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Forskning om byggnadsproduktion vid Statens
institut for byggnadsforskning

Sirtryck ur tidskriften Byggnadsindustrin 9:1965

Rapport fran Byggforskningen, Stockholm



till den mark dar de uppférs. Marken
dar en integrerande del av produkten,
som man maéste ta speciell hdnsyn till
vid projekteringen och uppforandet av
varje byggnad. Vidare dr varje byggnad
en del av ett samhille och ddrigenom
beroende av dettas speciella krav. Funk-
tionskraven dr ménga och varierar &t-
skilligt fran fall till fall. Byggnaden #r
skrymmande, det &r omdjligt att trans-
portera en i fabrik helt fardigtillverkad
byggnad till byggplats. Den linga sam-
manlagda produktionstiden frdn stads-
plan till inflyttning stdller sirskilda kray
pa langtidsplanering av byggnadsproduk-
tionen. Slutligen méste den projekteras
med tanke pa att den skall fungera un-
der en extremt 14ng period.

Offentlig produktionsforskning . ..
Nédmnda faktorer har hindrat den en-
skilda  produktionsforskningen inom
byggbranschen. De har i gengild moti-
verat en offentlig produktionsforskning,
som kan ta upp problem som enskilda
foretag icke har resurser till och ej hel-
ler anledning att gd i brdschen for, da
kostnaderna bor slas ut pa flera. For-
héllandena inom byggbranschen motive-
rar dock att bidgge slagen av forskning
finns och att de kompletterar varandra.
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Den offentliga produktionsforskningen
finansieras i huvudsak med medel fran
byggforskningsfonden och bedrivs av
bl. a. hogskolor och universitet, olika
branschorganisationer, enskilda forskare
eller forskningsgrupper samt av Statens
institut for byggnadsforskning.

... inom institutet for byggnads-
forskning

Sedan byggforskningsfonden tillkom
for drygt 10 ar sedan har den offentliga
produktionsforskningen i huvudsak be-
drivits inom statens eget byggforsknings-
organ. Fore den 1 juli 1960 skedde det-
ta i form av egen-regi-forskning inom
divarande Statens ndmnd for byggnads-
forskning. Efter detta datum har som
bekant for denna egen-regi-verksamhet
bildats ett sdrskilt organ, Statens institut
for byggnadsforskning, som till skillnad
fran den tidigare nimnden ar avlastad
forvaltningen av byggforskningsfonden
och fordelningen av dess medel. Denna
verksamhet omhénderhas av Statens rad
for byggnadsforskning.

Planerna for den kommande produk-
tionsforskningen inom institutet ldggs
normalt upp for flera &r men omprovas
varje 4r. Genom en sidan rullande pla-
nering blir programmen med téta inter-

Byggnadsdelens utformning péverkar
metoden for dess transport till byggplat-
sen och dess montering pa byggplatsen.
(Montering av latt vaggelement av tra
fran AB Elementhus, Mockfjard, rums-
stort véggelement av betong enligt Skar-
nes tunga metod och volymselement till
Harry Karlssons Lunna-villa.)

valler underkastade den granskning som
behdys for att forskningen skall vara
anpassad till aktuella behov. Under va-
ren 1965 har arbetet lagts upp for de
niarmaste tre aren, fram till sommaren
1968.

Som radgivande sakkunniggrupp for
produktionsforskningen inom institutet
fungerar persomer frdn den praktiska
byggverksamheten. Den bestar for nar-
varande av direktor Sture Nystrém
(ordf.) i Malmoé Kommunala Bostads
AB, byggmistare Olaus Forsberg i
Ume3, civilingenjor Bengt Landby, chef
for Vestra Sveriges Beton AB i Gote-
borg, civilingenjor Gunnar Ryhre i
Svenska byggnadsentreprendrforeningen
och 2:e forbundsordf. Erik Strandberg i
Svenska byggnadsarbetarforbundet.

Vid programgenomgéingar studeras vil-
ken byggnadsforskning inom produk-
tionsomradet som bedrivs av andra
forskningsorgan och pd vad sitt forsk-
ning inom institutet kan inriktas si, att
visentliga luckor fylls. Av betydelse vid
en sidan provning dr kunskap om be-
fintliga problem inom dagens byggnads-
produktion. Programarbetet maéste vi-
dare ta hinsyn till vilka forskningsre-
surser som finns inom institutet, bade



kvalitativt och kvantitativt. Forskare
som kommit att specialisera sig inom
ett fackomride méste ges mojligheter
att fortsitta inom sitt gebit, om didrvid
virdefulla resultat bedoms kunna erhal-
Jas. Uppgifterna inom produktionsom-
ridet méiste slutligen véljas och formu-
leras med hénsyn till den byggnadsforsk-
ning som bedrivs inom andra fack och
i forsta hand di inom institutets andra
fackomriden. Mojligheterna att inom in-
stitutet vélja gemensamma forsknings-
uppgifter for flera forskningsgrupper
maste tillvaratas.

For institutets samtliga forsknings-
grupper giller att institutets ndra sam-
band med statliga organ bor utnyttjas.
Det ger speciell anledning att behandla
myndigheternas roll for en rationell
byggnadsproduktion och det ger speciel-
la mojligheter till studier av det offent-
liga byggandet. Genom att ta hdnsyn
till detta kan ocksi en viss Atskillnad
astadkommas med andra produktions-
forskningsorgan. Trots att det dr fréga
om offentlig forskning dr det ndmligen
naturligt att t.ex. byggforetagens
branschorgan i forsta hand griper tag
i uppgifter som ter sig mest angeligna
ur byggforetagens synvinkel. Men ge-
nom insyn i varandras arbeten kan
de olika organen komplettera varand-
ra pa ett sitt som gynnar helheten.
Institutets karaktdr av fast forsknings-
organisation motiverar vidare att mer
ldngsiktiga uppgifter tas upp. Det 3-irs-
program som hdr redovisas tar upp dm-
nesomrdden inom vilka olika forsk-
ningsuppgifter underhand i detalj far
fixeras.

Byggdel och byggmetod

De resurser som man behdver for
framstillning av en byggnad sitts in pi
byggdmnesfabriker, pd transportvigar
och pi byggplatser. Hittillsvarande of-
fentlig byggnadsforskning har i allt for
liten grad Zgnat sig 4t byggamnesindu-
strins produktionsproblem. Det finns
stor anledning att #ndra pi detta for-
hillande darfor att byggdelens utform-
ning i s& hog grad konstituerar bade
transportmetod och byggmetod. Men
sarskilt i en tid di utvecklingen styrs
mot en Okad anvidndning av mer fortill-
verkade enheter finns anledning att
agna sdrskilt stort intresse Aat bygg-
amnesindustrin. I utvecklingen av nya
bygegdelar méaste namligen hidnsyn tas
bade till mojligheterna av rationell fram-
stillning pa fabrik och rationell sam-
mansittning pi4 byggplats. Forskningen
kan medverka till att kraven frin dessa
bigge forddlingsstationer blir systema-
tiskt stdllda mot varandra.

I en inledande studie behandlas be-
tongelement till husstommar. For olika
produkter fran den befintliga betongva-
ruindustrin beskrivs och analyseras oli-
ka produktionstekniska egenskaper pa
ett enhetligt sitt. Det giller data be-
triffande konstruktionsprincip, material-
sammansittning, mitt (dven upplagsmatt
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Byggmaterial till norrlandsbyggen hémtas i stor utstrackning frén fabriker
i sodra och mellersta Sverige trots att leverantérer med erforderlig kapacitet
finns i Norrland. Det galler bl. a. fénstersnickerier. (Leveransvégar for féns-

Fran tillverkare i ovriga
delar av landet
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och toleranser), anslutningsdetaljer, fo-
gar, standardiseringsgrad, fortillverk-
ningsgrad, transportsdtt (dven lagring
och emballage), byggmetod, &tgng av
arbetskraft och mekaniska hjidlpmedel
p3d byggplats och upphandlingsform
(iven projekteringsmetodik). Dessa data
bedoms kunna anvédndas dels i aktuell
projektering, dels som underlag for ut-
veckling av nya byggdelar.

I anslutning till denna inventering
kartliggs betongvaruindustrins struktur,
foretagens kapacitet och deras utveck-
lingsmajligheter, deras sortimentsbredd,
deras intresse for variantbegransning in-
om ramen for allmén standard, deras
synpunkter p4 hur de bist kan medver-
ka i byggandets rationalisering. Att stom-
byggnadselementen i forsta hand tagits
upp sammanhdnger med att stommen
hittills i allm#inhet haft mycket 13g for-
tillverkningsgrad fran fabrik. En utveck-
ling av stombyggtekniken kan dven i
hog grad medverka till att de omfattan-
de kompletteringsarbetena nedbringas.

Motsvarande oOversikter planeras for
andra grenar av byggimnesindustrin, i
forsta hand hos dem som tillverkar 1att-
betong, tegel samt trd- och metallvaror.
Men sedan planeras dven plastindustrins
mojligheter att studeras liksom #dven de
som tillverkar installationsblock.

Externa transporter

"Den 6kade industrialiseringen av byg-
gandet forutsitter inte bara en hogre
foradlingsgrad hos byggimnesindustrins
produkter. Den innefattar ocksd ldngre
produktionsserier med upprepning av
vissa givna tillverkningsmoment. Detta
medfor sannolikt en forskjutning inom
byggimnesindustrin mot ett mindre an-
tal storre produktionsenheter. Trots lo-
kalisering till stdrre konsumtionsomré-
den medfor denna koncentration av pro-
duktionen sannolikt att avstdnden for
dess externa transporter — d.v.s. frén
fabrik till byggplats — blir lingre &n
nu. For detta talar dven att en produkt
med hogre foradlingsgrad — med mer
inbyggda vdrden — ”tal” ldngre trans-
porter én en rdare produkt.

I en inledande studie har institutet ta-
git upp byggmaterialfdrsériningen i va-
ra nordligasté ldn. Problemen 4r i norr-
landslinen accentuerade genom att kon-
sumtionsorterna dir dr relativt sma och
beldgna lingt ifrdn varandra och ifran
de orter dir byggmaterial tillverkas.
Detta stiller bl. a. stora krav pi lager-
hillning av byggmaterial. Det paverkar
ocksd valet av byggmetod genom att
anvindningen av lokalt knutna ravaror
kan motiveras, trots att de krdver om-
fattande bearbetning pa byggplatsen.
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T forskningens informations-
NORMALELEMENT blad 1962 :69, kompletterad
med aktuella punktvarden
NORMAL for tvd monteringssystem:
FOGANDEL Ohlssons & Skarnes be-
i byggelse i Bollmora, (mar-
)l kerad med X), resp. Gote-
MAX. ELEMENT borgsbostéders stjarnhus i
! Goteborg.
TILLVERKNINGS- Samtliga arbeten pa bygg-
TOLERANS platsen ar medtagna, fér
. monteringsbyggen  dess-
MIN. ELEMENT utom arbetena vid statio-
- nara fabriker for stora ele-
MINIMAL ment och transporterna av
I FOGANDEL dessa till byggplats)
-
MAX. ELEMENT ]
Il
MONTERENGS"i [
TORERANS ; Elementbygge kraver matt-
samordning och kunskap
MIN. ELEMENT om modulomrade och tole-
ranser.  (Principfigur ur
MAXIMAL Byggforskningens informa-
FOGANDEL tionsblad 1964 :12.)

Fortillverkning i sarskilda fabriker kan
i dessa omrdden i vissa fall betyda en
omvidg, framfor allt for de tunga va-
rorna.

Den inledande studien har hittills vi-
sat att norrlandsbyggena i stor utstrick-
ning dock 4r projekterade utan tanke pa
dessa transportproblem. I valet mellan
olika material har man i projekteringen
ménga ginger — av slentrian? — valt
sidana som mdste transporteras frin
sodra Sverige. Med en annan utformning,
av lika hog byggteknisk kvalitet, hade
man kunnat anvidnda material tillverka-
de i Norrland. I andra fall, didr projek-
teringen mdjliggjort anvindning av norr-
landsmaterial, har man #nd3 bestillt ma-
terial soderifran.

Fortsatta studier inom detta #Amnes-
omréde bor for olika byggmaterial och
byggdelar soka belysa transportkostna-
dernas betydelse. De bor dven soka fa
fram konsekvenserna av utvecklingen
mot storre och glesare beldgna produk-
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tionsstidllen. En jaimférande analys av
olika transportmetoder bor ingh, dar
dven olika typer av emballage behand-
las.

Arbetskraftdtgang pa byggplatser
Det foreligger ett samlat intresse att
f4 fram Oversiktliga uppgifter om arbets-
kraftitgidngen, varigenom t.ex. olika
byggmetoder 1 stort kan jamforas och
dédr utvecklingstrenderna kan registreras.
PA sidana mitningar dr noggrannhets-
kraven mindre dn i arbetsstudier for att
fa fram kapacitetsdata som underlag for
planering, prissattning och metodutveck-
ling. I gengild stills storre krav pa re-
presentativitet. Viktigt i dessa studier ar
att klarldgga hur olika byggmetoder skall
kunna karakteriseras och grupperas.
Man kan inte arbeta med hela hus utan
ar tvungen att klassa olika metoder for
en byggnads huvuddelar var for sig,
t. ex. olika grundldggningsmetoder, olika
stombyggmetoder. Samtliga arbetarkate-

gorier pa byggplatsen bor behandlas, ba-
de byggarbetskraft och installatorer av
olika slag. SAidana mitningar av arbets-
kraftitgdng knyter vdl an till liknande
uppgifter i institutets tidigare verksam-
het.

Mekaniska och andra hjadlpmedel
pa byggplatser

Viktigt #r emellertid att arbetskraft-
atgangen pa byggplatsen icke behandlas
isolerat. Samtidigt — och pa samma ob-
jekt! — bor insatsen av olika mekaniska
och andra hjilpmedel mitas eftersom
dessa bigge resurstyper i viss utstrick-
ning kan ersdtta varandra. De resone-
mang som fordes betriffande arbets-
kraftatgingen ifriga om detaljeringsgra-
den pA uppgifterna giller ocksa insatsen
av hjdlpmedel.

En inledande studie dér bide arbets-
kraftatging och insats av mekaniska och
andra hjilpmedel p& byggplats mits pa-
gir for ndrvarande inom institutet. Den
utfors pa ett representativt urval smd-
hus.

Utdver rena mitningar av Aatgingen
pa olika hjilpmedel vid olika byggme-
toder bor olika specialstudier rorande
enskilda sidana tas upp. Sedan linge
har institutet haft formbyggnadsfrigor
pa4 programmet. Eftersom formar dven
i det nuvarande byggandet har stor vo-
lym, 'planeras fortsatta studier av dess
teknik och ekonomi. Studiernas omfatt-
ning motiverar att de bildar ett sdrskilt
forskningsomrade, inom vilket olika del-
uppgifter formuleras (behandlas lingre
fram under rubriken "Formteknik och
formekonomi”).

En Kkartliggning av olika krantypers
utveckling har paborjats och flera un-
dersokningar inom hiss- och kranomra-
det plafieras. Dessutom bor stéllningsbyg-
gandet bli foremal for speciella utred-
ningar, trots att dess omfattning har
minskat under senare &r.

Méttnoggrannhet vid husstommar

Av fundamental betydelse vid Gver
gang till byggmetoder dir fabrikstill
verkade element i allt storre utstrick:
ning kommer till anvéindning 4r matt
noggrannheten och kunskap om toleran:
serna. Det giller dels de enskilda ele-
mentens maitt, dels liget och utrymmet
for dessa i byggnadens plan och hdjd,
vilka i forvig noggrant maste kunna
fixeras. Inplaceringen fir icke &stad:
kommas genom bilningar pa byggplat-
sen. Vid dagens byggmetoder dr matt-
noggrannheten mycket varierande och j
ménga fall helt otillfredsstdllande for ett
okat .elementbyggande. Till stor del
upptrider avvikelserna vid utsdttningen
p4 byggplatsen av byggnaden och dess
delar, vilket bl.a. beror pa att utsitt-
ningsmetoderna och utsdttningshjilp-
medlen ej dr fullgoda.

Inom den tidigare namnden for bygg-
nadsforskning gjordes utredningar inom
detta dmnesomrade, och institutet har i
samarbete med Byggstandardiseringen pa
nytt tagit upp hithérande fragor. Olika
utsittningsmetoder inom och utom lan-



det analyseras med avsecende pi den
mitnoggrannhet de ger. Sarskild upp-
mirksamhet dgnas de metoder som ger
den storsta noggrannheten. Hittills har
bl. a. studerats de mojligheter utsittning
med dels optiskt lod, dels stdlmattband
har. Langre fram skall dven toleranser-
na pa elementen studeras. Utrednings-
arbetet avses kunna ge underlag for be-
stimning av sddana toleranser for hus-
stocmmar som kan bindas i kontrakt.

Formteknik och formekonomi

Trots den forvantade utvecklingen
mot anviandning av mer fortillverkade
delar dven i stommen kommer Annu un-
der méanga &r betong i stor utstrickning
att gjutas pa byggplatserna. Sannolikt ar
att stombyggmetoderna med platsgjuten
betong kommer att liksom hittills kraf-
tigt kunna konkurrera med de metoder
diar element anvidnds. Eftersom form-
byggnaderna dr en mycket stor kost-
nadspost vid metoderna med platsgjuten
betong bor de allt framgent bli foremal
for fortsatta tekniska och ekonomiska
utredningar.

Tidigare utférda utredningar inom in-
stitutet har i huvudsak varit inriktade
pa tekniska problem. I fortséttningen
laggs tonvikten vid de ekonomiska fra-
gorna. Dessa formekonomiska utred-
ningar syftar till kostnadsjimforelser
mellan olika formtyper och detaljutfo-
randen tilldimpade pA olika slags betong-
byggnadsobjekt.

Dessa formekonomiska problem kan
angripas frin olika utgingspunkter och
dven delas upp i en rad detaljproblem.
Ett forsta steg dr att soka faststdlla vilka
kostnader som bor ingd i jamforelsen.
Direkta formkostnader hor odiskutabelt
hit, sisom materielkostnader och arbets-
16ner for formsittning, rivning, rensning
och transport av formmateriel. Av in-
tresse vid en ekonomisk bedomning av
olika formtyper och detaljlosningar som
kan anviandas for samma gjutning, &ar
utover direkta formkostnader #dven av
formkvaliteten beroende kostnader for
efterarbeten, som belastar kostnadsbiéra-
ren, den firdiga betongkonstruktionen.
Diar krav stélls pA betongytors planhet
och ldgen i forhillande till ritningsangi-
velser och med hénsyn till planerad in-
passning av stomkompletteringsmaterial
kan illa dimensionerade och illa byggda
formar medfora avsevarda tillaggskost-
nader for efterarbeten som bilning, lag-
ning och utfyllnad av betongytor eller
andringar pi prefabricerad stomkomplet-
tering.

De formekonomiska utredningarna
forutsitter byggplatsstudier och samarbe-
te med entreprendrer for att fi fram er-
forderligt  kostnadsunderlag. Sidana
kostnadselement ir t. ex. dagtid, icke ac-
kordsatta arbeten, aktuella materialpri-
ser for formmateriel, materialspill, eko-
nomisk och verklig livslingd hos form-
materiel, kostnader for efterarbeten vid
olika formtyper.

Kostnadssynteser utarbetas med an-
viandning av de dimensioneringsrekom-

Formbyggnads-
tekniken har pa
senare ar andrat
karaktar genom att
gjuthastigheten
kraftigt har okat
och genom
strangare krav pa
ytplanhet, mattnog-
grannhet och upp-
repad anvandning.
(Foto fran plats-
gjutning mot
formelement.)
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mendationer som tidigare utarbetats.
Stomutformningens inverkan pa form-
kostnaderna analyseras. MGdjligheterna
att f3 fram stomplaner som medger sto-
ra antal upprepningar vid formsittning
undersdks. Formkostnaden berdknas
dir som funktion av antalet anvdnd-
ningsganger med samma formenheter.
Ekonomiska grinser soks for olika
formsystem som funktion av antalet an-
viandningsganger. Dessutom uppmits den
manuella arbetsinsatsen vid olika form-
system.

Vinterbyggen, metoder och ekonomi

Metoderna att klara av vinterns an-
grepp vid byggandet av flerfamiljshus
har i flera Ar studerats och merkostna-
derna har beriknats. Institutet har ock-
sa engagerat sig i en omfattande upp-
lysningsverksamhet i dessa frigor, bade
for svenska och utlindska byggfackmin.
I och med att nya byggmaterial och
byggdelar anvinds och byggmetoderna
bl.a. pA grund dirav #dndrar karaktar

ir det emellertid sannolikt att dven
skyddsatgiarderna vintertid blir andra.
En ny representativ inventering av dessa,
i stil med dem som gjordes vintrarna
1954/55 och 1961/62, planeras darfor.
I denna 4r meningen att dven ta med
smahus.

1 anslutning till denna inventering pla-
neras ocksi en Oversyn av merkostnads-
diagrammen for flerfamiljshus och ut-
arbetande av nya sddana for sm&hus.
For dessa studier har Bostadsstyrelsen
uttalat sitt stora intresse och utlovat sin
medverkan.

Byggprocess och byggmetod

Alla ‘- de hittills beskrivna planerade
utredningarna inom institutet har gillt
sambandet mellan produktutformning
och insatsen av resurser av olika typ
och mingd. En viktig del av produk-
tionsforskningen utgdr dven studier av
processtyp, d.v.s. studier dar tidssam-
manhanget mellan olika insatser analy-
seras.
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Tidsférloppet under planeringens och byggandets olika faser varierar kraftigt for
olika byggen. Manaderna innan byggstart &r sarskilt komprimerade fér bdde myn-
digheter, byggherrar, projektérer, entreprensrer och materialleverantorer. (Oversikts-
diagram ur Byggforskningens informationsblad 1964 :21.)

Institutets process-studier behandlar
den samlade processen — fran general-
plan till inflyttning — och dir ingélr
ocksd de kontrollfunktioner som utdvas
av olika medverkande i processen. De
utférs inom bAde samhaillsplanerings-
och produktionsgrupperna, som bida ut-
fort inledande studier inom #mnesom-
radet.

Samordningsfrigorna kommer i fort-
sittningen att speciellt uppmarksammas.
Studierna skall bl. a. kartligga ansvars-
fordelningen i den linga beslutskedja,
som fran idé via projekt leder fram till
fardigt objekt. Organisationsfrigor kom-
mer starkt in i dessa studier. Forutsatt-
ningarna for och konsekvenserna av olika
storlekar p4 produktionsenheterna be-
handlas, varvid ocksd frigor rorande
foretagsstrukturen och andra strukturel-
la fragor tas upp. I en pégéende for-
studie behandlas hur olika byggmeto-
der inverkar pi sambandet mellan pro-
gram, projektering, upphandling och ut-
forande for olika delar av byggnaden. m
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Research into building production

at the Swedish National Building Research Institute

by Goran Hellsten

Research into building production should aim towards the opiimum
employment of the total resources required for the completion of a
building. The resources required for this are devloyed in building
materials factories, where raw materials are converted in various

- e = e e e = e e -

stages to building components; in transportation, whereby the compo-

nents are moved from factories to building sites; ard °n building

sites, where the components are assembled to form buildings. The direct

aids of various kinds.

These direct resources cannot be effective, however, unless their

employment is prepared for and planned. This calls for resources of

-

rials factories, with haulage firms, contractors, clients and authori-
ties, They comprise administrators, supervisors, project planners,
costing accountants, production planners, inspectors, etc.. etc,

Other resources required include capital investmeht.

- . -

The various types of resources involved are highly interdependent. It
is therefore impossible to deal with them in isolation; research must

be concerned with the total effect of the resourceS as a whole. Through
studies of building labour it is possible to evolve components and con-
struction methods which require the minimum of resources on the site,
But in the individual case this will give no overall advantage if tho
manufacture of the components requires an extra investment of resources
at the factory which exceeds the saving on the site, By empioying more
machines or other types of machine on a site it may be possible to re-
duce the need for building labour, but the overall result in the indivi-
dual case is negative if the extra investment in machines exceeds the
saving in labour. queverg it may be that other factors justify changes

of this nature despite the lack of economic justification in the indivi-
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dual case., They may result in a favourable cost trend in the long
run, or contribute towards an increase in the total production volume,
or eliminate seasonal unemployment, or help maintain more regular

quality, and so forth.

Product design cffects rosource usage

Production studies are -concerned with the product, its design and the

—— -

demands it makes on resources in its various stages of manufacture,
employment. Studies aim-at the evolution of buildings and components
which in their various stages of manufacture are adapted to efficient
production: suitable for repetitive machine manufacture, suitable for
long-distance carriage, and capable of assembly by repetitive proces-
ses., This in turn calls for great flexibility in application, as a

necessary basis for large-scale production,

The building process - a complex web

Process studies start out from existing type® of components and resources
to evolve an efficient process, to integrate smoothly the various work
phases and planning decisions, S0 that the invested resources are rot
dissipated through ﬁaiting times, poor utilisation or unnecessary dupli-
cation. An efficieﬁt process implies 2 use and timing of work stages
such that the benefifs of répetition are enjoyed, ise, that the initial
costs are spread over as'daﬁj units as possible, This applies at all
stages of production, including both component factories and the buil-
ding site. An efficient process also implies that the inspection znd
control functions exercised by the various participants are arranged

so as to avoid distuTbing the rhythm of the process. In the building
industry, this applies not least to official inspections, but also to
the inspection and control exercised by customers at the various stages

over their supplier or contractor.

Independent production research

Part of the research done with the above aims is carried out within

companies as & necessary part of their efforts to improve their

concentrated within this department of research. Building component

manufacturers work towards new, better and therefore more competitive
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products, while contractors seek new,better and therefore more compe-
titive construction methods. During the last decade several con-
tractors have also taken an interest in certain types of component
manufacture and have evolved closed building systems, comprising the
design of both the component parts and the final product, the building.
Examples arc. found in the systems evolved by AB Skdnska Cementgjuteriet
(Allbetong, Hjartat, Corpus), Ohlsson & Skarne AB, AB Ernst Sundh,

AB GOteborgsbostdder and AB Elementhus of Mockfjﬁrd.

Taken as a whole; development work within contractor firms has been of
less scope than within the building materials industry and other in-
dustries. This has to do with the special structure of the building
trade and its distinctive commercial practice. Income is distributed
between many hands and no one stage in production reaches é sufficient
volume to serve as a basis for large-scale research comprising the
trade as a whole. The responsibility for the construction of a buil-
ding is divided between so meny people. Furthermore, most of those
receiving the resultant income are not close enough to the final pro-
duct, the building, to have either interest or opportunity to increase
their profit through investment in development work concerning the

building as a whole.

There are several reasons for these differences between the building
trade and other industries. Among them is the fact that, unlike the
products of other industries, the products of the building industry
- buildings - are governed by the grouna on which they are erected,
The ground is an integral part of the product which requires special

regard in the planning and erection of each building.

Furthermore, each building is a part of a coumunity and thereby subject
to the special rcquirements of the latter. The functional requirements
are many and vary considerably from case to case. _A building is a
bulky object - it is impossible to freight a completed factory-made
building to the site in one piece. The great duration of the total
production time, from development plan to occupation, places special
demands as regards the long-term planning of building production.
Finally, a buiiding must be designed bearing in mind that it will be

used for a very long period.



Public production research ...

The above-mentioned factors have hindered independent production
research in the building trade. They have on the other hand motivated
public production research, able to handle problems which private . firms
Neither have resources to deal with nor cause to take up alone, since
the costs ought to be spread between several of them. However, cir-
cumstances in the industry call for both kinds of research, which should

be complementary.,

Public production research is financed mainly through the Building
Research Fund and is carried out by universities and institutes of
technology, various trade organizations, independent researchers and
research groups,.the National Institute for Building Research, and

others.,

.. a3t the Institute for Building Research

— e -

Since the foundation of the Building Research Fund, more than 10 &ears
ago, public production research has been carried out mainly by the
Government's own building research agency. Prior to July 1 1960 it

took the form of internal research under the aegis of the then National
Committee for Building Research. Since that date there has, of course,
existed a special agency for this intermal activity, namely the National
Institute for Building Research, which unlike its predecessor is red
lieved of the administration of the Building Research Fund and the
allocation of its resources. These duties are discharged by the vaern-

ment Advisory Committee on Building Research,

Plans for future production research within the Institute &are usually
prepared for several years in advance but are reviewed every year,
Continuous plamning of this type means that the programme is frequently
subjected to the scrutiny required to ensure that research is adapted
to curfent needS.. During the Spring of 1965 work will be mapped out

for the next three years, up to Summer 1968..

Persons engageéd in practical building activity form an expert group

which advises on production rescarch at the Institute. At present the
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building contractor; Ilr Bengi Landby, managing director of Vestra
Sveriges Beton AB, Gothenburg; Mr Gunnar Ryhre cf the Swedish Associa-
tion of Building Contractors; and Mr Erik Strandberg of the Swedish

Building ¥orker's Union.

In conjunction with the annual review a study is made of building
research in the pruduction sector being carried on by other research
agencies and of ways in wonich the research at the Institute might be
directed so that important gaps are fillzsd. For such a2 review it is
important to hove a knowledge of the existing problems in the con-
temporary building industry. Programming work must also take account
of the research resources - in both qualitative and quantitative

terms - available within the Institute. Researchers who have come to
specialize in a particular field must be given opportunities to con-
tinue in their special department, if it is thought that useful results
can be obtained thereby. Finally, tasks in the production sector must
be selected and defined with regard to the building research being
carried on in other sectors and particularly with regard to research
in the other sectors covered by the Institute. Advantage must be taken
of opportunities to select within the Institute common research tesks

for several research groups.

It is desirable that all resecarch groups within the Institute should
take advantage of the Instituteis close connections with Government
organs., This gives a special reason for dealing with the role of the

of studyin~ public_building, Furthermore, by taking this into account
a certain distinction from other production research agencies can be
achieved, since thouglh thelr research may be classified as public it
is only natural that, for example, building trade organizations tend
primarily to attack nroblems which seem most urgent from their members!'
viewpoint., Through an insignt into each other's work it is possible
for the various agencies to complement one another in a way that is
beneficial to the whole. The status of the Institute as a permanent
research organizetion also motivates the adoption of tasks of a long-
term nature. The 3-year programme referred to here includecs subject

groups within which the various resear:k tasks must be determined

in detail.
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Component and method

The resources required to produce a building are deployed at building
materials factories, in transportation and on building sites. Public
building research hitherto has paid far too little attention to the
production problems of the building materials industry. There are
strong reasons for amending matters in this respect since the design
of a building component represents to such a high degree both transpor-
tation method and building method; and particularly in an age when
developments are directed toward an increased use of more prefabricated
units there is cause 10 devote research interest to the building mate-
rials industry. The development of new building components must take
into account both the possibilities of efficient production at the
factory and of. efficient assembly on the site. Research can help to
systematically correlate the requirements of these two stages in the

production chain,

Various technical production fegtures of different existing products

of the concrete casting industry are described and analyzed in a uni-
form manner, The date concern design principles, material analysis,
dimensions (including fixing dimensions and tolerances), connected
components, joints, degree of standardization, degree of prefabrication,
method of transportation (including storage and packing), building
method, required labour and mechanical aids on the site, and purchasing
arrangements (also planning methodology), These data are thought
appliceble to present planning projects, as well as providing a basis

for the development of new building components,

Documented in conjunction with this inventory were the structpre of
the concrete casting industry, the capacity of the firms concerned,
their development potential, product range and interest in a liﬁita-
tion of variants within the framework of a general standard, and their
views as to the best contribution they can make towards greater effi-
ciency in building. The initial choice of structural frame units is
connected with the fact that so far the structural frame.has usually
been prefabricated to only a very low degree. Development of frame
erection techniques could also contribute greatly to a reduqtion in

the extensive '"second fitting" trades.
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Corresponding surveys are planned in respect of other branches of the
building materials industry, firstly those producing lightweight con-
crete, brick, timber units and joinery., But it is intended subsequent-
ly to study the potential of the plastics industry and of firms manu-

facturing prefabricated services units.

External transportation

The increased industrialization of building presupposes not only a
higher degree of processing of the products of the building materials
industry, but also longer production runs featuring the repetition of
certain production stages. This will probably result in a shift of
émphasis in the industry, towards fewer but larger production units,
Notwithstanding concentration in major consumer areas this shift will
most likely involve an increase in the length of external transporta-
tioﬁ routes, i.e. from factory to site. Such a development is also
favoured by the fact that a more highly finished product (representing
a greater value) can absorb high transportation costs better than a

near-rawv material.

Another preliminary study at the Institute deals with The supply of

building materials in Sweden!s northermmost counties. Problems are
accentuated in the Far North of Sweden by the relatively small size of
the consumer centra there, their sparse distribution and great distance
from the places where building materials are made. The effects of this
include the need to store large quantities of materials. It also
affects the choice of building method in that the use of. locally ob-
tainable raw materials can be justified, even though they may require
extensive working on the site. Prefabrication in specialist factories

may mean a circuitous route in certain cases in these regions, especial-

ly for heavy goods.

The preliminary study has so far shown, however, that to a large extent
buildings in the North are planned without a thought to these transport
problems, In selecting materials designers have often - due to sheer
inertia - chosen those that must be carried from South Sweden. Through
different design, of equally high technical standard, it would have
been possible to use materials made in the North. In other cases,

where the disign already permitted the use of North Swedish materizls,
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orders have nonetheless been placed in the South,

~Further studies in this field should endeavour to clarify the signi-
ficance of carriage costs for various types of materials. They should
also try to discern the consequences of the development towards larger,
more widely separated production centres. A comparative analysis of
different means of transportation, dealing also with various types of

packing, should be included.

Labour consumption on building sites

There exists a vested interest in the securihg of summary information
concerning the consumption of labour, whereby gifgggggﬁ_?gzlgigg_@g§§g§§,
for example, might be broadly compared and development trends recorded.
The requirement for accuracy is less in such measurements than in
working studies designed to produce capacity dafa'as a basis for plan-
ning, pricing and method development, On the other hand, the flgures
are required to be more representative, It is important in these
studies to define a way in which different building methods might be
characterized and ciassified. It is not pOSSlble to work on the ba31s
of whole buildings. but is 1nstead necessary to cla531fy methods for
the various parts of a building individually, e.g. different founda-
tion building methods, structural frame construction methods, etc.

All categories of site labour should be 1ncluded both building workers

and £§§§§1lzzaog_£EEEg£§ of various kinds. Such measurements of labour

consumption are well related to similar tasks in the past activities

of the Institute,

Mech@gig@l_ggg_gjher aids on site

It is important, however, that the consumption of labour on the site
should not be dealt with in isolation. The investment of various
mechanical and other aids should be investigated at the same time

- and on the same jobs! - since these two kinds of resources can re-
place one another to a certain extent. The argument put forward con-
cerning the degree of accuracy required for data about lagour consump-

tion applies equally to the investment in other aids.

A preliminary study in which both labour consumpticn and the use of

mechanical and other aids are measured is at present under way at the
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Institute. It is being cerried out on a representative selection of

non-apartment housebuilding projects.

Besides straightforward measurements of the use of various aids in
different kinds of building methods, various special studies concerning
individual building methods‘should be started. For a long while now
the Institute has included formwork construction problems in its pro-
gramme, Since formwork amounts to a sizeable volume even in present
building activity further studies of formwork techniques and costs are
planned., The scope of these studies justifies hiving them off to form
a gpecial research subjéct-group under which the different sub-tasks

are formulated (see below under "Formwork techniques and costs").

and several more studies in the elevator and crane field are scheduled,
The construction of scaffolding should also be made the subject of
special investigations, even though its extent has been less in recent

years.,

Dimensional accuracy in structural frames

Dimensional accuracy and a konwledge of tolerances are of fundamental
importance in the transition to building methods involving an in-
creasing usage of prefabricated units. This applies not only to the
dimensions of the individual unit but also to its position and the
space for it relative to the building plan and elevation, which it
must be possible to determine exactly in advance. Placing must not
be a matter of chiselling-up on site. In contemporary building dimen-
sional accuracy is highly variable and in many cases quite unsatis-
factory for any increase in unit construction methods. To a great
extent, the deviations occur during the setting-out on the site of
the building and its component perts, depending in part on imper-

fections in the setting-out methods and surveyors' instruments.

The former Committee for Building Research carried out investigations
in this field and the present Institute has again taken related matters

up in co-operation with the Standardizetion Centre of the Swedish
Buvilding Industry. Various setting-out methods used in Swedegn and

abroad are analysed with regard to the accuracy they afford.
Special attention is paid to the methods which give the greatest
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accuracy. So fary; the potential use in setting-out of the optical

plumb and the steel tape has been studied Tolerances of units will"
also be studied in the future. The 1nvest1gat6ry'Wka'is intended to
provide a basis for the determindtion of such tolerances in frame

structures as can be defined in s contract. .

Formworl techniques and costs .

Notwithstanding the expected developmezt towards the greater use of
prefabricated parts in strﬁctural fraﬁes as well as elsewhere, in situ
concrete will .still De used to a wide extent for many years to come.
It is likely that stiuctural frame Buiiding methods involving in situ
concrete will continue to compete very favourably with systems in-
volving units. Since formwork construction is a very large cost item
in in siiu comercte nmethods thié-aspebt.shbuid"iémaih'ah'object for

continued technical and cost studies.

Past investigations at the Institute have been mainly directed at
technical problems. In the future the accent will be on cost aspects,

The investigations into formvork costs will aim at obtaining cost com-

e e e e e o = - —

on different kinds of concrete building Jobs.

Such cost problems may be approached from various angles and can also
be broker down under a series of sub-headings. A first step is to try
and determine which costs ought to be considered in the comparison,
Direct formwork costs are obvious inclusions - these include material
costs and wages for the erection, striking, cleaning and carriage of
formwork materials, Also of interest in an economic assessment of
various types of formwork and deteil designs which may be used for the
same casting job arec, 1n aadltlon to the direct formwork costs, any
costs for finishing treutment Nh¢ch are dependent on the type of form-
work used and which will be allocated to the finished concrete structure
in the accounting breakdown. Where requirements afe specified és re-
gards the planehess of concrete surfaces and their locaticn in rela-
tion to drawing references and with regard to the planned inclusion

of second-fitting materials, poorly dimensioned and constructed form-
work can result in.considerabie extra costs for finishing work such

as chiselling-out, making good and filling of concrete surfaces or
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modifications to the fitted items.

The investigations into formwork costs require site studies and co-

operation with contractors in order to obtain an adequate cost basis.
Relative parameters include daywork, non-piecework, current costs for
formwork materials, wastage, economical and absolute life of formwork

materials, and costs of finishing work for various types of formwork.

Cost syntheses are worked out using the dimensioning recommendations
previously prepared., The influence of structural d931gn'on formwork
costs 1s analyzed. The possibilities of evolving plans which permit
a greater amount of repetitive formwork are investigated. The economi-
cal limits, as a function of the number of times of use, are sought in
respect of various formwork systems. Furthermore, the manual labour

investment for various systems is measured,

Winter building - methods and costs

Methods for éounteractiﬁg the effects of winter in the construction

of multi-apartment blocks have been studied for several years and the
extra costs have been estimated, The Institute has also entered into
and foreign builders, However, in conjunction with the use of new
building materials and components; and the changeé in the character

of building methods due to these and other causes, it is likely that
counter measures in winter will also change. A new representative in-
ventory of these, on the . same lines as those carried out during the win-
ters of 19 54/55 and 1961/62, is therefore planned. It is intended

that this will also include housebuilding.

In conjunction with this investigation, the Institute also plans an

the preparation of similar diagrams for housebuilding. The Board of
Housing has expressed its great interest in these studies and promised

assistance,
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Building process and method

All the investigations planned by the Institute and described hitherto
have been.concerned with the relation between the design of the product
and the 1nvestment of resources of different types. Another important
part of productlon research is represented by process-type studies,
i.e. studies taking into account the chronological relationship between

the different resource investments.

Progess studies at the Institute deal with the total process - from
development plan to occupation - and including the inspection and con-

trol functions exercised by the various pérticipants:"

The Institute has carried out a preliminary study in this field.
Questions of co-ordination will be accorded special attention. Studies
will aim, for example, at locating bottlenecks in the -long chain of:-
decisions linking conception to planning and finished product.

A current preliminary study deals with the way in which different

—————————————————-—-———v--—-—————————————-

building., OQOrganizational matters enter very prominently into this
study, The conditions necessary for and the consequences of different
sizes of production unit are dealt wién, mafters related to-the
structure of the enterprise and other questions of organizational

structure also entering into the picture.
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Figure texts

The design of building components affects the method of transporta-
tion to the building site and their erection there. (Picturés show
the erection of lightweight timber wall units from AB Elementhus,

Mockfjdrd, room-size concrete wall units in the Skarne Heavy System,

and cubic units in Harry Karlsson's "Lunna House" system.)

p. 3
From manufacturers in From manufacturers
northernmost Sweden elsewhere in Sweden
Job site

Manufacturing site

Building materials fer North Swedish jobs are obtained to a large
extent from South and Central Sweden, although thére are suppliers
with adequate capacity in North Sﬁeden. Window joinery provides an
example of this, (Ill. shows delivery routes for window joinery to

sites in North Sweden.)
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P 4

LABOUR CrNSUKEFTION prefabricated building

conventional building

hr/cu,m. contained volume

"The consumption of labour on homebuilding work has been reduced
heavily since the war., (Trend diagram from Building Research
Inforration Sheet 1962:69, supplemented with relative spot values
for two prefabricated systems: Ohlsson & Skarne's Bollmora project
(marked with x) and Goteborgsbostidder's "Star-house" project. All
work on site is included and also, in the case of prefabricated
building, work at fixed factories for large units and carriage of
these to the site.)

MODULAR LINE

MODULAR  SPACE

NORMAL MODULAR COMPONENT

NORMAL JOINT THICKNESS

MAX, COMPONENT MEASUREMENT

COMPONENT TOLERANCE ’

MIN. COLPONENT 'I-.ziEASﬁREﬂ\{ENT_

MIN, JOINT THICKNESS

MAY., COMPONENT MEASUREMENT

ERECTION TOLERANCE

MINIMUM COMPOWENT MEASUREMENT

MAX. JOINT THICKNESS

Unit construction systems require dimensional co-ordination and
knowledge of modular spaces and tolerances. (Diagram from Building

Research Institute Information Sheet 1964:12.)
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p. 5

Formwork technology has changed its character in recent years due
to the great increase in pouring speeds and more stringent require-
ments regarding surface planeness, dimensional tolerances and

repeated usage. (Photo shows in situ concrete work using unit

formwork, )

% OF LOAN CHEILING 3-WEEK HOLIDAY

TOTAL
LABOUR COSTS
FUEL
MACHINES
CONSUM. MATER.
TRANSPORTATION
TESTING EQUIP.

JAN.,FEB.MAR.APR,I1AY, JUN,.JUL.AUG., SEP.OCT.NOV.DEC. START - KONTH

CONCRETING
" BRICKLAYING
INTERNAL PLASTER
DRYING-OUT
MONTH ,
DELAY IF 3-WEEK HOLIDAY OCCURS
DURING WORK PHASE CONCERNED

Nowadays building methods are available to counteract even very

severe winter weather,

The costs for various wintertime measures and arrangements can
be estimated on a general basis, (Diazgram from Institute of

Building Research Report No. 86.)
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p. 6

No. OF DWELLING UNITS

Development Building Planning Comple- Loan
planning design permission .tion ‘arranged
started started granted

FLATS (WEW)

REDEVELOPMENTS

HOUSES Development plan submitted to

Building Committee
Plan approved

Final Govt. loan negotiations

The chronological séquehce bf the various phases of planning and
building vary greatly on different rrojects. The months prior to
the start of construction are particularly hectic for all -
authorities, clients, designers, contractors and materials
suppliers, (Survey diagram from.Institute of Building Research
Information Sheet 1964:21,)
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