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FORORD 

Geonletry of Joints (Sallllllenbygningsprincipper for byggekompo
nenter) er udarbejdet på initiativ af CIB Progralllllle Committee 
og International Modular Group. 

Med hovedvægten lagt på geometriske forhold bringer notatet 
en systematisk oversigt over sammenbygningsprincipper for 
byggekomponenter. 

Det er tanken, at denne foreløbige publikation, efter at have 
været forelagt i IMG og CIB W24 (Modular Co-ordination) skal 
kunne udsendes som CIB-report. Det er yderligere tanken at 
anvende notatet som basis for en bedre koordinering af de 
arbejder, der allerede i en række lande er igang indenfor 
området. 

Sideløbende med diskussionen af notatet på internationalt plan, 
gennemfØres ved SBI en opgave, der bl.a. sigter mod præsenta
tion af en udvidet udgave af Geometry of Joints på dansk. 

Efter aftale med mine medforfattere, 

Klaus Blach, M.A.A. 
Statens Byggeforskningsinstitut 
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IN'fRODUCTION 

It is becoming generaIly aclmmvledged that more extensi ve use 
of prefabricated eomponents obtained under op en mar ket conditions 
( catalogue buiIding ) will require a larger effort to be focussed 
on the subjeet of j oints. The teehniques of dimensional and 
modular co-ordination have enabIed components to be made compa
tibIe so far as their co-ordinating dimensions ar e coneerned but 
this is not enough. In practice, even modular components will not 
fit together unless a propJr joint between them has been devel oped ; 
the problem is even more aeute if those eomponents are supposed 
to be standard and usable in a great variety of situations. 

The purpose of the present document is to establish principles 
upon whieh various national and international bodies cS.n base 
f uture studies. 'l'here are not yet any ready made standard s olutions , 
nor indeed categories of solutions, though some ideas which 
appear to be ,vorth further development are included. 
The establishment of conventions is a half-way house between 
principles and wholesale joint standardization, in that it should 
enable compatib ility without needless uniformity to be achieved. 
It is particularl y appropriate in the case of components obtained 
from different sources . 

From previous s tudies it is clear that a single universal j oint 
is not ach i evable, such is the great vari ety of designs necessary 
to satisfy "TideIy di verging performance needs. 

It is clear too that not all features of joints are equally sui t 
able, nor indeed necessary, for standardization, but at the s ame 
t ime some discipl ine over jointing is necessary for the noti on 
of catalogue building to become areali ty. 

That discipline should ideally be so devised as to assist the 
achievement of eompatibil ity at the joints bet,.,een catalogue 
components in respect of dimensions, profiles and all relevant 
functional requirements. A means to aehieve compatibili ty bet"Teen 
the dimensions critical to fit has been devised, and a master 
list of joint functions is available. But eompatibility of edge 
profiles (and the dependence of profiles on functional needs ) in 
the catalogue component context has been very inadequately 
studied. 'l'hus the present paper eoncentrates on the geometry of 
joints. I-ImTever, it should go ",i thout saying that the many other 
relevant performance requirements must be satisfied. In this 
eonnection check lists of performance requirement s of the ki nd 
aIready tabled f or consideration in ISO will be r elevant. 

The process of component and joint designs are closely inter
linked. The i t erative nature is often sueh that decisions of 
principle for joint design ",iII be decided in advanee of decisions 
on specific components. Designs often have their mm priorities 
evident from their title, eg 'load bearing' , '"reathertight', 
etc. 

Succes s depends in part on the designer setting out clearly the 
major characteristics of eonstruction, the joint , the component s 
to be joined, and the degree of generality aimed at in the solu
tion. These matters are discussed in detail in the t ext. The 
order in which they are taken is not absolut e. A relationship 
probably nearel' t o the true desi gn pr ocess is shmm i n the list 
of contents but aetual priorities are dictated by the job in hand. 
The approach adopted has been to deal in turn, although not 
necessarily in striet order, ",ith prineiples, examples, and 



recommendations (ineluding the prospects for conventions) under 
each chapter heading. It is hoped that this survey of principles 
of good joint design will also illustrate that arbitrary 
standardization is undesirable. 

It will be of considerable advantage to designers if information 
about components and their joints, including jointing produets, 
uses a standard terminology and follows a standard order. A 
further need will arise for a ful ly worked out set of details 
for all the foreseen situations of use, and the trade literature 
describing components and their joints will need to be factual 
and informative. 
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DESIGNING AROUND TRE PROBLEl\1 

Some of the art in good building design is in reducing or 
eliminating problems before they arise. Hhile the principle is 
applicable to joint design it should 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. 

One 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 kitchen cupboards and enclosing walls may 
be circumvented by choosing lay-outs with at least one end free. 
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It is no use whatsoever in turning to a lapped joint to avoid the 
problems of fit ir by so doing the problem is merely transferred 
from one plane to another, especiaIly if vrarping 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 
sol ve. 
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Fig. 2.1 

Fig. 2.2 

VERSATILITY OF DESIGN 

The principle usually followed in designing catalogue components 
and their ,joints for the open mark et is that a component designed 
to be ,joined to (almost) any other component ie to unlike compo
nents has a very wide field of applicability, possibly a favourable 
market position, and probably a very complex set of joint solutions. 
However much one may wish to design for unknown conditions this 
is impossible by definition. It ean only be by accident that all 
conditions are met. The most that can be done is to select profiles 
etc. which ean easily be adapted. Simple shapes are here the key. 

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

The eomponent designed to be joined to like components or to a 
very limited number of similar eomponents under well defined 
eonditions has usually a very limited field of applieability, and 
very simple and/or well-defined joints, although even the preferred 
joint between two identical standard eomponents often must have 
alternative solutions for the statistieally rare, but eeonomically 
allowable, extreme ze variations. 

For a joint to perform as intended, its finished width must 
lie wi thin certain limits. A lower limit may be dietated for 
example by least width of material able to accommodate expeeted 
movements, while the upper limit may be fixed for example by costs, 
by lip seal pressure for gaskets, or by depth of grooves for 
location of a baffle. 

It is difficult to give general guidance on the sizes and shapes 
of joints, since these are often determined from individual criteria 
for each case. A single dimension sueh as target joint width may 
also be misleading since each joint will in practice be usable over 
a range of widths. 

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

Before attempts are made to establish eonventions for particular. 
groups of eomponents an examination should be made of prospects 
for making these parts of a mueh more generally applieable disci
pline. 

Nevertheless in relation to sizes eertain minima and maxima may 
- and should - be identified. For example a minimum allowance 
is needed to allowa component to be manoeuvred into plaee, to 
allow elearanee for insertion of .jointing produets , and to allow 
for eompression to take place "rithout displacement, ,.hile maxima 
may be determined by cost, say, or slump. 

Careful eonsideration of the effects of induced deviations, that 
is to say the cumulative effeets of marking setting out lines, 



Fig. 2.3 

positioning of eomponents, and manufaeture of eomponents is 
likely to be well repaid. Experienee shows that the deviations 
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in the first tyro categories ea.n have greater significance than 
those in the third. The extent to which any one of these affects 
the dimensions of the joint depends on the nature of the assernbly 
concerned. If for example the cornponents may be moved during 
or af ter installation either because it is natural to do so or 
for contractual reasons, then the effects of their own positio
nal devia,tions for all practical purposes may be eliminated. If 
the components are required to fit \>rithin a space of which the 
deviations are kn01ffi, then the minimum allowance ean be obtained 
by recognised statist icaI techniques. This allowance should then 
be adjusted to aceornmodate inherent deviations, that is to say 
for example those deviations due to moisture and thermal move
ment of the components, and the dimensional needs of the joint. 

The designer may change the values of any variable in this 
relationship. Re may for example decide to assume values for 
deviations other than those likely to exist and accept a corre
spondingly differing proportion of misfits, or he may require 
deviations to be kept within tighter limits where practicable, 
so as to use partieular jointing teehniques. Among the other 
options available ,vould be deliberately to restriet the field of 
applicability to those few conditions for which an easy solution 
may be found, or to develop special joints for the small propor
tion of cases which will be outside the eapacity of the chosen 
joint range. In the last case there \>rould need to be a method 
of predicting the distribution of joint sizes. 
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IDENTIFYING KEY JOINTS 

Any building comprises a large number of components and of joints 
and, therefore, also an extensive labyrinth of joint design prob
lems. Bach component may in itself give rise to a number of 
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joint problewÆ, as the component may be used under several 
conditions, as the edges of the component may be different, and 
as an economic and technical relationship usually exists between 
many components and their corresponding joints. The optimisation 
process is very complex, whether seen from a client's or from a 
manufacturer's viewpoint. Usually the initial approach is to find 
the key joint(s), possibly the most widely used (repetitive?) 
joint, the most costly joint(s), or the most difficult joint. What 
is the field of applicability of the component; ought the correspond
ing joint to cover the entire field; 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 fronl the fOllowing examples. 

First of all the key joint may not be the IInormalll repetitive joint 
Fig. 3.1 A between two like components. If only a few components are joined, 

the border joints may be the key joints. Another example is a 
Fig. 3.1 B precast gable of a four-storey block, where the components are: 

Component Conditions Number 

A Normal (?) 4 
B Border joint, right corner 2 

(facade type x or type y) 
C Border joint, left corner 2 

(facade type x) 
D Border joint, basement 2 
B Border joint, roof 2 
F Two border joints, right corner, basement 1 
G Two border joints, left corner, basement 1 
H Two border joints, right corner, roof 1 
r Two border joints, left corner, roof 1 

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

The gable has 16 gable components of which - in the worst case -
only four are "normalIl components with repetitive joints. The 
other components may have one or two special edges against facades, 
roofs, or basements. In the worst case, we have but 12 repetitive 
horizontal and 12 repetitive vertical joints out of 40 joints. 

lbe optimal solution to the design of the components, of possible 
extra "corner components" , of the joints, and of the adjoining 
facades, roofs, and basements etc., may start with a key joint 
Which one?), later taking other factors into account. The above 
examples draw attention to the border conditions. 
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Fig. 3.2 

Fig. 3.3 

The aim is to use 
as many standard components as possible, 
as many standard joints as possible, 

and at least one must give way when unlike components are joined 
- unless the case has been foreseenand solved by aversatile 
joint or a special jointing component or product. 
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In case of ro om sized sandwich-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 watertight, 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 eomponent"s 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 offering the cheapest solution to the roof-edge problem. 

The closely linked problems of components and joints, and their 
relative positions are also illustrated by two possible plans of 
a staggered and stepped building. 

Plan A has several disadvantages: 'fhe re~entrant gable/facade 
corner is more complicated than in plan B, where the building is 
made from standard facades between standard crosswalls at regular 
intervals. The wall components must be designed to support alter
nate floors, increasing the number of eomponents and joints and/or 
complicating the design of components and joints. The design of 
components and joints in adjoining floors, gables, facades etc. 
is made more eomplex in plan A than in plan B. 

Plan B has much more simple, "normal" components and joints, and 
astatically sourlder structure. The advantages ean eas ily counter
act the (theoretieal) extra eost of components/materials, when 
eompared with plan A. 
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Fig. 4.1 

INTERDEPID~DENCE OF SHAPES 

Every link in a job process contains sources of ina,ccuracy which 
may contribute to deviations. 1bese deviations may in turn 
influence later job processes. Even where each single deviation 
is kept sma11, accumulation ean produce considerable resulting 
deviations. 

Tighter demands for accuracy will normally imply increased 
expenditures at manufacturing, assembly etc. Large demands should 
therefore not be put on accuracy where it is not necessary (thus 
accuracy which is not used for anything, is not necessary). 
The milder the demands as to accuracy 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 general rule that 
unnecessary interdependence of shapes should be avoided. 

When assembly of components occurs with contact joints (close
butted joints) there 'vill generally be a greater degree of 
interdependence between the components' shapes than when assembly 
occurs with a reasonable space left for the joint, 
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When contact is des , the interdependence will show self 
in that the components must be made yd th accuracy. But when a 
certain space is left for the joint between components it is 
often possible to correct for inaccuracies (for example, those 
derived from manufacturing and assembly). 
Contact assemblies with components of many organic materials Ol' 
components which at manufacturing must undergo a firing process 
should be avoided ... as such components ean only with difficulty 
satisfy demands of great accuracy. As an example most components 
of fired clay are normaIly assembled with 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) with components of other kinds of 
material is also usually accomplished with a variable joint. 
Assembly between joinery components, on the other hand, can often 
be made with contact joints. Assembly of metal components can 
normally be based on contact joints without making larger demands 
on accuracy than is normal for this kind of work. 

When components are assembled surface-to-surface there will 
usually, even with normal joints, be a strict interdependence 
between the components' shapes. 
In the case of surface-to-surface assembly, inaccuracies must be 
avoided not only for dimensions and angles but also in the shape 
of "Waves" ) distortion etc. It \'lill therefore be necessary to put 
comparatively strict, Ol' even possibly unobtainable, requirements 
on accuracy in connection with surface-to-surface assembly. All 
other assembly 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 between shapes will be 
especially large. 
As an example, inaccuracies ,yith a component that \olill be assembled 
'\-lith another component only at one surface Ol' edge, ean often be 
counteracted by adjusting the position of the component (i.e. 
kitchen table-top against a wall). If the same component is to be 



assembled with other components at several surfaces or edges 
simultaneously, inaecuracies in the component can make it 
necessary that shapes etc. must be changed before assembly ean 
take place (i.e. kitchen table-top in a reces s ~n a wall). 

To avoid unnecessary interdependence of shapes is not an unknown 
problem for designers and eraftsmen. In conventional building a 
series of rules has been routine for many years: 
1) (Contact or space) With all types of components that cannot 
be produeed "rith great aeeuraey, assembly is based on a joint of 
suitable size (comparativelY broad and often variable joints). 
Where it has been neeessary to sidestep the above prineiple, the 
jobs in question beerune special work (sueh as wooden stairease 
and similar earpenter's work) whieh required a high degree of 
eraftsmanship. 

2) (Surface, edge, or point) \Vhere it is possible, surfaee-to
surfaee assembly is avoided and replaeed with surface-to-edge 
assembly, edge-to-edge assembly, etc. 
As an example, skirting boards and door mOuldings are often 
hollowed out on the back, which makes the assembly with the wall 
edge-to-surface instead of the more demanding surface-to-surfaee. 
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3) ( s) \V11ere it is possible, assembly of components 
at several surfaces ar edges at the same time avaided. Each 
single component is thus designed to have the largest possible 
number af surfaces and edges free. 
Where simultaneous assembly between several surfaces and edges 
is necessary, the undesired interdependenee of shapes which then 
occurs is often cOllnteracted by the use of special joints between 
the components so that their position ean be adjusted. In this 
way expansion, shrinkage, setting, and casting can be aceommodated 
without ineonvenienees (as an example, panels in eabinet-work, 
joist-ends in gaps in masonry .lalls). 

Hewer building methods follmv very mueh the same rules. Thus ean 
be mentioned the mounting of wall components of concrete on to 
mounting bolts with nuts, .lhereby surfaee-to-surface assembly is 
avoided. However, in these new building forms it is not possible 
to rely upon accumulated traditional knowledge. The necessary 
knowledge about how to achieve independence of shapes must be 
available when the components are being designed. 
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Fig. 5.1 

Fig. 5.2 

Fig. 5.3 

JOINTS' INTERSECTION 

A decision must be taken on what conditions are to be provided 
for in the design: it should be remembered that joints "Till 
follow building surfaces; they cross, bend, and sometimes end, 
and all these conditions should be examined during the process. 
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It is common experience that designers will produce elegant solu
tions for the horizontal joint and for the vertical joint, and 
conveniently forget about the intersection. This is where many 
problems occur. 

The possibilities cover a "ride range, from end to end ,joints 
in a single plane, through two way joints, three way joints in 
one or two planes, and four or more joints in three planes. This 
ean best be illustrated by some examples: 

One example which occurs frequently is the discontinuity in 
air seals brought about when they are not in the same plane, or 
when baffles inserted into a vertical joint need flashings 
where they cross a horizontal joint. 

Another problem ,.,hieh does arise in open drained joints is the 
inadvertent eontinuity of eavities round corners of buildings. 
Since air pressures on the different surfaces "rill vary, this 
may give rise to a problem unless a cavity stop is introduced; 
the stop may also be needed for fire prevention purposes. 

While it may in theory be desirable to keep joints away from 
corners, this ean have very limiting effects on interchange
ability. 

A satisfactory solution is rarely designed in the case of cover 
moulds forming the joints between a kitehen cupboard fitting 
into the corner of a room and the vertical surfaces ad,jacent to 
it. 

In the case of ",eather check grooves on wood windows, it some
times happens that because of continuous sections, the groove 
or a joint is inadvertently carried down into the cill on the 
side of a tenon or jointing finger, with a consequence that water 
will find its way through the eill. 
The recommendation is, other things being equal, to arrange 
for as feVl ,joints as possible to meet at any point. Thus a 
three-Vlay intersection may be easier to solve technically than 
a four-way, albeit Vlith other implications, eg at some eonse
quence in assembly technique. 
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CAPACITY TO ABSORB DEVIATIONS 

Deviation is the designation for any type of difference between 
a specified and an obtained size or position. Deviations which 
occur because of the nature of the materials from which the 
components are made or as aresult of changes in temperature and 
moisture content, are known as inherent deviations. Man-made, or 
induced, deviations, on the other hand, result either from craft 
or machine processes, or from assembly on site. 

In planning and design, it will be natural to work with the 
specified size. Deviations, as they arise in the later sequence 
of the building process, can only be coped with if the work is 
based on a knowledge of tolerances, which limit the allowable 
deviations from the specified size. 

Deviations that are unavoidable oecur in the marking out and 
control of 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 finished 
building. 

In the manufacturing of prefabricated components deviations can 
be attributed to: 

1. Inaccuracy in marking out and control of sizes. 
2. The specific properties of the materials employed. 
3. The work methods employed. 

In connection with point 3 it should be pointed out that this 
condition most often will be outside the scope of design judge
ment, and, therefore, usually, it will be the responsibility of 
the factory to provide the necessary informatiort. 

It is of substantial interest to know the deviations at the 
time of installation, if possibIe supplemented with information 
on how the component ean be presumed to shrink, warp, etc. 1n 
the building. 

In assembly of prefabricated eomponents deviations can be 
attributed to: 

1. Inaccuracies in marking out and control of positioning. 
2. The characteristics of the components employed. 
3. 'llhe work methods employed. 
4. Size changes in the (partly or completely) finished 

construction. 

The situation is often complicated by the fact that the 
components being instalIed are aIready encumbered, from the 
manufacturing process, with deviations for which only the limits 
are known, but not the actual values. 
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As a rule, the positioning of components will also be influenced 
by the actual (= inaccurate) position of other components aIready 
instalIed. 

A closer appreciation of the problem of deviations must, therefore, 
require that allIinks in the building process be investigated 
closely; this should be tempered by experience, as a basis for 
which there is no substitute for a carefully recorded set of 
actual measurements. 



Fig. 6.1 

Fig. 6.2 
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The problem of absorbing deviations applies usually to a series 
of components and joints, not to individual components or joints. 
The consecutive adding of tolerances for large rows of consecutive, 
adjoining components, will produce considerable differences between 
the resulting smallest size with respect to the largest permissible 
size. But in practice, it willseldom occur that two or more 
maximum deviations will appear at the same time. Assuming that 
possibIe extreme resulting deviations ean be accommodated by reason
able measures (extra handling of some components, use of special 
materials in some of the joints etc.), the sum of the directly 
added tolerances can be reduced. 

How large a reduction factor that ean be used in a given case 
cannot be determined from calculations or by statisticaI 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 complicated series of 
consecutive operations, setting out, erection, adjustment, 
cutting, with different techniques for different components, in a 
pattern of overlapping, individual operations. 

All these approaches are based upon the folIowing principles: 

Taking each dimension in turn, ane principle 
ing and erection deviations on each component 
each component's allocated space, i.e. in the 
joints. 

that the manufactur
are taken up within 
two surrounding 

A second principle is that the manufacturing and erection deviations 
on each 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 other means. 

A third principle is that none of the manufacturing or 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 folIowing examples illustrate how application of the 
third principle makes necessary careful consideration at the 
design stage: 

a. A row of close-butted kitchen cabinets of which each has a 
worksize smaller than the modular size. Even when positive 
deviations add up, the total of all four components is smaller 
than the allocated space. 1, cover-strip, cut to size (or with 
an overlap) can take up the resulting deviation. 

In practice such a cover-strip must be able to take up approx. 
30-40 mm as the difference between the smallest and the biggest 
size. 

b. A row of light weight concrete partition components are 
glued together (close-butted joints), and have sizes slightly 
bigger than theoretically necessary (or the last one is 
deliberately too big). 'I1he resulting deviation is dealt with 
by cutting the last component to size. 

In the folIowing example is illustrated how components sometimes 
are designed with joints according to principle one - but at 
erection application of principle two is advantageous for 
practical reasons: 



Fig. 6.3 
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A row of floor components, side by side across a building. The 
two floor components along the facades have a critical position. 
~he joints should be rather narrow so as to become selfshuttering. 
Both requirements are fulfilled, except for one joint, absorbing 
all excess deviations. This particular joint is naturally placed 
where the resulting consequences, visually and technically, can 
be taken up. 

It is not possibIe to draw any conclusion about the best principle 
for absorbing deviations, apart from the simple conclusions that 
deviations always exist, and that unnecessarily close tolerances 
cost money. 
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ORDER OF PLACING 

The order of placing the components may be established by the 
geometry of the eomponents Ilnd joints, but other reasons mllY 
be decisive as well, for exanmle ellse of (visulll) adjustment, 
erection technique or climIltic conditions. 
Obviously, it is advantageous if the order of placing is free. 
Any ties between components involving order of placing means 
that the rej ection of a faul tv component leads to Il slO\rdown, 
possibly a stop, in erection. The planning of erection techniaue 
and - sequence is also easier, if the geometr;r has not estllblish
ed an order of plllcing. Houever, technological rellsons may make 
Il defini te order of placing acceptllble: 

Stacking is a .rell-knovTn procedure. The lmvest components come 
first. The order is H "one "av" system. So is the laying of 
roof tiles, or the placing of some types of floor components. 
Close-butted joints or the like vi11 usually establish a definite 
order of placing, but it may be a "left to right as vlell as 
right to left" system, as is the case with kitchen cabinets. 

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

The order of placinf ean have faT reachinr, conselluences as the 
following example illustrates: 

Design of the facade systems involves careful consideration of 
the relation between climatie conditions, erection technique, 
order of placing, and the cladding system (possibly boiled dovn 
to finding the right position of the facade joints), The order 
of placing eomponents etc. is on davs with heavy frost: Placing 
01' walls, placing of floors, placing of facades, temporary hellting 
of rooms that grouting of floor-, vrall-, and facade joints clln 
take place one or two days later. Af ter another day or two with 
temporary heatine; , the erection ean begin on the storeyabove. 
This procedure is feasible vTi th the left system X .Thereas 
system Y may complicate matters , or even make the order of 
erection "impossible". 

In system Y the spandrels Ilre attached to the valls: The spandrel 
A i s supported by vTall C, but vall C i s erect ed Ilft er t emporllry 
heatine; of room B Ilnd grouting of the corresponding .joints. The 
temporary heating cannot be established before the facade is 
closed - vThich requires the spandrel A to be in position for 
clos ing room B Ilnd for support of the rOVT of "indo"s. 
The vicious eircle ("impossible" order of erection) clln be broken: 

a) by using spandrels of type D in IlU storeys, combjned vith 
window components from spandrel to ceiling (the window itself 
may be lo"er, if the component incorporlltes a closed part be
tween the ceiling and the actual window). 
b) by the use of "temporary fIlcades", from spandrel to ceiling. 
c) by an erection technique allovTing all (or several) storeys 
to be erected before the ,joints must he I3routed. 

The general conclusion, natuTlllly, is to aim at the free condition, 
but in prllctice this rllrely oceurs. Therefore, the second hest 
choice is that of a feasible, well thought out, sequence 01' assembly 
(ineluding every small operation). If this is carried out 
methodically, then at least the impossible situation '"ill be 
avoided. 
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Fig. 8. 1 

JOINTING PRODUCT 

A main idea behind the use of components is to have as much 
work as possible moved f r om the building site to workshops 
and factories vThere man;)r conditions are more easy to control. 
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This approach logically leads to considering joints in the same 
way: Hork operations on the site - to assemble components .:. 
should preferably be fe\·r and easy to carry out. 
To this may be added the fact that technologicå1 developments 
in component manufacture have reached such levels that assembly 
of components often constitute greater problems than their 
manufacture. 

If the above argwnent Ivere to be carried to its extreme, the 
indication would be that ,joints should be moved away from where 
building elements meet. This vTould allovT the complicated junc
tions to be made as prefabricated components and" in-fills" 
and building si te operations vTould become s impler . It is 
possible to find examples in practice of systems which rely 
upon the use of prefabricated junctions and simple in- fill 
sect ions ( especially in plastics, metals, and vTOod - for 
exhibition stands and space struetures ) 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 prineiple seem to 
oecur vThere eheap extrusion processes ean provide system 
eomponents in standard seetions and the main remaining problem 
therefore, is that of joining such eomponents. 

A Inore generally applicable approach to solving the problem of 
jointing by means of jointing produets ,vould seem to be the 
following - 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 . 
(Ex8mples: Dry r ubble stone wall construction or pavements 
made \-lith 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 with tongue- and- groove) 

3. The joint is established by one jointing produet being 
introduced vrhere two positioned components meet. 
(Examples: A gas ket which establishes a two- stage joint 
between facade components; most of the covering strips ",hich 
are applied mainly for visual reasons; some self-adhesive 
weather- stripping 01' tapes applied to provide tightness ) 

4. 'rhe joint is established by tyro or more jointing products 
being introduced vThere hTO pos i tioned components meet. 
(Examples: The majority of joints behleen primary building 
components like facade components, load bearing wall 
components, roofing components , and partition eomponents; 
also at the major ity of joints between unlike eomponents, 
viz . door-to- ,,,all or window-to- wall) 



It follm"s from the above that there seems to b e room for 
considerable improvement of quite a few of the joints vThich 

16 

are today ,,,idely used. It also follows that the use of unformed 
jointing produet s is - in princi-ple - less desirable. Such 
products, like mortar and mastics , mR.Y "Tell be applicable, 
but their use implies a certR.in amount of extra ,",ork to be 
done in situ and possibly also requires better cont r ol of work 
quality. 

The descending order of desirabUity indicated through the 
above four- point listing among other thines indicates that 
further exploration of the possibilities for developing 
"automatic" joints ,vould be desirable. 
Quite a fevT joints of this kind are already well knmm. To 
name but a fevT there are mR.gnetic locks for kitchen cabinet 
doors, inter-locking joints for floor boards, a.nd the variet;r 
of new joints developed for pip e installations. 

A special problem is often constituted by the exacting 
performance requirements met vTith in connection vli th the 
building envelope (viz. joining of facade components). For 
reasons which have nothing to do, primarily, vlith the geometry 
of joints, performance rel'}uirements ",ill often lead to the 
use of rather complicated bro- stage joints. But R.lso in t his 
case the above four- point listing holds true - to vTit that some 
joint designs of this k i nd have r ecently moved up on t he list 
(the finned, hollow gasket, which CRn be instalIed in one 
operation, substitutes for a number of jointing ~roducts and 
operations which were previously necessary). 
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Fig. 9.' 

Fig. 9.2 

ADJUSTABILITY 

The jointing procedure may be designed so that the position of 
each component is easily adjustable. B~r this one might achieve 
faster erection, or savings in labour, materials, etc., or just 
ease of(adjustment of) positioning, for example ",here a number 
of unlike components must be connected or where corrections 
are necessary for visual reasons. 

The means of adjustment may be part of the component or of the 
jointing product, or it may b e a special tool (not always 
reusable), a special component (adaptor) or just a deliberatel~r 
adjustable fixing. 

In principle, adjustment can tah:e place before, during or af ter 
placing the component. The earlier one adjust, the less one 
can take into account in respect of (unforeseen) deviations. 
A very late ad,justment procedure may, however, increase costs 
of tools, labour, etc. 'r'he plastics gutter, attached to the 
structure by screHS in slots, represent a fourth variant, con
tinously adjustable, a sort of expansion joint (to take thermal 
movements, creep, etc. a functional requirement). There is also 
a fifth variant, that of the deliberately not-adjustable joint. 

In reality , pract ice is complex. As an example t o show this, 
one can take a dual function lif ting bolt in the ere ction pro
cedure for concret e walls and floors ,,,here one may cons ider 
the structure as a series of alternating floor and wall com
ponents with "no adjustment" joints alternating .,ith "adjustment 
before erection" ,j oints. 

The floors are placed on top of the wall, and the joint is a 
dry, close- butted j oint for speedyerection. This is a special 
variant of "adj ustment before erection" ,as no adjustment is 
possible during or arter placing of the floor component . The 
deviations in floor thickness are automatically a.dded to the 
probably only partly ad,justed deviations of the top of "rall. 

Before the self-shuttering joint between the floor nibs is 
poured, the positions of the lif ting bolts are checked, and 
possibIe bent bolts are corrected. Then, the nuts on all bolts 
are levelled. This means thllt all "!alls are automatically placed 
in an almost alsolute correct nosition, vertically and horizon
tally along the lower edge of the "!all. 

This is a typical "adjustment before erection" procedure, ,.,here 
adjustment takes care of all deviations from previously pla.ced 
floors and ",alls. Theoretically, the result may be regarded A.S 
a series of "Talls ,.,ith adjustable joints. The dev1.e.tions are 
not added vertically, as each ",all is adjusted individually. 
Horizontally, the deviations are closely linked as the .Talls are 
placed on top of each other, symmetrically around the bolt/ 
reference line. 

The general recommendation is that although it is desirable 
to have much adjustability as ean easily be obtained, this 
must ahT8.ys be seen against the need for sueh adjustability. 
There is, however, under all cireumstances a close ti e bet,"een 
tolerances and adjustability. 
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EASE OF CHANGE AND REPAIR 

There is mueh current concern "Ti th "flexible" buildings, capa
city for improvement, re-usability of components and materials. 
The joint characteristics will to a large extent govern the 
possibilities for developing such features. 

Joints, and particularly jointing produets, will have a more
or-less predictable life. If sueh a life is less than that of 
the eomponents being jointed, or if a short life eomponent is 
being jointed to a longer life eomponent, then the joint will 
need to permit demounting and reassembly or replaeement. If it 
can be done with a minimum of effort, and without the use of 
speeial tools whieh may not be available at some indeterminate 
future date, then this is a bonus. 

Cost-in-use (covering both maintenance and replaeement) over 
the whole life of the eomponent-joint amalgam will determine 
when things should be done; the initial design should then 
physically permit those same things to be done. 

The well-known synthetie rubber gasket with a dovetail insert 
shows some of the qualities ideally looked for. Provided DO 
degradation of the section happens, then it may be un~ 
to allowa component to be replaced, it may be removed for use 
elsewhere, it entails 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 repair only infrequently, 
and eheap enough to be thrown away and replaced when too badly 
damaged. 

Joints needing attention during their life must be visible and 
aecessible. Take for example a two stage joint between two pre
eas t concrete panels which will need an air seal as well as 
a water barrier. The water barrier should be accessible from 
the outside, and the air seal from the inside. 

The recommendation, therefore, is that non-deteriorating (or 
even self-improving) joints are aimed for. Where repair is 
necessary or where ease of change is desirable then joints 
must be accessible, and must physically permit replacement or 
repair. 
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VISUAL IMPACT 

It is not enough that components are modular and that joints 
between them are technically correct. Their visual impact must 
also be planned or 'designed'. 

Visual co:-ordination of design details like joints becomes 
especiaily important where components of various types are 
integrated to form greater units like rooms and buildings. 
In these cases the total result should also be satisfactory 
in an aesthetic sense. 

It is naturaily not possibie to predict the kind of visual 
impact which may be desired in specific cases, but some guide
lines as to how haphazard visual impact may be avoided are given 
in the foliowing: 

1. Sketches of joint designs should be done in a sufficiently 
large scale (at least 1:5) so as to make judgment of visual 
impact possible. (Example: A room with a window and a nearby 
door. Except on a small scale drawing, the visual impact 
of the heights may not be the modular sizes. Instead, it 
ean be the top of the leaf of the door or of the moulding 
over the door, and the top of the opening of the window in 
the exterior wa11-

2. The visual impact of joint intersections especially bet'veen 
joints of different design - should be clarified, viz. by 
means of large scale perspective or axonometric sketches. 
(Example: A curtain wall facade and a heavy loadbearing 
gable are both built with components. In this case the joint 
design for each type of wall wi11 normaily be strongly 
influenced by functional requirements (tightness against 
rain and wind etc.). This makes it desirable to consider joint 
intersections - viz. of horizontal joints at building 
corners - at an early stage, because changes later, to 
obtain a desired visual impact, may be difficult to make 
and may occasion nearly unforeseeable ramifications. 

Additionally, it may in certain cases be desirable to consider 
the fOllowing guidelines: 

3. Changes in a technically correct joint to obtain a desired 
visual impact should only be proposed af ter due consideration. 
In quite a few cases it may thus be found that the desired 
visual impact ean more eas ily be obtained by making changes 
in the component design. 

4. Through proper joint design it is often possibie to disguise 
or mask undesirable visual impacts stemmming from dimensional 
deviations. Thus narrovrer joints '10Till often mean more 
appreciable deviations, while anJr kind of so called I shadow 
joint' will help to disguise deviations. 

In many cases it is desirable to look at several joint designs 
simultaneously (viz. those appearing in a. room~. Even ,.hen each 
joint ha.s been carefully designed, also at intersections, there 
may still occur undesirable visual impacts. 

As but one example, there may not be a free choice as to where 
partitions are positioned in relation to ,joints betvreen ceiling 
components. 
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In most cases the partition mayeither be put symmetrically 
under the joint between ceiling components, which is thereby 
hidden, or it may be put so far from a joint between ceiling 
components that misalignment of joints bet'veen ceiling 
components themselves and betvreen ceiling and partition cannot 
eas ily be observed. 

On the other hand a positioning of the partition so that it 
has one side aligned "rith the joint behreen ceiling components 
is often not recommended, because dimensions,l deviations 
(viz. misalignment) would tend to become very clearly visible. 
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