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The paper proposes a  framework f o r  eva lua t i ng  b u i l d i n g  codes on t h e  bas is  

o f  techn ica l ,  economic and soc ia l  mer i ts .  The proposed framework may be 

used t o  r e a t i o n a l i z e  e x i s t i n g  b u i l d i n g  codes and t o  evaluate t h e  

i n t r o d u c t i o n  of new codes o r  changes i n  t h e  e x i s t i n g  ones. An example i s  

provided t o  i l l u s t r a t e  t h e  model. 

Mots c l 6 :  code du bzt iment,  eva lua t i on  des codes, 

La pr6sente documentation propose une m6thode pour 6va luer  l e s  codes du 
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bst iments ex i  s tan ts  e t  pour 6val uer 1  ' i n t r o d u c t i o n  de nouveaux codes ou de 

mod i f i ca t i ons  auwcodes ex is tan ts .  On example es t  donn6e pour ill u s t r e r  l e  

mod61 e. 



A Framework f o r  Eva lua t i ng  B u i l d i n g  Codes 

A.S. Rakhra, A.G. A r l a n i ,  A.H. Wi lson 

I n t r o d u c t i o n  

The T h i r d  Symposium on B u i l d i n g  Economics i nc l uded  a  number o f  papers 

deal i n g  w i t h  t h e  economic aspects o f  b u i l d i n g  regu l  a t i o n s ( l ) ,  (2). I n  ad- 

d i t i o n ,  t h e  Danish Model by Bonke and Pederson(3) represented a  good l o g i c  

f o r  proceeding w i t h  t h e  e x p l o i t a t i o n  o f  such a  model. The s u b j e c t i v e  

na tu re  o f  much o f  t h e  i n p u t  data makes t h e  drawing o f  f i r m  conc lus ions  

e l us i ve .  Th is  i s  made more d i f f i c u l t  s t i l l  when drawing general  concl  us- 

i ons  by t h e  f a c t  t h a t  r e g u l a t i o n s  f r e q u e n t l y  va ry  f rom one j u r i s d i c t i o n  t o  

another. 

The present  paper s t a r t s  o f f  f rom where t h e  Bonke and Pederson Model 

l e f t ,  and at tempts t o  s y s t e m a t i c a l l y  i nco rpo ra te  t e c h n i c a l ,  economic and 

s o c i a l  aspects o f  b u i l d i n g  codes. It o u t l i n e s  a  framework t h a t  can be used , 

t o  r a t i o n a l i z e  e x i s t i n g  code s t r u c t u r e  and t o  eva lua te  t h e  i n t r o d u c t i o n  o f  

new code p r o v i s i o n s  and t h e  changes i n  t h e  e x i s t i n g  ones. The proposed 

framework i s  i 11 u s t r a t e d  w i t h  an h y p o t h e t i c a l  example. 

Components o f  t h e  Framework 

The proposed framework w i l l  have t h e  f o l l o w i n g  components: 

1. Bui l d i n g  code goal s / o b j e c t i v e s  h i e r a r c h y  s t r u c t u r e  

2. Bui 1  d i n g  code requ i  rements impacts 

3. Performance measures 

4. Database 

5. Risk ana lys is .  

B u i l d i n g  Code Goa ls /ob jec t i ves  H ie ra rchy  

Developing goal  s / o b j e c t i  ves h i e ra r chy  s t r u c t u r e  i s  needed: 

( 1 )  t o  break t h e  o v e r a l l  goal of b u i l d i n g  codes i n t o  a  s e r i e s  o f  d e t a i l e d  

ob jec t i ves ,  down t o  a  l e v e l  a t  which o b j e c t i v e s  can be d i r e c t l y  r e -  

l a t e d  t o  t h e  des ign o f  d i f f e r e n t  b u i l d i n g  components; 

( 2 )  t o  i d e n t i f y  f o r  d i f f e r e n t  requirements i n  t h e  b u i l d i n g  codes; 

( 3 )  t o  develop an Ob jec t i ve  I n t e r a c t i o n  M a t r i x  f o r  d e t e c t i n g  d u p l i c a t i o n s ;  

( 4 )  t o  i d e n t i f y  t h e  t y p e  o f  i n f o r m a t i o n  t h a t  may be r e q u i r e d  f o r  t h e  

assessment o f  d i f f e r e n t  code requirements;  and 

( 5 )  t o  i d e n t i f y  e v a l u a t i o n  method01 og ies  f o r  assessing d i f f e r e n t  code 

requ i  rement s. 



To i 11 u s t r a t e  t h i s  h i e r a r c h i a l  s t r u c t u r e s ,  goa ls  can be i d e n t i f i e d  a t  

d i f f e r e n t  l e v e l s .  For example, a t  l e v e l  1, a goal i s  de f i ned  i n  terms o f  

main o b j e c t i v e s  o f  codes, e.g., sa fe ty ,  hea l th ,  comfor t ,  s o c i a l  concerns 

and government po l  i c y .  A t  l e v e l  2, a d i s t i n c t i o n  i s  made between t h e  

o b j e c t i v e s  t h a t  r e l a t e  t o  c o n s t r u c t i o n  phrase and those t h a t  concern w i t h  

occupancy phase (see Figs.  1 and 2 ) .  S i m i l a r l y ,  f u r t h e r  breakdown o f  t h e  

goals  can be undertaken. 

For t h e  proper  assessment o f  t h e  code requirements,  r e l a t i o n s h i p s  

between d i f f e r e n t  o b j e c t i v e s  need t o  be i d e n t i f i e d .  An Ob jec t i ve  

I n t e r a c t i o n  M a t r i x  i s  developed t o  ach ieve t h i s  purpose (Fig.  3). Th is  

f i g u r e  e x h i b i t s  t h e  i n t e r a c t i o n  between d i f f e r e n t  des ign ob jec t i ves .  It 

a l s o  shows t h a t  a  code requirement may r e l a t e  t o  more than  one o b j e c t i v e  

(e.g., room s i z e  i s  r e l a t e d  t o  h e a l t h  requirements as w e l l  as comfor t ) .  

Furthermore, requirements t h a t  s a t i s f y  one o b j e c t i v e  may have some 

e f f e c t  on t he  performance o f  t h e  b u i l d i n g  w i t h  respect  t o  o t h e r  o b j e c t i v e s  

(e.g., f i r e  conf inement vs. v e n t i l a t i o n ,  a i r  .qua1 i t y ) .  

B u i l d i n g  Code Requirements Impacts 

The impacts o f  b u i l d i n g  code requirements can be viewed from d i f f e r e n t  

perspect ives.  The b u i l d e r  may be i n t e r e s t e d  i n  b u i l d i n g  code requirements 

t h a t  l i m i t  h i s  choices and inc rease  t h e  b u i l d i n g  cos t  w h i l e  t h e  

owner/occupant i s  concerned w i t h  s a f e t y  requirements.  Labour may be 

concerned w i t h  t h e  impact o f  code p r o v i s i o n s  on employment w h i l e  t h e  

manufacturer  i s  concerned w i t h  t h e  l i m i t a t i o n s  on t h e  use o f  raw m a t e r i a l ,  

manufactur ing processes and new requirements f o r  t e s t i n g  and standards. 

Systematic de te rm ina t i on  o f  these impacts r equ i res  p roper  i d e n t i f i c a t i o n  

o f  ( i  ) impact groups, and ( i  i ) f i e l d  o f  consequences. Impact groups 

i nc l ude  those i n d u s t r i e s  ( t h e  cons t ruc t i on ,  manufactur ing,  insurance, 

etc.  ) and i n d i v i d u a l  s  (developer,  b u i  1  der , designer ,  suppl i e r ,  r e g u l a t o r )  

t h a t  a re  d i r e c t l y  o r  i n d i r e c t l y  a f f e c t e d  by b u i l d i n g  codes. The F i e l d s  o f  

Consequence i n c l u d e  d i f f e r e n t  components o f  a b u i l d i n g  p r o j e c t  as w e l l  as 

p a r t i c u l  a r  impact ca tegor ies  such as t echn i ca l  impacts, economic impacts,  

and s o c i a l  impacts (see Tables 1 and 2). Each o f  these impacts can be 

est imated on p r o j e c t s ,  developer,  owner, des igner ,  s u p p l i e r ,  r e g u l a t o r  and 

on var ious  i n d u s t r i e s  such as manufactur ing,  r e a l  es ta te ,  insurance, e tc .  

A t  t h e  p r e l i m i n a r y  stages, one may i d e n t i f y  p o s i t i v e  and nega t i ve  

impacts o f  a  p a r t i c u l a r  requirement. The p o s i t i v e  impacts represent  t h e  

b e n e f i t s  (improvements i n  sa fe ty /hea l  t h ,  r educ t i on  i n  cos t ,  i nc rease  i n  

p r o d u c t i v i t y ,  etc.) whi 1  e, t h e  nega t i ve  impacts represen t  t h e  cos ts  

( inc rease  i n  r i s k  o f  dea th / i n  jury/damage, inc rease  i n  cos t ,  decrease i n  

p r o d u c t i v i t y ,  e tc . ) .  
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FIELD OF CONSEQUENCE TECHNICAL CONSEQUENCES 

PLANNING/PROJECTION - L i m i t a t i o n  o f  choice 

DESIGN - Enginer ing design - A r c h i t e c t u r a l  design 

CONSTRUCTION - Product i  v i  t y  - Equipment 
BUILDING - Mate r ia l  
PROCESS - S a f e t y l p r o t e c t i o n  

OPERATION/ - Energy consumption 
MAINTENANCE - Operat i ng pol  i c y  - Maintenance pol  i c y  - Safety - Heal th  - Comfort .................... ------------------- -------r---------------l------r 

RAW MATERIALS - Mate r ia l  1 i m i t a t i o n  - A v a i l a b i l i t y  

MATER I AL/ MANUFACTURING - Standards 
EQU I PMENT - Performance 

DISTRIBUTION - A v a i l a b i l i t y  
- Design i n fo rma t ion  .................... ------------------- ............................... 

WARRANTY - Demand f o r  new war ran t ies  
QUAL I TV / 

I SAFETY CERTIFICATION - Demand f o r  standards 
ASSURANCE - Demand f o r  t e s t i  ny procedure 

CODE ENFORCEMENT - Demand f o r  inspect ion  p o l i c y  I 
TABLE 1 - Technical Consequence Breakdown 

FIELD OF CONSEQUENCE S O C I O  - ECONOMIC CONSEQUENCE - 
DESIGN PHASE - Design fee  - Plan approval cost  

- Plan approval cost  [!::;{ 
CONSTRUCTION PHASE - Mate r ia l  cost - Labour cost  - Equipment cost 

ECONOMI C - B u i l d i n g  i nspec t i on  cost  
- C e r t i f i c a t i o n  cost  - Financing cost  - Admi n i  s t  r a t  i on cost  

OCCUPANCY PHASE - Operat ing cost  - Maintenance cost  - Upgrading cost  - Insurance cos t  - Taxes .................... --------I---------- - -c- - - - - - - - - - - - - - - - - - - - I - - - - -CC - Envi ronment - Employment 
SOC I AL - D i s t r i b u t i o n  impact - Accessabi 1 i t y  - Energy conservat ion 

TABLE 2 - Socio - Economic Consequence Breakdown 
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LEVEL 1 

SAFETY HEALTH COMFORT CONCERNS POLICY 

. - 

F i g .  1 Hierarchy o f  Overal l  Bu i ld ing  Code Goal (Level 1) 

LEVEL 1 - 
SAFETY 

LEVEL 2 

SAFETY I N  USER SAFETY 

CONSTRUCTION I N  OCCUPANCY 

PHASE PHASE 

SAFETY SAFETY 

F i g .  2 Safety Object ive (Levels 2.3) 



F I G U R E  3 

C O D E  O B J E C T I V E S  I N T E R A C T I O N  M A T R I X  



Performance Measures 

An app rop r i a te  s e t  o f  performance measures t h a t  r e f l e c t  t h e  code 

o b j e c t i v e s  used t o  d e f i n e  i n  o rder  t o  measure t h e  impact o f  code 

requirements. These performance measures can be c l a s s i f i e d  i n t o  t h r e e  

types  : 

( i )  Technical  performancemeasures, 

( i i ) Economic performance measures , and 

( i i i )  Soc ia l  performance measures. 

The t e c h n i c a l  performance measures a re  r e q u i r e d  f o r  e v a l u a t i n g  t h e  

impact o f  code requirements on t h e  t e c h n i c a l  performance o f  b u i l d i n g s ;  t h e  

economic performance measures f o r  measurig t h e  economic impact o f  code 

requirements on t he  impact groups; and t h e  s o c i a l  performance measures 

w i l l  be needed t o  address t h e  i s sue  o f  code requi rements impacts on t h e  

environment, people and o t h e r  sec to r s  o f  t h e  soc ie ty .  The performance 

measures i n c l u d e  q u a l i t a t i v e  measures such as a c c e s s i b i l i t y  and user  

comfort as we1 1 as q u a n t i t a t i v e  measures such as energy consumption and 

p r o b a b i l i t y  o f  a f i r e - r e l a t e d  i n j u r i e s .  Since t h e  u s e f u l  l i f e  o f  b u i l d i n g s  

( o r  t h e i r  components) extend beyond t h e i r  c o n s t r u c t i o n  per iod,  i t  i s  

e s s e n t i a l  t o  cons ider  t h e  impact over  a l ong  p e r i o d  o f  t ime  (e.g., 15-20 

yea rs ) ;  and, i n  do ing  so, t o  cons ider  t h e  t ime  r e l a t e d  f a c t o r s  such as 

i n f l a t i o n  o r  e f f e c t s  o f  ag ing  on bu i l d i ngs .  

The f o l l o w i n g  i s  a sample o f  t h e  performance measures t h a t  may be used 

i n  t h e  model . 
Technical  Performance Measures 

- Probab i l  i t y  o f  s t r u c t u r a l  f a i  1 u r e  

- P r o b a b i l i t y  o f  f i r e  

- Probabi 1 i t y  o f  h e a l t h  hazards 

- Energy consumption l e v e l  

- F l e x i b i l i t y  i n  use 

Economic Performance Measures 

- L i f e  c y c l e  cos t s  

- Costs and b e n e f i t s  

- P r o d u c t i v i t y  ( labour ,  equipment, m a t e r i a l  ) 

Socia l  Performance Measures 

- Accessi b i  1 i t y  

- Comfort and user  s a t i s f a c t i o n  



- - .  

- Envi ronmental po l  1  u t i  on. 

Date Base 

The a v a i l a b i l i t y  of  a  r e l i a b l e  data base f o r  t e s t i n g  o r  work ing w i t h  any 

framework i s  as impor tan t  as t h e  framework i t s e l f .  For e v a l u a t i o n  

purposes, i n f o rma t i on  about t h e  t e c h n i c a l  performance a f  b u i l d i n g s  and 

o the r  h e a l t h  and sa fe ty  r e l a t e d  requirements can be ob ta ined  from va r i ous  

sources. 

Sources o f  t h e  requ i red  da ta  

B a s i c a l l y ,  t h e r e  a re  t h r e e  s i t u a t i o n s :  
I 

( i  ) Pub1 i shed  i n f o r m a t i o n  e x i s t s  (e.g., f i r e - r e l a t e d  s t a t i s t i c s )  and 

they  o n l y  need r e - s t r u c t u r i n g  o r  re f inement ;  

( i  i ) The i n f o r m a t i o n  e x i s t s  i n  d i f f e r e n t  o rgan iza t ions ,  b u t  i n  

unorganized and unpubl i shed  forms. I n  t h i s  case, e f f o r t s  w i l l  be 

made t o  i n v e s t i g a t e ,  c o l l e c t  and develop a  da ta  base. Also, as p a r t  

o f  t h i s  exerc ise ,  a  permanent system o f  da ta  c o l l e c t i o n  wi 11 be 

es tab l i shed ;  and 

( i i i )  Technical  i n f o r m a t i o n  e x i s t s  bu t  i s  n o t  ava i l ab le .  I n  t h i s  case, a  

bank o f  t echn i ca l  exper ts ,  i n  d i f f e r e n t  code r e l a t e d  sub jec ts ,  w i l l  

be developed. The i n f o r m a t i o n  w i l l  be c o l l e c t e d  th rough 

ques t i onna i re  o r  through o t h e r  f e a s i b l e  means such as Delph i  

method. 

Risk Ana lys is  

One o f  t h e  main o b j e c t i v e s  o f  develop ing t h e  Code Assessment Framework i s  

t o  enable t h e  d e c i s i o n  makers i n  t h e  code adv i so ry  committees t o  make 

be t te r - in fo rmed dec is ions  by p r o v i d i n g  them w i t h  a d d i t i o n a l  i n f o r m a t i o n  

about t h e  impact o f  b u i l d i n g  code requirements, e s p e c i a l l y  where t h e  

assessment i s  sub jec t i ve .  The f i n a l  outcome o f  impact a n a l y s i s  would n o t  

be ce r t a i n .  The u n c e r t a i n t y  w i  11 creep i n t o  t h e  a n a l y s i s  because o f  v a r i u s  

assumptions made regard ing  c e r t a i n  parameters and i n s u f f i c i e n t  o r  

unre l  i abl  e  data used. 

There a re  o t h e r  u n c e r t a i n t i e s  regard ing  t h e  scope o r  q u a n t i t y  o f  t h i n g s  

. (e.g, number o f  b r i c k s ,  pounds o f  s t e e l ,  man hours)  and t h e  u n i t  cos t  o f  

t h i n g s  a t  t h e  t ime  when these cos t s  a r e  a c t u a l l y  incur red .  There a re  a l s o  

u n c e r t a i n t i e s  regard ing  t h e  t i m i n g  o f  ac tua l  occurrence o f  these costs .  

The r i s k  ana l ys i  s w i  11 expose t h e  s i  gn i  f i cance o f  u n c e r t a i n t i e s  associ  a ted  

w i t h  var ious  assumptions and q u a n t i t i e s  and cos t s  o f  impacts. 
~ The two l e a d i n g  approaches t o  u n c e r t a i n t y  assessment are:  t h e  

s e n s i t i v i t y  approach and t h e  p r o b a b i l i s t i c  approach. 
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S e n s i t i v i t y  ana l ys i s ,  i n  t h e  sense o f  response t o  v a r i a t i o n s ,  can be o f  

two types:  q u a n t i t a t i v e  and q u a l i t a t i v e .  Q u a n t i t a t i v e  s e n s i t i v i t y  i s  de- 

f i ned  as t h e  numerical  measures o f  changes i n  ou tpu t  t o  v a r i a t i o n s  o f  

i n p u t  (parameters).  The qua1 i t a t i v e  aspect o f  s e n s i t i v i t y  a n a l y s i s  deal s  

w i t h  model design. It r e f e r s  t o  t h e  c a p a b i l i t y  o f  a  model t o  respond t o  

dynamic changes i n  t h e  sub jec t  be ing  modeled. 

The s e n s i t i v i t y  a n a l y s i s  i s  performed by v a r y i n g  d i f f e r e n t  values o f  

i npu t s  ( o r  parameters) and thereby o b t a i n i n g  d i f f e r e n t  va lues f o r  co r res -  

ponding outputs.  I n  t h i s  way, upper and lower  bounds o f  ou tpu t  can be 

es tab l  i shed. 

Probabi 1  i t y  a n a l y s i s  re1 i e s  on t h e  use o f  probabi 1  i t i e s  r a t h e r  than t h e  

r e p e t i t i o n  of  t he  e v a l u a t i o n  process (as i s  t h e  case i n  s e n s i t i v i t y  

ana l ys i s ) .  It i s  use fu l  when (1) t h e r e  i s  more than  one p o s s i b l e  c o n d i t i o n  

o r  " s t a t e  o f  na tu re"  t h a t  can occur;  ( 2 )  t h e  outcome o f  t h e  p r o j e c t  may 

d i f f e r  depending on t h e  s t a t e  t h a t  occurs; and ( 3 )  t h e  p r o b a b i l i t y  o r  t h e  

r e l a t i v e  frequency w i t h  which each p o s s i b l e  s t a t e  i s  expected t o  occur  can 

be used t o  c a l c u l a t e  t h e  average, o r  "expected", va lue  o f  p o s s i b l e  ou t -  

comes weighted accord ing  t o  t h e i r  f requency o f  occurrence. Wi th  t h e  h e l p  

of p r o b a b i l i t y  ana lys is ,  d i f f e r e n t  a l t e r n a t i v e s  w i t h  d i f f e r e n t  s t a t e s  and 

p robab i l  i t i e s  can be compared t o  each o ther .  

An I 1  1  u s t r a t e d  Example 

This  sec t i on  p rov ides  an hypo the t i ca l  i l l u s t r a t i o n  o f  how t h e  assessment 

model might  be a p p l i e d  i n  a  p r a c t i c a l  s i t u a t i o n .  For t h i s  purpose, t h e  

general  area o f  f i r e  s a f e t y  requi rements has been chosen. Th is  i s  one of 

t he  most comprehensive and fas t -g row ing  sec t i ons  o f  b u i l d i n g  codes. Un- 

f o r t u n a t e l y ,  t h i s  growth i s  ma in l y  a  r e a c t i v e  (and p o s s i b l y  unreasoned) 

response t o  f i r e  acc idents .  I n  genera l ,  i t  i s  n o t  t h e  r e s u l t  of  w e l l -  

d i r e c t e d  research rega rd ing  f i r e  s a f e t y  nor  i s  i t  t h e  s t r a t e g i c  accumu- 

1  a t i o n  o f  i n f o r m a t i v e  s t a t i s t i c s  regard ing  f i r e s ,  e.g., c o n f i g u r a t i o n  o f  

t h e  b u i l d i n g ,  t y p e  o f  cons t ruc t i on ,  l e v e l  o f  compliance w i t h  t h e  code, 

f a c i l i t i e s  t h a t  were use fu l  i n  l i m i t i n g  o r  e x t i n g u i s h i n g  t h e  f i r e ,  e tc .  As 

a  r e s u l t ,  t h e r e  i s  a  general  f e e l i n g  t h a t  requi rements have increased on 

ad hoc bas i s  w i t h o u t  proper  j u s t i f i c a t i o n .  

As an example, cons ider  t h e  case o f  t h e  requirement f o r  " f i r e  hose cab i -  

ne ts "  i n  1  arge bu i l d i ngs .  They cos t  hundreds o f  thousands o f  do1 1  a r s  t o  

i n s t a l l  and equip. But a re  they  e f f e c t i v e ?  Do occupants use them? Do they  

cause acc iden ts  and damage? Do f i r e  f i g h t e r s  use them? Do they  c rea te  a  

f a l s e  sense o f  s e c u r i t y ?  I n  sho r t ,  a r e  t hey  wor thwh i le  o r  a r e  they  



waste fu l  ? 

The problem i s  complex. Many i ssues  must be cons idered and much data 

assembled. I n  t he  f i r s t  p lace, t h e  i s sue  must be looked a t  i n  t h e  whole 

context .  I n  t h i s  case, t h i s  means a  rev iw  of t h e  " f i r e  conf inement" area 

o f  t h e  code i n  which t h e  p r o v i s i o n  o f  f i r e  hose cab ine t s  i s  one o f  t h e  

requirements. How do f i r e  hose cab ine t s  c o n t r i b u t e  t o  f i r e  s a f e t y  

o b j e c t i v e s ?  What i s  t h e i r  marg ina l  c o n t r i b u t i o n  t o  t h e  cumula t i ve  impact 

o f  t he  combined requirements? Are o the r  requirements more e f f e c t i v e  o r  

more c o s t / e f f e c t i  ve? 

I n  t h i s  example, t h e  complementary code requi rements w i t h  respec t  t o  

f i r e  confinement are:  ( i  ) f i r e  r es i s tance  r a t i n g s ;  ( i  i ) f i r e  separa t ion  

r a t i n g s ;  ( i  i i ) f i  r e  spread r a t i n g s ;  ( i  v )  s p r i n k l e r s  ( r e g u l  a r / f a s t  

response); ( v )  hose cab ine ts ;  ( v i  ) stand p i p e  water  suppl ies ;  ( v i i  ) 

p o r t a b l e  ex t ingu ishers .  

Obviously,  severa l  c a r e f u l l y  se lec ted  e v a l u a t i o n  c r i t e r i a  a r e  requi red.  

I n  our  hypo the t i ca l  example, we have used t h e  f o l l o w i n g :  

- P r o b a b i l i t y  o f  f i r e  

- P r o b a b i l i t y  o f  death per  f i r e  

- P r o b a b i l i t y  o f  i n j u r y  per  f i r e  

- Probab i l  i t y  o f  damage per  f i r e  

- P r o b a b i l i t y  o f  safe evacuat ion 

- Average damage cos t  per  f i r e  

- L i f e  c y c l e  cos t  (20 yea rs )  (owner) 

- L i f e  c y c l e  cos t  ( i n d u s t r y )  

Obviously,  o t h e r  c r i t e r i a  cou ld  be used as we l l ,  such as cos t  t o  

p r o v i n c i a l  governments o r  t o  r e g u l a t o r y  agencies. 

One may o b t a i n  a  grasp o f  how t h e  model r e q u i r e s  t h e  a n a l y s i s  i s  t o  be 

c a r r i e d  ou t  by examining Table 3. Th i s  Table shows t h e  t y p e  o f  i n f o r m a t i o n  

t h a t  would be requ i red  f o r  t h e  a n a l y s i s  and how i t  would be used t o  d e r i v e  

decis ion-making r e s u l t s .  The Table i s  a  m a t r i x  o f  q u a n t i f i e d  e v a l u a t i o n  

c r i t e r i a  versus cumula t i ve  code requirements.  It prov ides  t h e  suppo r t i ng  

da ta  f o r  subsequent steps i n  t h e  a n a l y s i s  process. I f  an a n a l y s t  wished t o  

o b t a i n  t h e  probable cos t  o f  a  f i r e  i n  a  p a r t i c u l a r  t ype  o f  b u i l d i n g ,  he 

would mu1 t i p l y  t he  p r o b a b i l i t y  o f  f i r e  by t h e  average damage c o s t / f i r e .  If 

he wished t h e  t o t a l  expected f i r e  cos t s  f o r  t h i s  t y p e  of b u i l d i n g ,  he 

would m u l t i p l y  t h e  p rev ious  r e s u l t  by t h e  number o f  b u i l d i n g s  o f  t h i s  

t ype*  

The i n f o r m a t i o n  i n  t h e  t a b l e  i s  n o t  f a c t u a l  b u t  i s  reasonably  r e a l i s t i c .  



COOE REQUIREMENTS 

(1)  (2) (3)  (4)  ( 5  (6)  ( 7  

FIRE (1)tFIRE (2)tFLAME ( 3 ) +  (4)+HOSE (5)+ (6)tINTER IOR 

RESISTANCE SEPARATION SPREAD SPRINKLERS CABINETS STANDPIPE OES l G N  

RATINGS RATINGS RATINGS WATER REQUIREMENTS 

SUPPLIES 

------- 
PROBABILITY 0.008 0.008 0.008 0.006 0.006 0.006 0.006 

OF FIRE 

PROBABILITY 0,007 0.006 0.004 0.002 0.0018 0.001 0.0008 

OF 

DEATHIFIRE 

PROBABILITY 0.04 0.037 0.03 0.02 0.025 0.018 0.015 

OF 

INJURYIFIRE 

PROBABILITY 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

DAMAGEIF I RE 

PROBAB I L 1 TY 0.8 0.9 0.95 0.98 0.98 0.99 0.998 

OF SAFE 

EVACUATION 

AVERAGE 7 ? 7 7 ? 7 ? 

DAMAGE 

COSTIFIRE 

COST TO OWNER ? ? ? ? ? ? ? 

(OVER 20 YRS) 

COST TO ? 7 ? ? ? ? 7 

lNOUSTRY 

Table3 - Cumulative Impact o f  F i r e  Confinement Requirements 

Contained i n  the Bu i ld ing  Code. 



Since there  i s  no e x i s t i n g  data bank o f  cost  o r  techn ica l  in format ion,  i t  

i s  not poss ib le  even t o  speculate as t o  t h e  t o t a l  economic impact o f  t h e  

requirements (note many quest ion marks). These quest ion marks dramatical  l y  

demonstrate the  need f o r  the  development o f  a  complete and comprehensive 

data base. Re l i ab le  dec is ion  making i s  d i r e c t l y  dependent on the  i npu t  o f  

adequate support ing information. A l a r g e  amount o f  in fo rmat ion  must be 

assembled t o  c a r r y  out  a  complete analys is .  Some of t he  i npu t  data 

requi  red f o r  t h i s  example are: 

- Total number of b u i l d i n g s  t h a t  are ( w i l l  be) a f f e c t e d  by a  code 

requ i rement 

- Total  number of repor ted f i r e s  i n  t h i s  b u i l d i n g  category 

- Number o f  deaths and i n j u r i e s  i n  these f i r e s  

- Type o f  cons t ruc t ion ,  and f i r e - s a f e t y  features i n  b u i l d i n g s  w i t h  f i r e  

acc idents 

- Marginal impacts of t he  complementary code requirements 

- Increasing costs and reducing t h e  r i s k  o f  f i  re/death/injury/damage. 

As a  mat ter  o f  i n t e r e s t  , Fig. 4 which dep ic ts  t he  data f o r  t he  f i r s t  

c r i t e r i a  i n  bar-char t  form, has been prepared. It shows how each 

add i t i ona l  code requirement reduces t h e  r i s k  o f  hazard i n  bu i ld ings .  Note, 

however, t h a t  i t  i nd i ca tes  t h a t  t h e  a d d i t i o n  o f  requirement " 5 "  decreases 

the  r i s k  o f  f i r e  o r  death but  t h a t  i t  increases the  r i s k  o f  i n j u r y .  An 

i n j u r y  could r e s u l t  from the  improper use o f  such a  f a c i l i t y  i n  a  panic 

s i t ua t i on .  Even a t  t h i s  stage, our hypothet ica l  example imp l i es  t h a t  t h e  

p r o v i s i o n  o f  f i r e  hose cabinets r e s u l t s  i n  no s i g n i f i c a n t  increase i n  f i r e  

sa fe ty  and t h a t  t h e i r  cost  i s  unwarranted i n  t h i s  p a r t i c u l a r  case. 

The next step i n  the  ana lys is  would be t o  examine a l t e r n a t e  combinations 

o f  requirements. I n  one o f  these combinations, f i r e  hose cabinets might 

prove t o  be c o s t l e f f e c t i v e .  The essen t i a l  p o i n t  i s  t h a t  no i n d i v i d u a l  

requirement should ever be considered i n  is01 at ion.  The o v e r a l l  cumulat ive 

impact o f  any combination o f  requirements must always be determined. 

The f u l l  ana l ys i s  o f  t he  f i r e  hose cabinet  requirement would r e q u i r e  the  

completion o f  an impact ana lys is  as o u t l i n e d  e a r l i e r .  The impact o f  f i r e  

hose cabinet requirements on var ious ac to rs  could be negat ive o r  pos i t i ve .  

The next step would be t o  convert  these q u a l i t a t i v e  symbols t o  

q u a n t i t a t i v e  f i g u r e s  wherever possible. It i s  t h i s  t o t a l  in fo rmat ion  

package t h a t  dec i s ion  makers w i l l  consider,  i n  con junc t ion  w i t h  associated 

r i s k  ana lys i s  data, t o  come t o  a  reasoned conclusion. 



(1 )  ( 2 )  ( 3 )  ( 4 )  (5) ( 6 )  ( 7 )  

> I N C R E A S  1 N G  C O D E  R E Q U  I R E M E N T S  --- 
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C U M U L A T I V E  I M P A C T  O F  F I R E  C O N F I N E M E N T  
R E Q U I R E M E N T S  I N  B U I L D I N G  C O D E  



Concl uding Remarks 

The paper has out1 ined t h e  framework f o r  techn ica l  and economic eva lua t ion  

of the  b u i l d i n g  codes. The proposed framework i s  designed t o  p rov ide  a  

p r a c t i c a l ,  comprehensive dec is ion  making t o o l  t h a t  i s  capable o f  

eva lua t ing  code requirements w i t h  respect t o  t h e i r  goals and object ives.  

The model i s  a l s o  capable o f  i d e n t i f y i n g  d i f f e r e n t  ac to rs  invo lved i n  a  

bu i  l d i n g  p r o j e c t  (owners, users, a rch i  tects /engineers,  cont rac tors /  

subcontractors, governments . . .etc. ) and the  d i f f e r e n t  sectors o f  the  

i ndus t r y  (cons t ruc t ion ,  manufacturing, r e a l  estate,  insurance, etc.) t h a t  

a re  a f fec ted  by b u i l d i n g  codes. The u l t i m a t e  success of t he  proposed 

framework w i l l  depend on the  a v a i l a b i l i t y  o f  techn ica l  and economic data. 
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