÈ and one

Èv/o broad types
c.Lose i""pu."i.io,ì

a rupture
or more of

wlthin the bond ac
Ehe joinc surfaces

locacions of
uill al_so

the
to which tr-

!

I

I
I

I

I
I

ppropri.af_e sealant is sele.cteci accorCi.g
¡¡.aiei-ial_s are correctly sËÐl:ed, beforctiie guideiines la.-Lcl ioarr ia section
ou¡;hour the se.rvice_j_ijc. ,,l.Ehougir icciseJ-y, cire .,,.f^*:; quct,cC in 3.7 ¿lre
rel iability ciearli, Cepend:i,ng on t,hesealanEs have been ia c:.om;¡n use in the

though in practice evj-dc¡ice of
of a failed joini seaL.

The reasons for atihesive fafrure may be one or rncre of the forrowing:

i icat ion of t lre
h ^c .. . î_ïoo=e_[rri"iesor dust. The presence of water (liq ase, or of dustw111 inpalr adiresion of Ehe seaÌanE !o the joint surfaca. rris nay not be

irowever, when tuovenent ceuses thed ac Èhe inierface- are lii<eJ_y to
nce tire sealanÈ iras becoEe <ietached

5::å::""tverv, 
unr' everrruari, "o.ui'Ïil lli i:"'tïi"'1"Ï*T:;t.;:"1;;':il:-

I
L

I

I

I





(b) Lncornpa ti ib i -t i t v betv¡een sealant and substrate: lE ls es sent,lal to ';se
such as concrete, and. particuJ-arly

types of sealant. 1'hlS ls d¡ne in
the correcL surface preparatlon

10.

surt-ace exposecl to
ultra-vlolec

an aPpropriate pliner on nan-v surfaces,
with curing (ej-astic or plastoelastic)
addiclon to (not as an aliicrnatfve to)
referred to above..

In thls context, :lt may be approprlate to refer to difficr.rlties encountered
1n glazing where Ei¡:.ber wincloç¡ f::arnes have been given an exteríor wood
sË,a1n finish instead of a conventional paint coac. The presence of
Preservalive or \4'ater-repell.enE in such t,reated tinber can give rise to
adhesiou f ailures. Ii l-s possi.ble, however, that the prirnary cause of such
f ailures is e:tcessi'¡e noi,sLrrre novenent of the tirnber, since exterLor r¿ood
sËains represent. a iirss effective'oarrier to ingress of water or \./ater
vaPour tìran does the converitional paint coaÈ. t,Jl-th such glazLng details , it
is desirable to use an eLas[ic oE piastoelasÈic sealant as a capping, in
adCition to the plastlc glazing or bedding compounds, to prevent failure
frou Ehis cause.

(c) weakness of the surf¿rce in conr act with the sealant: The surfaces of
maÈerJ.als such
which is unabJ-
with Èhe seala
failure of rhe

as concrel,e rr.ay have a layer of r^.'eak üaterlal ('raitencer)
e lo ç.d t-hs Èand the tensil.e f orces prorirrcecl at Ehe interf ace
nt ràr'-n the joinc opens. This is not oroperiv an adhesl-ve
sealanc ( rather a 'cohesi-ve failure t v¡iÈhln the naterial of

the adjoining conponent in the joint). fiowever, Èhe effect is sinilar Èo
those already describecl and can best be prevented by adequaÈ.e surface
preoaration, lncludine prÍnins a.s recon:lcnded by Ehe seal-ant supplier.

Cohesive f ailure. A failure '¿l Ehin the body of Ètre sealant üay occur If the
tensile fcrc.es durj-ng extension oí the naterial as Ehe joint opens aïesufficient co lireral-ly puI1 tire sealant, aparE. this ls nosu Ifke).y to occur ifa sealant oi inacìequate nover:renL accornaocìatior¡ has been ctrosen; or 1f
cl imensional r¡arjations bet,ween a n'¡r¿ber of ostensibly j,dentical jolnrs are suchthat joinc v¡idths beyond Ehe eapabi]-ity of the sealant have occurred.

Cohesive fallures ¡T-3.y iniEla[e fron snall cracks in ihe external srrrf¿lce of the
sealanÈ, and effective anri careful ttoolin 'cf this surface 1s essentiai inapplying the sealanr ro rhe
weat,her mây occur 1n certai

jotnc. Ctazing or cracklng of rhe
n types of sealant as a result ofradiatÍon fro¡n sunllgirt.

Althotrgh'excesslve e:<Eension 1s Èhe most probable cause of cohesive failure,(certalnly rrlth sealants çhich are predomfnanÈly elastic in character),srrbjection of stress-rela:<1rrg sealanE.s to.€xcesslve compressLon can Ieadultiroately to cohesive fallure. A folrj of urat.erial raay Èhen be exErucied out ofthe joÍnt: 1f ihe sealanL 1s held j.n thls sta-re for long periods (e.g. in aprolorrged spell of hot weather) consicierabLe stress re-Laxai.ion r¡ill o."rrr, sothat the sealant surface fs unable to resurne tts orlginal shape, and a coheslvefallure initlates"

This type of fallure ls also 11kely to occur in elasEic or: plasÈoelastlc
sealants ç;frich faJ.I Èo cure, or whic.h crr¡:e over a prolonged perlod af terapplicatlon to the jolnr. Durlng Ehis period noveuenÈ nay occur a¡ Ehe joint -elcher reversible movement. as a result of therma-l or other changes, or anlrreverslble movenenÈ, suclt as occurs wlEh tsetÈlemenÈtof a newly consEructedbuildlng. In clther case 1r-r.-eparable daroage uay be dooe ¡o the sealanL.





A related failure, though not strlctly a cohesl.ve failure¡ DaY be referrcd to
here. Certaln slow curlng or predoininanÈly plastic sealgnts ruay be prorÌe to
rslurnpt so thac f Io¡¡ of t,he maEerial out of the coirlines of th'e jolnt occurs
under Ehe lnfluence of gravify. Thls may occur ln both vertlcal and horLzonEal
jolnts In vertical surfaces - lndeed Ehere fs some evldence È,hat suctr sagglng
can be more of¡en å problern ln such horizontal jolncs, To avold such failures
1s lnportanc that the ruaxfunun rccommended Jolnt wtdth fot' tile sealant used
ahould not, be exceededn

- ':_l!
11.
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4.

4 .1.

4 -2.

4.4

.5

4.6

L2.

Classif.icat-ion and Grading of Sealants
Directive

,;L.

General
In view of the above, a number of classifications and graCings
are necessary and possible.

Cl-assif.icatj-on according to tþe total cleformation the sealant
can toLe::ate (amplitude)

: tot-al deformation up to 5t
: total deformation up to 15?

: total deformation up to 25ea

total defor:mation up to 352
is avai-lable on sealants of
to specify the requirernents
this cfass) .

UEAtc Cornmon

no experience
is not possible

of assessment for

A

A

A

A

I
2

3

4
(Note: since
class A¿, it
ancl metliods

Note: If Ceformation can occur in several directions at once
(e.q. exp:rns.ion and shear), it is necessary to assess the
lov.'est tolerated cleformat-ion at the ciesign staqe"

34 GraCing cf sealant-s acco::ding
R' : elastic recovery ( iOZ

R2 : elastì-c recover:y ) tO to
R3 : elastic recovery Þ 40 to
R4 : elasti-c recovery) 7O to
R5 : elastic recovery) 9Oeó

to elastic recovery

4

Grading of sealants according to the sliear modulus
MI .r shear rnodulus -< O. 1 ì4Pa

lul^ : shear modr-rlus>O.l to--<O.25þ1Pa.
¿

M^ : she.rr rnodulus -'- O . 25 to -< O. 5 l,lPa
J

M. : shear moduluslO.5 l'1Pa
4

Grading of seaìants accordi-ng Lo slump resistance
S, : slu;:ip resistant up to a joirrt widtir of 2OmmI'
S^ : slu.:np resj-stant up to a joint width of  Omm¿-
This appiies to both horizontal and vertical- joints

Grading of sealants according to their resj-stance to dj.rect
contact with v¡a ter
E : noL resistant to direct cont-act with watero
El : resistant to direct contact with water after hardeningl
B^ 3 'resistant to direct contact v¡ith rvàter everr before 

q

¿.
nar.¡trcin J.rìg





13.

5. Grading of sealants according to Chapter 4, Section 4

Graciing of seaiants.for use in external walls Ís done by means
of five letters, "u.h lett.er being forrowed by an index ¡:umber
result-ing from the cl-assificatj-ons outlined in Chapter 4, Sectj-on 4"

A ; Amplitude of movement of the joint or total deformation the
sealant is capable of tol-erating

R : Elastic Recovery of the sealant
M : Shear Itlcdulus
S : Slump res.,istance of the sealant
E : Resistance to direct contact with water
For j-nstance, a sealant with the following proper:ties:

total deilonnation tolerated z 25ee

elastic recovery: betv¡een AOea and 70"6

shear modulus : between 1 and O.25 MPa

slump resistant up to a joint width of 4Omm

resistant to d.irect contact with vrater, even before hardenirrg
would be gracìed r À3, R3, M2, 52 and E,

As regarcls seler:tjon of sealants according to the funct-ion of the
joints, see guitie-iines in Ap¡:errdi.x 2.

a





THE..
AGìFlEM
E¡clAFItrl

EI\IT CEH.|TICATE
NO.771512
Valid until 1st January 1981

Asessment of Producls for
the Construct¡on lndustry

cl/slB

I ¡Yu6r

Rentokil Ltd
Felcourt
East Grinstead
Sussex RH19 2JY

Rentokil Silicone lnjection
Damp Course System
Couche d'ótanchéitó pour murs par inlection de silicone

Part I Certification

1 Product

This Certificate renews and extends Certificate No 76/420, and
relates to the Rentokil Silicone lnjection Damp Course System, a

system involving the injection of a silicone resin solution into
existing brick or stone walls, to form a damp-proof course, and
then replastering where necessary.

2 Marketing

The system ís marketed and installed by Rentokil Ltd and
manufactured by Thomas Ness Ltd.

3 Use

The system is for use in providing a barrier against rising damp in

(1) Existing solid walls of brickwork, blockwork or stone
(excluding flint) up to 6O0 mm thick or in cavity walls with
individual leaves not exceeding 340 mm thick, where there
is no damp-proof course or where the ex¡sting damp-proof
course has failed,

l2t Existing stone walls of rubble-filled construct¡on of any
th¡ckness, where there is no damp-proof course.

4 Assessment

ln the opinion of The Agrément Board, the system is satisfactory
for this purpose. ln solid or conventional cavity construct¡ons it
provides an effective means of preventing rising damp. ln
rubble-filled cavity constructions, the variable nature of the infill
may prevent a totally effective treatment, but the reported
incidence of failure is small and rect¡f¡cat¡on by retreatment is
often achieved. The replastering system is effective in limiting
damage to subsequent redecorat¡on due to soluble salts retained in
the walls.

5 Building regulations

5.1 ln the op¡nion of The Agrément Board, the position of the
Rentok¡l Silicone lnjection Damp Course System, when used in

the context of this Certificate, with regard to the various building
regulations, is as follows:

5.2 The Building Regulations 1976 and the Building Regulations
(Northern lreland) 1977 - it can satisfy the requirements of
Regulation Bl (Fitness of materials) and C6 (Protection of walls
agøinst moisture), in so far as action to meet these requirements
might, in certain circumstances, be necessary in the case of an

existing building.

5.3 The Building Standards (Scotland) Regulations 1971 to 1975

- it can satisfy the requirements of Regulations 81. (Selection and
use of materials) and G7. (Resistance to moisture from the
g''ound), in so far as action to meet these requirements might, in
certain circumstances, be necessary in the case of an existing
building.

5.4 London Building (Constructional) By-lar¡n 1972 - use of this
system for damp-proofing would be subject to the approval of the
District Surveyor ¡n respect of By-laws 4.11 (Materials for
dampproofing) and 5.05 (Protection from damp).

6 Conditions of cert¡fication

6.1 The quality of materials and method of installat¡on have been

examined by The Agrément Board and must be maintained during
the period of val¡dity of this Certificate. lf this condition is not
complied with, this Certificate may be withdrawn.

6.2 Where reference is made in th¡s Certificate to any Act of
Parliament, Regulation made thereunder, Statutory lnstrument,
Code of Pract¡ce, British Standard, manufacturer's ¡nstruct¡on ot
similar publication, it shall be con'strued as reference to such
publication in the form in which it is in force at the date of this
Certificate.

6.3 ln granting th¡s Cert¡ficate, The Agrément Board makes no
representation as to the presence or absence of patent rights
subsisting in the product and/or as to the legal right of Rentokil
Ltd or their approved contractors to market, install or maintain
the product.

The Agrément Board, a non-profit
d¡stributing company lim¡Îed by guarantee
and registered in England No 878293

P O Box No 195, Bucknalls Lane
Garston, Watford, Herts WD2 7NG
Tel: Garston (STD O92 731 7OU4

Membeß of Counc¡l
The Rt Hon Lord Peddie,MBE,ll,D,JP,Chairman
T P R Lant,MA,FlîstP,FPRI,Director
Lewis A Bayman
P W Grafton,CBE,FRlCS,FlArb
Prof A J Harris,CBE,BSc(Eng),FlCE,MlStructE,MConsE
W S Jones,CBE,FlOB

Ássessors
M E Burt,BA,F RAeS,CEng, MlCE,a,9F
J G Gaddes,MA,BSc{ Econ),aSl
R J Green,DOE
C T Hole,OBE,SDD
R T Kelly,BSc,FRlC,GLC
gcretaty
R A Cust, ACCA

@ rsze





CEFITIFICATE
NCt.79/695
Valid until lst December 1982

THE -.AG¡FIEMENT
EO/AFltr¡
Assessment of Producls lor
rhe Construction I nduslry

cr/sr8
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Sika Ltd
Watchmead
Welwyn Garden City
Herts AL7 lBO

Sikaflex 1a Building Sealant
Mastic à base de polymère

Readers are advised to check that this Certificate has not been withdnwn or superseded by a later issue, by referring eithet to the Board's

'Abstracts and lndex' or contact¡ng the Board direct ltelephone Garston (STD 092 7il 7Ml.

Part I Certification

I Product

This Certificate relates to Sikaflex 1a, a polymer-based building
sealant.

2 Marketing

The product is manufactured and marketed by Sika Ltd.

3 Use

Sikaflex 1a has been assessed for use on aluminium, concrete or
wood substrates in buildings, to fill and seal ioints in vertical
surfaces which may be liable to a total deformation of up to 25o/o'

4 Assessment

4.1 ln the opinion of The Agrément Board, the product ¡s

sat¡sfactory for this purpose.

4.2 'sikaflex la has been assessed by The Agrément Board as
having an ARMSE classification A3R5M{S2E2. An explanation of this
classification can be found in the Appendix.

5 Building regulations

5.1 ln the opinion of The Agrément Board, the pos¡tion of Sikaflex
1a, when used in the context of th¡s Certificate, w¡th regard to the
various building regulations, is as follows:

5.2 The Building Regulations 1976 (as amended) and the Building
Regulations (Northern lreland) 1977 - it can satisfy the
requirements of Regulation B1 (Fitness of materials) and can be

used in a construction to sat¡sfy Regulation CB (Weather resistance

of external walls).

5.3 The Building Standards (scotland) Regulations 1971 to 1979

- it can satisfy the requirements of Regulation B1' (Selection and

use of materials) and can be used in a construction to satisfy
Regulation G8. (Resistance to mo¡sture from rain or snow).

5.4 London Building (Constructional) By-laws 1972 - there are no

requirements in these By-laws relating to the use of this product.

6 Conditions of certification

6.1 The quality of materials and method of manufacture have been

examined and found satisfactory by The Agrément Board and must
be maintained to this standard during the period of validity of this
Cert¡ficate. lf this condit¡on is not complied w¡th, this Certificate
may be withdrawn.

6.2 Where reference is made in this Çertificate to any Act of
Parliament, Regulation made thereunder, Statutory lnstrument,
Code of Practice, Br¡tish Standard, manufacturer's instruction or
similar publication, it shall be constru€d as reference to such
publication in the form in which it is in force at the date of this
Cert¡ficate.

6.3 ln granting this Certificate, The Agrément Board makes no
representation as to the ptesence or absence of patent rights
subsisting ¡n the product and/or as to the legal right of S¡ka Ltd 1o

market, install or maintain the product.

The Agrément Board, a non-profit
d¡str¡but¡ng company limited by guarantee
and registered in England No 878293
PO Box No 195, Bucknalls Lane,
Garston, Watford, Herts WD2 7NG
Tel: Garston (STD 092 73l- 7W

Membeß of Council
T P R Lant, MA, FInstP, FPRI, D¡TECtOI

Lewis A Bayman
P W Grafton, CBE, FRICS, FlArb
Prof A J Harris, CBE, BSc(Eng). FICE, MlstructE, MConsE
W S Jones, CBE, FIOB

,4ssesso¡s
M E Burt, BA FRAoS, CEng, MICE,AFE
M F Chaplin, ARICS, PSA
J G Gaddes, MA, BSc(Econ), aS/
B Strong, DOE
GADPhilip,SDD
R T Kelly, BSc, FRIC, GtC
Secretary
R A Cust, ACCA

o 1979
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Evode Roofing Ltd
Common Road
Stafford, ST163EH

The Evode System of Roof Waterproofing
Systàme d'étanchéité pour toiture

Readers are advised to check that this Certificate has not been withdrawn or superseded by a later issue, by refening e¡ther to the Eoard's

'Abstracts and lndex' ot contacting the Board di¡ect Ítelephone: Garston (STD æ2 H 7W{1.

Part I Gertlfication

1 Product

This certificate renews Certificate No 76i362 and relates to the
Evode System of roof waterproof¡ng, a cold-applied liquid

bituminous system.

2 Marketing

The system is manufactured, marketed and ¡nstalled by Evode

Roofing Ltd.

3 Use

The Evode Syst€m has been assessed for use on limited accessflat
(not less than 1o) or pitched roofs laid either:

(a) as I waterproofing layer on roof decks complying w¡th BS

Code of Practice 14 : Part 3 : 1970 (Roof coverings - Built-
up bitumen felt) with th€ except¡on of expanded polystyrene;

(b) as a maintenance and remedial system over slate, bituminous,
asbestos c€ment and sheet ste€l roof coverings provided the
substructure is stable.

4 Assessment

4.1 ln the opinion of The Agrément Board, the Evode System is
suitable for these purposes provided:

(a) it is not used without adequate protection (see Part ll 'Design
Data', '5 Resistance to foot traffic') on soft substrates where
point loading other than pedestrian traffic associated with
maintenance operat¡ons is envisaged,

(b) the Evodex mater¡al is not used without adequate protection
(see Part ll, 'Design Data'. '5 Resistance to foot traffic') on
hard substrates where impacts are likely to occur,

(c) the syst€m is installed by operatives employed by Evode
Roofing Ltd.

4.2 Subject to the conditions above, the material can accept
without damage th€ foot traffic and light concentrated loads
associated with ¡nstallation and maintenanco operations. lf damage
should occur, repairs are easily carried out.

4.3 When used on appropriate decks in coniunction with suitable
materials (see Part ll, 'Design Data', '6 Fire resistance') the rôof w¡ll

achieve an EXT AA fire rating wh€n tested in accordance with BS

476 : Part 3 : 1958 (External fire exposure roof tests)'

5 Building regulationr

5.1 ln the opinion of The Agrément Board, the position of the

Evode System of waterproofing, when used in the context of this
Certif¡cate. with regard to th€ var¡ous building regulations, is as

follows:

When used on an appropr¡ate substructure using particular

materials it is capable of being unrestricted under Regulation El7'
(Roofs).

5.3 The Building Standards (Scotland) Regulations 1971 to 1979

- it can satisfy th€ requirements of Regulations 81. (Selection and
use of mater¡als),G8. (Resistance to moisture from rain or snow) and

when used on an appropriate substructure using particular matorials
it is capable of being unrestricted under Regulation D18. (Roofs).

5.4 London Building (Constructional) By-laws 1972 - the system
can only be used in conditions where it would achieve an EXT.AA
rating whon test€d in accordance with BS 476 : Part 3 : 1958 and

wheñ the District Surveyor is satisfied as to its durability and

suitability lBy-law 6.02 (j) External covering of roofs]

6 Conditions of certification

6.1 The quality of materials and method of manufacture have been

examined by The Agrément Board and must be maintained during
th6 period of validity of this Certificate. lf this condition is not
complied with, this Certif¡cat€ may be withdrawn.

6.2 Where reference is made in this Certificate to any Act of
Parliament, Regulation made thereunder, Statutory lnstrument,
Code of Practice, British Standard. manufacturer's instruction or
similar publication, it shall be construed as reference to such
publîcation in the form in which it is in force at the date of this
Certificate.

6.3 ln granting this Certificate, The Agrément Board makes no
representat¡on as to th€ pr€senc€ or absencs of patent rights
subsisting in the product and/or as to the legal right of Evode

Roofing Ltd to market, install or maintain the product.

The Agrément Board, a non-Profit
distr¡buting company limited by guarantee
and reg¡stsred in England No 878293

PO Box No 195, Bucknalls Lane,

Garston, Watford, Herts WD2 7NG

Tel: Garston (STD 092 73l. 7OU4

Members of Council
T P R Lant, MA, FlnstP, FPRI, Dírcctor
Lewis A Bayman
P W Grafton, CBE, FRICS, FlArb
Prof A J Harris, CBE, BSc(Eng), FICE, MlstructE, MConsE
W S Jones, CBE, FIOB

-4ssessors
M E Burt, BA FRAeS, CEng, MlCE,ArlE
M F Chaplin, ABICS, PS,4
J G Gaddes, MA, BSc(Econl,8S/
B Strong, OOE
GADPhilip,SÐD
R T Kelly, BSc, FRIC, GLC
Secretary
R A Cust, ACCAo 1979



Part ll lContdl
Design Data

I General

The Evode System is satisfactory for use on limited access flat or
pitched roofs laid either:

la) as a waterproofing layer on roof decks complying with CP
14 : Pan 3 : 1970 with the except¡on of expanded
polystyrene,

(bl as a maintenance and remedial system over bituminous,
asbestos cement and sheet steél roof Öoverings provided the
substructure is stable.

2 Practicabil¡ty of ¡nstallat¡on

2.1 lnstallation of the Evode System must be ca¡ried out at
temperatures above freezing po¡nt. Evodex and Evode
Thinners/Cleaner 507 are inflammable and Evodex Primer is highly
inflammable; full precautions must be taken to avoid naked flames
and sources of ignition.

2.2 Expansion joints must be constructed where necessary in
àccordance with the manufacturer's ¡nstruction. especially at joints
liable to movements greator than + 1.0 mm.

3 Weathertightness

3.1 Wh€n installsd correctly, the Evode System is impervious to
water and wat€r vapour and will provide a satisfactory weathertight
surface.

3.2 Normal good practice in respect of the provision of vapour
barrie¡s and/or ventilation of existing insulation must be followed to
prevent condensation.

{ Adhesion

The adhesion of the Evode System is sufficient to resist the effects

Part lll Technical lnvestigations

The following is a summary of the techn¡cal investigations carried
out on the Evode System of roof waterproofing.

1 Tests

As part of the assessment resulting in the issue of the previous
Certificate No 76/362, tests were carried out to determine:

impact resistance
effect of light concentrated loads
tensile strongth
system to substrate bond impact resistance
effect of deck movement
resistance to thermal shock
flexibil¡ty
resistance to water pr€ssure
water vapour permeability
effect of solar heating
effect of ageing.

2 Other investigations

2.1 A re-examination was made of the data and investigations on
which the prevíous Certificate No 76/362 was based. The
conclusions drawn from the original data remain valid.

of wind suetion l¡kely to occur in practice when applied to all the
substrates listed above.

5 Resistance to foot traffic

5.1 The Evode System can accept without damage the limited foot
traffic and light concentrated loads associated with installation and
maintenance operat¡ons.

5.2 For heavier traffic reference should be made to CP 1¿14 : Part
3 : 1970 and measures taken accord¡ngly (see also Part l,
'Certification','4 Assessment').

6 Fire resistance

6.1 When laid over a steel deck underdrawn with ¡nsulation board,
the Evode System incorporating Evode Paste 1 will achieve an
EXT.S.BC rating when tested to BS 476 : Part 3 : 1958 (Fire tests
on building materials and structures - External fire exposure roof
tests).

6.2 When used in conjunct¡on w¡th Evode Silverfilm finish and laid
on asbestos insulation boards the Evode System with Evode Paste 1

will achieve an EXT.S.AA rating.

7 Durability

The Evode System, when used in conjunction with Evode Silverfilm
finish, will remain effective as a roof waterproofing for a period of at
least 15 years. This period could be considerably extended if
maintenance is carried out every five years.

8 Maintenance

Maintenance can be easily carried out by Evode Roofing Ltd and
consists of coating the surface of the existing waterproofing with
either Evode Paste 1 or Evodex, and applying a finish all in
accordance with the original specification.

2.2 Regular factory ¡nspections have been carried out to ensure
that quality is being maintained. Return visits were made to the
original sites which were visited as part of th€ assessment for
Certificate No 76/362.

2.3 Existing data relating to the performance of the system under
fire conditions were examined.

2,4 Approximately 1.5 million sq. metres of th6 Evode System
have been laid since the issue of Certificate No 761362 and no failure
of the System has been reported to the Board.

On behalf of The Agrément Board

4

23rd July 1979 Director
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Acoustic Chemical Co Ltd
Bradley Mill
Bradley Lane
Newton Abbot TO12 1LZ

crlsrB

(431 Vu5
I

Unique Protective Coating
Enduit protecteur pour béton

Readers are advised to check that th¡s Certificate has not been withdrawn or superseded by a later issue, by referring e¡thet to the Board's

'Abstrccts and lndex' ot contacting the Boad direct ltelephone: Garston (STD æ2 7il 7Wl'

Part I Certification

1 Product

This Certificate renews Certificate 74/243 and relates to UPC, a

colourless surface protection for concrete floors,

2 Marketing

UPC is manufactured and marketed by Acoustic Chemical Co Ltd

3 Use

UPC is for use as a protect¡ve treatment for new or existing concrete
floors, in industrial situations.

4 Assessment

ln the opinion of The Agrément Board, UPC is satisfactory for this
purpose. lt waterproofs and improves the wear and chemical
resistance of concrete floor surfaces.

5 Building regulations

5.1 ln the opinion of The Agrément Board, the position of UPC,
when used in the context of this Certificate, with regard to the
various building regulations, is as follows:

5.2 The Building Regulations 1976 (as amended), the Building
Regulations (Northern lreland) 1977, The Building Standards
{Scotland) Regulations 1971 to 1979 and the London Building
(Constructional) By-laws 1972 - lhere are no specific requirements
in these regulations relating 1o the use of this product.

6 Conditions of certif¡cation

6.1 The quality of materials and method of manufacture have been
examined by The Agrément Board and must be maintained during
the period of validity of this Certificate. lf th¡s condition is not
complied with, this Certificate may be withdrawn.

6.2 Where reference is made in this Certificate to any Act of
Parliament, Regulation made thereunder, Statutory lnstrument,
Code of Practice, British Standard, manufacturer's ¡nstruction or
similar publication, it shall be construed as reference to such
publication in the form In which it is in force at the date of th¡s
Certif icate.

6.3 ln granting this Certificate, The Agrément Board makes no
representation as to the presence or absence of patent r¡ghts
subsisting in the product and/or as to the legal right of Acoust¡c
Chemical Co Ltd to market, install or maintain the ploduct.

The Agrément Board, a non-Profit
distributing company limited by guarantee
and rogistered in England No 878293
PO Box No 195, Bucknalls Lane,
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Part lll Technical lnvestigations

The following is a summary of the t€chn¡cal investigations carried
out on UPC concrete surface protection.

I Tests

As part of the assessment result¡ng in the issue of the prev¡ous

Cert¡ficate, No 741243, tests were carried out to determine:

flash point,
resistance to heat
res¡stance to chemicals, including:

degradation due to chem¡cals
staining due to chemicals
washability with caust¡c soda solution,

resistance to abrasion,
adhesion to concrete substrate,
slip resistance,
effect of a¡tificial weathering,
coverage rate,
pract¡cability of application.

2 Other investigations

2.1 A re-examination was made of the data and investigations on
which the previous Certificate was based. The conclusions drawn
from the original data remain valid.

2.2 Regular factory inspections have been carried out to ensure
that qual¡ty is being maintained.

2.3 A user survey and visits to establ¡shed sites were conducted to
evaluate performance in use.

2.4 No failure of the product in use has been reported to the
Board.

On behalf of The Agrément Board

23rd July 1979 Director

,ü
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WEATHERTIGHTNESS & WATER PENETRATÎON OF BUILDINGS

E Downey

It is clear from perusal- of the other contributions

to this Seminar that probl-ents reJ.ating to Weather-

tightness and Water Penetration are responsible for

a very 1-arge proportion of the troubles experienced

by the occupants of new buildings. It has been the

writerrs sad experience to visit prestigious nodern

buildings of designs which compare favourably with

any in the world and to see water running down wa11s or

d.ripping on to expensive3-y carpeted f loors. It is

easy to understand the exasperation of the occupants

of such buildings and their perplexity over why it should

be difficult in this day and age to construct a

weathertight. building.

Surely the minimum requirement for any building should

be that. it is free from water penetration. It does

not seem to be an unduly onerous requj-rement that the

build.ing should also be draughtproof. Why is it,

therefore, that after centuries of constructing

buildings which were waterproof and with modern

technology relating to sealants and d.raught excluding

/
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devices avail-abl-e to us we find tt, difficult to

construct satisfactory buildings today.

In the precedì.ng papers attention has been paid to

the detail-s of roof and wall- construction, the

necessary requìrements for satisfactory windows and

doors and the properties of joint sealants and

waterproof coatings. Most of this information,

although not often presented in a single event such

as this seminar, has been available to designers and

iÈ is iloubtful if many architects and engineers will

have heard in any of the papers anything that is

entirely novel. It would seem therefore that problems

arise from the fact that available informati-on is

simply not applled in designs or that where it is,

the construction may fal-1 short of the designers'

expectations in such a \^/ay that problems may arise.

In a survey conducted by the Building Research

Establishment it has been found that most building

faults are not causedr âs might be expected, by poor

workmanship but they in fact arise as a result of bad

design. It is the writerrs experience also that this

is the case. Almost invariably this manifests itself
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in one of the f ol-lowing ways : -

1. The designer has not given sufficient thought

to specific detaiLs.

2. The designer has relied uPon a standard. of work-

manship and adherence to tolerances which are

not normally achievable.

3. New material-s or processes have been adopÈed

in t,he desLgn which are incompatible wit'h other

features.

To illustrate the above poLnts; few people concerned

in the construction industry wilL have failed to come

across the situation where a detail which is saÈisfactory

in general wilL noè work in the particular case. The

flashing which is satisfactory over an opening but

which does not take account of the necessary corner

detail, the window seal which is perfect but which

stops altogether at the hinge and the dampproof course

which is of a 'shape that is entirely satisfactory

provided. no joint is required in t'he material.

It is an unfortunate fact of life that it'is no longer

reasonable to assume that any construction v¡ill be

carried. out by craftsmen who will lavish loving care

in the execution of their work. Indeeö it is a

certainty that construction work carried out under
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prevaiLing economic conditlons, subject to our

weather in the United Kìngdom will be carried. out at

best to the minimum stand.ard that will meet the

specification. It is essentLal t,herefore that the

d.esigner avoids the type of probl-em mentioned in

paragraph 2 above by caterì-ng for such standards.

It is, in the v¡riterts-opinion, futile to detail to

tolerances of the odd. millLmetre the method of

insertion of an expensive and precisely manufactured

metal framed window in a reinforced concrete surround,

rvhen in practical terms that surround cannot be

constructed to such fLne tolerances. Provision must

be made for such shortcomings in the profile of cast

insitu concrete , brick and concrete components. IÈ is

imprudent to rely upon the use of sealants to provide

primarly weathertightness of a building where literally

miles of joints are involved. Assuredly at some point

either the configuration of the joint or the standard

of apptication will provide t,he circumstances where a

failure must inevitably occur.

The third category of failure may be typified by the

situation where the level of insulation in a flat roof

is increased without regard being given to the effect

of the consequently increased temperatures on roofing
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materiaLs. Simì.larl-y, timber windows with a stained

finish instead of painted will- be subject to moisture

movement of a much higher order. If such a finish is

adopted and lt has great merit, it is necessarY *.'o

appreciate that movements of a higher order will occur

and provide f or these. If a build.ing is to be clad

i-n a material which is to be attached to the structural

frame, it is necessary either to ensure that the

movements due to thermaL, moisture and ageing effects

will be comparable in the materials of the cladding and

the frame t oT alternatively that the differential

movement involved is catered for.

It would be possib-l-e to fiLl- a book with further

examples of such problems without covering every

possible detail which could give rj-se to trouble and

with no certainty whatever that, such a list would be

stud.ied and committed. to memory by all designers.

It. is necessary therefore to try to provide some

syst,em which might be followed in the design of a build-

ing in such a r^/ay that the types of pitfall referred

to are either eliminated or at least very Substantially

reduced.
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few days been spent considering the details of the

d.esign. By any standards the expenditure of this time

at the design stage is a cost effective exercise

Nothing that has gone before in this paper could be

regarded as remarkabl-e ìn lts novelty or subtle in

its concept, indeed there is nothing suggested. which

wrruld faII outwith the bounds of cormnonsense on the

part of the deslgner. Ne(zerthel-ess, under the present

day pressures referred to, it is an undeniable fact

that mairy design organisations and firms do not seem

to be able to devote the detailed attention to their

work which wrrul-d. be required to materiaLly reduce the

incLdence of failures. The onJ-y way in which the

situatj-on wil-l- be improved ls if Èhe responsible

partners or managers in design organisations create an

atmosphere in their offices whereby d.etailed attention

becomes the norm. Some desìgn offices as a matter of

routine carry out exhaustive investigations into all

mat,erials and products to be used, including where

appropriate laboratory testJ-ng, This work is of low

cost in relation to any structure but may save,very large

sums if carried out and due regard given to the results.

It may take many years for t.he benefits of such a

change of emphasis in any design organisation to be
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feLt but, these benefits wil-I assuredly accrue not

only to the designer but to his clients and to the

economy at large if the effort is made,

EDlIB
2 .10. 80
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