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ACCURACY ANALYSIS 
OF AN INDUSTRIAL BUILDING SYSTEM 

Milan Holicky, Jan 0. Bats and Peter A.J. van Hoof 

Summary 

The prima! aim of submitted accuracy analysis is to assess 
possible dimensional variations and to indicate necessary 
measures guaranteeing desired quality of newly developing 
industrial bui !ding system. The dec i si ve qua! i ty requirement 
imposed on the system appears to he the fundamental condition for 
smooth assembly of prefabricated components without any special 
mounting equipment and supplementary erection measurements. 

Submitted analysis represents the first attempt to 
investigate dimensional accuracy of the system using statistica! 
concepts and probabilistic models. In view of insufficient 
statistica! information, some input data are, however, only 
estimated. Nevertheless, the results obtained up to now already 
allow to draw valuable conclusions and recommendations, which 
could improve further development and design of the system. 

Structural system is firstly analyzed in vertical direction 
considering three representative assemblies, then in horizontal 
direction using two basic assemblies. Furthermore, dowel 
connections of wal! and floor components are investigated and 
finally important assembly of shear walls is examined. Load 
hearing components, infill components and both vertical and 
horizontal coupling strips interconnecting adjacent structural 
components are considered. 

Analysis of selected assemblies shows that both deviations, 
induced by manufacturing, setting out and erection, and 
inevitable deformations of its components, due to loads, are to 
he taken into account when analyzing dimensional accuracy of the 
system. It is shown that deviations and deformations may he 
accommodated in some structural joints and consequently may cause 
assembling problems. Important conclusions and practical 
recommendations concerning designed sizes are proposed for 
considered components and their parts, as wel! as for applied 
erection procedures. Generally it is recommended to use technique 
of positional redundant erection whenever possible and to apply 
overlapping rather than face contact joints. 

Further research should he focused on systematic evaluation 
of relevant statistica! data for actual deviations and 
deformations of various hearing and infill components. Results 
of desired control measurements and detail structural analysis, 
supplemented by practical experiences from the experimental 
structures, should enable a refined analysis and, if necessary, 
addi tional investigations of other assemblies, including cladding 
components and secondary elements of the developing bui !ding 
system. 
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1 Introduetion 

1 INTRODUCTION 

Dimensional accuracy is an important quality indicator of 
all assembied building structures and other civil engineering 
works. Geometrical inaccuracies of various hearing and infill 
elements, induced by manufacturing, setting out and erection or 
caused by their deformations due to load and other actions may 
unfavourably affect compliance with various functional 
requirements imposed on the structural system including 
conditions for smooth assembling of prefabricated components. 
Obviously unintended induced deviations as wel! as inevitable 
deformations could lead to malfunctions of a structural system, 
to undesired increase of assembling time and additional 
construction, maintenance and service costs [1]. 

All this is particularly valid for newly developing 
industrial building system [2] based on smal! number of 
different, demountable prefabricated components sui table for mass 
production and repeatable application. Moreover, proposed 
connections and joints of its structural parts and components 
require relatively high precision of all involved construction 
processes to comply with relevant functional requirements 
including smooth erection of prefabricated components and their 
proper attachment to the remaining parts of a structure. That is 
why accuracy analysis seems to he an extremely important part of 
entire design of the industrial building system. 

Submitted report represents, however, the first attempt to 
investigate dimensional accuracy of the industrial building 
system using mathematica! roodels and consequently it is far from 
being complete to answer all possible accuracy questions. 
Practical experience may show that, besides considered 
assemblies, there are other structural joints and details, which 
should he investigated additionally. 

Structural system is firstly investigated in vertical and 
horizontal directions separately, then dowel connections of 
vertical and horizontal components are analyzed and finally in 
case of shear walls both dimensions are taken into account. As 
relevant measurements and practical experiences with the 
investigated structure are very limited, input data considered 
in the following analyses are mostly estimated. That being the 
case, included numerical examples are consistently based on two 
sets of accuracy characteristics corresponding to lower and 
higher accuracy of production processes. The aim of this 
preeautien is not only to overcome lack of information on 
relevant input data, but also to demonstrate more comprehensively 

1 - 1 
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1 Introduet i on 

sensitivity of resulting accuracy to uncertain input data. 
Generally data specified for higher accuracy are these accepted 
for design documentation. 

It is therefore expected, that revised accuracy analyses 
wil! be performed whenever new data and experiences are 
available. A research project systematically evaluating control 
measurements of actual induced deviations (manufacturing of 
components, setting out and erection) as wel! as to expected 
structural deformations (due to leads at various construction and 
service stages) would be extremely useful. Resul ts of this 
project supplemented by practical experiences wil! best indicate 
demands for further analysis including modification of applied 
theoretica! models and investigation of new structural 
assemblies. 

The following Sectien 2 introduces general principles of 
accuracy analysis, which are then applied to investigate 
dimensional accuracy of the industrial building system. Sectien 
3 contains analyses of characteristic vertical assemblies, 
Sectien 4 is devoted to horizontal assemblies, Sectien 5 to dowel 
connections and Sectien 5 to an important assembly of shear 
walls. Each of these Sectiens includes practical conclusions and 
recommendations concerning investigated assemblies. The last 
Sectien 7 offers general conclusions and recommendations 
including most important results of the analysis and some general 
guidance for measurements and further investigation of 
dimensional accuracy of the industrial building system. 

1 - 2 
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2 General principles 

2 GENERAL PRINCIPLES 

2.1 Accuracy characteristics 

Two independent sourees of dimensional changes, indicated 
in Fig 2.1, are to he generally considered when analyzing 
dimensional accuracy of building structure and ether civil 
engineering works: 

I manufacturing 

I setting out I 

er eetion 

lloading 

temperaJUre 

humidity 

settiement 

Fig. 2.1 Sourees of dimensional changes 

2 - 1 
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2 General principles 

- deviations, called also induced deviations, due to setting 
out, manufacturing and erection, 

- deformations, called also inherent deviations, due to 
various physical and chemica! causes including leads. 

Comprehensive description of all relevant accuracy 
characteristics of deviations and deformations used for 
assessment of dimensional variatien of building structures is 
given in [1]. Relevant principles to analyzed industrial housing 
system are reformulated in this Section. Although expected 
dimensional variations of the considered housing system are 
mostly caused by induced deviations, in some assemblies effects 
of deformations due to loading may be equally significant. 

Basic accuracy characteristics 
demonstrated in Fig. 2.2. 

descrihing deviations are 

The fundamen ta 1 charac- .--------------------------, 
teristic of a dimension 
x is the reference size 
x8 , which is the nomina! 
or target size specified 
in the design documen
tations and to which all 
kinds of deviations and 
deformations are rela-
ted. It is a time inde-
pendent value determined 
for modular and struc-
tural requirements only, 
without taking into ac-
count any kind of devi
ations and deformations. 

It is usually as
sumed [1], that induced 
deviations as wel! as 
deformations of a dimen
sion x have symmetrical 
probability distribution 
wi th the mean xc, which 
may generally differ 
from the reference size 
by a systematic de
viation óxc. Random com
ponents of the time in
dependent induced devia
tions are expressed by 
the 1 i mi t deviation óx 
corresponding to certain 
indicated in Fig 2.2. 

'\Qlijllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
rtferenee siu 

toleranee wiJth .4% = 2 6x 

0.2 

0.1 

0 

-3o -2o -Jo Jo 2o 3o 

Fig. 2.2 Accuracy characteristics 

frictiles of the distribution as 

The same assumption concerning probability distribution is 
accepted for deformations. To distinguish deformations from 
deviations, symbol Eis used insteadof ó. However, deformations 
are generally time dependent quantities, which always correspond 

2 - 2 
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2 General principles 

to certain reference physical conditions descrihing temperature, 
humidity, loading, etc. Relevant characteristics of time 
dependent deformations can be usually sufficiently wel! 
determined from these conditions using appropriate mechanica! 
models and can be represented by appropriate deterministic and 
random components. 

Random component of deformations should correspond to the 
same probability of exceeding the limit values as in the case of 
induced deviations. The following analyses and calculations are, 
however, independent of the value of that probability, as long 
as the same probability (say 5%) is considered for all involved 
dimensions. On the other hand, accepted value of this probability 
is important for correct interpretation of specified characteris
tics and their control. 

Three distinct combinations of reference physical condi ti ons 
and corresponding deformations are particularly significant: 

the initia! conditions at the manufacturing stage, which 
cause by definition zero deformations, 
the assembly conditions at the assembly or erection stage, 
which cause the systematic assembly deformation Excfrom the 
ini tial si ze xc = xe + óxc and i ts random component EX, 
the extreme service conditions, which may occur over the 
whole period of service time, and which cause the extreme 
deformation increments from the assernbly size xe + óxc + Exc: 
the minimum systematic increment within the service time is 
denoted Ex(, the maximum systematic increment is denoted 
Ex/ and respect i ve random components EX- and EX1

• 

The systematic induced deviation óxc and the deformation at 
the assembly stage result in the total systematic deviation 

TXc = ÓXc + EXC 

It may be generally assumed that induced deviations and 
deformations are mutually independent quanti ties and their random 
components may be combined in accordance with the statistica! 
rules as 

~x = ó 2x + E 1x, 

~x- = ó 2x + E1x-, 

where TX, TX- and TX 1 represent the total 1 imi t deviations at 
assembly and service stages including effects of both the induced 
deviations and deformations . 

The extreme values of the dimension x, the lower limit size 
XL and the upper limit size xu at assembly stage are then given 
as 

XL = Xe + TXc - TX, 

2 - 3 
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2 General principles 

XV = X a + TXc + TX. 

Similarly, for extremes at service stage it holds 

x~ = xa + Txc + EXc - Tx·, 

XV = Xa + TXc + êX/ + TX~. 

The lower limit size x~ and the upper limit size xv may be 
sametimes more conveniently expressed in terms of the lower limit 
deviation TX~ and the upper 1 i mi t deviation Txu from the refer
ence size x8 , given for assembly and extreme service stages as 

TX~ = TXc - TX, 

TXV = TXc + TX, 

TX~ = TXc + Exc - Tx·, 

TXV = TXc + EXc 
~ + TX~. 

Accuracy analyses is considerably simplified when all 
components of deformations êXc, Exc-, êX/, Ex· and êX~ may he 
neglected. This is the most frequent case of accuracy analyses, 
which wil! he accepted in majority of assemblies investigated 
bellow. Then the lower and upper limit sizes and the lower and 
upper limit deviations fellow from the above relationships as 

x~ = x a + óxc - óx, 

xv = x a + óxc + óx, 

óx~ = óxc - óx, 

óxv = óxc + öx. 

When, furthermore, the systematic deviation óxc vanishes, then 
the lower limit deviation óx~ is equal to -óx and the upper limit 
deviation öxu is equal to óx. In that case wel! known expression 
xa :t óx is tradi tionally used. In the following analyses accuracy 
characteristics will he mostly expressed in terms of the 
systematic deviations óxc and limit deviations öx. 

2.2 Accuracy conditions 

The functional requirements imposed on the structure cover 
all kinds of safety, serviceability and ether requirements 
including construction, physical and visual aspects. Taking into 
account all these requirements the functional lower limit x~, and 
the functional upper limit xu1 fora dimension x, are to be 
specified. These time independent quantities correspond to a 
given degree of certainty that the relevant requirements are com-

2 - 4 
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2 General principles 

plied with, if they are not exceeded within a specified life time 
of the structure. To verify the compliance with the functional 
requirements, the following accuracy conditions are to be 
fulfilled 

xu .s. xu,, 

where the left-hand side quantities x~, and xu are given by the 
appropriate equations given in previous Section. 

In terros of limit deviations the accuracy conditions may be 
written as 

TXu .S. TXUf• 

The accuracy conditions should be satisfied for all relevant 
(critica!) dimensions descrihing geometrical accuracy of a 
structure. For some dimensions (called constituent dimensions -
see next section) such a verification can be done easily by 
compering given accuracy characteristics with the functional 
limits. For ether dimensions (called resultant dimensions - see 
next section) accuracy characteristics must be first derived from 
characteristics of ether (constituent) dimensions. 

Analysis of structural serviceability of assembled struc
tures is to be generally performed for both the assembly and 
service stages. The resulting recommendations concerning 
dimensional characteristics of a structure are then outeernes 
of calculations for both stages [1]. For demountable structures, 
which is the case of the investigated industrial housing system, 
the accuracy characteristics at the assembly stage must include 
possible time dependent effects of deformations occurring during 
previous service of the structure. However, when the deformations 
are negligible, the accuracy analysis is to be performed for 
assembly stage only. 

2.3 Theoretica! roodels 

To analyze the dimensional accuracy of a structure, the 
functional requirements and appropriate functional 1 imi ts for all 
the relevant dimensions must be first carefully specified. 
Furthermore, detailed construction techniques, production and 
erection procedures, the shape of the components, the setting out 
system and ether circumstances possibly affecting the resulting 
accuracy should be considered. Then it is usually possible to 
identify representative assemblies whose accuracy may be analyzed 
independently of the remaining parts of the structures. Th is 
assemblies must enable to fulfil the aim of the analysis, i.e. 
to specify all the necessary measures to comply with the 

2 - 5 
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2 General principles 

functional requirements imposed on the structure. The graphical 
representation of an assembly is called a design scheme. 

Taking into account all g i ven construction procedures, 
including setting out, production and erection technique, all 
dimensions descrihing representatives assemblies at assembly 
stage are intentionally divided into two basic groups: 

constituent dimensions Xj, i= 1, 2, . .. ,n. 
resultant dimensions Yk, i= 1,2, ... ,m. 

This classification is related to the assembly stage, on which 
the entire analysis is always based. As already indicated, when 
deformations are to be considered, accuracy analysis at service 
stage must be performed to supplement the results of the 
calculation at assembly stage. The basic classification of all 
dimensions from assembly stage remains valid also for service 
stage. 

Constituent dimensions are those dimensions, whose accuracy 
character i st i es are known he forehand wi th respect to the assembly 
operations. Generally there are three kinds of constituent 
dimensions: 

dimensions of components or structural elements, 
setting out and measured distances, 
distances checked by erection. 

As a rule constituent dimensions are statistically independent 
random variables. 

Resul tant di mens i ons characterize the re sult of assembly and 
therefore are dependent on constituent dimensions. Accuracy 
characteristics of resultant dimensions are not known befarehand 
and must he derived from characteristics of constituent dimens
ions. Some of the resultant dimensions are statistically 
dependent random variables: ei ther they are dependent on the same 
constituent dimensions, or some of them (often just two) are 
mutually check and adjusted by erections. The later dimensions 
are called controlled dimensions and their statistica! dependenee 
can not he avoided and must be taken into account in the 
calculation using their correlation coefficients. Mutual 
dependenee of the other resultant dimensions need not he taken 
into account as long as they enter relationships. The resulting 
dimensions can he therefore divided in two groups: 

controlled resultant dimensions, 
remaining resultant dimensions. 

It should he noted that statistica! dependenee of various 
constituent and resultant dimensions is one of the most important 
factors affecting resul ts of accuracy analyses. This is the 
reason why all the dimensions are split into the constituent and 
resul tant dimensions and further rul es for mathematica! treatment 

2 - 6 
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2 General principles 

of derived relationships, given in the following text, are 
introduced. 

2.4 Analysis principles 

The fundamental step to he taken in an accuracy analysis is 
a formulation of basic equations, i.e. the mathematica! links 
between the constituent dimensions Xi and resultant dimensions y 1 
at assembly stage. It should he noted that the entire analysis 
is based on the assembly stage and, if necessary, supplemented 
by the calculation at the service stage. Al though the basic 
equations for both stages may he different, the following general 
rules are valid for both calc~lations. 

The first, very important rule, concerns separation of 
resultant and constituting dimensions. According to that 
separation rule the resulting dimensions y 1 should he enteredon 
the left-hand side while the constituent dimensions should he 
entered on the right-hand side of the basic equations. This 
practice enable to simplify further statistica! treatment of the 
basic equations, because mutually dependent dimensions can he 
considered separately. 

The most frequently encountered basic equation has the 
following linear form 

Yi = z Cj Xj I 

where ei denotes deterministic coefficients expressing geometrie 
re1ationships between the involved dimensions y 1 and Xj. In this 
case the accuracy characteristics of resultant dimensions are 
given as 

TYJC = Z Cj TXjC, 

where r 1 i , zi denotes the correlation coefficient of the constituent 
dimensions indicated in the subscript. 

When controlled resultant dimensions are to he considered, 
a linear combination of these dimensions appears on the left- hand 
side of the basic equation. Often, only sum of two controlled 
resultant dimensions y 1 and y 2 is expressed as a linear 
combination of constituent dimensions Xi 

YJ + Yt = Z Cj Xj. 

Then the accuracy characteristics of controlled resultant 
dimensions y 1 and y 1 are determinate from the following relation
ships 

TYJC + TY2C = Z Cj TXiCt 

i <j. 

2 - 7 
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2 General principles 

where r 11. 12 denotes the correlation coefficient of the controlled 
resul tant dimensions YJ and yz and r 1 i,zi denotes the correlation 
coefficient of the constituent dimensions Xi and ~ indicated in 
the subscript. 

When deformations may be neglected (at least at certain 
stages) and only induced deviations are considered 1 then instead 
of the total deviationsl denoted by symbol T1 induced deviationsl 
for which traditionally symbol ó is usedl are to be entered in 
the above general equations. This case occurs in many assemblies 
analyzed bellow. 

Relationships between resulting and constituent dimensions 
at service stage are usually very simple and may be generally 
described by the first type of basic equation. The 
characteristics of resultant dimensions may bethen expressedas 

~ ~ 

EYc;· = Z ei EXc( 1 

The combination of the signs ± in the relationship for the 
deformation increments En1 must be always adjusted in accordance 
with the signs of the coefficients ci1 which is usually obvious 
from the concrete form of the appropriate basic equation at 
service stage [1]. 

2.5 Flow chart of accuracy analysis 

Accuracy characteristics of resultant dimensions are used 
to verify accuracy conditions described in sectien 2.2. If these 
conditlens are not satisfiedl some input accuracy characteristics 
of constituent dimensions or specified functional limits for 
resulting dimensions are to be adjusted and calculation is to be 
repeated. Flow chart of the entire accuracy analysisl which is 
applied in the following investigation of dimensional accuracy 
of industrial housing I is illustrated in Fig. 2.3. In accordance 
with the concrete structural systems 1 some process bleeks could 
be purposefully combined into a large bleeks as indicated in Fig 
2. 3. 

In the subsequent analyses of dimensional accuracy of the 
industrial housing system 1 the whole text is separated into the 
following ma in Sectiens 1 corresponding to combined process bleeks 
of the flowchart shown in Fig. 2.3: 

Representative assembly. 
Theoretica! model. 
Analysis. 
Conclusions and recommendations. 

2 - 8 

14 



2.6 Conclusions 

The most important prin
ciples, to be respected when 
analyzing dimensional accuracy 
of the industrial housing sys
tem, could be high! ighted by 
the following key points. 

A Both, time in-
dependent deviations as wel! 
as time dependent deformations 
nay simultaneously contribute 
to the resulting deviations of 
structural dimensions from 
their nomina! (target) sizes. 

B - Any accuracy analysis 
should be based on foregoing 
investigation of considered 
functional requirements and 
all the circumstances possibly 
affecting the resulting dimen
sional accuracy. 

C - Based on the above 
mentioned information, ap
propriate representative as
sembl i es, whose accuracy may 
be analyzed independently of 
the remaining parts of the 
structures, must be clearly 
identified. 

D To analyze 
dimensional accuracy of an 
assembly i t is necessary to 
distinguish clearly between 
constituent and resultant 
dimensions and to formulate 
rigorously their relationships 

. ........ .... .. . . 

2 General principles 

FUNcnONAL 
REQUIREMENTS ANDERECT/ON ,.__ ___ _, 

PROCEDURE 

REPRESENTA11YE 
~E~LY ~--~ 

>~~~>< .~ <: 7fCAL :::::< 
> MODEL ·: 
:: ::~~...:..;.;..,.;.L;-'-'-;-;-'-'-;-;-~ 
.. 

Fig. 2.3 Flowchart 

called basic equations. 

E - Der i ved accuracy characteristics of resul tant dimensions 
must be always related to accepted input data and used 
theoretica! model descrihing geometrical accuracy of the analyzed 
representative assembly. 

2 - 9 
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3 Vertical assemblies 

3 VERTICAL ASSEMBLIES 

3.1 Structural height 

3.1.1 Representative assemhly 

A typical vertical assemhly of prefahricated components of 
the analyzed structural system is indicated in simplified way by 
representative assemhly in Fig.3.1. The initia! ground elevation 
e0 of the top surface of the first hat profile is set out and 
when the profile is fixed, the short wal! components of the 
height ho are erected. Then a new hat profile is fixed on the 
heads of the short components and the level of the first floor 
11 is reached by the top surface of this hat. The same procedure 
is applied in the following floers, but then vertical components 
of the full heights hi, where i = 1, 2, 3, 4, are used, as 
indicated in the Fig 3.1. 

The joints between the 
vertical component bottoms and 
top surfaces of the lower hat 
profiles, which are denoted ai, 
and joints between the compo
nent heads and lower surfaces 
of the upper hat profiles, 
denoted a 'i, should he 
theoretically of zero thickn
ess. These quanti ties are 
nevertheless introduced to 
take account possible 
deviations from the precise 
shape of hats profiles, 
indicated in Fig. 3.2, which 
may not allow full centacts 
with corresponding surfaces of 
wal! components. This 
unintended gaps may arise also 
due to various imperfections 
of the relevant surfaces of 
walls. 

Besides the initia! 
measurements of the level e 0 no 
control measurements are 
proposed to be done during 
erection of the structure. It 
is also expected that vertical 
tie strips in hetween two 

}11 kz 

." 
oz 

f 
'o 
o' 0 

lt 
ko 

0 el 

oo 

n eo 

Fig. 3.1 Vertical assemhly of 
wal! components. 
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3 Vertical assemblies 

adjacent stories wil! partly guarantee the correct storey 
heights. However, the problem of coincidence of the holes in the 
side segments of the wal! components and holes in the strips, 
whi eh should be used to tighten the wal! components of two 
adjacent floers by the bolts, should he a subject of further 
investigations. Obviously measurements of actual shapes of all 
involved components would constitute very important input for 
such an investigation. 

Induced deviations are 
considered in the following 
analysis only. It is therefore 
assumed that no significant 
deformations occur befere or 
after erection of a structure. 
However there may be some 
influences of hat or wal! 
deformations due to vertical 
loading, which could alter 
accuracy characteristics of 
gap dimensions a and a', 
especially in lower floers. 
Input data considered bellew 
should be therefore checked 
and possibly corrected in view 
of control measurements or any 
new practical experience. 
Deformations of actual shape 
of hat profiles and/or wal! 
components may play 
significant role in an accuracy 
and cladding components. 

Fig. 3.2 Possible deviations 
of a hat profile. 

analysis of assemblies of infill 

Input accuracy data considered below represent only 
estimates made without any control measurements or experience 
from completed structures. It is expected that revised analyses 
wil! be performed whenever new input data are available. Derived 
general relationships should be used unless new experiences wil! 
show necessity to analyze new representative assemblies. If not 
specified otherwise all numerical data are given in millimetres. 

3.1.2 Theoretica! model 

Classification of dimensions 

From the above description of the erection procedure and 
from Fig. 3.1, the following classification of all involved 
dimensions and corresponding basic equations may be der i ved using 
principles described in the previous Sectiens 2.2 and 2.3 . 

Constituent dimensions: ai, a 'i, hi, ti, (i = 0, 1, 2, 3, 
4), e 0; all independent. 
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Resultant dimensions: ki (i = 0, 1, 2, 3, 4), ei (i = 1, 2, 
3, 4); all independent. 

Basic equations: 

ei= ei-J + ki-J, (i= 1, 2, 3, 4, 5). 

Equations for accuracy characteristics 

Equations for systematic and limit deviations follow from 
the above basic equations and general principles described in 
Sectien 2. 

Systematic deviations: 

6kiC = 6aiC + 6hiC + 6a I iC + 6tiC, (i = 0, 1, 2, 3, 4), 

6liC = 61 i -1. c + 6ki -J,C, (i = 1, 2, 3, 4, 5). 

Limit deviations: 

62ki = 6 2ai + 6 2hi + 62a I i + 6 1t i , (i = 0, 1, 2, 3, 4) 

621 i = 621 i-J + 6 2kj-J, (i = 1, 2, 3, 4, 5). 

3.1.3 Analysis 

To determine accuracy characteristics of resul tant 
dimensions two sets of input data for constituent dimensions are 
considered in the following analysis. First, the data estimated 
for expected lower level of accuracy of production, second the 
data estimated for the higher level of accuracy. As already 
indicated above, these two estimates are made to show effect of 
accuracy of constituent dimensions on outcome accuracy of 
resultant dimensions and, at the same time, to indicate possible 
range of practically obtainable level of accuracy. It is expected 
that actual accuracy of production would fall within the 
considered lower and higher estimates. Systematic deviations 6xc 
and limit deviations 6x are considered only, and it is assumed 
that reference sizes of all constituent and resultant dimensions 
automatically satisfy basic equation. 

It should be noted, that both sets of assumed accuracy 
characteristics given in Table 3.1, require relatively high 
accuracy of production and should be verified by resul ts of 
control measurements and practical experience. This note 
concerns all constituent dimensions, especially the "gap" 
thicknesses ai and a'i, which could have considerably different 

3 - 3 

18 



3 Vertical assemblies 

accuracy characteristics (in both ways) figured above. As already 
indicated in previous sectien both sets of input data represent 
only estimates and it is expected that revised analyses will be 
done whenever more accurate input data or new practical 
experience are available. 

Table 3.1 Accuracy characteristics of constituent dimensions. 

Accuracy 
Dimensions 

lower higher 

ai, a' i 1.0 ::t 1.0 0.5 ::t 0.5 

hi 0.0 ::t 2.0 0.0 ::t 1.0 

ti 0.0 ::t 0.0 0.0 ::t 0.0 

eo 0.0 ::t 2.0 0.0 ::t 1.0 

Accuracy characteristics of resul tant dimensions follow from 
equations derived in previous sectien in accordance with general 
principles described in Sectien 2. Resulting values determinate 
by simple calculation using. input data for lower and higher 
accuracy of production constituent dimensions given in Table 3.1, 
are presented in Table 3.2. Again, systematic and limit 
deviations are considered only. As mentioned above it is assumed 
that reference si zes of constituent and re sul tant di mens i ons 
satisfy basic equations automatically by design specifications. 

Table 3.2 Accuracy characteristics of resultant dimensions. 

Accuracy 
Dimensions 

lower higher 

ki 2.0 ::t 2.4 1.0 ::t 1.2 

e, 2.0 ::t 3.2 1.0 ::t 1.6 

et 4.0 ::t 4.0 2.0 ::t 2.0 

eJ 8.0 ::t 4.7 3.0 ::t 2.3 

e, 8.0 ::t 5.3 4.0 ::t 2.6 

es 10.0 ::t 5.8 5.0 ::t 2.9 

The resul ting 1 i mi t deviations gi ven in Table 3. 2 are 
indicated as functions of the structural elevation in Fig.3.3. 
The results for the lower accuracy are shown by dashed lines, the 
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results for higher accuracy are presented by full lines. It is 
obvious, that both accuracy levels would lead to the systematic 
increase of each storey by approximately 1 or 2 mm, which would 
inevitably cause overall increase of the building size. The limit 
deviations of the el evatien ei increases wi th the number of 
storeys and at the level of ceiling above the fourth storey they 
may he as high as 2.9 mm for higher accuracy and 5.8 mm for lower 
accuracy of production. · 

The re
sulting lower 
and upper 
limit deviat
ions of the 
total height 
of four sto
reys structure 
from its refe
rence size 
could he with
in broad !i
mits from -1.2 
mm at the ele
vation of the 
first floer 
and lower ac
curacy of pro
duction, and 
15.8 mm in 
case of floer 
above the fou
rth floer and 
lower level of 
accuracy of 
production. 
This alarming 
values may 
have serieus 
unfavourable 

, 
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Deviations of floer elevations. 

consequences for construction requirements guaranteeing smooth 
erection of adjacent components and structural elements. 

It should he however notified once more, that both sets of 
input data represent only reasonable estimates and may net 
reflect the best description of the actual dimensional devi
ations. Control measurements of geometrical accuracy of all 
construction processes would he extremely valuable for further 
impravement of the analyses. In case of analyzed vertical 
assembly, application of new more realistic input data for the 
revised calculation, using general relationships derived above, 
seems to he straightforward easy task. 
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3.5 Conclusions and recommendations 

The following conclusions and recommendations may be drawn 
from the above analysis. 

A - The actual height of each storey may increases by 1 to 
2 mm according to actual accuracy of production. 

B - Limit deviations of each storey height may be expected 
wthin the interval from 1.2 mm to 2.4 mm. 

C - The extreme value of lower limit deviation of 
structural height -1.2 mm, which holds for the higher 
accuracy and elevation of the first floor, the extreme 
upper limit deviation is 15.8 mm, which holds for the 
level of floor above the fourth floor. 

D - It is recommended to shorten the height of the wall 
components by 1 or 2 mm according to actual 
accuracy of production to allow for unintended gaps 
between componenets. 

E - More accuracy data are desired on actual deviation of 
setting out and component dimensions in vertical 
direction. 
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3.2 Infill cornponents 

3.2.1 Representative assernbly 

A vertical assernbly of infill walls cornponents erected into 
the cornpleted hearing structure of vertical and horizontal 
memhers is shown in Fig. 3.4. 

Wal! cornponents of the height h, are 
erected into the opening between two hat 
profiles, which is given by their vertical 
distance k and height of the top hat h~. 
The distance k is furtherrnore dependent on 
the storey height k 1, analyzed in Sectien 
3.1, and on deforrnations of bath hat 
profiles. 

Due to various irnperfections and 
partly also due to the deflection of hat 
profiles, there rnay be a gap of the 
thickness a between the infill wall 
cornponents supporting lower hat profile. 
At the top of wal! components a joint of 
thickness b should have sufficiently great 
size to accornrnodate dirnensional 
irnperfections as wel! as deflection of 
upper hat profiles. 

3.2.2 Theoretica! model 

Classification of dirnensions 

Constituent dimensions: k, a, h~, h, . 

. ,;_ ;_ : ; t il_ , _ i_ i mon~::ton: b. 

Basic equation 
b = k -a - h~ - h,. 

n 

' Fig, 3.4. 
component 

Equations for characteristics of the resultant dirnertsion 

h 1 
w 

a 

Infill 

Systematic and limit deviations of resultants dirnensions 
b fellow from the above basic equation and general rules 
described in Sectien 2.3. 

óbc = ókc - óac - óhu - óh,c, 

ó1b = ó1k + ó1a + ó 1hA + ó1h,. 
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Effects of random components of vertical deflection of 
horizontal hat profiles wil! he taken into account by appropriate 
accuracy characteristics of the storey height k in accordance 
with the general principles described in Sectien 2.1. 

3.2.3 Analysis 

To determine input accuracy characteristics of the storey 
height k, results of previous analysis in Sectien 3.1 and effects 
of hat profiles deformations due to loading are to he considered 
simultaneously. For the first approximation a hat profile as 
simply supported beam of the span 1 = 3600 mm, exposed to uniform 
loading q = 10 kN/m, is considered. If the sectien modulus of the 
hat profile is I= 855.104 mm4 and the modulus of elasticity is 
E = 210 GPa, then the deflection zat the midspan point is given 
as 

5 qxl 4 
z---x -12 .2.mm 

384 Exi 

More detailed analysis show dependenee of the deflection of 
a more realistic continuous beam on i ts spans and relati ve 
stiffness as indicated id Fig. 3.5. 

Assumed loading q = 10 
kN/m correspond to uniformly 
distributed load 2. 38 kN/m2

, 

which could wel! represent an 
average service load. Assembly 
load will he certainly lower: 
if it would he about one half 
of the above loading q, then 
the deflection would he about 
6 mm. Due to natura! variat
ions of load and support con
ditions of any two profiles, 
difference of deflection of 
the upper and lower profile öz 
at any floor, may well he few 
mi 11 imetres (about ± 3 mm) . 
This is the case, mentioned in 
Sectien 2.1, when deformations 
due to loading must he taken 
into account when analyzing 
geometrie accuracy. The resul
ting 1 i mi t deviation of the 
dimension k can he then de
termined in accordance with 
Sectien 2.1 as 
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Fig. 3.5 
profile. 

Deflection of a hat 
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The input data for öki taken from Table 3.2 and estimated 
data for öz are given in the following Table 3.3 together with 
accuracy characteristics of the dimension k. 

Table 3.3 Accuracy characteristics of the constituent dimension 
k. 

Stage Accuracy 
Di mension (assembly 

or service) lower higher 

kj both 2.0 :t 2.4 1.0 :t 1.2 

z assembly 0.0 :t 2.0 0.0 :t 1.0 

service 0.0 :t 3.0 0.0 :t 2.0 

k assembly 2.0 :t 3.1 1.0 :t 1.6 

service 2.0 :t 3.8 1.0 :t 2.3 

It should he however noted that reduction of hat profile 
spans from 3600 mm to 3000 mm would decrease the deflections by 
the factor (3000/3600)# = 0.48, i.e. approximately to one half of 
the deflection z. This restricting measure would generally reduce 
unfavourable effects of deformations and would consequently lead 
to a slight decrease of the limit deviations of the dimension k 
given in the above table 3.3. 

Effect of hat profile deflection on systematic gap between 
supporting hat pr6file and infill components of the width of 
1200 mm is less than 0.2 mm as the factor by which the above 
deflection z is to he multiplied is (1200/3600)# = 0.012. However 
in view of and other unfavourable influences when erecting or 
relocating infill components, the accuracy characteristics of the 
dimension a in this section are considered separately for 
assembl ing :-; i-:'t<J ,-. ;,-~ nd :>c-~rv i GrO! ;:.; t .:=tg•? :'!.nd are estimated by modera
tely greater values than characteristics of similar dimensions 
a and a' in previous Section 3.1. 

Accuracy characteristics of all constituent dimensions are 
now given in Table 3.4. Similarly as in the previous Section 3.1, 
two sets of input data corresponding to lower and higher accuracy 
of production are considered. Systematic and limit deviations of 
the storey height k, which is resulting dimension of the assembly 
investigated in Section 3.1, are taken from Table 3.3. 
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Table 3.4 Accuracy characteristics of all constituent 
dimensions. 

Stage Accuracy 
Dimensions (assembly or 

service) lower higher 

k assembly 2.0 :!: 3.1 1.0 :!: 

service 2.0 :!: 3.8 1.0 ± 

a assembly 2.0 :!: 2.0 1.0 :!: 

service 3.0 :!: 2.5 2.0 ::!: 

h, both 0.0 :!: 2.0 0.0 :!: 

hb both 0.0 :!: 1.0 0.0 ::!: 

1.6 

2.3 

1.0 

1. 5 

1.0 

0.5 

Accuracy characteristics of resul tant 
determined using formula derived in the previous 
and input data given in Table 3.4, are shown in 
Table 3.5. 

dimension b 1 

Sectien 3.2.2 
the following 

Table 3.5 Accuracy characteristics of the resultant dimension 
b. 

Accuracy 
Di mension Stage 

lower higher 

erection 0.0 ± 4.3 0.0 ± 2.2 
b 

service -1.0 :!: 5.1 -1.0 :!: 3.0 

The resul ting systematic deviations are 1 however 1 favourably 
affected by positive systematic deviations of the storey height 
ki and i t should be clearly stated that if the si ze of the 
vertical components wil! be reduced1 as recommended in Sectien 
3.1.4 1 then the negative systematic deviations of the dimension 
b will increase in absolute value by that reduction. This factor 
is very important to take into account when investigating 
assembly of infill components as well as ether related 
assemblies. 

To guarantee smooth erection of infill components1 negative 
values of the joint thickness b should be avoided. One obvious 
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solution is to shorten the size of the infill components by the 
absolute value of the lower limit deviation of the dimension b, 
which could he as high as 6.1 mm, or in case of height reduction 
of hearing wal! components more than that. 

3.2.4 Conclusions and recommendations 

The following conclusions may he drawn from the above 
analysis of the assembly of infill components in the hearing 
structure. 

A - The resulting accuracy characteristics of the joint 
between the top hat profiles and infill wal! 
components clearly indicate that there is a 
considerable risk of construction difficulties when 
erecting or relocating infill components. 

B - To avoid these construction difficulties it is 
recommended to shorten the height of the infill 
components in accordance with actual accuracy of 
production by at least 3 to 6 mm. 

C - If the height of the hearing wall components wil! he 
reduced, then necessary shortening of the infill 
components should he respectively greater. 

D - It is recommended to reduce whenever possible the span 
of the hat profiles from 3600 mm to 3000 mm. 

E - Revised accuracy 
done whenever 
mechanica! model 
available. 

analysis of the assembly should he 
improved accuracy data, refined 
and new practical experience are 
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3.3 Vertical couplinq strips 

3.3.1 Representative assembly 

A joint of two wall components in vertical direction is 
shown in Fiq. 3.6. 

The assembly 
consists of two 
wall components, 
one above the 
other, with 
interlayinq hat 
profile of the 
thickness t, which 
is separated from 
the upper and 
lower components 
by unintended qaps 
of thi cknesses a 
and a'. The lower 
component has the 
first hole in the 
dimple of its face 
part located in a 
distance b' from 
its upper edqe, 
t h e u p p e r 
component has the 
first hole located 
in a distance b 
from its lower 
edqe. To fit the 
holes of a 
vertical couplinq 
strip, which are 
assumed to be 
located within 
desiqned distances 
accurately without 
any remarkable 
deviations, with 

/ 

/ 

/ 

/ 

1/ 1/ 
/ 

b 

va 
t c 
a' 

b' 
v v 

/ 

the holes of Fiq. 3.6 Couplinq conneetion of wall 
components. dimples, the 

resultinq distance 
c of the first holes in 
ponents, is to be within 

the dimples of two adjacent wal! com
appropriate limits. 

To determine accuracy characteristics of the distances band 
b' of the first holes from the upper and lowe~ edqes of wal! 
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components, assembly of a wall part and side part of a wall 
component, as indicated in Fig. 3.7, is considered independently. 

It is assumed 
that the holes in the 
dimples of a side part 
are located accurately 
from its both ends and 
consequently both 
dimensions hs and h ' 1 , 

indicated in Fig. 3.7 
have the same 
deviations. Inaccuracy 
of the heights h, and 
hs may, however cause 
some deviations of the 
di mens i ons b and b '. 
There are two possible 
alternatives how to 
assemble wal! and side 
parts together. 

(~) By the 
assembly only one end 
of both parts is 
controlled and edges 
of these memhers at 
this end are adjusted 
t o u p p e r m o s t 
c o i n c i d e n c e ; 
consequently one 
dimension, say b is 
very accurate, while 
theether dimension b' 
will have some 
deviation. 

la' s 

/ 

h h s w 

/ b 
[/ / 

/ / 

Fig. 3.7 A wal! component. 

(b) By the assembly both ends are simultaneously controlled 
and the side part is attached to the wall part symmetrically such 
that both distances b and b' are approximately equalized; 
consequently both these dimensions have the same deviations. 

Both alternatives are considered in the following analysis 
simultaneously and it is shown that they yield different accuracy 
of the dimensions b and b'. Relevant accuracy characteristics 
should be, however, always related to the actual assembl ing 
procedure and, if necessary, the entire analysis should be 
modified. It should be also noted, that the assembly analyzed in 
this sectien is closely related to the previous basic vertical 
assembly described in Sectien 3.1. When some modification of that 
assembly, as they are recommended, are accepted, then the results 
of the following analysis are to be accordingly modified. 
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3.3.2 Theoretica! model 

Classification of dimensions 

Constituent dimensions: 

Variant (a): h,, h 1 , b, a, a', t, all independent. 
Variant (b): h,, h 1 , a, a', t, all independent. 

Resultant dimensions: 

Variant (a): b', d. 
Variant (b): b, b' for one component mutually dependent 
controlled dimensions, c. 

Basic equations 

Variant (a): 

b ' = h, - b - hs, 

Variant (b) : 

b + b ' = h, - hso 

Variants (a) and (b): 

c= a+a'+b+b'+t. 

Equations for accuracy characteristics of resultant dimensions 

Equations for accuracy characteristics fellows from the 
above basic equations and general principles described in Sectien 
2. 3. 

Variant (a): 

ób 'c = óh, - óbc - óh,c, 

ó1b' = ó2h, + ó 1b + ó 1h 1 , 

Variant (b): Mutual dependenee of the dimensions band b' 
referrinq to one component is expressed by their coefficient of 
correlation r. 

óbc + ób 'c = óh, - óhsc· 

ó2 b + ó 2 b' + 2róbób' = ó 1h, - ó 2h,. 

Variants (a) and (b): Here dimensions band b' refers to two 
different components and therefore are mutually independent 
dimensions. 
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öcc = öac + öa 'c + öbc + öb 'c + ötc. 

ö2c = ö1a + ö2a' + ö1b + ö1b' + ö 2t. 

3.3.3 Analysis 

Accuracy characteristics of constituent dimensions are given 
in Table 3.6. Again two sets of input data are estimated for 
lower and higher accuracy of production. Systematic and limit 
deviations of the dimensions h, and hs are assumed to be the same 
as for the heights of the hearing components hi and also accuracy 
characteristics of the dimensions a and a' are the sameasin the 
analysis of previous vertical assembly described in Sectien 3.1. 
Limit deviation of the dimension b descrihing coincidence of both 
parts of wal! components is merely assessed and should be again 
verified by control measurements or practical experience. 

Table 3.6 Accuracy characteristics of constituent dimensions. 

Variants Accuracy 
Dimensions (a) or (b) 

lower higher 

h,, hs (a) and (b) 0.0 :t 2.0 0.0 :t 1.0 

a, a' (a) and (b) 1.0 :t 1.0 0.5 :t 0.5 

b (a) only 0.0 :t 1.0 0.0 :t 0.5 

t (a) and (b) 0.0 :t 0.0 0.0 :t 0.0 

Accuracy characteristics of resultant dimensions, derived 
for both levels of production accuracy from the above input data 
using general relationships described in the previous Sectiens 
3.3.2, are given in Table 3.7. Obtained accuracy characteristics 
indicate some important risks of misfit, which should be analyzed 
in detail. 

First the limit deviations of the dimensions band b' (which 
show coincidence of edges of wal! and its side parts) clearly 
demonstrate that the side parts of components may exceed the wal! 
parts. This misfit could be as high as 3 mm in the variant (a) 
and 2 mm in the variant (b). If this circumstance is unacceptablé 
(from hearing capacity considerations), then it would be 
necessary to design the height of the side parts shorter, by the 
absolute value of the limit deviation öb given in Table 3.7, then 
the size of wall parts. Befere accepting that measure, actual 
assembling procedure should be investigated and control 
measurements should be checked against assumed accuracy 
characteristics of constituent as wellas derived characteristics 
of the resultant dimensions. 
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Table 3.7 Accuracy characteristics of the resultant dimensie c. 

Variant Accuracy 
Diroension (a) or (b) 

lower higher 

b' (a) 0.0 :± 3.0 0.0 :± 1.5 

b, b' (b) for r = 0.0 0.0 :± 2.0 0.0 :± 1.0 

(b) for r = 0.5 0.0 :± 1.6 0.0 :± 0.8 

(b) for r = 1.0 0.0 :± 1.4 0.0 :± 0.7 

c (a) 2.0 :± 4.2 1.0 :± 2.2 

c (b) for r = 0.0 2.0 :± 3.2 1.0 :± 1.6 

(b) for r = 0.5 2.0 :± 2.7 1.0 :± 1.3 

(b) for r = 1.0 2.0 :± 2.4 1.0 :± 1. 2 

Further it also fellows from the resulting systematic and 
limit deviations of the dimension c, given in the above Table 
3.7, that the upper limit deviations could be quit high (6.2 mm 
for lower accuracy of production and variant (a), however always 
greater than 2.2 mm, valid for the variant (b), correlation 
coefficient r = 1.0 and the higher accuracy of production). This 
deviations may cause problems in fitting the holes in the strips 
and dimples. 

Thus it is recommended to use preferably variant (b) for 
assembl ing wall s, to shorten the di stances b and b' by the 
systematic deviation of the dimension c , ie. by 2 or by 1 mm 
in accordance with the actual accuracy of production. Moreover 
it is advisable to make oval holes in the strips so that their 
longitudinal dimension (in vertical direction) will be at least 
by 6 or 3 mm (according to the actual accuracy of production) 
greater than the required diameter of the holes to insert the 
bolts. 

As mentioned above, it should be underlined particularly 
here, that the input data may net reflect the actual accuracy of 
production and it is highly recommended to revise the analysis 
in view of, relevant measurements and newly becoming practical 
experience. Construction details of vertical coupling strips may 
be also very sensitive to deviations of horizontal coincidence 
of two dimples of vertically adjacent wall components, whi eh 
should be analyzed separately. 
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3.3.4 Conclusions and recommendations 

The following conclusions and recommendations can he drawn 
from the obtained results. 

A - Due to various dimensional deviations there 
considerable risk of misfit of the holes in 
vertical dimples and coupling strips. 

is 
the 

B - The variant (b) of attaching the side parts to the 
wal! parts of wal! components leads to slightly better 
resulting accuracy than the variant (a). 

C - In order to avoid undesired longer side parts than the 
wal! parts of the components, ·the side parts are to he 
designed shorter by 2 or 3 mm than the walls parts. 

D - It is recommended to use the variant (b) and then to 
shorten the distances of the first holes from the 
edges of the wal! components by 1 or 2 mm, and 
furthermore to make oval holes in the strips so that 
their longitudinal dimension wil! he greater than the 
required diameter of the holes; in case of higher 
accuracy of production this elongation should he at 
least 3.0 mm. 

E - It is highly recommended to verify input data descrih
ing dimensional deviations of wal! heights and 
unintended gaps between hat profiles and wall 
components in the vertical direction. 

3 - 17 

32 



4.1 Horizontal assemblies 

4 HORIZONTAL ASSEMBLIES 

4.1 Horizontal couplinq strips 

4.1.1 Representative assembly 

Typical joint of two floor 
direction is shown in Fiq.4.1. The 
neiqhhourinq floor components, one 
interlayinq hat profile of the width 
the left and riqht floor components 

d 
/ 

/ 

c' 
/ 

/ 

l c s 
/ 

/ 

b' o' t 
1/ / I/ 

/ / / 

components in horizontal 
assemhly consists of two 
hesides the other, with 

t, which is separated from 
hy two joints o' and o. 

d 

/ 
/ 

l 
~ s 

/ 

BI/ 
b v 

/ I/ / 

Fiq. 4.1 Joint of floor components. 

4 - 1 

33 



4.1 Horizontal assemblies 

The left component has the first hole in the dimple of its side 
part located in a distance b' from its right edge, the right 
component has the first hole located in a distance b from its 
left edge. 

In order to fit the holes of a horizontal coupling strip, 
which are assumed to be located within designed distances 
accurately without any noticeable deviations, with the holes in 
dimples, location of adjacent floor components wil! be adjusted 
by a force. As a resul t of this rectification the resul ting 
distance c of the first holes in dimples of the adjacent floor 
components should conform the distance of the holes in the strip. 
Thus no oval holes in horizontal coupling strips are foreseen as 
in the previous case of vertical coupling strips. 

It is assumed, that walls with their hat profiles can be 
also relocated in accordance wi th the adjustments of f !oor 
components. However there is a considerable chance (due to 
unexpected obstacles including friction), that one joint, say o', 
is zero (hat profile is then in contact with a face of one floor 
component) and the ether joint, denoted in that case o*, between 
hat profile and floer component become greater than in case when 
both joints are approximately equalized. The joint width o* 
should be checked in order to verify supporting length of the 
corresponding floor component. 

To determine accuracy characteristics of the dimensions b 
and b' of the first holes in the dimples of floor components, 
assembly of its floor and side parts, as indicated in Fig.4.2, 
is to be considered independently . 

.---~~------~--------------------------------~ 

It is assumed that 
the holes in the 
dimples are 
located accurately 
from the ends of 
side parts. 
H o w e v e r , 
deviations of the 
lengths of floor 
parts 11 and 
length of side 
parts 1 1 (which 
differs from the 
length 1 ' 1 only by 
a deterministic 
value) of floor 
components, may 
c a u s e s o m e 
deviations of the 

/ 

V 

) / 
l s 

~~ 

/ 
/ 

b' V' / 
/ / 

dimensions b and 
b', similarly as 
in the previous 

Fig. 4.2 A floor component. 

case of wal! components, analyzed 
two possible alternatives how to 

inSection 3.3. Again there are 
assemble floor and side parts 
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together: 

(a) By the assembly only one end of hoth parts is controlled 
and edges of hoth parts at this end are adjusted to the 
uppermost coincidence; consequently one dimension, say bis 
very accurate, while the ether dimension b' may have 
somewhat greater deviations. 

(h) By the assembly hoth ends are simultaneously controlled and 
the side part is attached to the floer part symmetrically 
such that hoth distances b and b' are approximately 
equalized; consequently hoth these dimensions should have 
the same accuracy characteristics. 

Both alternatives (a) and (h), which lead to different 
accuracy characteristics, are considered in the following 
analysis simultaneously as in case of vertical coupling strips 
analyzed in Sectien 3.3. In order to make the following sections 
self content, the entire analysis is described in detail. 

4.1.2 Theoretica! model 

Classification of dimensions: 

Constituent dimensions: 

Variant (a): 
Variant (h) : 

1,, 11 , b, c, t, all independent. 
1,, 11 , c, t, all independent. 

Resultant dimensions: 

Variant (a): 

Variant (h): 

Basic equations: 

Variant (a): 

Variant (h): 

b', o*, o, o', last two represent controlled 
dimensions. 
b, b', for one component mutually dependent 
controlled dimensions, o*, o, o', last two 
represent controlled dimensions. 

b, = lt - b - lp 

b + b' = lt - ls• 

Variants (a) and (h): 

o + o' = c - b - b' - t, 
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o* = c- b - b 1 
- t. 

Equations for accuracy characteristics of the resultant 
dimensions: 

Equations for accuracy characteristics fellows from the 
above basic equations and general principles for the fundamental 
linear equations and basic equation for couple of controlled 
resultant dimensions described in Sectien 2.3. 

Variant (a): 
6b 1 c = 6lt - 6bc- 61 1 c, 

6 2 b t = 6 21 f + 6 2b + 6 21 SI 

Variant (b): Mutual dependenee of the dimensions band b 1 

referring to one component is expressed by their coefficient of 
correlation r:b. 

6bc + 6b 1 c = 6ltc- 6lsc, 

62 b + 6 2 b 1 + 2r:b6b6b I = 6 21 f + 6 21 $• 

Variants (a) and (b): Here the dimensions band b 1 refers 
to two different components and therefore are mutually 
independent dimensions. If one joint width is zero, the accuracy 
characteristics of the ether joint o* are given as 

6o*c = 6cc - 6bc - 6b 'c - 6tc. 

6 2o* = 6 2c + 6 2b + 6 2b' + 6 2t. 

If bath joints o and 0
1 are non-zero, their mutual 

dependenee may he described by the correlation coefficient rq, 
for which relatively low value (close to 0) should he expected. 

6oc + 6o 1 c = 6cc - 6bc - 6b 1 c - 6tc, 

6 20 + 6 20 1 + 2rq6060 1 = 6 2c + 6 2b + 6 2b 1 + 6 2t, 

Obviously systematic deviations of the joint widths o* would 
he double and limit deviations would he higher by the factor {2 
= 1.41 than corresponding characteristics of joints o and 0

1
• 

Likelihoed of this unfavourable case should he verified by 
practical experience and, if necessary, avoided by specifying 
appropriate rectification procedure. 

4.1.3 Analysis 

Accuracy characteristics of constituent dimensions are given 
in Table 4.1. Again two sets of input data are estimated for 
lower and higher accuracy of production. Systematic and limit 
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deviations of the dimensions lt and 1 1 are assumed to be the same 
as for the heights of wall components h, and h 1 in previous 
sectien 3. 3. Limit deviations of the dimension b, descrihing 
coincidence of bathpartsof floercomponentsin the variant (a), 
are only assessed and should he also, as number of ether 
estimates, verified by practical measurements. 

Accuracy characteristics of the distance c, is assessed from 
the following important consideration, which is illustrated by 
Fig. 4.3. Holes in dimples and in the strips are designed larger 
by 1 mm than the balts diameters. Therefore the extreme 
di~ferences from the precise value, indicated in Fig.4.3, would 
never exceed the values z2 mm. However, if the bolt is fastened 
first on ene side centrically, which is supposed to he possible 
by suitable mounting technique, then the extremes would drop to 
z1 mm (this corresponds to ene side extremesin Fig. 4.3). 

The corresponding 
standard deviation of 
the di stance c is 
assessed assuming, 
that the extremes 
correspond to z3~ 

(which is usually 
considered as 
"practical extremes"). 
In the first, less 
accurate case, when 
the central fastening 
of the first held is 
nat efficient (and 
more "safe" assumption 
z2 mm is considered 
for the extremes), the 
limit deviation óc is 
thus given as 

óc = (2/3) * 1.64 = 
1.0 mm, 

second, more in the 
accurate case (when 
assumpti:on z1 mm is 
considered for the 
extremes) as 

óc = (1/3) * 1.64 = 
0.5 mm. 

The above two 
estimates are used to 
represent lower and 
higher accuracy of 
erection. Bath estimates 

r 
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c 

c' 

Î distance of holu in the strip 
i 

I 
i 
! 
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I 

! ! 

c l 
/1 

l 

Fig. 4.3 The extreme location of 
holes. 

are obviously partly hypothetical and 
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should be verified by appropriate experimental investigations. 
It would be desirable to prove, that appropriate application of 
a force (when assembling a strip with two neighbouring floer 
components) may lead to even higher actual accuracy than that, 
indicated by the above estimates of limit deviation óc for lower 
and higher accuracy. 

Table 4.1 Accuracy characteristics of constituent dimensions. 

Variants Accuracy 
Dimensions (a) or (b) 

lower higher 

1 f, ls (a) and (b) 0.0 :t 2.0 0.0 :t 1.0 

b (a) only 0.0 :t 1.0 0.0 :t 0.5 

c (a) and (b) 0.0 :t 1.0 0.0 :t 0.5 

t (a) and (b) x :t 1.5 y :t 1.0 

The systematic deviation of all constituent dimension except 
the hat profile are zero. It is expected that there might be some 
systematic deviations of the hat width t due to presumed 
production procedure, which should be determined using desired 
experimental data. For the time being the unknown quantities x 
and y, which are introduced to indicate this uncertainty, may be 
considered to be approximately zero. 

The results of the following analysis depend also on two 
correlation coefficients. For the correlation coefficient rb 

three values are generally considered as in the previous chapter 
3. Correlation coefficient rq of joints o and o' is assumed to be 
zero and it is to be remind, that when one of these joints is 
zero, then the resulting accuracy characteristics of the ether 
joint o* are considerably different from characteristics of 
joints o and o'. 

Accuracy characteristics of resultant dimensions derived 
from the above input data using general relationships described 
in the previous Sectiens 4.1.2, are given in Table 4.2. 

The resulting accuracy characteristics given in Table 4.2 
indicate some important risks of misfit. First, similarly as in 
the previous case of wall components analyzed in sectien 3.3, the 
limit deviations of the dimensions band b' (which also indicate 
coincidence of edges of floer and side parts) clearly demonstrate 
that the side parts may overstep the walls parts. This misfit 
could be as high as 3 mm in the variant (a) and 2 mm in the 
variant (b). When this phenomena is unacceptable, then it would 
be necessary to design the length of the side parts shorter than 
size of floer parts by the above indicated magnitudes. 
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Table 4.2 Accuracy characteristics of resultant dimensions. 

Variants Accuracy 
Dimensions 

(a) or (b) lower higher 

b' (a) only 0.0 :t 3.0 0.0 :t 1.6 

o* (a) only -x :t 3.6 -y :t 1.9 

o, o' (a) only -x/2 :t 2.6 -y/2 :t 1.4 

b, b' (b) for rJJ=O. 0 0.0 :t 2.0 0.0 :t 1.0 

(b) for rJJ=0.5 0.0 :t 1.6 0.0 :t 0.8 

(b) for rll=1. 0 0.0 :t 1.4 0.0 :t 0.7 

o* (b) for rJJ=O. 0 -x :t 3.4 -y :t 1.8 

(b) for rli=0.5 -x :t 2.9 -y :t 1.6 

(b) for rJJ=1. 0 - x :t 2.7 -y :t 1. 5 

o, o' (b) for rJJ=O. 0 -x/2 :t 2.4 -y/2 :t 1.3 

(b) for rli=0.5 -x/2 :t 2.1 -y/2 :t 1 .1 

(b) for rJJ=1. 0 -x/2 :t 1.9 -y/2 :t 1.1 

Second, the limit deviations of the joint o* indicate, that 
when one of the joint width o and o' is zero, the other could he 
within braad limits up to :t 3.6 mm in case of the variant (a), 
or :t 3.4 mm in case of the variant (b). Assuming further on more 
accurate variant (b) only, it fellows from the table 4.2, that 
the design value for sum of the joint widths o + o' should he at 
least 3 mm for lower accuracy and 2 mm for the higher accuracy 
of erection. It is however strongly recommended, until 
appropriate data wil! he available, to accept the result for 
lower accuracy and to design floor components at least by 3 mm 
shorter (therefore to design joint widths 1.5 mm) and 
simultaneously to prescribe extrusion of the supporting segments 
from the side walls of hat profiles 6 mm. 

Further, it fellows from the resulting characteristics for 
dimensions o and o', given in table 4.2, that if there are not 
cantacts between the hat profiles and floor components, the limit 
deviations of each joint could he greater than above recommended 
design value. For the assumed correlation coefficient r 0 = 0, the 
limit deviations are within the interval from 1.1 mm (see the 
variant (b), correlation coefficient riJ = 1. 0 and the higher 
accuracy) and 2.6 mm (valid for lower accuracy and the variant 
(a)). Consequently, if the contact between the hat profiles and 
floor components should he avoided, the width of each joint 
should he increased to at least 2.0 mm and a safe extrusion of 
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supporting segments would be then 4.0 + 3.4 = 7.4 ~ 8 mm. 

Expected experimental investigation of the considered 
assembly of floor components should verify validity of iriput data 
used for constituent dimensions and feasibility of application 
of a force to adjust location of floor components. Furthermore 
it should also verify an important aspect of structural safety, 
that application of a force does not deform supporting segments 
extruded from hat profiles and therefore does not endanger 
necessary supporting length of floor components. 

4.1.4 Conclusions and recommendations 

The following conclusions and recommendations can be drawn 
from the above analysis. 

A - The variant (b) of assembling side parts and floor 
parts of the floor components leads to slightly better 
resulting accuracy than the variant (a). 

B - In order to avoid undesired longer side parts than the 
floor parts, the side parts should be designed shorter 
by 2 or 3 mm than the floer parts. 

C - It is recommended to use the variant (b) and to design 
joint widths at least 1.5 mm, thus to design floor 
components at least by 3 mm shorter than intended 
opening between hat profiles. Extrusion of supporting 
segments from sides of hat profiles should be 6 mm~ 

D - It is highly recommended to verify input data descrih
ing dimensional deviations of floer components and hat 
profiles in horizontal direction and to verify 
feasibility of adjustment using a force when inserting 
horizontal coupling strips into dimples of floor 
components. 
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4.2 Floor components 

4.2.1 Representative assembly 

Basic representative assembly of vertical and horizontal 
components characterizing dimensional accuracy of the structure 
in longitudinal horizontal direction, which is investigated 
independently of remaining structural parts, is shown in Fig.4.4 
and Fig.4.5, differing by indicated sets of constituent 
dimensions. 

Longitudinal 
section of the 
structure shows 
row of three floor 
components erected 
on four wal! 
components, as an 
example of a more 
general assembly 
of n horizontal 
components erected 
on n + 1 vertical 
components. At the 
end of whole 
assembly, the 
first and the last 
wall components, 
d e n o t e d b y 
subscripts 1 and n 
+ 1, are always 
fixed in vertical 
direction by shear 
walls. The number 
n of floor 
components between 
shear walls, is 
not fixed (could 
be as high as 12) 
and w i 11 be 
discussed in view of 
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Fig. 4.4 Assembly of floor components. 

results of the following analysis. 

To assemble considered part of the structure, first the 
vertical components are erected within measured distances di, i 
= 1,2, ... ,n, which are derived from the total length d. The 
deviations from verticality of the first (left) wall component, 
denoted v1 is always checked and fixed by shear walls before 
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erecting floor components. There are I however 1 two possible 
alternatives when to fixed the verticality of the last wal! 
component: 

(a) verticality of the last wal! is fixed after the erection of 
floor components; 

(b) verticality of the last wall is fixed befare the erection 
of floor components. 

According to 
the first variant 
(a) verticality of 
the last wall is 
adjusted to fit 
t h e a c t u a 1 
position of the 
1 a s t f 1 o o r 
component denoted 
by subscript n. 
The verticality 
vD~l is therefore 
the resulting 
dimension of the 
assembly. In 
accordance with 
the variant (b) 
the verticality of 
the last 
components v*Du is 
predetermined by 
the shear walls 
and may obv i ous 1 y 
defer from the 
verticality v8 u 
following from the 
assembly of floor 
components. Then 
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Fig. 4.5 Assembly of floor components. 

the difference v = v8 ~ 1 - v*8 ~ 1 must be somehow accommodated by the 
last joint of floor and wall components. 

Verticalities ~ of the other wall componentsl designated 
by subscripts i= 2, ... ,n (see Fig.4.4) are always affected by 
actual deviations of horizontal joints oi , o 'i · Accuracy of 
these dimensions is analyzed in previous Section 4.11 where also 
detailed erection procedure of horizontal joints is described. 
The following analysis is in fact based on assumptions and 
results obtained in this section. 

All indicated components are approximately considered as one 
dimensional members~ while deviations of thei r a ctual shape f rom 
the parallelogram (skewness 1 straightness 1 non-parallelness) and 
induced deviations due to skew pos i tioning of components are 
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assumed to be included in accuracy characteristics of these 
dimensions indicated in Fiq.4.3. It is assumed that this 
simplified approach would sufficiently well describe actual 
accuracy of the structure in horizontal direction. 

Functional requirements are to be generally verified for 
verticalities vi of the walls due to safety and stability 
aspects, for joints oi ~ o'i due to construction requirements (to 
fit the floer components in between the hat profiles) and for 
supportinq lenqths of the floer components, which are placed on 
small seqments located on side walls of the hat profiles. 
Accuracy characteristics of joints Oi ~ o 'i fellows from the 
analysis in previous Sectien 4.1, where also consequences on 
supportinq components are considered. Effects of assumed erection 
procedure on resultinq wall distances d'i~ i= 1~2~···~n, d' and 
on verticalities vi, i = 1~2~ ... ~n+l and the difference v = v 11u-

v*afl is investiqated below. 

4.2.2 Theoretical model 

Proposed theoretical model fellows from erection procedure 
described above (see also Fig.4.4 and Fiq.4.5) and in the 
previous Sectien 4.1 (see Fiq.4.1), where accuracy of joint 
widths oi ~ o'i is presented. 

Classification of dimensions 

Constituent dimensions: 

Variant (a): d~ VJ~ ti~ lsi~ 
mutually independent dimensions, 
from d. 

(i = 1 ~ 2 ~ ... ~ n) ~ 
(i = 1~2~···~n), 

tafl; all 
derived 

Variant (b): d~ VJ~ ti~ lsi~ Ci~ (i = 1~2~ .. qn) ~ t 11 u~ v*afl; 
all mutually independent dimensions. 

Resultant dimensions: 

Variant (a): d'i~ vif1,(i = 1~2~···~n)~ d'. 

Variant (b): d'i~ v01 ,(i = 1~2~···~n)~ d'~ v. 

Basic equations 

Variant (a) and (b): 
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d'i = ti/2 + oi + lfi + o'i + tiiJ/2, 
i=1,2, ••. ,n; 

d' =- t,/2 + Z lsi + Z Cj + CDIJ- tDIJ/2, 
i=1,2, •.. ,n; 

VDIJ = VJ + d - d ', 

Variant (b): the sameasin variant (a) and additionally 

Equations for accuracy characteristics of resultant dimensions 

Equations for systematic and limit deviations of the 
resultant dimensions follow from the above basic equations. 
and general rules presented inSection 2.3. As follows from the 
basic equations the variant (b) has only one additional relation 
compare to the variant (a). Consequently for both variants are 
treated simultaneously. 

Variant (a) and (b): 

Systematic deviations: 

ód 'iC = ótiC/2 + ÓOiC + Olfic + ÓO 'iC + Otjll, c/2, 
i=1,2, •.. ,n; 

Ód 'C = - OtJC/2 + Z ÓlsiC + Z ÓCjC + ÓCDIJ. C + OtDIJ. c/2, 
i=1,2, .•. ,n; 

ÓVDIJ. C = ÓVJC + Od 1 C - Ode, 

Limit deviations: 

ó2d'i = ó1ti/4 + ó2oi + ó 2lti + ó 2o'i + ó1tiiJ/4, 
i=1,2, ••. ,n; 

ó2d' = ó2t1/4 + Z ó2lsi + Z ó2Cj + ó 2cDIJ + ó 2tDIJ/4, 
i=1,2, .•• ,n; 

Variant (b) only: 

Systematic deviations: 

Limit deviations: 
ó2V = 02VDIJ + 0 2V*DI)• 
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4.2.3 Analysis 

As in previous analysis of vertical assemblies two sets of 
accuracy characteristics for lower and higher accuracy of 
production are considered in the following analysis for 
constituent as well as for resulting dimensions. 

The following analysis assumes accuracy characteristics for 
joint widths oi and Oi derived in previous sectien for variant 
(b) and the coefficient of correlation r = 0.5 as given in table 
4.2; unless more evident data are available the middle value r 
= 0.5 may well represent a goed estimate. 

Variant (a) and (b): 

Two sets of accuracy characteristics of constituent 
dimensions 1 given in the table 4.3 1 are considered in the 
following numerical analysis. Except d all ether constituent 
dimensions have the accuracy characteristics independent of the 
floer level. The resul ting di stance d 1 at the first floer 1 

corresponding to d at the ground floer I could have obviously 
somehow greater limit deviation than the original dimeosion d. 

Table 4.3 Accuracy characteristics of constituent dimensions. 

I I 

Accuracy 

I 
Dimensions 

lower I higher 

d 0.0 :t 4.0 0.0 :t 2.0 

VJ, V*DU 0.0 :t 2.0 0.0 :t 1.0 

ti x :t 1. 5 y :t 1.0 

Oj, 0 'j -x/2 :t 2.0 -y/2 :t 1.0 

lfi, 1 si 0.0 :t 2.0 0.0 :t 1.0 

Cj 0.0 :t 1.0 0.0 :t 0.5 

Accuracy characteri st i cs of re sul tant di mens i ons I determined 
using relevant relationships derived in sectien 4.1.2 and input 
data given in the previous table 4.3, are presented in the 
following table 4.4. 
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Tahle 4.4 Accuracy characteristics of resultant dirnensions. 

Nurnher of Accuracy 
Diroension floer 

cornponents n lower higher 

dIj --- 0.0 :t 3.6 0.0 :t 1.9 

d' 4 0.0 :t 4.7 0.0 :t 2.4 

6 0.0 :t 5.7 0.0 :t 2.9 

8 0.0 :t 6.5 0.0 :t 3.3 

10 0.0 :t 7.2 0.0 :t 3.6 

12 0.0 :t 7.9 0.0 :t 4.0 

VDI} 4 0.0 :t 6.5 0.0 :t 3.3 

6 0.0 :t 7.2 0.0 :t 3.6 

8 0.0 :t 7.9 0.0 :t 4.0 

10 0.0 :t 8.5 0.0 :t 4.3 

12 0.0 :t 9.1 0.0 :t 4.6 

The first important message indicated hy the resul ting 
accuracy characteristics concerns the dirnension and d'. Clearly 
the limit deviation for this dirnension (for n=12 in the range 
frorn 4.0 to 7.9 mm) considerahly exceeds the input limit 
deviations considered ford (frorn 2 to 4 mm) at the ground level. 
It seerns to he irnpossihle to assernhle the next storey without 
control rneasurernent and adjustrnent of the distance d' at the 
level of the first floer. Nevertheless such a correction rnay have 
lirnited effect and it should be expected, that accuracy of the 
next storey could be considerahly lower than the accuracy of the 
first storey. 

Derived accuracy characteristics for the verticalities ~~1 
indicate, that for the nurnber of floer cornponents n = 12 the 
verticality of the last vertical component should he expected in 
the range frorn 4.6 to 9.1 mm. However, as it fellows frorn the 
above discussion, at the higher floers the limit deviations of 
verticalities rnay easily exceeds the value of 10.0 mm. Frorn the 
point of view of hearing capacity verticality deviations are most 
likely insignificant, but the consequences for fitting all 
cornponents tagether rnay be very important. 

In view of the equation for limit deviations in the variant 
(b) the corresponding range for the verticality difference vis 
slightly higher, narnely frorn 5.0 to 9.3 mm,than verticality 
deviations of the last wall. If the variant (b) is applied, the 
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verti cal i ty di ff erenee v must be somehow accommodated by sui table 
joint technique of one (rectification) conneetion of floor 
components, hat profile and horizontal coupling strip. 

It fellows from the table 4.4, that all the discussed 
results depend on the number of floor components n. This 
dependenee is, however, not 1 inear. Shortening the di stance 
between the shear walls to one half from n = 12 to n = 6 will 
reduce the resulting limit deviation only to approximately 80 %, 
which is considerably less than expected. 

For both variants it holds, that the above derived results 
are valid only for the theoretica! model of "positional 
redundant" assembl ing of f loor components from the f loor and si de 
parts, as described in previous sectien 4.1.2. If other technique 
is applied, then the theoretica! model must he modified in 
accordance with actual erection procedure. 

4.2.4 Conclusions and recommendations 

The following conclusions and recommendations can he drawn 
from the obtained results. 

A - Due to various dimensional deviations of both con
si de red variants of ere ct ion procedures the 1 i mi t 
deviations of wall verticalities may exceeds the value 
of 10.0 mm depending on number of floor components and 
accuracy level. 

B - After assembly of each floer, the axial distances d' 
of walls fixed by shear walls should be checked and 
adjusted. To correct the position of structural 
components effectively, a suitable rectification 
joints should be designed between every couple of 
shear walls. 

C - It is highly recommended to verify input data descrih
ing accuracy of setting out and erection of wall 
components in vertical direction and floor components 
in longitudinal horizontal direction. 

D - A special attention should be payed to verification of 
adjustment accuracy of the structure in horizontal 
direction by a force when inserting horizontal 
coupling strips into the dimples of adjacent floor 
components. 
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S DOWEL CONNECTIONS 

5.1 Conneetion of two wall components 

5.1.1 Representative assembly 

Typical joint of two wall components in vertical direction, 
shown in Fig.3.5, is described in Sectien 3.3. For two sets of 
neighbouring floor components, distinguished by subscripts 1 and 
2 only, the assembly is schematically indicated in Fig.5.1. 

Wall components 
be 11 ow and above the ha t 
profile are located within 
distances aun and a'un 
from the horizontal side 
of the ha t. The 1 ower 
components have the first 
holes in the dimples of 
their side parts located 
withindistances b'un from 
their top edge, the upper 
components have the first 
holes located within 
distances bu;; from their 
bottorn edge. Previous 
detail analyses of wall 
components assembly, using 
vertical coupling strips, 
is given in Sectien 3.3. 

The following 
analyses of dowel 
conneetion of wall 
components concerns only 
two neighbouring upper 
component s above the ha t 
Fig. 5.1, for which the 
side view is indicated in 
Fig. 5.2. The holes, which 
should be used for balts 
to conneet two wall 

v • : I 
t .>c' 
:1<:>>:· 

. . 

~~ 

:l::::c:::::u 
ld1(2) 

components using dowel 
rnaving parts, are located 
wi thin the di stances ldJ 

Fig. 5.1 Wall components. 

and ld2 from the first hole. Obviously, analogous 
would be obtained for the components bellow the hat 

condi ti ons 
profile. 
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Accuracy charac ter is tics of appropr i at e 
dirnensions are taken frorn previous Section 3.3. 
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Fig. 5.2 Dowel part. 

5.1.2 Theoretica! model 

Classification of dimensions: 

Constituent dimensions: a1 , a 2 , b 1, b;, 
independent. 

Resultant dimensions: u. 

Basic equations: 

u = 8J + bi + 1 dl - 8J - b; - 1 d2• 

Equations for accuracy characteristics 
dimensions: 

of 
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the resul tant 
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Equations for accuracy characteristics follows from the 
above basic equations and general principles described inSection 
2. It is assumed that the constituent dimensions differing by 
subscripts 1 and 2 only have the same accuracy characteristics; 
therefore these subscripts are further on omitted. Purthermare 
it follows from the general rules, that systematic deviations of 
the resultant dimension u is zero and need not to be considered. 

Equation for limit deviations: 

5.1.3 Analysis 

Accuracy characteristics of constituent dimensions, given 
in table 5 . 1, are taken from Section 3.3. As in previous analyses 
two sets of input data are considered for lower and higher 
accuracy of production. Systematic and limit deviations of the 
dimensions ldt and ld 2 are assumed to be the same as for the 
lengtbs lt and 15 and heights hw and 11 5 in previous Section 3.3. 
Por the di mens i ons b1 and b2 cons i de red charac ter is tics 
corresponds to the variant b) of assembling the floor components 
and to the coefficient of correlation rb = 0.5 (see table 4.2). 

Table 5.1 Accuracy characteristics of constituent and resultant 
dimensions. 

Type of Accuracy 
Dimensions dimension 

lower higher 

8t' a2 constituent 1.0 :!: 1.0 0.5 :!: 0.5 

bl, b2 constituent 0 . 0 :!: 1.6 0.0 :!: 0.8 

ldJ, ld2 constituent 0.0 :!: 1.0 0.0 :!: 0.5 

u resultant 0.0 :!: 3.0 0.0 :!: 1.5 

As already mentioned systematic deviations of all 
constituent dimensions zero. Systematic deviations of all 
constituent dimensions except a 1, a 1 are zero. As in Sectien 
3.3, it is expected that there might be some systematic 
deviations of the hat profile height and also of above joint 
widths due to presumed production procedure. Relevant data should 
be determined using appropriate experimental data. Considered 
systematic deviations are only assessed. Nevertheless, as fellows 
from the above results, this uncertainty is irrelevant for the 
analyzed assembly of dowel conneetion of two neighbouring wall 
components. 
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5. Dowel connections 

The resulting accuracy characteristics of the dimension u, 
given in table 5.1, indicate some risks of misfit of holes in 
dowel part, attached to one component, and holes in dimple of the 
neighbouring component. For assumed input data this misfit could 
be from 1. 5 mm ( 1 ower accuracy) to 3 mm (upper accuracy). 
Therefore it is necessary to design the holes somehow greater 
than the diameter of bolts. However, in case of greater holes 
than bolts, the dowel part attached to one component by the same 
bolts could freely moved by the difference of both diameters an 
would reduced the necessary difference to one half. 

This would mean that the diameter of bolts, which could be 
"freely" inserted into any opening, is uttermost equal to the 
diameter of the holes reduced by one half of the above misfits. 
In other worcts in order to use the intended diameter of the 
bolts, the holes should by approximately 1 mm (higher accuracy) 
or 1.5 mm (lower accuracy) greater than bolts. 

5.1.4 Conclusions and recommendations 

The following conclusions and recommendations can be drawn 
from the above analysis. 

A- For assumed input data misfit of holes in dimples two 
neighbouring wall components could be as high as 
1 • 5 mm t o 3 mm. 

B- In order to avoid possible misfit, the diameter of 
holes in dimples should be greater at least by 1 mm, 
than intended diameter of bolts. 

C - It is highly recommended to verify input data descrih
ing dimensional deviations of the joints between hat 
profiles and wall components. 
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5. Dowel connections 

5.2 Conneetion of two floor components 

5.2.1 Representative assembly 

Typical joint of two floor components in horizontal 
direction, shown in Fig. 4.1, is described inSection 4.1. For 
two sets of neighbouring floor components, distinguished by 
subscripts 1 and 2 only, the assembly is schematically indicated 
in Fig. 5.3. 

d 

1/ 
l /1(2) 

CJ(2) 

bl(2) 
I t l s1(2) (2} 

Fig. 5.3 Joint of floor components and a hat profile. 
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5. Dowel connections 

Floor components left and right of the middle hat profile are 
located withindistances o'u11 and ou11 from side walls of the 
hat. The left hand side components have the first holes in the 
dimples of their side parts located withindistances b'un from 
their right edges, the right hand side components have the first 
holes located withindistances bun from their left edges. Detail 
analyses of floor components assembly, using horizontal coupling 
strips, is given in Sectien 4.1. 

/ 

~~---o ______ o ________________ ~ 0 0 0 

0 0 

······ ... 
.·········· ' 

. .. .. 
(_@> 0 0-,, ·· . ...... '..· 

'. ·· .... ·..,.....-------;.;.....,. 
'• ''· .. '• . 

'• '• '• '' , -\ 

I I I'' '~"I • · ..... . 

0 

moveable dowel part 

ld2 u 

l$2 

Fig. 5.4 Dowel conneetion of floor components. 
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5. Dowe1 connections 

The following analyses of dowel conneetion of floor components 
concerns only two neighbouring components on one side (say right 
hand side in accordance with Fig. 5.3), for which the plan view 
is indicated in Fig. 5.4. Obviously, analogous conditions would 
be obtained for the components on the other side components. 
Accuracy characteristics of appropriate constituent dimensions 
are taken from previous Section 4.1. 

5.2.2 Theoretica! model 

Classification of dimensions: 

Constituent dimensions: 

Resultant dimensions: u. 

Basic equations: 

Of, 0;, bf, 

independent. 

U = Of + b1 + 1 dl - 0 I - b; - 1 d2• 

Equations for accuracy characteristics 
dimensions: 

of 

all 

the resul tant 

Equations for accuracy characteristics follows from the 
above basic equations. It is assumed that the constituent 
dimensions differing by subscripts 1 and 2 only have the same 
accuracy characteristics; therefore these subscripts are further 
on omitted. Furthermore it follows from the general rules, that 
systematic deviations of the resultant dimension u is zero. 

Equation for limit deviations: 

5.2.3 Analysis 

Accuracy characteristics of constituent dimensions, given 
in table 5.2, are taken from Section 4.1. As in previous analyses 
two sets of input data are considered for lower and higher 
accuracy of production. Systematic and limit deviations of the 
di mens i ons 1 dl and 1 d2 are as sumed to be the same as for the 
lengths 1, and Is and heights hr and hs in previous Section 4.1 
and 3.3. For the dimensions b 1 and b 2 considered characteristics 
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5. Dowel connections 

corresponds to the variant b) of assembling the floor components 
and to the coefficient of correlation rb = 0.5 (see table 4.2). 

Table 5.2 Accuracy characteristics of constituent and resultant 
dimensions. 

Type of Accuracy 
Dimensions dimeosion 

lower higher 

0 I, oz constituent x/2 :± 2.1 y/2 :± 1.1 

bl' bz constituent 0.0 :± 1.6 0.0 :± 0.8 

ldJ, ld2 constituent 0.0 :± 1.0 0.0 :± 0.5 

u resultant 0.0 :± 4.0 0.0 :± 2.0 

The systematic deviation of all constituent dimensions, 
except the joint widths o1 and oz, are zero. Similarly as in 
Section 4.1, it is expected that there might besome systematic 
deviations of the hat profile width t and consequently of above 
joint widths due to presumed production procedure. Relevant data 
should be determined using appropriate experimental data. For the 
time being, the unknown quantities x and y, which are introduced 
to indicate this uncertainty, may be considered to be 
approximately zero. However, it fellows from the above results, 
that this uncertainty is irrelevant for the analyzed assembly of 
dowel conneetion of two neighbouring floor components. 

The resulting accuracy characteristics of the dimension u, 
given in table 5.2, indicate again some risks of misfit of holes 
in dowel part, attached to one component, and holes in dimple of 
the neighbouring component. For assumed input data this misfit 
could be relatively high, approximately from 2.2 mm to 4.0 mm. 
Therefore it is necessary to design the holes somehow greater 
than the diameter of bolts. However, similarly as in Sectien 5.1, 
in case of greater holes than bolts, the dowel part attached to 
one component by the same bol ts could freely moved by the 
difference of both diameters an would reduced the necessary 
difference to one half. 

This would mean that the diameter of bolts, which could be 
"freely" inserted into any opening, is uttermost equal to the 
diameter of the holes reduced by one half of the above misfits. 
In other words, in order to use the intended diameter of the 
bolts, the holes should by 1.1 mm (higher accuracy) or 2.0 mm 
(lower accuracy) greater than bolts. 
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5. Dowel connections 

5.2.4 Conclusions and recornrnendations 

The following conclusions and recommendations can be drawn 
from the above analysis. 

A - For assurned input data misfit of holes in dowels and 
neighbouring components could be as high as 2.2 mm to 
4.0 mm. 

B - In order to avoid possible misfit, the holes in 
dimples should be by 2 mm, in case of higher accuracy 
at least by 1.5 mm greater than intended diameter of 
balts. 

C - It is highly recommended to verify input data descrih
ing dimensional deviations of the joints between hat 
profiles and floer components. 
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6 Shear walls 

6 SHEAR WALLS 

6.1 Representative assembly 

A typical assembly of two shear walls in the bearing 
structure is schematically indicated in Fig 6.1. 

The theoretica! 
pos i ti on of dimp-
les is shown in 
Fig. 6. 1 by th in 
lines, actual 
shape by thick 
lines. Two, left 
and right, shear 
walls, of the hei
ghts h 1 and h" 
widths ~ and ~, 
are assumed to be 
placed in such a 
way, that bottorn 
edges fit the dim
ples of lower 
floor components. 
Horizontal floor 
components are 
supported by left, 
middle and right 
hat profiles, 
which elevations 
are denoted e1 , e,, 
e, in lower floor 
and e '1, e ',, e 'r 
in the upper flo-
or. Notatiens of 
other symbols fol
lows similar ru-
les: subscripts 
are derived from 
the worcts lef t, 
middle and right, 
primes 11 

' 
11 de-

note dimensions 
describing the 
next upper floor. As a 
only, suppose to have 

b w, 

d r 

dl r 

Fig. 6.1 Shear walls. 

rule dimensions, differing by subscripts 
the same accuracy characteristics. 

Critica! dimensions describing resulting inaccuracies of the 
assembly are represented by unintended widths of joints of the 
shear walls of one floor, denoted in fig 6.1 by the dimension b, 
and by horizontal gaps between shear walls of two different 
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6 Shear wall s 

floor, denoted by the dimensions c 1, c" c,. Considered input data 
are partly the same as before, partly results of investigations 
in previous chapters. 

New aspect of this assembly compare to previously inves
tigated assemblies is two dimensional character of shear walls, 
shown schematically in Fig. 6.2 . 
Bent edges of the shear walls .---------------------------------~ 

should be placed into the side 
dimples of hearing components 
and fastened together by bolts 
inserted into the holes in the 
edges and dimples. There is, 
however considerable un
certainty that due to various 
dimensional inaccuracies the 
wall edges of two walls shall 
neither fit together, nor they 
fit the dimples. The aim of 
the following analysis is the
refore to verify effects of 
foreseen dimensional deviat
ions and to recommend possible 
measures to avoid expected 
construction difficulties. 
Possible dimensional deviat
ions of these components are 
described by the two fundamen
tal dimensions, the height h 
and the width w. However the 
actual shape of shear walls 
may be more complicated than a 
rectangle; deviation from 
right angle may be described 
by skewness s as indicated in 
Fig. 6.2, Other dimensional 

s w 

h 

w 

Fig. 6.2 A shear wall. 

deviations like crooked edges, uneven surfaces non parallel edges 
etc., may be also taken into account [1], if appropriate data 
obtained by measurements and practical experiences are available. 

6.2 Theoretica! model 

Classification of dimensions 

Constituent dimensions: e,, e 1 , e" e',, e' 1, e'n h 1, h,, d 1, 

d,, d' 1, d'" w1, w" w' 1, w',, all assumed to be mutually indepen
dent. 

Resultant dimensions: c,, c1 , c" b. 

Auxiliary quantities denoting inclination of floor com
ponents related t6 the horizontal level: 
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Basic equations 

a , -r -

6 Shear wall s 

(e, - er)/dr, 

(e',- e'r)/d'u 

The following basic equations can be derived from Fig. 6.1. 

c, = e ' 1 - e, - hruJ, 
c1 = c, + (a1 - a' 1)w1, 
Cr = C1 - (ar + a 'r)Wu 

b = arhr - GJhJ. 

Equations for characteristics of resultant dimensions 

As already indicated in Section 6.1, some simplifying 
assumptions concerning accuracy characteristics of constituent 
dimensions are accepted in the following analysis. First the 
reference values of similar constituent dimensions are assumed 
to be equal: 

dra= d/8 = d'1e = d're =de, 

WJB = WrB = w'/8 = w're =we. 

Systematic deviations of all these dimensions are supposed 
to be zero. Furthermore the limit deviations of some comparable 
dimensions differing by the subscripts only are the same: 

oe, = oe1 = oer = oe, 

oe',= oe'/= oe'r =oe', 

Then it follows that 

oa, r = oa, 1 = oa , . 

Accuracy characteristics of auxiliary quantities 

In view of the above assumptions all 
tities have zero systematic deviations 
deviation: 

the auxiliary quan
and the same 1 i mi t 
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61a = 262e/d8 , 

62 a ' = 2 62 e '/ d 8, 

6 Shear wall s 

where effect of limit deviation 6d is neglected as the ratio 
6d/d8 is very small and therefore the reference value d 8 is used 
only. 

Accuracy characteristics of resultant dimensions 

Systematic deviations of resultant dimensions follow from 
the above assumptions and general principles described in 
Sections 2.2 and 2.3 as: 

6c,c = 6c1c = 6c,c = 6e ' 1 c - 6e1 c, 

6bc = 6achB - 6ach,= 0. 

The limit deviations of resultant dimensions follow from the 
above assumptions and again from general principles described in 
Sections 2.2 and 2.3: 

61c 1 = 62 e ' 1 + ó1e 1 + ó 1h, 

62c 1 = ó 2c, = ó 2c 1 + (6 2a + 6 2a ') w;, = 
= ó2c 1 + 2 (ó2e + ó 2e ') 1 / 2 w 8 d 8• 

ó2b = 2ó2a h9 = 4ó2e 2 2 h 81d a. 

In the last two equations effects of limit deviations 6w and óh 
are neglected as the ratios 6w/w8 and óh/ha are insignificant. 

6.3 Analysis 

Accuracy charac ter is tics of constituent di mens i ons are g i ven 
in Table 6.1. As before two sets of input data are considered. 
Systematic and limit deviations of the elevations e 1, e 0, e, and 
e ' 1 , e 'o, e 'r are taken from previous Table 3.2 for the last 
possible storey, i.e. for dimensions e1 and e;. As indicated 
above f or the di mens i ons d,, d 1and w1, w, onl y the ref erenee 
values da and w8 are needed. Possible skewness of shear walls s 
(see Fig. 6.2) and other shape inaccuracies of the shear walls 
are not at present explicitly taken into account, their effects 
could be, however, very approximately considered by enhancement 
of limit deviations for the fundamental walls dimensions wand 
h, which has not be done. In case of necessity, more accurate 
analysis should be performed in view of new data additionally. 
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6 Shear wall s 

Table 6.1 Accuracy characteristics of constituent dimensions. 

Dimensions Accuracy 
lower higher 

el • eo' e,' 8.0 :t 4.7 4.0 :t 2.2 

e , /_• e , a_, e'e_ 10.0 :t 5.1 5.0 :t 2.5 

hl' h, he :t 2.0 he :t 1.0 

d" dl' d',. d' I de is needed only 

w,' WJ' WJ' w, we is needed only 

Accuracy characteristics of resultant dimension c,, c 1, c, 
and b, derived from the above input data using general relation
ships described in Sections 2.2 and 2.3, are given in Table 6.2. 
The following ratios of reference values are considered: 

he/de= 3.6/4.2 = 0.86, 

we/de= 1.2/4.2 = 0.29. 

Table 6.2 Accuracy characteristics of resultant dimensions. 

Accuracy 
Dimensions 

lower higher 

c, 2.0 :t 7.2 1.0 :t 3.5 

CJ .• c, 2.0 :t 8.3 1.0 :t 3.8 

b 0.0 :t 8. 1 0.0 :t 3.8 

The resulting accuracy characteristics given in table 6.2 
indicate some important risks of misfit. First the systematic 
deviations of the dimensions c,, c 1, c,, which follow from 
systematic deviations of storey height analyzed in Section 3, 
confirm that either the vertical bearing components should be 
shortened or the shear walls should be by the same magnitude 
enlarged. The first solution is certainly preferabie in view of 
fitting other parts of the structure. 

Probably more alarming outcome concerns limit deviations of 
all resultant dimensions, which are of the order of 4 mm in case 
of higher accuracy of production and of the order of 8 mm in case 
of lower accuracy of production. These value clearly indicate 
that there is a considerable risk of misfit of shear walls edges 
of adjacent components as wel! as shear walls edges and dimples 
of surrounding vertical and horizontal components. Furthermore, 
there may be also serious problems in fitting the holes in the 
walls edges of different components and dimples. 
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6 Shear wall s 

In view of obtained results it seems to be purposeful to 
redesign the shear walls. One of the possible solutions, which 
would entirely avoid misfit problems, consistsin splitting shear 
walls in two different parts, which would bedelivered separately 
and interconnected by suitable joint technique in situ. According 
to that solution the first type of parts (large ones) consists 
of flat plates with one (the longer vertical one) circumferential 
bent edge. The second type of parts (smaller horizontal ones) are 
interconnecting segments with central strips fitting the dimples. 
Both parts could be connected in situ by overlapping strips and 
spot welding in accordance to the actual shape of surrounding 
dimples. Demountability of shear walls could be stillsecured by 
eventual exchange (if necessary) of smaller (horizontal) 
interconnecting parts. 

As in previous cases, it should be noted that the input data 
may notfit well the actual accuracy of production and it is 
highly recommended, especially in this case of very sensitive 
shear wall problem, to support the analysis by relevant measure
ments and/or newly becoming practical experience. 

6.4 Conclusions and recommendations 

The following conclusions and recommendations can be drawn 
from the obtained results. 

A - Due to various dimensional deviations there is con
siderable risk of mutual misfit of the adjacent shear 
walls and surrounding bearing structure including 
possible misfit of holes in the circumferential edges 
of walls and holes in the dimples of vertical and 
horizontal components. 

B - The vertical bearing components should be shortened by 
1 or 2 mm (in accordance w i th the ac tual accuracy of 
production) in order to vanish systematic deviations 
in vertical direction. 

C- Deviations from correct locations of critica! points 
could be expected within limit deviations Î 4 and Î 8 
mm according to actual accuracy of production. 

D - To avoid entirely misfit problems of shear walls it is 
recommended to divide each shear wall into two types 
of different parts, which would be delivered separa
tely and interconnected in situ in accordance with 
actual shape of surrounding dimples. 

E - It is highly recommended to verify all accuracy 
characteristics of constituent dimensions using 
measurements data and possibly adjust recommended 
splitting of shear walls into separate parts in acear
dance with practical experiences. 
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7 Conclusions 

7 CONCLUSIONS 

Practical conclusions and recommendations concerning 
individual representative assemblies of the industrial building 
system in detail are effered at the end of above Sectiens of that 
report. General conclusions and recommendations, which may be 
drawn from the submitted study as a whole, and which include also 
proposal for measurements and further investigation of 
dimensional accuracy of the system, are concentrated into the 
following points. 

A - Both induced deviations as wel! as deterministic and 
random components of time dependent deformations 
should be taken into account when analyzing 
dimensional deviations of the industrial building 
system. 

B - Analysis of any structural assembly of the industrial 
building system is purposeful to divide into the 
following four parts: 

Representative assembly. 
Theoretica! model. 
Analysis. 
Conclusions and recommendations. 

C - Representative assemblies and theoretica! roodels must 
be sens i ti vely related to actual construction 
procedures and technological possibilities of erection 
and rectification of prefabricated components. Revised 
analysis should be executed whenever new experiences 
and relevant input data are available. 

D - Construction details should be designed in such a way 
as to avoid possible difficulties at assemble as wel! 
as at service stage of a structure. In case of shear 
walls, it is recommended to use overlapping rather 
than face contact joints whenever possible. 

E - A special attention should be payed to design and 
verification of actual accuracy of several contact 
joints of zero intended thickness, for which some 
positive systematic as wel! as limit deviations are 
foreseen in the above analyses. 

F - So called positional redundant erection is generally 
recommended to apply when assembling wal! and floer 
components and when erecting horizontal components on 
hearing vertical components. Erected components or 
parts should be always placed symmetrically with 
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7 Conclusions 

respect to remaining structure or partsof components. 
Actual accuracy characteristics of that procedure 
should be however verified by practical achievements. 

G - Measurements of actual components and their parts are 
urgently needed. The following items seems to be the 
most important: 

control measurements of setting out point in 
horizontal as wel! as vertical direction, 
length of wal! and floer components, 
dimensions characterising assembly of side and 
main parts of wall and floer components including 
locations of critica! holes in dimples, 
both dimensions of shear walls, including their 
skewness or deviations from right angle, 
control measurements of assembied structures and 
their parts and joints in vertical as wel! as in 
horizontal directions, including construction 
heights, spans, verticalities and joints of hat 
profiles with floer components. 

H - It is proposed to establish a research project 
systematically evaluating control measurements of 
actual induced deviations (manufacturing of 
components, setting out and erection) as well as to 
expected structural deformations (due to leads at 
various construction and service stages). Results of 
this project supplemented by practical experiences 
will best indicate demands for further analysis 
including modification of applied theoretica! roodels 
and investigation of new assemblies including 
structural details and joints. 
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