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FORORD

Den fØrste udgave af GEOMETRY OF JOINTS udarbejdedes af arki­
tekt Klaus Blach, m.a.a., SBI, formand for CIB W24!IMG og W60,
Dip.Arch.RIBA, Henry W. Harrisor, Building Research Establish­
ment, U.K., medlem af W24 og W60 og undertegnede, professor
ved IFH, DTH, formand for W6l og medlem af W24.

Det var således et resultat af et dansk-engelsk samarbejde
mellem personer fra tre af CIB's (Conseil International du
Batiment arbejdsgrupper, W24!IMG (Modular Co-ordination!
International Modular Group), W60 (Performance Concept) og
W6l (Joints in Exterior Walls) .

Dette havde flere formål:

a. Publikationen giver en systematisk oversigt over generelle
sammenbygningsprincipper for byggekomponenter.

b. Publikationen illustrerer, jfr. teksten og figuren "List af
Contents", at en fuge ikke kan udformes optimalt, uden at
en lang række forhold inddrages i overvejelserne. Det er
sjældent, at en fuge kan udformes, så alle funktionskrav
o.s.v., på samme tid, opfyldes på den bedste måde. LØsnin­
gen må findes som et kompromis. Meget af det "byggesjusk",
vi idag læser om i dags- og fagpressen - eller som jeg ser
i skønssager - skyldes ikke (alene) manglende materialekend­
skab, men manglende analyse af en foreskreven fuge ud fra
alle de krav-, man med rimelighed bør opstille. Gøres arbej­
det ordentligt, tager det lang tid (måske især hvis man
også skal tilgodese rimelige krav til økonomi, produktions­
muligheder etc.)

c. Publikationen kan også ses som en advarsel til personer og
organisationer, der stadig tror, at det er muligt at lave
nationale eller endog internationale standarder for fuge­
detailler. Samlingsprincipper kan derimod nok analyseres
og i et vist omfang standardiseres.

Den første udgave blev forelagt.CIB W24!IMG og udsendtes i 1975
som CIB-report No. 36 og som IFH forelæsningsnotat nr. 40, efter
aftale med mine medforfattere.

Senere har Klaus Blach sammen med BØrge Kjær, m.a.a., revideret
teksten og udvidet eksemplerne meget væsentligt. Resultatet
"SAMLINGER, Sammenbygningsprincipper for Byggekomponenter",
SBI-anvisning 99, 1975, og "Geometry of Joints, Second Revised
Edition, CIB Report No. 36", udsendt af SBI, 1980, anbefales
til de læsere, der i praksis skal arbejde med samlingsproble­
mer. Hertil hØrer også en række SBI-publikationer om samlin­
ger, der udsendes i disse år.

Af hensyn til de studerendes dårlige Økonomiske vilkår har jeg
anset det for tilstrækkeligt at præsentere problemkomplekset
i Husbygningsundervisningen ved et genoptryk af den fØrste
udgave, med en mindre rettelse: At afsnit 9 nu er anbragt
mellem afsnit 6 og 7 (hvad den opmærksomme læser sikkert vil
opfatte som logisk) .

Januar 1980
Johs.F.Munch-Petersen
Instituttet for Husbygning

LIST OF CONTENT5

I •

IMG!CiB w24 J
AD HOC GROUP' JOINTS

E-314(OOI)KB. 74~Z3



A INTRODUCTION

It is becoming generaIly acknowledged that more extensive use
of prefabricated components obtained under open market conditions
(catalogue building) will require a larger effort to be focussed
on the subject of joints. The techniques of dimensional and
modular co-ordination have enabled components to be made compa­
tibIe so far as their co-ordinati.lg dimensions are concerned but
this is not enough. In practice, even modular components will not
fit together unless a proper joint between them has been developed;
the problem is even more acute if those components are supposed
to be standard and usable in a great vari ety of situations.

The purpose of the present document is to establish principles
upon which various national and international bodies can base
future studies. There are not yet any ready made standard solutions,
nor indeed categories of solutions, though some ideas which
appear to be worth further development are included.
The establishment of conventions is a half-way house between
principles and wholesale joint standardization, in that it should
enable compatibility without needless uniformity to be achieved.
It is particularly appropriate in the case of components obtained
from different sources.

From previous studies it is clear that a single universal joint
is not achievable, such is the great variety of designs necessary
to satisfy widely diverging performance needs.

It is clear too that not all features of joints are equally suit­
able, nor indeed necessary, for standardization, but at the same
time some discipline over jointing is necessary for the notion
of catalogue building to become areality.

That discipline should ideally be so devised as to assist the
achievement of compatibility at the joints between catalogue
components in respect of dimensions, profiles and all relevant
functional requirements. A means to achieve compatibility between
the dimensions critical to fit has been devised, and a master
list of joint functions is available. But compatibility of edge
profiles (and the dependence of profiles on functional needs) in
the catalogue component context has been very inadequately
studied. Thus the present paper concentrates on the geometry of
joints. However, it should go without saying that the many other
relevant performance requirements must be satisfied. In this
connection check lists of performance requirements of the kind
already tabled for consideration in ISO will be relevant.

The process of component and joint designs are closely inter­
linked. The iterative nature is often such that decisions of
principle for joint design will be decided in advance of decisions
on specific components. Designs often have their o.m priorities
evident from their title, eg 'load bearing' , 'weathertight',
etc. '

Success depends in part on the designer setting out clearly the
maJor characteristics of construction, the joint, the components
to be joined, and the degree of generality aimed at in tpe solu­
tion. These matters are discussed in detail in the text., The
order in which they are taken is not absolute. A relationship
probably nearer to the true design process is sho,m in the list
of contents but actual priorities are dictated by the job in hand.
The approach 8.dopted has been to deal in turn, although not
necessarily in strict order, with principles, examples, and

recommendations (including the
each chapter heading. It is h p~o~~e~ts ~or conventions) under
of good joint design will als~P~ll : th~s surveY,of principles
standardization is undesirable. ~ us rate that arb~trary

It will be of considerable advanta e t . ,
about components and their joints gi o d:s~~e:s 7f information
uses a standard t ' l ' nclud~ng Jo~nt~ng products

erm~no ogy and f 11 'further need will . f . o ows a standard order. A
for all the forese:~~:~tuaOtr.a fUll

f
Y worked' out set of details

, , • ~ons o Use and the t d l'
descr~b~ng components and th' " " ra e ~terature
and informative. e~r Jo~nts w~ll need to be factual
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l. DESIGNING AROUND TRE PROBLE~
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Fig. 1. 1

Fig_ 1. 2

Fig. 1. 3

Fig. 1.4

Fig. 1. 5

Some of the art in e;ood building desie;n is in reducing or
eliminnting problems bef~re they arise. vlliile the principle is
applicable to joint design it s~ould not be taken to extremes.
For example an attempt to reduce the frequency of joints in
an assembly could well mean an increase in. absolute size of
components and a consequential increase in inherent deviations
due for example to moisture or temperature variations. This in
turn increases the demands on the joint and jointing produets.

Olle way of avoiding problems known to attend particular joints
is to rearrange the components of the design so that they do not
occur. Structure-to cladding joints may in some cases be made
less demanding by running the cladding clear of the structure
instead of fitting between, provided the consequences for other
joints and other functions are acceptable.

The junctions between kitehen cupboards and enclosing walls may
be circumvented by choosing lay-outs with at least one end free.

It is no use whatsoever in turning to a lapped joint to avoid the
problems of fit if by so doing the problem is merely transferred
from one plane to another, especiaIly if warping or twist cannot
be adequately controlled.

The recommendation , therefore, is first to try to ensure that
a foreseen problem does not arise by suitable choice of basic
layout, second to reduce its severity by techniQues such as
fitting clear of rather than fitting between, and thirdly try
to transfer the problem to a point where it becomes easier to
solve.

MANY :JOINTS

F"EW :JOI NTS

SMALL MOVEMEN/S

LARGER MOVEMENTS

" "< !' <7
/'

a...i+e simpl.::t '/0 omit Cl joint does not
olwa~s 50fve, +he problem. l M G I Cl B \'\1 Z..q

AD HOC GROLJP: 'JOINTS
E-314 (002) I-!WH 7401 '25



DESIGNING AROUND iHE PROBLEM
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DESIGNING AROUND THE PROBLE.M
1.4 DESIGNING AROUND THE PROBLEM 1.5
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Fig. 2.2

2.022. VERSATILITY OF DESIGN

The prineiple usually followed in designing catalogue components
and their ,joints for the open market is that a comnonent desi~ned

to be ,joined to (alrnost) any other component ie to· unli1ce compo­
nents has a very ",ide field of aplJlieability, possibly a favourable
market position, and probably a very eomplex set of joint solutions.
However mueh one may wish to desie;n for unknown conditions this
is impossible by definition. It can only be by accident that all
conditions are met. The most that ean be done is to select profiles
etc. "hieh can easily be adapted. Simple shapes are here the key.

In practice, a component is often designed to be joined to particular
components, ie to a limited (and defined) number of like and
unlike eomponents under foreseen conditions, comprising a foreseen
number of joint solutions.

The component desie;ned to be joined to like components Ol' to a
very limited number of similar components under well defined
conditions has usually a very limited field of applicability, and

Fig. 2.1 very simple and/ol' "Iolell-defined joints, although even the preferred.
joint between hTO identical standard components often must have
alternative solutions for the statistically rare, but economically
allowable, extreme size variations.

For a joint to perform as intended, its finished width must
lie within certain limits. A 10\.,rer limit may be dictated for
example by least width of material able to acco~~odnte expected
movements, while the upper limit may be fixed for example by costs,
by lip seal pressure for gaskets, Ol' by depth of groaves for
location of a baffle.

It is diffieult to give general ~uidance on the sizes and shapes
of joints, since these are often determined from individual eriteria
for each case. A single dimension such as target joint vidth may
also be misleading since each joint will in practice be usable over
a range of widths.

Fig. 2.3

positioning of components And f
likely to be well renaid 'F· ~anu acture of com~onents is
in the .first two cat~p;ories"xperlhence shows that the deviations
th ' ~ ean aVe creater . 'f'ose In the third. The ext t t ... ' < SJ.gnl lcance thlln
the dimensions of the J'ointed

n
°dWhlCh any ane of these affeets

epen s On the nat f'concerned. If for exampl th .. ure o the assemblv
f . . e e componcnts may b "Ol' a ter Installation e 'th b . ,e moved durlngf l er ee aus e l t i tOl' contractual reasons th th s na ural to do so Ol'

al d ' , , en e effeet~ of th 'n eVls.tlons for all' pra t' l ~ elI' Ovn positio-
the components are require~ tloeaf'tPur~os:s may be eliminated. If
d . t' . l "1011 thIn a spa ~ ,eVla lons are kn01m then tI " . ce Ol Whlch thc
b ' , le mlnlmum allo

y recognlsed statistical t~ch ' .: wance can be obtained
b ' c c nlCJues. ThlS Ile adJusted to accommodat 'h. . a ovance should then. ,e ln eren~ d . t' , .
for example those deviatl'o d e:'la lons, that lS to say

ns ue to malstur d '
ment of the components and th d' . e an thermal move-

, e lmenslonal need~ of the ' . tTh d . o JOln
e ~slgner mayehange the val ... .

rel~tl~nship. He may for examp·l~e~ o~ any vanable ln thi s
devlatlOns other than tho l·'k·' e~lde ~o aSSUI:1e values for

d" se l e~y to eXlst a d
SPO? l~ly dlffering proportion of misf' n accept a c~rre-
devlatlons to be kept vithin tiht ,l~S, Ol' he may requlre
so as to use narticular J'o' t' g er l::-mlts l,here practicable

. . ln log techn- u Am 'optIons available "TOuld b d l' . 1.q es. ong the other
applicability to those few

e
e dJ~te:atelY to restriet the field ef

con l ·lons for h' hmay be found, Ol' to develop sp . l '" W le an easy solution
t' eCla JOln+~ for thlan of cases which will be t'd vu , e small propor-. . ou SI e the ca .·t"" .
JOInt range. In the last ca'" th paCl y OJ. the ehosen

f d · . ue ere would need +0 b° pre lctlng the distribution f" , v e a methedo JOInt Slzes.

'i'

Some authorities have suggested trying to fix categories of joint
width (for example: fine, of the order of 2 mm, medium, of the
order af 10 mm, and coarse, af the arder of 25 mm) but there is
little evidence to justify this approach. If these dimensions are
used as deductions from co-ordinating size, then notional consistency
is achieved only between components having the same deduction. In
the case of unlike components from different groups the joint
margins will not correspond, and consequently neither will the
theoretical, let alone the actual total clearance fit into any
predetennined category.

Before attempts are made to establish conventions for particula~

groups of eomponents an examination should be made of prospeets
for making these parts of a much more generaIly applicable disci­
pline.

Nevertheless in relation to sizes eertain minima and maxima may
- and should - be identified. For example a minimum allo"loTance
is needed to allowa eomponent to be manoeuvred into place, to
allow clearance for inseriion of jointing produets, and to allow
for compression to t~te plnce without displacement, while maxima
may be determined by cost, sny, Ol' slump.

Careful consideration af the effects af i'nduced deviations, that
is to say the cumulative effeets of markine setting out lines,

,
i
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VERSATlL.ITY OF DESIGN 2.3

3.IDENTIFYIHG KEY JOINTS
3.01

2

4
2

2
2
1
1
1
1

Uumber
A Normal (?)
B Border joint, right corner

(facade type x or type y)
C Border joint, left corner

(facade type x)
D Border joint, basement
E Border joint, roof
F Two border joints, right eorner, basement
G Two border joints, left corner, basement
H Two border joints, right corner, roof
I Two border joints, left eorner, roof

Con~onent Conditions

Any building comprises a laree number of components and of joints
and, therefore, also an e).'tensive labyrinth of joint design prob­
lems. Each component may in itself give rise to a number of
joint problems, as the component may be used under several
conditions, as the edges of the component may be different, and
as an economic and technieal relationship usually exists between
many components and their eorresponding joints. The optimisation
proeess is very complex, whether seen from a client's or from a
manufacturer's vie'o1point. Usually the initia.l approach is to find
the key joint(s), possibly the most widely used (repetitive?)
joint, the most eostly joint(s), or the most difficult joint. ~lliat
is the field of applicability of the component; ought the correspond­
ing joint to cover the entire fieId; are alternative joint solutions
feasible etc.?

The identification of the key joint may be the king-pin in the
entire design process, or in the cost-benefit analysis of the
marketing of a component. Although the establishment of principles
is not easy, some will be self-evident from the follmTing examples.

First of all the key joint may not be the "normal" repetitive joint
between two like eomponents. If only a few eomponents are joined,
the border joints may be the key joints. Another exainple is a
precast gable of a four-storey bloek, where the eomponents are:

B may be, or may not be, a handed version of C. The same applies
to F/G and to H/I. D, F, and G may not have a border joint against
the basement, as the basement may be designed to allow for the
"norma.l" bottom edge of D, F, and G. Similarly, the roof may be
designed so that E, H, and I ean have "norma,l" edges against the
roof.

Tne gable has 16 gable eomponents of whieh - in the .Torst case _
only four are "normal" components with repetitive joints. T.he
other eomponents may have one or two special edges ar;ainst ,'facades,
roofs, or basements. In the worst case, we have but 12 repetitive
horizontal and 12 repetitive vertieal joints out of 40 j?ints.

The optimal solution to the design of the conponents, ef possibIe
extra "corner components", of the joints, and of the adjoining
facades, roofs, and basernents etc., may start with a key joint
which one?), later taking other factors into account. The above
eXaniples draw attention to the border conditions.

>

5pecial
joint

PREDICTE.D NORMAl..

:JOI NT RANGE.

PREDICTED TOTAL :JOINT RANGE

>-
U

Fig. 3. 1 A
Z
l1J

Fig. 3. 1 Ba
~u.

Specia!
joint

<
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IDENTIFY/I,\/G KEY.JOINTS

A
\

I
I

3.02

Fig. 3.2

Fig. 3.3

The aim is to useas many standard components as possible,
as roany standard joints aS possible,

and at least one must give 'vIay vhen unlike components are joined
_ unles

s
the case has been foreseen and solved by aversatile

joint or a special jointing com~lonent or produet.
In case of room sized sand'vlich-panels it may be possible to design
the edges of the panels alike in joints A, B, and C. If so, all
three components are identical. Joint A must be 'vIatertight, wind­
tight etc. and must accommodate (posSibly cover) the edge of the
floor. Joint B has the extra problems of a probablY cast-in-situ
basement. Joint C has to take the roof components etc. into
account. An extra roof-edge-component may facilitate the transition
of the materials and functions of a roof to the materials and
functions of the facade component. The upper edge of the upper
facade component may be normal, but quite often has a special
upstand offcring the cheapest solution to the roof-edge problem.

The closely linked problems of components and joints, and their
relative positions are also illustrated by t"TO possible plans of

a staggered and stepped building.
Plan A has several disadvantaees: The re-entrant eable/facade
eorner is more complicated than in plan B, where the building is
made from standard facades between standard crosswalls at regular
intervo.1s. The 'vlall components must be designed to support alter­
nate floors~ increasing the number of components and joints and/or
complicating the design of components and joints. The design of
components and joints in adjoining floors, g8~les, facades etc.
is made more complex in plan A than in plan B.
Plan B has much more simple, "normalIl components and joints, and
astatically sounder structure. The advantages ean eas ily counter­
aet the (theoretical) extra cost of components/materials, when

eompared 'vIith plan A.

*(at different levels an each side af the wall)
\

B

Free end -
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IDENTIFYING KEY.JO/NTS 3.2. IDENTIFYING KEY :JOINTS
3.3

Plan 1\

Plan B
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4.02

4.01

4. INTETIDEPElmENCE OF snAPES

Every link in a job process contc:.ins sources of inaccuracy which
may contribute to deviations. 'l'hese deviations may in turn
influence J.ater job processes. Even where each single deviation
is kept small, accwnulation cal produce considerable resulting
deviations.

'l'ighter demands for accuracy Vlill normaIly imply increased
expenditures at manufacturing, assembly etc. Large demands should
therefore not be put on accuracy ,"here it is not necessary (thus
accuracy Vlhich is not used for anything, is not necessary).
The milder the demands as to accure,cy and the fewer the require­
ments that must be fulfilled simultaneously, the easier it will
be to fulfil them.
The above considerations are important in connection with the
design of joints because they lead to the generalrule that
unnecessary interdependence of shapes should b avoided.

When assembly of components occurs with contact joints (close­
butted joints) there 'will generally be a greater degree of
interdependence beh,een the cornponents' shapes than ,.,hen assembly
occurs with a reasonable space left for the joint.

Fig. 4.1 vfuen contact is desired, the interdependence will show itself
in that the components must be made with accuracy. But ",hen a

space is left for the joint between components it is
often possibIe to correct for inaccuracies (for example, those
derived from manufacturing and assembly).
Contact assemblies with components of many organic materials Ol'
components "'hich at manufe.cturing must undergo a firing process
should be avoided, as such components can only with difficulty
satisfy demands of great accuracy. As an example most components
of fired clay are normaIly assembled ,,,ith a variable mortal'
joint, both in the case of brick-to-brick assembly and in the
case of assembly with other types of components. Assembly of
wooden components (joinery) ,,,ith components of other lcinds of
material is also usually accomplished with a variable joint.
Assembly between joinery components, on the other hand, ean often
be made ",i th contact joints. Assembly of metal components can
normaIly be based on contact joints without making larger demands
on aceuracy than is normal for this kind of work.

Hhen eomponents are assembled surface-to-surface there ",ill
usually, even with normal joints, be a strict interdependence
betveen the components' ehapes.
In the case of surface-to-surface assembly, inaccuracies must be
avoided not only for dimensions and angles but also in the shape
of "i-laves", distortion etc. It ",iII therefore be necessary to put
comparatively strict, Ol' even possibly unobtainable, requirements
on accuracy in connection with surface-to-surface assembly. All
othcr assenilily conditions such as surface-to-edge, edge-to-edge
etc. will normaIly imply a less strict interdependence of shapes.

If, in the assembly of components, there are several sets of
conditions affecting shape that demand to be fulfilled at the
same time, then the interdependence bet,,,een shapes ",iII be
especiaIly large.
As an example, inaccuraeies with a component that will be assenblei
.,ith another component only at one surface Ol' edge, can often be
counteracted by adjusting the position of the eomponent (i. e.
lci tchen table-top ac;ainst a ",a.U). If the same component is to be

a~seDbled with other components t
ul t a several surfaces Ol' edges

S).J~ ,." aneously, inaecuracies in the component ean
nece...,...,ary that shapes etc mu'"'t be J- d make it
tal l ( . . ., c.tange before assemblce p aee 1. e. lcitchen taole-top in . y ean
T . a reeess ln a wall).

o avold unnecessary interdepend-ence
bJ of shapes is not lpro ..em for designers and craftsTrlen r- . an un mown

serles of rules has b t' • - Il eonventlonal builcling a
1) (C een rou lne for many years'

ontact Ol' space) vii th all t, p •
be produced with great ae l ' YI es of C?IllpOnents that cannot
suitable size (comp~rativ~,l~a~~, ~sse~blY lS bas~d on a joint of
Where it has been necessar; to ~~, ~~ often varlable joints).
jobs in question became speciaJ Qel~ c(_p the above principle, the

d . . . "'Ol', Bueh as wooden t .
an slnular carpenter' s '''ork) whi h . . s alrcase
craftsmanship. c requlred a hlgh degree of

2) (Su:faee, edt:e~ Ol' point) iVhere it is PossibIe
surface assembly lS avoided and l:' l . ' surface-to-
asselllbly, edge-to-edge assembl e~ acecl wlth surface-to-edge
As a y, evc.

n example, skirting baards and d' .
hollowed out on the bacl' ~. h 001 mouldlngs are often

d " "',nc makes the as s embl . t'e ge-to-surface instead of th ." y "'l 11 the "'all
. e more demandlng surface-to-surface.

3) (Slmultaneousness) i'lhere it i .
at sevel'aJ. surfaces ar edg"s at t'h

S
posrnbl:-, a~sembly of COl.1pOnents

. '- e srune tune l . dslngle eo~ponent is thus d D' S aVOl ed. Each
number of surfaces and edge;l~ned to have .the largest possibIe
Hh' e ree.
. ere slJnultaneous assembly between se '
lS necessary, the unclesired i t d veral sU!faces and edges
oceurs is often cCJun"'-ract d b

n
tehr ependence of shapes whieh then

v.~ e y e Use of . l ..
the components so that th . . t . speCla JOlnts betveen

elr POS1-lon can be adJ"u t d I .
way expans ion, shrinkage "ett' "s e. n thlS
",ithout inconveniences (:.<, "'an lng, land castlng can be accommodated

• • Ch, examp e panel' b'
JOlst-encls in gaps in masonry '.'alls). ' s :ln ca :lnet-v1ork,

Never building methods folIo", vel'
be mentioned the mounting of w IlY much the same rules. Thus ean
mounting bolts with nuts h ab components of concrete on to
avoided. Eovrever, in the~e"'n:~eb;i~~:ace-to-s~rf~ceassembly is
to rely upon aceumulated traditional kg forms lt lS not possibIe
knowledge about how to h' . nowledge. The necessary

. ~ ac leve lndependence of h
avalIable when the coraponent b . . s apes must be

s are elng deslgned.



5.015. JOINTS' IWl'ERSECTION

!I. decision must be taken on vhnt conditions are to be provided
for in the desiGn: it should be remembered thnt joints will
follm.,T building surfaces; they cross, bend, and sometimes end,
and all these conditions should be examined durine the process.

It is comman experience that designers viII produce elegant solu­
tions for the horizontal joint and for the vertical joint, and
conveniently forget about the intersection. This is v/here manyproblems Occur.

The possibilities cover a wide range, from end to end joints
in a single plane, through t",O vay joints, three way joints in
one 01' h,O planes, and 1'oul' Ol' more joints in three planes. This
ean best be illustrated by some examples:

One example which occurs frequently is the discontinuity in
air seaIs brought about ','hen the:v a.re not in the same plane, Ol'
when baffles inserted into a vertical joint need flashings
vhere they cross a horizontal joint.

Another problem vhich does arise in open drained joints is the
inadvertent continuity of cavities round corners 01' buildings.
Since air pressures on the different surfaces vi11. vary, this
may give rise to a probiclIl unless a cllvity stop is introduced;
the stop mayaiso be needed for fire prev<;ntion purposes.

While i t may in theory be desirable to keep joints a"ray from
corners, this can have very limiting effects on interchange­ability.

A satisfactory solution is rarely designed in the case af cover
mouids forming the joints between a kitehen cunboard fitting
into the corner af a room and the vertical surfaces adjncent toit.

In the case of vleather check groo'ves on "rood windows, i t SOT'le­
times happens that because af continuous sections, the groa ve
01' a joint is inadvertently carried dovrn into the cill an the
side af a tenon ar jointing finger, ",ith a consequence that vater
viII find its 'Vay through the eilI.

The recommendation is, other things being equal, to arrange
for as fev joints as possibIe to meet at any point. Thus a
threE:-"ray interscction may be easier to salve technically than
a four-v'ay, albcit with other implications, ee at some conse­
quenee in assembly technique.

Fig. 5. 1

Fig. 5.2

Fig. 5.3
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6·CAPACITY TO ABSORB DEVIATIONS 6.01

.1-------------------------

Deviation is the designation for any type of difference behreen
a specified and an obtained size Ol' position. Deviations which
oceur bceause 01' the nature of the materials from which the
components are made Ol' as aresult 01' changes in temperature and
moisture content, are lmmvn as inherent deviations. Man-made, Ol'

indueed, deviations, on the other hand, result either from craft
Ol' machine processes, Ol' from assembly on site.

In planning and design, it vrill be natural to work vrith the
specified size. De~iations, as they arise in the later sequence
of the building proeess, can only be coped vith if the '""ork is
based on a knowledge of tolerances, whieh lilrit the allovrable
deviations from the specified size.

Deviations that are unavoidable occur in the marking out and
control 01' sizes, and are further contributed to by shrinkage,
expansion, warping, bending, compression, and settling.
Deviations may occur during manufacturing, handling, and
installation, and also during storing and later in the finish edbuilding.

In the manufacturing of prefabricated components, deviations ean
be attributed to:

1. Inaccuracy in marking out and control 01' sizes.
2. The specific properties 01' the materials employed.
3. The vrork methods employed.

In connection vrith point 3 it should be pointed out that this
condition most 01'ten will be outside the scope 01' design judge­
ment, and, therefore, usually, it "rill be the responsibility 01'
the faetory- to provide the neeessary information.

It is 01' substantial interest to lmov the deviations at the
time 01' installation, if possible Supplemented with information
on how the component can be presumed to shrink, warp, etc. in
the building.

In assembly 01' prefabricated components deviations can be
attributed to:

1. Inaecuracies in marking out and control 01' positioning.
2. The characteristics 01' the components employed.
3. The work methods employed.
4. Size changes in the (partly Ol' completely) finished

construction.

The situation is 01'ten complicated by the faet that the
components being installed are already encumbered, from the
manufacturing process, with deviations for which only the limits
are y~own, but not the actual values.

As a ruIe, the positioning 01' components will also be influ~nced
by the actual (= inaccurate) position 01' other components already
instalied.

A closer appreciation 01' the problem 01' de"lfiations must, therefore,
require that alliinks in the building process be investigated
closely; this shouJd be tempe;red by experience, as a basis for
which there is no substitute for a carefully recorded set 01'
actual measurements •

- - d'+~+od ch,Jnge 0t E:i+h~r protiks)Anli V'lprel"T1~ I a _ _

..J ,e,- woufd \\Jreak h'3vcc;.+€'t1ons or W(ca~·h~l" gr<lOV,,-, .

to -tilis design!
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6.03

the best principle
conelusions that
close tolerances

6.02

Fig. 6.1

Fig. 6.2

The problem of absorbing deviations applies usually to a ser1.es
of coml)onents and joints, not to individual components Ol' joints.
'l'he consecutive adcling of tolerances for la.rJ~e rows of consecutive,
adjoinine; components, llill produce eonsiderable differences betvecn
the resultins smullest size "lith respect to the largest permissible
size. But in practice, it will seldom occur that two Ol' more
muxirr.wu deviations vill appeal' D~t the S8Jne time. Asswninc; that
possible extreme resulting deviations can be accommodated by reason­
able measures (extra handling of some components, use of special
materials in same of the joints etc.), the swn of the directly
added tolerances can be redueed.

How large a reduction factor that can be used in 8, given case
cannot be determined from calculations Ol' by statistical methods
alone, but must also be based on an evaluation of the actual
conditions, and upon experience which includes the consequences of
exceeding the tolerance limits.

In practice the problem is solved by a complieated series of
consecutive operations, setting out, erection, adjustment,
cutting, with different techniques for different eomponents, in a
pattern of overlapping, individual operations.

All these approaches are based upon the follo,.,ring principles :

Taldng each dimension in turn, one principle is that the manufactur­
ing and erection deviations on each component are taken up ""ithin
each component's allocated space, i.e. in the two surrounding
joints.

A second principle is that the manufacturing and erection deviation
on eaeh component may be taken up to some extent within each
component's surrounding joints, but the excess deviations above
the capacity of the joints, must be taken care of by othel' means.

A third principle is that none of the manufacturing Ol' erection
deviations on a component can be taken up in the surrounding
joints. All such deviations must therefore be taken care of by
other means.

The two following examples illustrate how application of the
third principle makes necessary careful consideration at the
desie;n stage:

a. A row of close-butted kitchen cabinets of ",hieh each has a
worksize smaller than the modulal' size. Even when positive
deviations add up, the total of all four components is smaller
than the allocated space. A cover-strip, cut to size (or ,,,ith
an overlap) can teke up the resulting deviation.

In practice such a cover-strip must be able to take up approx.
30-40 mm as the difference bet'''een the smallest and the biggest
S:lze.

b. A row of light weight concrete partition components are
glued together (close-butted joints), and have sizes slightly
bigger than theoretically necessary (Ol' the last one is
deliberately toa big). The resultine deviation is dealt with
by eutting the last component to size.

In the following eX~1ple is illustrated how components sometimes
are designed with joints according to principle one - but at
ereetion applieation of principle two is advantageous for
practical reasons:

Fig. 6.3 A rOlol 01' floor components si eJ- c by" d
t . ,. S l e acros c' a' ·ld·,lolO floor componcllts "lon er th ~ f d ., OlU 1.ng. 'l'he
'1'1 •. " '" o E. aca <"S h8ve a 't' ,le JOltJts should be r.atl'e . . . er). lcaJ. pos1.tion.
B . . l r na.rro\V so as to b.' " .

oth requH~eT!Jents ar.e fulf'ilJ ed Lco~le selfshuttp.l"J.uC;.
al , . " ,except for one J01' t b .

~ excess dev1atl' anC' Th1' " t' . n . Cl. sorbuJg
'o. S }m.r ·.lCUJ ar ' . . . ' "'

vrhere the resultiuE; conseque~cE's " iloJ.nt
lS natLl::ally placed

be taken up. ,V1sua y and technJ.cally, ean

It is not J?ossible to draw any conclusion about
for.ab~orb1ng deviations, apart from the s~m le
devlatJ.ons aluays cxist and th"-'- ... ?
cost money. 'av unnecessarlly

;
I
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CAPACITY TO ABSORB DEVIATIONS 6.3

9. J\DJUSTABILITY 9.01

Examplc:

d(MG/CIS W'2,~ . ~
AD HoC GROUP . .JOI NT::.>
E-· 311 (OI<}).JMP. 710.?'O?

Fig. 9. 1

Fig. 9.2

'l'he jointine proc(~dure maV be desicnerl so that the position of
ecLch compOllent js ea~)ilv adj us table. E:'T thi.s one might achieve
fa:,ter erection, ar savings in lo.bour, materiaIs, etc., ar just
ease of (adj ustr.1ent of) rosi tioning, for examplc '.J!lere a number
of unlike components must be connected Ol' whcre corrections
are necessary for visual reasons.

The means af [tdj ustment may be part of the con'ponen t Ol' af the
jointing product, ar it may be a special tool (not alwavs
reusable), a special component (adaptor) 01' just a deliberately
adjustable fixing;

In principle, adjustment can take plnce befare, during Ol' after
pIacine the component. The earlier one ndjust, the less one
eCln take into nccount in respect of (unforeseen) deviations.

11. very late adjustment procedure mav, hovcver, incrc"tse costs
of taoIs, lnbour, etc. The plastics gutter, attached to the
st ructure by scre,·rs in slots, repre~,ent a fourth variant, con­
tinously adjustable, a sort af expansion joint (to tak(~ thel'mal
movements, creep, etc. a functional reauirement). There is also
a fifth varil'mt, that af the delibern.tel:'T not-adjustable joint.

In reality, practice is complex. J\S an example to 8holor this,
ane can take a dual function lifting bolt in the erection pro­
cedure for conel'ete walls and floors where ane mayeonsider
the structure as a series of alternating floor and "rall eom­
poncnts 'Yrith "no adjustmcnt" joints alterna-ting Hith "adjustment
befare erection"·.j oints.

The floors are placed an top of the wall, and the joint is a
dry, close-butted joint for speedyerection. 'I'his is a special
variant of "adj ustment before erection1',ns no adj ustment is
PossibIe durine Ol' after placinr, of the floor corr.ponent. 'Ehe
deviations in floor thickness are Rutomatieally added to the
probably only partly ad.justed deviations of the top of ".'all.

Befare the self-shutteri.ng joint beb-reen the floor nibs is
poured, the positions af the lifiing bolts are checked, and
possibIe bent bolts are eorrected. Then, the nuts an all bolts
are levelled. This means that all ",alls are automatically placed
in an alr:lost alsolute correct position, vertically and horizon­
tally along the 101{er edge of the Hall.

'Ehis is a typical "adjustment befare ercction" procedure, '"heTe
adjustn:ent takes care af all deviations from pTcviously nIa.ced
floors a.nd valIs. TheoreticA.lly, the rcsult Il'ay be rega.rded as
a series af 'Y.'alls ,,,ith adjustable joints. The deviations are
not added vertically, as each wall is adjusted individually.
Horizontally, the deviations are closo1y linkod ns the walls are
placed on top af each other, symmetrically around the bolt/
reference line.

The General recommendation lS that aJ.though it is desirable
to have much adjustability a.s ean e:lf;i1y be obtained, thi s
must Rhm.ys bIO seen e,gainst the need for such adjustability.
There is, hO'YTever, under all circumstances a cJose tie ,betveen
tolerances and adjustability.
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ORDER. OF PLACING
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The order of placing the components may be established by the
gcometry of the components and joints, but other reasons may
be decisive as well, for example ense of (visua1) adjustment,
erection technique or climatic conditions.
Obviously, it is advantageous if the order of placing is free.
Any ties bet'''een components involving order af placing means
that the re.jection of a faulty component leads to a slov-down,
possibly a stap, in erection. The plnnning af erection technique
and - sequence is also easier, if the geometry has not estnblish­
ed an order of placing. Hm'lever, technological reasons may make
a definit e order of placing essentia1.

Stacking is a well-known procedure. The lovest components come
first. The order is a "one 'vay" system. So is the laying of
roof tiles, or the placing of some types of floor components.
Close-butted ,joints or the like ,·,ill usually establish a definite
order of placing, but it may be a "left to right as ',rell as
right to lenlt system, as is the case with kitchen cabinets.

Finally , the almost "impossible" system ha.s been inadvertently
designed by many "inexperienced" consultants.

The order of placing cnn have far reaching consequences, as the
foliowing example illustrates:

Design of the facade systems involves careful consideration of
the relation between climatic conditions. erection technique,
order of placing, and the cladding system (possibly boiled dmm
to finding the right position of the facade joints). The order
of placing components etc. is on days ",ith heav-y frost: Placing
of walls, placing of floors, placing of facades, temporary heati~

of rooms that grouting of floor-, ",all-, and facade j oints ean
take place one or two days later. After another day or tvo with
temporary heatine;, the erection ean begin on the storeyabove.
This procedure is feasible with the left system X whereas
system Y may complicate matters, or even make the arder of
erection "impossible".

In system Y the spandrels are attaehed to the 1-.'8.11s : 'l'he spandrel
A is supported bv YTall C, but ",all C is erected after temporary
heating of room B and grouting of the corresponding .joints. The
temporary heating cannot be established befare the facade is
closed - ",hieh reauires the spandrel Il. te be in position for
closing room B and for support of the row of ",indo"Ts.
The vicious circle (" impossible" arder of ereetion) ean be broken

a) by using spandrels af type D in all storeys, combined vith
window components from spandrel to ceiling (the window itself
may be lower, if the component ineorporates a closed part be­
tween the ceiling Bnd the aetual windew).
b) by the use af "temporary fa.cades", from spandrel to ceiling.
c) by an erection technique allm.ring all (or several) store~rs

to beerected before the ,joints must be grouted.

The general conclusion, naturally, is to aim at the free conditiG
but in practice this rarely occurs. Therefore, the second best
choice is that of a feasible, well thought out, sequence of asser
(including every small operation). If this is carried out
methodically, t.hen at least the impossible situation will be
avoided.

7.0FDER OF PLACING

Fig. 1.3'

Fig. 1.1 A

Fig. 7.2

Fig. 7. 1 B

Please
compare
text with
fig. 7.3
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8.01

Fig. 8.1

8. JOINTING PRODUCT

A main idea behind the use of components is to have as much
Vlork as possible moved from the building site to workshops
and fa.ctories wllere many conditions are nore easy to control.

Tnis approach logically leads tL considerinc; joints in the same
way: 'dork operations on the site - to assenible cornponents ­
should preferably be few and easy to carry out.
To this ruay be added the faet that technoloc;ical deveIopments
in comfonent manufacture have reaclled such levels that assembly
of comp.onents often constitute greater problems than their
manufacture. .

If the above argument '-Tere to be cnrried to i ts extreme, the
indication .rould be that joints should be moved a1-Tay from where
building elements meet. This "TOuld allovr the complica.ted junc­
tions to be made as prefabricated components and "in-fills"
and building si te operations "rould be~ome s impler. It. is
possibie to find examples in practice of systems which rely
upon the use of prefabricated junctions and simple in-fill
sections (especially in plastics, metals, and ,.r~od - for
eXhibition stands and space structures) but as a general
approach this solution has not yet proved to be feasible on
any larger scale.
The best possibilities for application of the principle seem to
occur where (~heap extrusion proces ses ean provide system
components in standard sections and the main remaining problem
therefore, is that of joining such components.

A more generaily applicable approach to solving the problem of
jointing by means of jointing produets 'wuld seem to be the'
foliowing - stated in descending order of desirability:

1. The joint is established automatically through assembly of
components which have needed no special design or preparation
for the assembly in question.
(Exmnples: Dry rubble stone wall construction Ol' pavements
made with close-butted bricks)

2. Component interfaces have been prepared for assembly, viz.
through profiling or adaptors, so that jointing may be
established automatieally through assembly of components.
(Example: Flooring boards vrith tongue-and-groove)

3. The joint is established by ane jointing produet being
introduced where two positionedcomponents meet.
(Examples: A gasket vhich establishes a hm-stage joint
between fe.cade components; Bast ef the covering strips '-Thich
are applied mainly for visual reasons; sone self-adhesive
weather-stripping or tapes appl.icd to provide tightness)

4. The joint is established by tlW or more jointing prod"u.ets
being introduced .lhere tvo positioned cornponents meet.
(Examples: The majority of joints behreen primary building
cOD~onents like facade components, load bearing wall
components, roofing components, and partition components;
also at the maj ority of joints betvreen unlike components,
viz. door-to-wall or window-to-vall)

8.02
It f~llows fr~m the nbove thnt there seems to be room for
conslderable lmnrovement of auite a few of the .. t " h, - - JOln s ,·rillC
are today 1Hdely used. It a180 follo'tlS that the u f f d, . t' . . , " se o un orme
JOln lng products iS - ln prlnClple - less desirable. Sueh
produets , like mortal' and mastics , mAN "reli be applic' ble
but t~eir.use implies a eertain mnount of extra ,·,~rk ;0 b~
done,ln SltU and possibly also requires better control of work
qual1ty.

The descending order af desirability indicated through the
above four-point listing among other thines indicates that
further exploration of the possibilities for developing
"automatie" joints ",ould be desirable.
Quite a fe,,' joints af this kind are aiready ",elI knmm. To
name but a few there are magnetic locks for kitchen eabinet
doors, inter-locking joints for floor boards, and the variety
of new joints developed for pipe installations. .

A special problem is often constituted by the exacting
performance requirements met "rith in connection "Ti th the
building envelope (viz. joining of facade cowponents). For
rea~o~s ",hieh have nothing to do, primarily, "ith the geometry
of J olnts, performance rcquirements ",i110ften lead to the
use of rather complica.ted tvo-stfl.ge joints. But also in this
case the above four-Doint listine; holds true - to wit that some
joint designs of this kind have recently moved up an the list
(the finned , hollmr gasket , .lhich ean be installed in one
operation, substitutes for a nunilier of jointine; nroducts and
operations "rhich '-Tere previously necessary). ".
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10.EASE OF CHANGE AND REFAIR

Th . J t 'th 11 1'1 'bl" ' .ere 1S mue 1 curren - concern iH' "exl. e uUlld:LTlf,f;, capa-
ei ty for im'provement, re-us8.bil:i ty 01' components and n~atcl'ials.

The joint eharaeteristics viII to a large extent govcrn the
possibilities for developing such features.

Joints, and partieulo,rly ,jointing products, 1<fill have a more­
or-less predictable life. If such a life is les::.; than that of
the eomponents being jointed, or if a short life eomponent is
being jointed to a longer life cOlrponent, then the joint Hill
need to permit demounting and reassembly Ol' replacement. Ii' it
ean be done "lith a minimum of effort, and vithout the UGe af
special tools whieh may not be available at same indetcrr.:inate
future date, then this is a bonus.

Cost-in-use (covering both maintenance and rcplacement) over
the "rhole l ife af the component-.joint amalgam "r~_ll dete:cmine
",hen things should be done; the initial design shoulå then
physically permit those same things to be done.

The "rell-1cnmm s;rnth('l~ic rubber easket ",ith IJ. dovetail insert
shm13 same of the qUHlities ideally looked for. Frovided no
dei5radation af the sE~ction happens , then it may be un-zipped
to allowa component to be replaeed, it Jllay be removed for use
elsewhere, it entail,s no preparation of jointing surfaces nor
their eleaning on reassembly. If it is not easy to repair,
then it is perhaps tough enough to need repn.ir onlJ: infrequently,
and cheap enough to be thrmm a"ray and replaced vhen toa badly
dwnaged.

Joints needing attention during their life must be visible and
aceessible. Take for exC'..mple a t,.,ro stage joint betvreen tvro pre­
cast concrete pn.nels vhieh will neecl an air seal as vell as
a vater b8.lTier. The water barrier SIlOUld be u,ccessible from
the outside, and the air seal fj'om the inside.

The reeonunenclation, therefore, is that non-deteriorating (ar
even self-improving) joints are aimed for. \oThere repair is
neeeSS8.ry Ol' vhere ease af change is desirnble then joints
must be accessible, and must physically permit replacement ar
repair.

Fig. 10.1
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2. The visual impact of joint intersections - especially behreen
joints 01' different design _. s11ou1d be clarifiecl, 'liz. by
means of large scale perspi3ct i ve Ol' axonometric sketches.
(ExaJnple: A curtain vall facade and a hel:wy loadbearing
gable are both built vith COmI)Onents. In this case the joint
design for each type 01' 1oll.1,ll will normally be strongly
influenced by functional requ:i.rements (tic;htness 8,gainst
rain and wind etc.). This mal'.:es it desirable to consider joint
intersections - 'liz. of horizontal joints at building
corners - at an early stage) because changes later, to
obtain a. desired visual imps.ct, mRy be difficult to make
and may occasion nearly unforeseeable ramifications.

Additionally, it may in certain cases be desirable to consider
the folloving c;uidelines:

3. Changes in a technicaJ.ly correct joint to obtain a desired
visual impact should only be proposed after due consideration.
In guite a fev' cases it may thus 'be found that the desired
vi3u8.1 impact ean more eas ily be obtained by making changes
in the component design. .

4. Through proper joint design it is aften possible to disguise
01' .mask undesirable visual impacts stemrnming from dimensional
deviations. Tims narrovrer joints will often mean more
appreciable deviations, while any kind af so called 'shadow
joint' \Till help to disguise deviations.

In many cases it is desirable to look at several joint desi~ns

simultaneously ('liz. those appearing in a roomJ. Even ,-rhen each
joint has been carefully designen, also at intersectionG, there
may still oeeur undesirable visual impacts.

As but one example, there may not be a free cho:l.ce as tb .There
partitions are positioned in relation to joints behreen ceiling
component s •

11.01

It is naturaily not possibie to predict the kind af visual
impact vhieh may be desired in specific ca;:;cs, but some guide­
lines as to hov haphazard visual impact may be avoicled are given
in the follo\Ting:

1. Sketches of joint designs should be done in a sufficiently
larg,~ 8cale (at lf:ast 1; 5) ~30 as to mak.e jude;ment af visual
impact possible. (YxaJ~~plc: fe.. :C00rrl 'Irith f-J. vindOi-r and a nearby
door. Except an 3, small sco.le drmring, the visua,l ir'lpact
of the heic;hts may not be the modular sizes. J.n~3tcl1d, it
ean be the top of the leaf af the door Ol' af the moulding
over the door, and the top af the opening af the vi ncloW' in
the exterior wall.

It is not enough that compolIents are modulnl' and that joints
bet'ofeen them are technicall;r correct. 'l'heir VigUR1 impact must
also be planned ar 'desiGned'.

Visual co-ordination af design details 1ike joints becomes
especially important 10rhere componentG af.' var:i.ous types are
intep:rated to form Greater unit" like rooms and builclings.
In these cases the totairesult should 13.180 be satisfactory
in an aesthetic sense.

11.VISUAL I~WACT

Fig. 11.6

Fig. 11.3

Fig. 11. 2

Fig. 11.1

Fig. 11.4

Fig. 11.5

~)

'10.1

IMG/CIB W24
AD HOC Gr~(~lUP: :JOINT'-;
E - 31~ (Q26) HWH 74041/

IMPOSSIBLE.

- both components <lnd
+tIe, joi nti rig pr'oduct ~lre_
des+,o~cc:l

(Ex<3 lnpfe: A pad be-h'.Ie.::.,n
+WO lo'adbe'Or-i [lCoJ uni ts), ./

A\A/k:WARD

- domag in 9 trlf_ j?inJin9
pmduct ~nd l'OSSlol:J on€-:..
cornponent-

I M P RACTl CABLE

- de,$froyirt() ane comp<Jnen+
or cJ8tY18sinrl b(Jth

(EK81~plE:.: A \-vc)cd w i rh:k,Hv
C:<lS-+ ([1+0 ';j cor-Icre+e pønel)

(EX8rnpie; A WOc,),J window
wiH) ;:,; ~~I,)",-d- in-plact::
.foomed ru bbii:'.r we'.:l1'hl2r- strip)

EASY
- (Jarn'dging neither
corn pcnenrs nor the
Jointins Fl'oducr

(Exarnpie : A hleopre.ne
zi pper ~l'askct)

beam

COIOU!Tlrl

EASE OF CHANGE AND REPAIR

~ The. \lanovs nJpe.s 01 rIviIs ;:)nd screwS -o3lso ha,,'e
di .fferent propef"l'ies 'lil reJdl-d fa E'<)S" oJ c:han:Jc. '8f1o r<v;)ir



11.02
In most cases the partition mayeither be put symmetrically
under the joint between ceiling components t which is thereby
hidden, or it may be put so far from a joint between ceiling
components that misalignment of ,joints between ceiling
components themselves and bet~7een ceiling and partition cannot
eas ily be observed.

On the other handa positioninr; of the part'fLtion so that it
has one side aligned with the joint between ceiling comnonents
is often not recommended, because dimensional deviations
(viz. misalignment) would tend to become very clearly visible.
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VISUAL IMPACT '11 VISUAL tMPACT 11.5
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