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O v e r a l l o p t i m i z a t i o n : t h e g o a l f o r i n d u s t r i a l i z a t i o n o f b u i l d i n g . 

1« The f u t u r e development and use. o f i n d u s t r i a l l y made b u i l d i n g 

components depends on how f a r we. s u c c e e d i n s t r i k i n g a b a l a n c e between ' 

t h e two c o n f l i c t i n g o b j e c t i v e s pursued b y c o - o r d i n a t i n g m e a s u r e s : 

( a ) To p r o v i d e s u f f i c i e n t scope f o r f l e x i b i l i t y i n b u i l d i n g 

d e s i g n s o t h a t d i f f e r e n c e s and c h a n g e s i n u s e r r e q u i r e m e n t s 

may be s a t i s f i e d a t n e g l i g i b l e c o s t s o f d i m e n s i o n a l and 

f u n c t i o n a l o v e r d e s i g n . . 

( b ) To p r o v i d e scope f o r l a r g e s c a l e economies i n component 

p r o d u c t i o n and f o r l a b o u r - s a v i n g o r g a n i z a t i o n o f 

component-assembly on s i t e i n such a way t h a t o v e r a l l 

economies o f b u i l d i n g may be o b t a i n e d , 

2 . I f we s t a r t by c o n s i d e r i n g a v e r y f l e x i b l e system of d i m e n s i o n a l , 

f u n c t i o n a l and o t h e r s t a n d a r d i z a t i o n t h e r e w i l l be v e r y s m a l l c o s t s o f 

t h e k i n d I n d i c a t e d b y ( a ) . A s we i n t r o d u c e more and more s i m p l i f i c a t i o n s 

and r i g i d i t i e s i n our sys tem t h e c o s t o f t h e k i n d i n d i c a t e d b y ( a ) w i l l 

i n c r e a s e , b u t s i m u l t a n e o u s l y we w i l l o b t a i n more and more economies 

( i . e . c o s t r e d u c t i o n s ) o f t h e k i n d i n d i c a t e d b y ( b ) . C o n s e q u e n t l y we 

may i d e n t i f y a t l e a s t one o p t i m a l p o i n t on t h e s c a l e o f s i m p l i f i c a t i o n s , 

where t h e c o r r e s p o n d i n g sum o f ( a ) c o s t s and ( b ) c o s t s i s minimum, 

3» We may t r y t o decompose t h e problem, o f o v e r a l l o p t i m i z a t i o n f o r 

t h e b u i l d i n g i n d u s t r y by s t u d y i n g s e p a r a t e l y d i f f e r e n t b u i l d i n g t y p e s 

c o r r e s p o n d i n g t o f a i r l y homogeneous g r o u p s o f u s e r s . I t may t h e n t u r n 

out t h a t f o r some b u i l d i n g t y p e s t h e o p t i m a l p o i n t 1 o f t h e s c a l e o f 

s i m p l i f i c a t i o n c o r r e s p o n d s t o s t a n d a r d i z a t i o n o f t h e e n d - p r o d u c t 

- t h e b u i l d i n g - and a c o r r e s p o n d i n g p r i v a t e " s t a n d a r d i z a t i o n " o f s p e c i f i c 

components f o r a c l o s e d b u i l d i n g sys tem ( t h e "model" a p p r o a c h ) w h e r e a s 

f o r o t h e r b u i l d i n g t y p e s c o n s i d e r a t i o n s f o r i n c r e a s i n g c o s t s o f t y p e 

( a ) may compel u s t o l e a v e s o much freedom i n t h e d e s i g n o f b u i l d i n g s 

t h a t t h e o p t i m a l p o i n t on t h e s c a l e o f s i m p l i f i c a t i o n w i l l c o r r e s p o n d t o 

a n a p p r o p r i a t e s t a n d a r d i z a t i o n o f g e n e r a l a p p l i c a b l e components 

( t h e "component" a p p r o a c h ) . 
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4 . The p r o c e d u r e d e s c r i b e d i n p a r a g r a p h 3 may l e a d t o s u b - o p t i m i z a t i o n 

i f we do n o t u t i l i z e t h e p o s s i b i l i t y o f o b t a i n i n g i n d u s t r y - w i d e economies 

o f t y p e ( b ) b y e s t a b l i s h i n g an i n t e g r a t e d system o f component 

s t a n d a r d i z a t i o n b a s e d on t h e i d e a c f maximum u s e o f i d e n t i c a l or s i m i l a r 

components f o r d i f f e r e n t b u i l d i n g t y p e s , i n c l u d i n g t h o s e where s t a n d a r d i z a t i o n 

f rom a more narrow p o i n t o f v i e w might b e b a s e d on t h e "model" approach» 

The d i s c u s s i o n i n t h i s paper i s , t h e r e f o r e , n o t r e s t r i c t e d t o h o u s i n g , 

b u t c o n c e r n s a l l b u i l d i n g t y p e s , and t h e components w h i c h may be 

d e s i g n e d and produced f o r t h e i r a s s e m b l a g e on s i t e » 

5. Thus in order to define the future scope for optimal component 
development and production it is necessary to cross the "vertical" 
decomposition according to building types with a "horizontal" decomposition 
according to virtual component types, these being defined first by the 
interconnections necessary to make the building function properly when 
t h e components have b e e n j o i n e d t o g e t h e r , and n e x t b y t h e p r o p e r t i e s 

w h i c h t h e s e c o n d i t i o n s impose on e a c h group o f s i m i l a r components. T h i s 

s y s t e m work must be done c e n t r a l l y - p r e f e r a b l e by government a g e n c i e s 

i n c o l l a b o r a t i o n w i t h t h e i n d u s t r y - and may p r o b a b l y b e advanced t o a 

c o n s i d e r a b l e d e g r e e by b e i n g b a s e d on t h e l o g i c and m a t h e m a t i c s d e v e l o p e d 

w i t h i n t h e f i e l d o f Sys tems T h e o r y , A f t e r t h e c e n t r a l s y s t e m s work has 

b e e n c a r r i e d o u t , d e s i g n , development and p r o d u c t i o n o f components may 

be l e f t t o i n d e p e n d e n t m a n u f a c t u r e r s o f components , i t b e i n g assumed t h a t 

t h e c o n d i t i o n s and p r o p e r t i e s which t h e whole sys tem impose have b e e n 

s p e c i f i e d i n s u f f i c i e n t d e t a i l t o e l i m i n a t e i n c o m p a t i b i l i t y p r o b l e m s . 

6 . The t e c h n i c a l s p e c i f i c a t i o n s ment ioned i n p a r a g r a p h 5 i n c l u d e t h e 

r u l e s f o r d i m e n s i o n a l and f u n c t i o n a l s t a n d a r d i z a t i o n w h i c h t o a c e r t a i n 

e x t e n t a r e b a s e d on e s t i m a t e s o f t h o s e economies o f t y p e ( b ) , w h i c h may 

b e o b t a i n e d i n t h e f u t u r e , when new f a c t o r i e s f o r new components have 

b e e n e s t a b l i s h e d . These e s t i m a t e s w i l l be b a s e d on i n a d e q u a t e i n f o r m a t i o n . 

A s new t e c h n o l o g i e s i n v a d e t h e b u i l d i n g i n d u s t r y from o t h e r i n d u s t r i e s o r 

a r e i n v e n t e d w i t h i n t h e b u i l d i n g i n d u s t r y i t s e l f i t may be n e c e s s a r y t o 

make r a d i c a l c o r r e c t i o n s o f t h e e s t i m a t e s , b a s e d on t h e new i n f o r m a t i o n 

on t h e " p a r a m e t e r s " o f t h e whole " s y s t e m " . I t may e . g . happen t h a t l a r g e 

s c a l e i n t r o d u c t i o n o f computer c o n t r o l o f p r o c e s s e s i n t h e b u i l d i n g 
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m a t e r i a l s i n d u s t r i e s , i n t r o d u c t i o n o f n u m e r i c a l c o n t r o l o f f l e x i b l e -

machine t o o l s f o r machining o f c o m p o n e n t - p a r t s and i n t r o d u c t i o n o f 

computer c o n t r o l l e d a s s e m b l y l i n e s i n t h e component i n d u s t r y may r e d u c e 

t h e c o s t s o f f l e x i b i l i t y i n component p r o d u c t i o n so much t h a t new 

s t a n d a r d s a l l o w i n g more scope f o r v a r i e t y may be o p t i m a l . What t o 

s t a n d a r d i z e and how f a r t o s t a n d a r d i z e w i l l depend on t e c h n i c a l and 

economic c o n s i d e r a t i o n s , 

7 , T h i s p o i n t may be f u r t h e r e l a b o r a t e d b y t a k i n g i n t o a c c o u n t t h e 

p o s s i b i l i t i e s o f u t i l i z i n g s y s t e m s o f computer programmes f o r s t r u c t u r a l 

and o t h e r d e s i g n o f b u i l d i n g s . These programmes w i l l be b a s e d on 

a v a i l a b l e components , b u t i f t h e number o f a v a i l a b l e components i s e , g , 

t r i p l e d t h e r e w i l l o n l y be a once f o r a l l c o s t o f a d j u s t i n g t h e programmes 

and a f t e r t h a t many d e s i g n s may have b e t t e r economy b e c a u s e a f i n e r 

m a t c h i n g o f components w i l l be p o s s i b l e . Whether t h e s e economies w i l l 

be o f f - s e t b y d i s e c o n o m i e s o f component t r a n s p o r t a t i o n and a s s e m b l y on 

s i t e depends on t r a n s p o r t a t i o n s y s t e m s , a s s e m b l i n g t e c h n i q u e s and c o n t r o l 

systems u s e d on s i t e f o r p o s i t i o n i n g o f . t h e c o r r e c t component a t t h e 

a p p r o p r i a t e p l a c e . New s y s t e m s may b e so f l e x i b l e t h a t t h e e x t r a c o s t 

a s s o c i a t e d w i t h g r e a t e r v a r i e t y w i l l be v e r y s m a l l . 

T e c h n i c a l c o - o r d i n a t i o n a s a n a d a p t i v e c o n t r o l p r o c e s s 

8 , The c o n c l u s i o n from t h e above c o n s i d e r a t i o n s i s t h a t a n o p t i m a l 

p o l i c y o f t e c h n i c a l c o - o r d i n a t i o n must p r o c e e d i n s t a g e s . A t e a c h s t a g e 

t h e system o f t e c h n i c a l s p e c i f i c a t i o n s and s t a n d a r d s n e c e s s a r y t o e n s u r e 

m o d u l a r i t y i n t h e g e n e r a l s e n s e o f o p t i m a l i n t e r a c t i o n b e t w e e n components 

must be b a s e d on a f o r w a r d - l o o k i n g e v a l u a t i o n o f t e c h n o l o g i e s . I n t e r n a t i o n a l 

c o m p a r a t i v e r e v i e w s o f t e c h n o l o g i e s would be h e l p f u l f o r such e v a l u a t i o n s 

and p a r t i c u l a r l y so f o r d e v e l o p i n g c o u n t r i e s . A f t e r e v a l u a t i o n d e c i s i o n s 

must be made and s p e c i f i c a t i o n s f o r m u l a t e d . D u r i n g t h e subsequent p e r i o d 

new i n f o r m a t i o n w i l l g r a d u a l l y make t h e system o f s p e c i f i c a t i o n s o b s o l e t e 

i n t h e s e n s e t h a t i t d o e s n o t c o n t r o l t h e development p r o c e s s a t an 

o p t i m a l l e v e l . The whole sys tem o f t e c h n i c a l c o - o r d i n a t i o n must t h e n b e 

r e d e s i g n e d and a d a p t e d t o t h e new o r improved i n f o r m a t i o n now a v a i l a b l e . 

The purpose o f such a n a d a p t i v e m u l t i - s t a g e p r o c e s s o f t e c h n i c a l 

c o - o r d i n a t i o n i s t o s e c u r e t h a t i n d u s t r i a l i z a t i o n p r o c e e d s a l o n g a n 

o p t i m a l p a t h . 

/The d i s e c o n o m i e s 
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The d i s e c o n o m i e s o f o v e r d e s i g n a s s o c i a t e d w i t h s t a n d a r d i z a t i o n 
o f b u i l d i n g components 

9« A w e l l known o b j e c t i o n a g a i n s t t h e i n t r o d u c t i o n o f modular 

c o - o r d i n a t i o n and s y s t e m s o f p r e f e r r e d d i m e n s i o n s i n b u i l d i n g i s t h a t 

t h e s e r e s t r i c t i o n s on t h e s i z e s o f a v a i l a b l e components w i l l f o r c e t h e 

d e s i g n e r o f b u i l d i n g s t o d e s i g n most rooms a l i t t l e l a r g e r t h a n r e q u i r e d 

by t h e u s e r s . The v a l i d i t y o f t h i s o b j e c t i o n depends o f c o u r s e upon t h e 

f i n e n e s s w i t h w h i c h i n t e r v a l s a r e spaced i n t h e sys tem o f p r e f e r r e d 

d i m e n s i o n s c o n s i d e r e d , b u t assuming a r e a s o n a b l e s p a c i n g o f i n t e r v a l s i t 

may be a r g u e d t h a t i n v e r y few c a s e s w i l l i t be p o s s i b l e e i t h e r f o r t h e 

u s e r s o r t h e i r a d v i s o r s t o i n d i c a t e e x a c t u s e r - m o t i v a t e d room-dimensions 

w i t h o u t s i m u l t a n e o u s l y i n d i c a t i n g c o r r e l a t e d " t o l e r a n c e s " on t h e s e 

d i m e n s i o n s , which a r e s o wide t h a t t h e y may e a s i l y be met b y a r e a s o n a b l e 

sys tem o f p r e f e r r e d d i m e n s i o n s . The c o n c l u s i o n i s t h a t d i m e n s i o n a l 

" o v e r d e s i g n " i n t h e s e n s e d i s c u s s e d above may be v e r y i n s u b s t a n t i a l ; 

t h e same a p p l i e s t o t h e a s s o c i a t e d d i s e c o n o m i e s . 

1 0 . The term " f u n c t i o n a l s t a n d a r d i z a t i o n o f components" i s i n t e n d e d t o 

i n d i c a t e t h e r e s u l t o f b a s i n g component d e s i g n on p e r f o r m a n c e s p e c i f i c a t i o n s 

f o r a b r o a d r a n g e o f a p p l i c a t i o n s i n o r d e r t o p r o v i d e scope f o r l a r g e 

p r o d u c t i o n r u n s . To e n s u r e v e r s a t i l i t y i n a p p l i c a t i o n components must 

be d e s i g n e d t o meet t h e most u n f a v o u r a b l e c o m b i n a t i o n o f p e r f o r m a n c e 

r e q u i r e m e n t s w i t h i n t h e i n t e n d e d range o f a p p l i c a t i o n and t h i s a g a i n w i l l 

i m p l y " o v e r d e s i g n " f o r most a p p l i c a t i o n s . The o b j e c t i o n a g a i n s t f u n c t i o n a l 

s t a n d a r d i z a t i o n i s t h a t t h e n e c e s s i t y o f " o v e r d e s i g n " w i l l i n v o l v e 

d i s e c o n o m i e s i n most a p p l i c a t i o n s . I n o r d e r t o b e v a l i d t h i s o b j e c t i o n 

must assume e i t h e r t h a t t a i l o r - m a d e components c o u l d be o b t a i n e d b y 

i n d u s t r i a l p r o d u c t i o n a t a l o w e r c o s t o r t h a t i t would be c h e a p e r t o 

c o n s t r u c t components on s i t e from p a r t s p r o c e s s e d f o r t h i s p u r p o s e . I n 

1 / The d a n g e r s o f d i m e n s i o n a l and f u n c t i o n a l o v e r d e s i g n have b e e n 
d i s c u s s e d i n t h e p a p e r : " I n f l u e n c e o f s i z e , f u n c t i o n and d e s i g n 
on t h e s t a n d a r d i z a t i o n o f components" b y N.B. Hutcheson and 
S . R . Kent ( p u b l i s h e d p . 2 1 0 - 2 1 1 i n "Towards I n d u s t r i a l i z e d B u i l d i n g , 
C o n t r i b u t i o n s o f t h e t h i r d CIB C o n g r e s s , Copenhagen 1 9 6 5 " 
( E l s e v i e r P u b l i s h i n g Company, Amsterdam-London-New Y o r k , 1 9 6 6 ) ) . 

/ c a s e s *diere 
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c a s e s -where one o r b o t h o f t h e s e a s s u m p t i o n s a r e t r u e , and w i l l r e m a i n 

t r u e f o r . a l o n g t i m e e i t h e r s t a n d a r d i z a t i o n o r c o m p l e x i t y o f f a c t o r y -

assembled components h a s b e e n p u s h e d . t o o f a r , and we have i d e n t i f i e d a 

c a s e o f f a i l u r e i n s t r i k i n g t h e b a l a n c e b e t w e e n t h e two c o n f l i c t i n g 

o b j e c t i v e s , ( a ) and ( b ) , i n p a r a g r a p h 1 , 

1 1 . P r o v i d e d , however , t h a t f u n c t i o n a l , . s t a n d a r d i z a t i o n , i n t h e s e n s e 

d e f i n e d a b o v e , i s k e p t w i t h i n t h e l i m i t s d i c t a t e d b y o v e r a l l c o n s i d e r a t i o n s 

f o r b u i l d i n g c o s t , t h e r e w i l l be no d i s e c o n o m i e s o f o v e r d e s i g n . 

The d i s e c o n o m i e s o f o v e r d e s i g n imposed on components b y b u i l d i n g c o d e s 

, 12 . There i s a d a n g e r t h a t components w i l l be u n d u l y o v e r d e s i g n e d f o r 

any s p e c i f i c a p p l i c a t i o n , i f b u i l d i n g c o d e s e n f o r c e r u l e s f o r s t r u c t u r a l 

and o t h e r f u n c t i o n a l d e s i g n w h i c h i g n o r e t h a t q u a l i t i e s , d i m e n s i o n s and 

p r e c i s i o n o f s u b - a s s e m b l i n g may b e k e p t w i t h i n t o l e r a n c e l i m i t s , which 

may be much c l o s e r i n t h e - c a s e o f i n d u s t r i a l l y made components t h a n i n 

t h e c a s e o f components produced on s i t e . 

1 3 . As a g e n e r a l r u l e i t may be s a i d t h a t a r e d u c t i o n o f t o l e r a n c e 

l i m i t s f o r q u a l i t y should be rewarded b y p e r m i s s i o n t o r e d u c e s p e c i f i c a t i o n s 

f o r a v e r a g e q u a l i t y , : T h i s i s a p r i n c i p l e t h e c o n s e q u e n c e s o f w h i c h h a s 

not b e e n d i s c o v e r e d o r implémented i n many c o u n t r i e s , and a s l o n g a s t h i s 

i s t h e c a s e , i n d u s t r i a l l y made components a r e c o m p e l l e d t o compete w i t h 

c o n v e n t i o n a l b u i l d i n g on u n f a v o u r a b l e t e r m s . 

1 4 . . Thus i t may be c o n c l u d e d t h a t t h e f u t u r e d e s i g n , d e v e l o p m e n t , u s e 

and c o s t o f b u i l d i n g components depend t o some d e g r e e on how f a s t 

governments o r t h e i r a g e n c i e s p r o c e e d i n i n t r o d u c t i o n o f s c i e n t i f i c r u l e s 

f o r s t r u c t u r a l d e s i g n a s w e l l a s f o r o t h e r a s p e c t s o f d e s i g n , w h i c h 

determine per formance i n u s e . 

F l e x i b i l i t y i n b u i l d i n g d e s i g n and i t s i m p l i c a t i o n s f o r component 
s t a n d a r d i z a t i o n 

1 5 . There i s , p e r h a p s , some a m b i g u i t y i n t h e o b j e c t i v e o f f l e x i b i l i t y 

i n b u i l d i n g d e s i g n a s e x p r e s s e d i n ( a ) , p a r a g r a p h 1 . F l e x i b i l i t y i n 

d e s i g n i s r e q u i r e d i n t h e s e n s e t h a t t h e r a n g é o f components s h o u l d be 

s u f f i c i e n t l y wide t o a l l o w d e s i g n e r s f reedom t o a r r a n g e t h e p l a n , s h a p e , 

i n t e r n a l c l i m a t i c c o n d i t i o n s ; e t c * o f new b u l d i n g s i n c o n g r u i t y w i t h t h e 

r e q u i r e m e n t s o f t h e u s e r , w h i c h d i f f e r v e r y ' much from one t y p e o f 

/ b u i l d i n g t o 
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b u i l d i n g t o a n o t h e r and e v e n from one p r o j e c t t o t h e n e x t w i t h i n " t h e 

same t y p e o f b u i l d i n g . T h i s may be termed f l e x i b i l i t y i n t h e s t a t i c s e n s e . 

But f l e x i b i l i t y i s a l s o r e q u i r e d i n t h e s e n s e t h a t most new b u i l d i n g s 

s h o u l d be d e s i g n e d and c o n s t r u c t e d i n such a way t h a t t h e y may e a s i l y be 

a d a p t e d t o a s y e t u n p e r c e i v e d changes i n u s e r r e q u i r e m e n t s . T h i s may be 

termed f l e x i b i l i t y i n t h e dynamic s e n s e . 

l 6 0 F l e x i b i l i t y i n t h e s t a t i c s e n s e imposes t h e weak r e q u i r e m e n t s t h a t 

a wide r a n g e o f s i z e s and f u n c t i o n a l c a p a b i l i t i e s o f components should 

be a v a i l a b l e . I f t h i s r e q u i r e m e n t i s a d e q u a t e l y m e t , t h e d i s e c o n o m i e s o f 

d i m e n s i o n a l o v e r d e s i g n w i l l be n e g l i g i b l e . F l e x i b i l i t y i n t h e dynamic 

s e n s e i m p o s e s t h e s t r o n g e r r e q u i r e m e n t t h a t component? should be d e s i g n e d 

and a s s e m b l e d i n such a way t h a t a minimum o f impediments a r e p u t a g a i n s t 

a c c o m o d a t i n g t h e b u i l d i n g f o r r e l a t e d o r new a c t i v i t i e s . Dynamic 

f l e x i b i l i t y may be l e s s i m p o r t a n t i n h o u s i n g t h a n i n o t h e r t y p e s o f 

b u i l d i n g . B u t f o r t h o s e t y p e s o f b u i l d i n g , where dynamic f l e x i b i l i t y i s 

n e c e s s a r y i n o r d e r t o s e c u r e l o n g - t e r m v a l u e o f t h e b u i l d i n g s , we may 

p r o v i s i o n a l l y c o n c l u d e t h a t components such a s l o a d - b e a r i n g r o o m - s i z e d 

b o x e s o r s t r u c t u r a l s y s t e m s b a s e d on d e n s e l y s p a c e d l o a d - b e a r i n g 

c r o s s - w a l l s o r columns may be i n a p p r o p r i a t e . I t i s p o s s i b l e t o draw 

f u r t h e r n e g a t i v e a s w e l l a s p o s i t i v e c o n c l u s i o n s f o r component d e s i g n and 

s t a n d a r d i z a t i o n b y combining t h e r e q u i r e m e n t s o f s t a t i c and dynamic 

f l e x i b i l i t y , b u t we may s t o p b y t h e r e f l e c t i o n t h a t a s soon a s f l e x i b i l i t y 

i n t h e dynamic s e n s e i s i n t r o d u c e d e x p l i c i t l y a s a c r i t e r i o n f o r 

s t a n d a r d i z a t i o n i t a p p e a r s t h a t f u n c t i o n a l o v e r d e s i g n o f components ( i n . 

t h e s e n s e o f g e n e r a l a p p l i c a b i l i t y ) i s a v i r t u e r a t h e r t h a n t h e o p p o s i t e , 

17. Thus it may be concluded that the requirements imposed by dynamic 
f l e x i b i l i t y may s i m p l i f y d i m e n s i o n a l s t a n d a r d i z a t i o n o f components and may 

s i m u l t a n e o u s l y r u l e o u t most o f t h e w o r r i e s a b o u t f u n c t i o n a l o v e r d e s i g n 

a s s o c i a t e d w i t h s t a n d a r d i z a t i o n o f components . 

Co-ordination of component design by means of systems of 
preferred dimensions 
1 8 , The g e n e r a l p r i n c i p l e s e l a b o r a t e d i n t h e p r e c e d i n g p a r a g r a p h s may be 

u s e d a s a b a s i s f o r e s t a b l i s h i n g a s y s t e m o f p r e f e r r e d d i m e n s i o n s , which 

may be g e n e r a l l y a c c e p t e d b y t h e b u i l d i n g i n d u s t j y . A p r o p o s a l f o r such 
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a system has r e c e n t l y been p u t forward i n t h e R e p o r t : " P r e f e r r e d Dimensions" 

by t h e Danish M i n i s t r y o f Housing Development Group f o r P u b l i c B u i l d i n g 

( p u b l i s h e d i n Danish w i t h an E n g l i s h Summary a s R e p o r t N° 56 by 

The Danish N a t i o n a l I n s t i t u t e o f B u i l d i n g R e s e a r c h (Copenhagen 1966)). 

The c o n c l u s i o n s o f t h e Report a r e i n d i c a t e d b e l o w , based on t h e E n g l i s h 

Summary o f t h e R e p o r t . 

F u n c t i o n a l progamming 

19. Studying a number of recent building projects mainly from two 
groups of public building (homes for the mentally deficient and high 
schools, which in various respects were found typical for public building) 
the development group found that relations between structural dimensions 
and functional programming (rather than detailed functional planning) 
should be analysed more closely. 
20. Among o t h e r t h i n g s f u n c t i o n a l programming i s a c h o i c e o f space , 

s tandards ( b e s i d e s s t a n d a r d s f o r i n s t a l l a t i o n s , m a t e r i a l s , equipment, 

and so f o r t h ) . Complete freedom t o choose space s t a n d a r d s a t random i s 

f o r v a r i o u s r e a s o n s o f no v a l u e i n i t s e l f : 

F u n c t i o n a l r e q u i r e m e n t s a r e changing w i t h development , i n some 

c a s e s even d u r i n g t h e c o m p a r a t i v e l y s h o r t p e r i o d between 

programming and c o n s t r u c t i o n o f a b u i l d i n g . 

F u n c t i o n a l programmes w i l l a l m o s t i n v a r i a b l y change r a d i c a l l y 

d u r i n g a b u i l d i n g ' s l i f e t i m e . 

Standard s p e c i f i c a t i o n s f o r s p a c e s d e r i v e d from f u n c t i o n a l 

r e q u i r e m e n t s cannot be v e r y e x a c t (even i f t h e y a r e o f t e n 

f o r m u l a t e d s o ) . U s u a l l y t h e y a r e based on a v e r a g e s , and may be 

changed vriLth deve lopment . 

O f t e n t h e same rooms o r groups (rows) o f rooms must be a b l e t o 

accomodate a number o f q u i t e d i f f e r e n t a l t e r n a t i v e f u n c t i o n s 

( a d a p t a b i l i t y ) . 

2 1 . The c o n c l u s i o n s from t h i s a n a l y s i s i s t h a t s e r i e s o f p r e f e r r e d 

dimensions should permit r e a s o n a b l e g r a d u a t i o n o f space s t a n d a r d s . On 

t h e o t h e r hand d i f f e r e n c e s b e t w e e n g r a d e s should be b i g enough t o p e r m i t 

c l e a r l y m o t i v a t e d c h o i c e i n e a c h c a s e . 
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A sys tem o f p r e f e r r e d dimension's 

2 2 . The problem o f p r e f e r r e d d i m e n s i o n s h a s s e v e r a l t i m e s b e e n approached 

i n t h e p a s t , and i t seems t o be g e n e r a l l y and i n t e r n a t i o n a l l y a g r e e d t h a t : 

( a ) f i g u r e s should a l l be m u l t i p l e s o f a b a s i c module; 

( b ) e a c h l a r g e r f i g u r e s h o u l d p e r m i t d i v i s i o n b y a s many 

s m a l l e r f i g u r e s a s p o s s i b l e j 

( c ) between f i g u r e s t h e r e should be such r e l a t i o n s t h a t l a r g e r « 

f i g u r e s a r e b o t h m u l t i p l e s o f t h e s m a l l e r o n e s - and sums 

o f two o r more o f t h e s e ; 

( d ) a t t h e l o w e r end o f a s e r i e s t h e d i s t r i b u t i o n o f f i g u r e s 

s h o u l d be more dense t h a n h i g h e r u p . 

2 3 . E v a l u a t i o n o f p r a c t i c a l e x p e r i e n c e from i n d u s t r i a l i z e d b u i l d i n g 

methods i n Denmark d u r i n g t h e l a s t decade shows a l m o s t c o m p l e t e agreement 

w i t h t h e s e r u l e s * 

2 4 . The D a n i s h development group h a s c h o s e n a s i m p l e a p p r o a c h , w h i c h 

seems t o meet a l l r e q u i r e m e n t s . ; I t i s b a s e d on t h e f a c t t h a t a s e r i e s 

o f f i g u r e s w i t h s i m p l e r r e l a t i o n s t h a n 1 , 2 , 4 , 8 , 1 6 ( d o u b l i n g ) cannot 

be f o u n d . A l l f i g u r e s h a v e g o t e q u a l r e l a t i o n s t o t h o s e s m a l l e r a s 

w e l l a s t o t h o s e b i g g e r , and r e l a t i o n s a r e a r i t h m e t i c a s w e l l a s 

g e o m e t r i c . B e g i n n i n g w i t h 30 cm ( t h e p l a n n i n g module) a c c o r d i n g l y t h e 

f o l l o w i n g d i m e n s i o n s may be c o n s i d e r e d a b a s i c s e r i e s : 

30-60-120-240-480-960-1920-(cm) 

2 5 . O b v i o u s l y , however , t h e s e f i g u r e s a l o n e a r e n o t s u f f i c i e n t . 

D i f f e r e n c e s a r e i n c r e a s i n g t o r a p i d l y , and t h e q u e s t i o n i s how t o c u t 

them down s y s t e m a t i c a l l y . The l o g i c a l way i s t o c u t i n t o h a l v e s : 

90-180-360-720-1440- (cm) 

2 6 . T h i s s e r i e s p r o v e s t o be t h e same a s t h e b a s i c s e r i e s above 

m u l t i p l i e d by t h e f a c t o r 3 , and m u l t i p l y i n g s y s t e m a t i c a l l y t h e b a s i c 

s e r i e s b y t h e f a c t o r s 5 - 7 - 9 - . * . e a c h t i m e s t i l l more d i f f e r e n c e s a r e c u t 

i n t o h a l v e s ( n o t a l l , b u t a l w a y s t h e r e l a t i v e l y b i g g e s t ) . T h i s p r o c e d u r e 

c a n be c o n t i n u e d u n t i l a l l m u l t i p l e s o f 30 cm a r e i n c l u d e d up t o any 

c h o i c e o f l i m i t : -
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n - 1 3 5 7 9 1 1 1 3 1 5 

30 90 1 5 0 210 270 330 390 450 

60 180 300 420 540 660 780 900 

120 360 600 840 1 080 1 320 1 560 1 800 

240 720 1 200 1 680 2 160 • • • • • • »•« ••• 

480 1 440 2 400 • • • • • • •,» • • • • • • 

960 •, » • , • • • • ,, » • m • ,, • • • • • • • 

1 920 •,, • , , • • • , » • • • • • *, • • • • « • 

• • • • •, • « « • • • • * • • • • • , • • • • • • • 

N o t e : n i s f a c t o r a p p l i e d t o b a s i c s e r i e s i n t h e f i r s t column. 

2 7 , T h i s arrangement o f f i g u r e s i s c h a r a c t e r i z e d by t h e f a c t t h a t 

r e l a t i o n s between f i g u r e s become g r a d u a l l y more c o m p l i c a t e d from l e f t t o 

r i g h t . A c c o r d i n g l y a d e c i s i o n on d i m e n s i o n a l s i m p l i f i c a t i o n may be made 

b y d i v i d i n g t h e scheme by a v e r t i c a l l i n e : a l l f i g u r e s i n t h e scheme 

l e f t of such a line are t h e n p r e f e r r e d d i m e n s i o n s . 

S e r i e s o f p r e f e r r e d d imens ions f o r s t r u c t u r a l spans 

2 8 , The development group s u g g e s t s t h a t t h i s system be a p p l i e d i n 

c o n n e c t i o n w i t h a g r o u p i n g o f p u b l i c b u i l d i n g ( e v e n t u a l l y i n c o n n e c t i o n 

w i t h a g r o u p i n g o f p r i v a t e b u i l d i n g a s w e l l ) . So f a r t h r e e g r o u p s a r e 

e x p e c t e d t o be c o v e r i n g t h e n e e d s : 

(a 
Group A : 

1 - 3 ) 
240 
480 
960 

1 920 

360 
720 

1 440 ,, • ,, • 
Group B: 
(n = 1 - 3 - 5 - 7 ) 

Group C; 
( n = 1 - 3 - 5 - 7 - 9 - 1 1 ) 

240 300 
480 600 
960 1 200 

360 420 
720 840 

1 440 1 680 
1 920 •. « , • * 

« • • ,, • • •, ,, • 
240 270 300 330 360 420 
480 540 600 660 720 840 
960 1 080 1 200 1 320 1 440 1 680 

1 920 
• • , 

, » , 
• • • 

• • • ,, • • • » ,, « , « * , » » 
/ 2 9 . The 
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2 9 . The main p a r t o f p u b l i c b u i l d i n g i n Denmark i n c l u d e s o f f i c e s , 

i n s t i t u t i o n s , s c h o o l s and h o s p i t a l s . S t a n d a r d s o f q u a l i t y a s w e l l a s 

r u l e s f o r f u n c t i o n a l p l a n n i n g b e i n g c o m p a r a b l e , t h i s p a r t s h o u l d r e f e r . . 

t o one .group, v i z . group B . Remaining p a r t s o f p u b l i c b u i l d i n g may 

r e f e r t o groups-A and G r e s p e c t i v e l y - . - -

P r e f e r r e ' d d i m e n s i o n s f o r s m a l l e r s t r u c t u r a l components 

3 0 . V a r i o u s spans a l s o need c o v e r i n g ( f i l l i n g ) b y rows o r c o m b i n a t i o n s 

o f s m a l l e r s t r u c t u r a l components. Through an e l i m i n a t i o n p r o c e s s t h e 

deve lopment group h a s ' f d u n d the' - f o l l o w i n g p r e f e r r e d d i m e n s i o n s most 

s u i t a b l e - f o r t h i s p u r p o s e : 

30-60-90-120-180-240 (cin) ' ' • • •' • " - . 
3 1 . T h e s e p r e f e r r e d d i m e n s i o n s r e f e r t o a l l ' g r o u p s a b d v e . 

F o r e a c h t y p e -of component depending ori ' c o n s t r u c t i o n , m a t e r i a l s , 

p r o d u c t i o n , h a n d l i n g , and so " f o r t h , t h e most c o n v e n i e n t d i m e n s i o n s a r e 

supposed t o be c h o s e n among t h e p r e f e r r e d d i m e n s i o n s above a s s i n g l e s , . 

p a i r s , o r g r o u p s . 

C o n d i t i o n i n g o f h e i g h t s 

3 2 . O f f i c i a l s t a n d a r d s i n Denmark a r e i n c l u d i n g t h e v e r t i c a l p l a n n i n g ' 

module 20 cm. and t h e f l o o r - t o - f l o o r h e i g h t 280 cm f o r • m u l t i - s t o r e y h o u s i n g . 

A s f a r a s a p p l i c a b l e t h e :same s t a n d a r d d i m e n s i o n s s h o u l d be u s e d i n 

p u b l i c b u i l d i n g a s i n housing*- v . . . 

3 3 . A number o f r e a s o n s h a v e , , however , c o n v i n c e d t h e Danish 

development group t h a t 30 cm a s v e r t i c a l p l a n n i n g module may e v e n t u a l l y 

be a g r e e d upon i n t e r n a t i o n a l l y (and f o r h o u s i n g , e t c . 270 cm floor-to-floor 
h e i g h t ) . As f a r a s p o s s i b l e c o n s i d e r i n g a s w e l l p r e s e n t a s f u t u r e 

s t a n d a r d s t h e f o l l o w i n g h e i g h t s a r e s u g g e s t e d : • . 

f l o o r - t o - f l o o r h e i g h t : 

280 300 320 330 360 420 

r o o m h e i g h t f l o ' o r t h i c k n e s s 

250 30 50 
270 30 50 60 
300 

4 
30 60 

360 60 

S t i l l g r e a t e r h e i g h t s s h o u l d b e m u l t i p l e s o f 60 o r p r e f e r a b l y 1 2 0 cm. 


