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FORORD

Den f@grste 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 saledes 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 formal:

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

b. Publikationen illustrerer, jfr. teksten og figuren "List of
Contents", at en fuge ikke kan udformes optimalt, uden at
en lang razkke forhold inddrages i overvejelserne. Det exr
sjeldent, at en fuge kan udformes, sa alle funktionskrav
0.s8.vV., pa samme tid, opfyldes pa den bedste made. L@snin-
gen ma findes som et kompromis. Meget af det "byggesjusk",
vi idag laser om i dags—- og fagpressen - eller som jeg ser
i sk¢nssager - skyldes ikke (alene) manglende materialekend-
skab, men manglende analyse af en foreskreven fuge ud fra
alle de krav, man med rimelighed bgr opstille. Ggres arbe]j-
det ordentligt, tager det lang tid (maske is@r hvis man
ogsa skal tilgodese rimelige krav til gkonomi, produktions-
muligheder etc.)

c. Publikationen kan ogsd 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 fgrste udgave blev forelagt CIB W24/IMG og udsendtes i 1975
som CIB-report No. 36 og som IFH forelasningsnotat nr. 40, efter
aftale med mine medforfattere.

Senere har Klaus Blach sammen med Bgrge Kjzr, m.a.a., revideret
teksten og udvidet eksemplerne meget vaesentligt. 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 lazsere, der i praksis skal arbejde med samlingsproble-
mer. Hertil hgrer ogsd en razkke SBI-publikationer om samlin-
ger, der udsendes i disse ar.

Af hensyn til de studerendes darlige gkonomiske vilkdr har jeg
anset det for tilstrakkeligt at prasentere problemkomplekset

i Husbygningsundervisningen ved et genoptryk af den fgrste
udgave, med en mindre rettelse: At afsnit 9 nu er anbragt
mellem afsnit 6 og 7 (hvad den opmazrksomme laser sikkert vil
opfatte som logisk).

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

It is becoming generally acknowledged that more extensive use

of prefabricated components obtained under open market conditions
(catalogue building) will require & 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—
tible so far as their co-ordinati.ig 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 variety 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 a reality. -

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 own priorities
evident from their title, eg 'load bearing', 'weathertight',

ete.

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 the 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 shown in the list
of contents but actual priorities are dictated by the job in hand.
The approach sdopted has been to deal in turn, although not
necessarily in strict order, with principles, examples, and

recommendations (includin
i & the prospects for conv i
each chapter heading, It is hoped that this surveentlonS) el

of good joint design will also i
= b} S . 0
standardization is undesirablz.llluStrate that arbitrary

erminology and follows

e C : a standard order.

fzi a;{ Eﬁ:delll arls§ for_a fully worked' out set of g:ta?ls
oreseen situations of use, and the trade literature

describing components .o # 3
. and :
and informative. their joints will need to be factual
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1. DESIGNING AROUND THE PROBLEM

Some of the art in good building design is in reducing or
eliminating problems before they arise. While the principle is
applicesble 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 products.

One way of avoiding problems known to attend particular joints
is to rearrange the components of the design so that they do not
occur. Structurerto 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.

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, especially if werping 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.

DESIGNING AROUND THE PROBLE M
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2.01
2. VERSATILITY OF DESIGN ositions 2.02
fike;iozgnseoi ;;mponegts, and manufacture of comnonents is
The principle usually followed in designing catalogue components v blve First tio c;:pald: Experience shows that the deviaticne
and their joints for the open market is that a component designed those in the thirg cfories can have greater significance than
to be joined to (almost) any other component ie to unlike compo- ~ the dimensions of ; The extent to which any one of these affr t
nents has a very wide field of ap;licability, possibly a favourable concerned: If for he joint depends on the nature of the asgngiv
market position, and probably a very complex set of joint solutions. or after installatfiample the components may be moved e g
However much one may wish to design for unknown conditions this for contractual res I either because it is natura] to do so-or
is impossible by definition. Tt can only be by accident that all nal deviations fop :;;§’ then the effects of their ovn positio-
conditions are met. The most that can be done is to select profiles , the components are r practical purposes may be eliminated. TIf
etc. which can easily be adapted. Simple shapes are here the key. deviations are knowneq:;ZEdtﬁo f%t-w1th1n & space of which the
2
In practice, a component is often designed to be joined to particular by recognised statistical tGCSn?;Ségung}lowance can be obtained
components, ie to a limited (and defined) number of like and be adjusted to accommodate inherent éev.li]allowance should then
unlike components under foreseen conditions, comprising a foreseen for example those deviations due to moilz "ons, that is to say
number of joint solutions. ment of the components, and the dimensign:§en222 th;rmal i
. s o o1
The component designed to be joined to like components or to a The d§81gner may change the values of an- . . e e,
very limited number of similar components under well defined relatl?HShiP- He may for example dec1danj veriable in this
conditions has usually a very limited field of applicability, and deVla?lons other than those llkevv i € to assume values for
Fig. 2.1 very simple and/or well-defined joints, although even the preferred spondingly differing proportion ;f mi §¥é5t and accept a corre-
joint between two identical standard components often must have deviations to be kept within tighter i'l-s’ or he may require
alternative solutions for the statistically rare, but economically 50 as to use particular jointiné techn;:;z: w:sge Pi:Cticable,
i 2 ¢ ng the other

allovable, extreme size variations. t 5
PE vV 1O restrict the field of

For o joint to perform as intended, its finished width must may be found r which an :

. o it =3 S .. s . ; d o] . - easy solut
lie within certain limits. A lower limit may be dictated for Fig. 2.3 tion of cases w;i:g d?XeIOP Special joints for the small prgpgif
example by least width of material able to accommodate expected Joint range. In the Yl L be outside the capacity of the chosen
movements, while the upper limit may be fixed for example by costs, of predicting the dqui?bc:?e there would need to be a methogd

-stribution of joint sizes,

by lip sesl 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

Fig. 2.2 of joints, since these are often determined from individual criteria
for each case. A single dimension such 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 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 conseguently neither will the
theoretical, let alone the actual total clearance fit into any

predetermined category. . -

Before attempts are made to establish conventions for particular
groups of components an examination should be made of prospects
for making these parts of a much more generally applicable disci-
pline.

Nevertheless in relation to sizes certain minima and maxima may
- and should - be identified. For example a minimum allowance

is needed to allow a component to be manoeuvred into place, to
allow clearance for inserfion of jointing products, and to allow
for compression to take place without displacement, while maxima
may be determined by cost, say, or slump.

Careful consideration of the effects of induced deviations, that A
is to say the cumulative effects of marking setting out lines, ¢
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23 ’ 3.01
| 3. IDENTIFYING KEY JOINTS
!

Ar : Any building comprises a large number of components snd of joints
and, therefore, also an extensive labyrinth of joint design prob-

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
. PREDICTED NORMAL Specia{ ::Ls tl?e.field of applicabil%ty o%‘ the component; ought.t}}e correspond-
Special < ‘ Jjoint 1ng joint to cover the entire field; are alternative Joint solutions
Joint JOINT RANGE 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

g marketing of a component. Although the establishment of principles
\\\ is not easy, some will be self-evident from the following examples.

First of all the key Joint may not be the "normal" repetitive joint
Fig. 3.1 A  between two like components. If only a few components are Jjoined,
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:

FREQUENCY  \

Component Conditions Number
A Normal (%) b
B Border joint, right corner 2
(facade type x or type y)
C Border joint, left corner 2

(facade type x)
Border joint, basement 2
Border joint, roof 2
1
1
1
1

Two border joints, right corner, basement
Two border joints, left corner, basement
Two border joints, right corner, roof
Two border joints, left corner, roof

HomQXEHEo

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
"normsl" bottom edge of D, F, and G. Similarly, the roof may be
designed so that E, H, and T can have "normel" edges against the
roof,

The gable has 16 gable components of which = in the worst case -
only four are "normal" 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 Lo Joints.

JOINT RANGE _
< PREDICTED TOTAL The optimal solution to the design of the conmpenents, of possible

extra "corner components", of the joints, and of the adjoining
facades, roofs, and basements etc., may start with g key joint
vhich one?), later taking other factors into account. The above
examples draw attention to the border conditions.,

IMG/CIB W24
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3.02

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 mst give way when unlike components are joined
- unless the case has been foreseen and solved by a versatile
joint or a special jointing comonent or product.

In case of room 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 acccmmodate (possibly cover) the edge of the
floor. Joint B has the extra problems of & 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 normsl, but quite often has a special
upstand offering the cheapes?t 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
s staggered and stepped,building.

Plan A has several disadvantages: The re—entrant gable/facade
corner 1s 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 alterw
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, gables, facades etc.

is made more complex in plan A than in plan B.

Plan B has much more simple, "hormal" components and joints, and
e statically sounder structure. The advantages can easily counter=
act the (theoretical) extra cost of components/materials, when
compared with plan A.

* (at different levels on each side of the wall)

IDENTIFYING KEY JOINTS
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Example:
Foacode panels on three-sioray building.

'
———————

—t-- -

C
1 A
1 A
B
The three facade penels may be identical IMG/CIB w24
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4.01

Fig. b4.1

4. INTERDEPENDENCE OF SHAPES

Every link in a Jjob process contains sogr§?s of lna?cuiiiz which
may contribute to deviations. These deviations may 12 s S
influence later Job processes. Lven where ea?h Slg%e‘resulting
is kept small, accumulation can produce considera

deviations.

Tighter demands for accuracy wi}ionog?alizc%miiigingz;Zizg I,
expenditurestagemgﬁsfggt:Zzigéc;OJSZréyit is not)necessary (thus
S o L e iy et e,
ﬁzztzligzz Zﬁzt EZ fulfilled simultaneously, the easier it will
gﬁethgsifzin;?ZZLations are import:nttiz ;ZEE?:;iiilzitzaﬁhe
iﬁiiEZSgirgoiﬁzirZ:;2§Zanzegfl::§pez should ﬂe avoided.

When assembly of components occurs with contait ngzjie(g%ose

butted joints) there will generally be'a grea eihan wﬁén Essenbly

interdependence between the components ?hapgs‘ ;

occurs with a reasonable spacg left for the Jo%il'show 5t

When contact is desired, the 1nterdep?ndence‘Y1 Sl i

in that the components must be made with accuxacy.ﬁ el

= space is left for the joint between components i ;

often posgible to correct for inaccuiic§es (for example, those

i manufacturing and assembly). _ )

gg;ilig :ZEZmblies with compon§nts of meny organlg.iﬁzeréiiiezg

components which at manufacturing must undergo a.t; di%ficulty

should be avoided, as sgch compo;enzi :zneiziglzlmost i

satisfy demands of great accuracy. 3 variaﬁle &

of fired clay are normally asgemblebe} ; :ﬁSPMbly .

joint, both in the case of brick-to-bric on;ngé At

case of assembly with other types of comp : .ther i gl
omponents (joinery) w1th‘compon?nts of ot ¢ind .

Zzggigai ig also usually accomplished with a zirlaﬁisdgozzz e

Assembly between joinery components, on the ol erm onegts ok

be made with contact joints. As§embly_of méta co plarper e

normally be based on contact JOln?s w%thoup mak;ng T

on accuracy than is normal for this kind of work.

11
& face-to—=surface there wil
components are asscmble@ sur . C
zgizlly peven with normal joints, be a strict interdependence
3
the components' shapes. . ) be
?etzizncase of surface~to~surface assembly, 1naccura?1eilﬁuzzape
aioidéd not only for dimensions and anglei but also in th g
of "Waves'", distortion etc. It wil% therefore be ieceiiazzrements
comparativgly strict, or even possibly unobta;nab zésemgiy .
r i i ith surface-to—~surface s
curacy 1n connection wit - R2ge
ozhgs asseibly conditions such as sgrfage—to edge, edgeogosﬁggzs.
ztc will normally imply a less strict interdependence

Sl SEVEting e Hm Auaet o e eHem A e
g:ggltizzf :izsctgzgi;terdependence between shapes will be
Xingiziiipiifgiéaccuracies with a com?onzngrtZEZewiiinbzfziie§21e
Ziﬁgt2222::§ E;nggiztiggl{h:tpggitizz gg the compgnentt(i;eéo o
kitchen table-top against & wall). If the same componen

4

4.02
assembled with other components at seve

simultaneously, insccuracies in the com
necessary that shapes ete, must be ch
take place (i.e. kitchen table-

ral surfaces or edges
ponent can make it

anged before assembly can
top in a recess in g wall).

To avoid unnecessary interdopendence of
problem for designers and craltsmen, T
series of rules has been routine for m

1) (Contact or space) With all types of components that cannot
be produced with great accuracy, assembly is based on g Jjoint of

suiteble size (comparatively broad and often vari

lable joints).
Where it has been necessary to sidestep the above principle, the

Jobs in question became special work (such as wooden staircase

and similar carpenter's work) which required a high degree of
craftsmanship.

shapes is not an unknown
n conventional building a
any years:

2) (surface, edge, or point) Where it is possible, surface—to-
surface assembly is avoided and replaced with surface-to-edge
assembly, edge-to-edge assembly, etc,

As an example, skirting boards and door
hollowed out on the back, which makes th
edge-to~surface instead of the more dema

mouldings are often

€ assembly with the wall
nding surface~to=surface.
3) (Simultaneousness) Where it is possible, assembly of components
at several surfaces or edges at the same time is avoided. Each
single component is thus designed to have the largest possible
number of surfaces and edges free, ’

Vhere simultaneous assembly b

etween severa) surfaces and edges
is necessary, the undesired i

nterdependence of shapes which then

position can be adjusted. In this

way expansion, shrinkage, setting, and casting can be accommodsated
without inconveniences (as an example, panels in cabinet-work,
joist~ends in gaps in masonry wvalls).

Newer building methods follow very much the same rules. Thus can
be mentioned the mounting of wall components of concrete on to
mounting bolts with nuts, whereby surface~to~surface assembly is
avoided, Eowever, in these new building forms it is not possible
to rely upon accumulated traditional knovledge. The necessary
knowledge about how to achieve independence of shapes must be
available when the components are being designed.
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5. JOINTS! INTERSECTTION

A decision must be taken on what conditions
for in the design: it

follow building
and 8ll these

are to be providead
should be remembereq that joints will

surfaces; they Cross, bend, angd sometimes end,
conditions should be examined during the process.

It is common experience that designers will produce elegant solu~
tions for the horizontal joint ang for the vertical Joint, andg
conveniently forget about the intersection. This is where many
problems occur,

The possibilities cover g
in a single plane,
one or two planes,

vide range, from end to end joints
through two vay joints, three way joints in
and four or more Jjoints in three planes. This

can best be illustrateg 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 baffleg inserted into a vertical joint neeq flashings
where they cross g horizontal joint,

Another problem which does arige in open drained Joints is the
inadvertent continuity of cavities round corners of buildings.
Since air bressures on the different surfaces will vary, this

may give rise to g problem unless g cavity stop is introduced;
the stop may also be needed for fire prevention purposes,

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

A satisfactory
moulds forming
into the corner
it

solution isg rarely designed in the case of cover
the joints between g kitchen curboard fitting
of a room and the vertical surfaces adjacent to

In the case of weather check grooves on wood windows, it sorie-
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 ctonsequence that water
will find its way through the cill.

The recommendation is, other things being equal, to arrange

for as few joints as Possible to meet at any point., Thus g
three-vay intersection may be easier to solve technically than

a four-way, albeit with other implications, eZ at some conse-
quence in assembly technique.
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6. CAPACITY TO ABSORB DEVIATIONS

Deviation is the designation for any type of difference betwveen
8 specified and an obtgined size or position. Deviations which
occur because of the nature of the materials from which the
components are made or as g result 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 sigze. Deriations, 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 allowsble
deviations from the specified sige.

Deviations that are unavoidable occur 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 information.,

It is of substantial interest to know the deviations at the
time of installation, if possible supplemented with information
on how the component can be presumed to shrink, warp, ete. in
the building.

In assembly of prefabricated components deviations can be
attributed to:

1. Inaccuracies in marking out and control of positioning.

2. The characteristics of the components employed.

3. The work methods employed.

k. Size changes in the (partly or completely) finished
construction.,

The situation is often complicated by the fact that the
components being installed are already encumbered, from the
manufacturing process, with deviations for which only the limits
are known, but not the actual values.

As a rule, the positioning of components will also be influénced
by the actual (= inaccurate) position of other components already
installed.

A closer appreciation of the problem of deviations must, therefore,
require that all links in the building process be investigated
closely; this should be tempered by experience, as s basis for
which there is no substitute for g carefully recorded set of
actual measurements,
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Fig. 6.1

Fig. 6.2

The problem of absorbing devialions applies usually to a series

of components and joints, not to individual components or joints.
The consecutive adding of tolerances for larpe 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 will seldom occur that two or more
maximum deviations will sppear at the same time. Assuming that

|

i

possible extreme resulting deviations can be accommodated by reasons

able measures (extra handling of some components, use of special
materials in some of the joints etc.), the sum of the directly
added tolersnces can be reduced.

How large a reduction factor that can be used in a given case
cannot be determined from calculations or by statistical methods
alone, but must also be based on an evaluation of the actual
conditicns, 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 following principles:

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

A second principle is that the manufacturing and erection deviation
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 following examples illustrate how application of the
third principle makes necessary careful consideration at the
desipgn 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. A cover—strip, cut to size (or with
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 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). The resulting devistion is dealt with
by cutting the last component to size.

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

Fig. 6.3
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9. ADJUSTABILITY

The jointing procedure ray be designed so that the position of
each component js easily adjustable. By this one might achieve
Taster erection, or savings in labour, materials, etc., or Jjust
ease of (adjustment of) positioning, for exarple where 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 corponent or of the
Jjointing product, or it may be a special tool (not always
reusable), a special component (adaptor) or just a deliberately
adjustable fixing.

In principle, adjustment can take place before, during or after
placing the component. The earlier one adjust, the less one

can take into account in respect of (unforesecen) deviations,

A very late adjustment procedure nayv, hovever, increase costs
of tools, labour, ete., The plastics gutter, attached to the
structure by screws in slots, revresent a fourth variant, con-
tinously adjustable, a sort of expansion joint (to take thermal
moverients, creev, etc. a functional requirement). There is also
a fifth variant, that of the deliberately not-adjustable joint.,

In reality, practice is complex. As an example to show this,

one can take a dual function lifting bolt in the erection pro-
cedure for concrete walls and floors where one may consider

the structure as a series of alternating floor ang wall com-—
ponents with "no adjustment" Joints alternating with "adjustment
before erection" joints.

The flocrs are placed on top of the wall, and the joint is a
dry, close-butted joint for speedyerection. This is a special
variant of "adjustment before erection” ,as no adjustment ig
possible during or after placing of the floor component. The
deviations in floor thickness are automatically added to the
probably only partly adjusted deviations of the top of wall.

Before the self-shuttering joint between the floor nibs is
poured, the positions of the lifting bolts are checked, and
possible bent bolts are corrected. Then, the nuts on all bolts
are levelled. This means that all walls are automatically placed
in an almost alsolute correct position, vertically and horizon-
tally along the lower edge of the wall.

This is a typical "adjustment before erection" procedure, where
adjustment takes care of all deviations from previously nlaced
floors and walls. Theoretically, the result may be regarded as

a series of walls with adjustable joints. The deviations are

not added vertically, as each wall is adjusted individually.
Forizontally, the deviations are closely linked as the walls are
placed on top of each other, symmetrically around the bolt/
reference line. N

The general recommendation is that although it is desirable

to have much adjustability as can easily be obtained, this
must alvays be seen egainst the need for such adjustability.
There is, hovever, under all circumstances a close tie between
tolerances and adjustability.
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7. 0RDER CF PLACING

The order of placing the components may be established by the
geometry of the components and joints, but other reasons may

be decisive as well, for example ease of (visual) adjustment,
erection technique or climatic conditions.

Obviously, it is advantageous if the order of placing is free.
Any ties between components involving order of placing means
that the rejection of a faulty component leads to a slow-down,
possibly a stop, in erection. The planning of erection technique
and - sequence is also easier, if the geometry has not establish-
ed an order of placing. However, technological reasons may make
a definite order of placing essential.

Stacking is a well-known procedure. The lowest components come
first. The order is a "one way" system. So is the laying of

roof tiles, or the placing of some tvpes of floor components.
Close-butted joints or the like will usually establish a definite
order of placing, but it may be a "left to right as well as

right to left” system, as is the case with kitchen cabinets.

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

The order of placing can have far reaching consequences, as the
following 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 down
to finding the right position of the facade joints). The order
of placing components etc. is on days with heavy frost: Placing
of walls, placing of floors, placing of facades, temporary heatin
of rooms that grouting of floor-, wall-, and facade joints can
take place one or two days later. After another day or two with
temporary heating, the erection can begin on the storey above,
This procedure is feasible with the left system X vhereas
system Y may complicate matters, or even make the order of
erection "impossible".

In system Y the spandrels are attached to the walls: The spandrel
A is supported bv wall C, but wall C is erected after temporary
heating of room B and grouting of the corresponding joints. The
temporary heating cannot be established before the facade is
closed - which requires the spandrel A to be in position for
closing room B and for support of the row of windows.

The vicious circle ("impossible" order of erection) can be broken

a) by using spandrels of tyve D in all storevs, combined with
window components from spandrel to ceiling (the window itself
may be lower, if the component incorporates a closed part be-
tween the ceiling and the actual window).

b) by the use of "temporary facades", from spandrel to ceiling.
c) by an erection technique allowing all (or several) storeys
to be erected before the joints must be grouted.

The general conclusion, naturally, is to aim at the free conditif
but in practice this rarely occurs. Therefore, the second best
chcice is that of a feasible, well thought out, sequence of asse
(including every small operation). If this is carried out
methodically, then at least the impossible situation will be
avoided. :
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Fig. 8.1

8. JOINTING PRODUCT

A main idea behind the use of compcnents is to have as much
work as possible moved from the building site to workshops
and factories where many conditions are more easy to control.

This approach logically leads t( considering joints in the same
way: Work operations on the site ~ to assemble components =
should preferably be few and easy to carry out.

To this may be added the fact that technological developments
in component manufacture have reached such levels that assembly
of components often constitute greater problems than their
manufacture.

If the above grgument were to be carried to its extreme, the
indication would be that joints should be moved away from where
building elements meet. This would allow the complicated junc-—
tions to be made as prefabricated components and "in-fills"

and building site operations would become simpler. It is
possible 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 wood - 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 cheap extrusion processes can provide system
components in standard sections and the main remaining problem
therefore, is that of joining such components.

A more generally applicable approach to solving the problem of
jointing by means of jointing products would 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.

(Examples: Dry rubble stone wall construction or pavements
made with close-butted bricks)

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

3. The joint is established by one jointing product being
introduced where two positioned components meetb.
(Examples: A gasket which estsblishes a two-stage joint
between facade components; most of the covering strips which
are applied mainly for visual reasons; some self-adhesive
weather~stripping or tapes applied to provide tightness)

i, The joint is established by two or more jointing products
being introduced where two positioned components meet.
(Examples: The majority of joints between primary building
components like facade components, load bearing wall
components, roofing components, and partition components;
also at the majority of joints between unlike components,
viz. door-to-wall or window-to-wall)

8.02
It follows from the above that there seems to be room for

considerable improvement of quite a few of the joints which

gr? today widely used. Tt also follows that the use of unformed
Jointirg products is - in principle - less desirable. Such
products, like mortar and mastics, may well be applicable,

but their use implies a certain amount of extra work to be

done in situ and possibly also requires better control of work
quality.

The descending order of desirability indicated through the
above four-point listing among other things indicates that
further exploration of the possibilities for developing
"automatic" joints would be desirable.

Quite a few joints of this kind are already well known. To
name but a few there are magnetic locks for kitchen cabinet
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 with in connection with the
building envelope (viz. joining of facade components). For
reasons which have nothing to do, primarily, with the geometry
of joints, performance requirements will often lead to the

use of rather complicated twvo-stage joints. But also in this
case the above four—-point listing holds true - to wit that some
joint designs of this kind have recently moved up on the list
(the finned, hollow gasket, which can be installed in one
operation, substitutes for a number of jointing products and
operations which were previously necessary).
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10.EASE OF CHANGE AND REPAIR

There is much current concern with "flexible" tuildings, capa-
city for imorovement, 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 products, will have a more-
or-less predictable life. If such a life is less than that of
the components being jointed, or if a short life component 1is
being jointed to a longer life component, then the joint will
need to permit demountlng and reassembly or replacement. If it
can be done with a minimum of effort, and without the use of
special tools which may not be available at some indeterminate
future date, then this is a bonus.

Cost-in-use (covering both maintenance and replacement ) over
the whole life of the component—joint amalgam will detarmine
when things should be donej the initial desigan should Lhen
physically permit those same things to be done.

The well-known synthetic rubber gasket with a dovetail insert
shows some of the gqualifies ideally looked for. Provided no
degradation of the section happens, then it may be un-zipped

to allow & component to be replaced, it may be removed for use
elsewhere, it entails no preparation of jointing surfaces nor
their cleaning on reassembly. If it is not easy to repair,

then it is perhaps tough enough to need repair only infrequently,
and cheap enough to be thrown away and replaced when too badly
damaged.

Joints needing attention during their life must be visible and
accessible. Take for example a two stage joint between two pre-
cast concrete panels which will need an air seal as well as

a water barrier. The water barrier should be sccessible 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 vhere ease of change is desirable then joints
must be accessible, and must physically permit replacement or
repair.
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11. VISUAL TMPACT

It is not enough that components are modular and that joinths
between them are technically correct. Their visual impact iust
also be planned or 'desipgned'.

IMPOSSIBLE 0

- both components and
He, JoinHr‘lg Droduct are )
destroyed Fig, 11.1

Visual co-ordination of design details like joints becomes
especially 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.

i e

It is naturally not possible to predict the kind of visual
impact which may be desired in specific cascs, but some guide-

lines as to how haphazard visual impact may be avoided are given
in the following:

coloumn
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(Example: A pad between
o loadbe’arir:q units)
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1. Sketches of joint designs should be done in a sufficiently
large scale (at least 1:5) so as to make judpwment of visual
impact possible. (Example: A room with o windew and a nearby

Fig. 11.2 door., Except on s small scale drawing, the visual impact

- des+”73fﬂﬁ one companent ‘ ‘ of the heights may not be the modular sizes. Instead, it

or 59”“99‘ﬁﬂ toth § can 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 wall.
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| 2. The visual impact of joint intersections - especially between
E joints of different design ~ should be clarified, viz. by

= means of large scale perspective or axonometric sketches.

1 (Example: A curtain wall facade and a heavy loadbearing

| Fig. 11.3 gable are both built with components., In this case the joint

E design for each type of wall will normally be strongly

E influenced by functional requirements (tightness against

E rain and wind etec.). This makes it desirable to consider joint
| intersections - viz. of horizontal joints at building

‘ corners — at an early stage, because changes later, to

E obtain a desired visual impact, may be difficult to make
|
l
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(E’_xample.: Awooed window
cost (nfo 3 concrete panel)
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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

(Exarmpic: A wood window visual impact should only be pronosed after due consideration.
Wit Efiﬂu&d—in:¥;ar;” > - Fig. 11.k4 In quite a few cases it may thus be found that the desired
foamed rubber wenthar- stip) visual impact can more easily be obtained by making changes
' ‘ in the component design.
b, Through proper joint design it i1s often possible to disguise
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‘ or mask undesirable visual impacts stemmming from dimensional

deviations. Thus narrower joints will often mean more
Fig. 11.5 appreciable deviations, while any kind of so called 'shadow

joint' will help to disguise deviations.
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In many cases it is desirable to look at several joint designs
simultaneously (viz. those appearing in a room). Even when each
joint has been carefully designed, aslso at intersections, there
may still occur undesirable visual impacts.
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As but one example, there may not be a free choice as to where
Fig. 11.6 partitions are positioned in relation to joints between ceiling
components.
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In most cases the partition may either be put symmetrically
under the joint between ceiling components, which is thereby

11.02 - VISUAL IMPACT | 0

hidden, or it may be put so far from a joint between celling
components that misalignment of joints between ceiling
components themselves and between ceiling and partition cannot
easily be observed.

On the other hand a positioning of the part.tion so that it
has one side aligned with the joint between ceiling comovonents
is often not recommended, because dimensional deviations

(viz. misalignment) would tend to become very clearly visible.
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VISUAL IMPACT
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A: Intersection of light focade and heavy gable. .
B: Some firms offer visuwsily co-ardingfed delails

C: Lack. of co-ordination “behween firms.
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VISUAL IMPACT 1.4
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Examples :
S
To obtain o desired vicual irmpget -
ch‘angir;g camponert deg,igm is C_)ﬁfsr; easier 'AN:;:’LSICBGVJZ?IP. JOINTS
thap changing joint design. E-314(039KkB 740203
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VISUAL IMPACT
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As: Ceilin J'oin‘l‘ hidden
B: eveniual n;isalignmen%f not eovsily observable.
C: any misahgnmerﬁ' will show
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FORELESNINGSNOTATER -- UDGIVET OG TRYKT AF
INSTITUTTET FOR HUSBYGNING -~ DANMARKS TEKNISKE H@JSKOLE

Nr. Forfatter Titel

50 Borchersen, Egil Sikkerhedsmetoder og bygnings-
pdvirkninger, 1977

53 Jakobsen, Torben Plast og brand, 1978

55A Munch-Petersen,Johs.F. Till®eg til notat 55 Facadeelementer,
1979, der salges af Polyteknisk Bog-
handel

56 Hertz, Kristian Indfgring i stringerteori, 1979

58 Munch-Petersen,Johs.F. Geometry of Joints, 1981

59 Munch-Petersen,Johs.F. Byggesystemer, 1981

60 Munch-Petersen,Johs.F. Supplement til forelasninger ved
Grundkursus i Husbygning (6512), 1981

61 Munch-Petersen,Johs.F. Eksempler pd fagbladene som kilde
til orientering og byggeskader, 1981

62 Hertz, Kristian Brandteknisk dimensionering
af betonkonstruktioner, 1981

63 Munch-Petersen,Johs.F. Dak- og vegelementer, 1982,
3. reviderede udgave

64 Hertz, Kristian Brandteknisk dimensionering af
trekonstruktioner,
1. reviderede udgave, 1983

65 Munch-Petersen,Johs.F. VIS VAND VEK
Geometriske forholdsregler mod
bygningsskader, 1983

66 Koch, Sgren Fagudtryk fra det traditionelle
byggeri, 1984.

67 Harboe, Knud Peter LETTE BYGGESYSTEMER
- En eksempelsamling, 1985

68 Borchersen, Egil Skivebygningers statik, 1985.

Larsen, Henning

69 Jakobsen, Torben Bygningsbrandlovgivningen, 3. udgave,
1986. !

70 Larsen, Henning Huldak- og vag-elementer i beton,

bareevnebestemmelse, 1986.



