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ABSTRACT 

This report describes a new method to deduce temperatures in concrete after 
fire. In this paper, the temperatures in fire-damaged concrete members were 
presumed, aiming at admixture responsive to thermal career. By measuring the 
ultraviolet absorption spectra of admixture, it was found that heated temperatures 
in concrete were possible to be presumed from absorbances. At the next stage of 
this study, heated temperatures in actually fire-damaged concrete were presumed by 
using this method. Moreover, the validity of this presumption method was verified 
by comparing the presumed temperatures with the actually measured ones in the fire- 
tested concrete members(f1oor and column). The influence of burning exhaust on this 
presumption method was also examined and it was found that there was no influence 
of the exhaust on the method by shaving off the surface layer of concrete. 

KEYWORDS: concrete, fire-damage, admixture, U V  spectrum, heated temperature, 
presumption method 

INTRODUCTION 

In Reinforced Concrete(RC) buildings, fires often continue longer within fire 
compartments and heavy damage is caused by the fires. In such cases, it is a very 
important matter whether the buildings are re-used or not and it depends on the 
degree of damage. When fire-damaged RC buildings are investigated, it is very 
important to presume heated temperatures of concrete and steel in main structural 
parts and to diagnose the degree of damage of each member. At present, the methods 
of chemical analysis[l] and of theoretical calculation[Z] etc. are recognized as 
the methods to presume heated temperatures in concrete. It is difficult to say that 
the above-mentioned methods are effective means in order to grasp heated 
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t e m p e r a t u r e s  more  a c c u r a t e l y .  And t h e r e f o r e ,  t h e  a u t h o r s  a i m e d  a t  o r g a n i c  
m a t e r i a l s ,  t h a t  i s ,  " c o n c r e t e  chemica l  admixture"  ( h e r e a f t e r ,  a d m i x t u r e ) ,  which a r e  
c o n t a i n e d  i n  minu te  amounts  i n  c o n c r e t e  and a r e  r e s p o n s i v e  t o  t h e r m a l  c a r e e r .  And 
by i n v e s t i g a t i n g  t h e r m a l  c a r e e r  of t h i s  a d m i x t u r e ,  t h e  au tho r s  proposed the  method 
t o  presume h e a t e d  t e m p e r a t u r e s  up t o  a b o u t  600°C u n d e r  which c o n c r e t e  and s t e e l  
b a r s  can  he r e -used .  

I n  t h i s  p a p e r ,  t h e  a u t h o r s  m e t i o n e d  a  new m e t h o d  t o  p r e s u m e  h e a t e d  
t e m p e r a t u r e s  i n  c o n c r e t e .  And by a p p l y i n g  t h e  method t o  c a s e  of  f i r e ,  t h e y  have 
v e r i f i e d  t h a t  t h e  p r e s u m p t i o n  me thod  was p r o p e r .  And t h e n ,  t h e y  examined t h e  
i n f l u e n c e  of  b u r n i n g  exhaus t  g a s  on t h i s  presumpt ion method. 

THE PRESENT CONDITIONS OF FIRE-DAMAGE DIAGNOSIS FOR CONCRETE STRUCTURES 

Assessment Method of  Fire-Damaged RC B u i l d i n g s  

I n  c a s e  of  r e - u s i n g  t h e  b u i l d i n g  a f t e r  f i r e ,  i t  i s  n e c c e s a r y  t o  know t h e  
d e g r e e  o f  damage t o  i t s  e a c h  member more a c c u r a t e l y  by p r o p e r  i n v e s t i g a t i o n .  
The a s s e s s m e n t  m e t h o d s  o f  f i r e - d a m a g e d  R C  b u i l d i n g s  a t  t h e  p r e s e n t  and t h e i r  
problems a r e  c l a s s i f i e d  a s  below. 

(1)  V i s u a l  o b s e r v a t i o n  on s i t e [ 3 ] ,  [$]-----The s u r f a c e  c o n d i t i o n  of t h e  t o t a l  
damaged  s t r u c t u r e  i s  o b s e r v e d .  Name ly ,  d i s c o l o r a t i o n s ,  e x p l o s u r e s ,  c r a c k s ,  
f l o a t i u g s ,  p e e l i n g s  and d e f l e c t i o n s  e t c .  a r e  o b s e r v e d  on t h e  c o n c r e t e  s u r f a c e  i n  
d e t a i l .  Only t h e  rough deg ree  of  damage can  be c l a s s i f i e d  by t h i s  method. 

( 2 )  Schmidt  hammer t e s t [ 3 ] ,  [5]-----The r e p u l s i v e  f o r c e s  on exposed s u r f a c e  of 
c o n c r e t e  member a r e  measu red  by Schmidt  hammer t e s t .  T h e r e f o r e ,  t h e  c o m p r e s s i v e  
s t r e n g t h s  a r e  presumed on exposed  s u r f a c e s ,  b u t  t h e  d i s t r i b u t i o n  of  s t r e n g t h s  a t  
v a r i o u s  d e p t h s  c a n n o t  h e  p r e s u m e d .  M o r e o v e r ,  a s  t h e  d a t a  of  t h e  c o m p r e s s i v e  
s t r e n g t h s  on f i re-damaged c o n c r e t e  by Schmidt hammer t e s t  i s  i n s u f f i c i e n t ,  only  t h e  
q u a l i t a t i v e  compar ison of t h e  d e g r e e  of damage can be a s s e s s e d .  

( 3 )  The n e u t r a l i z e d  t e s t  of c o n c r e t e [ 3 ] ,  [$] - - - - - I t  i s  known t h a t  conc re t e  i s  
n e u t r a l i z e d  when i t  i s  h e a t e d  o v e r  500°C. P h e n o l p h t h a l e i n  s o l u t i o n  i s  s p r a y e d  on 
t h e  p e e l e d  p a r t s  of t h e  c o n c r e r t e  and  t h e  n e u t r a l i z e d  d e p t h s  a r e  measu red .  When 
l o n g - c u r e d  c o n c r e t e  i s  f i r e - d a m a g e d ,  i t  i s  v e r y  d i f f i c u l t  t o  j udge  w h e t h e r  t h e  
p r o g r e s s  of n e u t r a l i z a t i o n  i s  d e t e r i o r a t i o n  due t o  age o r  due t o  f i r e .  

( 4 )  The t e s t  of c o m p r e s s i v e  s t r e n g t h  on c o n c r e t e  core[3]-----Core samples a r e  
p u l l e d  o u t  f r o m  f i r e - d a m a g e d  c o n c r e t e  members  a n d  t h e  r e s i d u a l  c o m p r e s s i v e  
s t r e n g t h s  a r e  p r e s u m e d  by c o m p r e s s i v e  t e s t s .  As t h e  d e g r e e  of  damage changes  
depend ing  on t h e  d e p t h  i n  c o n c r e t e  members,  t h e  r e s i d u a l  s t r e n g t h  d i s t r i b u t i o n  a t  
v a r i o u s  d e p t h  canno t  he a s s e s s e d  by t h i s  method. 

( 5 )  U l t r a s o n i c  m e t h o d [ 3 ] ,  [ 5 ] ,  [6] - - - - -The t r a n s m i t t i n g  t i m e  t h r o u g h  f i r e -  
damaged c o n c r e t e  i s  measured by t h e  u l t r a s o n i c  method and  t h e  d e g r e e  of damage i s  
i n v e s t i g a t e d .  As o n l y  t h e  a v e r a g e  t r a n s m i t t i n g  t ime  of c o n c r e t e  members i s  known, 
t h e  d i s t r i b u t i o n  of t h e  damage a t  v a r i o u s  d e p t h  i s  unknown. 

When t h e  a b o v e - m e n t i o n e d  m e t h o d s ( ( 1 ) - ( 5 ) )  a r e  u s e d ,  o n l y  t h e  rough and 
s u r f a c e  d e g r e e  of damage of c o n c r e t e  members can be judged and t h e  e x a c t  d e g r e e s  a t  



v a r i o u s  d e p t h s  c a n n o t  be j u d g e d .  A c c o r d i n g l y ,  i n  o r d e r  t o  a s s e s s  f i r e -damaged  
c o n c r e t e  more a c c u r a t e l y ,  i t  i s  impor t an t  t o  presume t h e  hea t ed  t empera tu re s  of t h e  
i n t e r n a l  c o n c r e t e  and s t e e l  b a r s  i n  t h e  main s t r u c t u r a l  p a r t s  a c c u r a t e l y  and t o  
g r a s p  t h e  mechan ica l  p r o p e r t i e s  of c o n c r e t e  and s t e e l  b a r s  c o r r e s p o n d i n g  t o  t h e i r  
h e a t e d  t e m p e r a t u r e s .  

Presumpt ion Method of Heated Temperatures  i n  Concre te  

The methods  t o  p r e sume  h e a t e d  t e m p e r a t u r e s  i n  c o n c r e t e  a t  t h e  p r e s e n t  a r e  
mainly  a s  f o l l o w s .  

( 1 )  The method of chemical  ana lys i s [ l ] - - - - -Hea t ed  t empera tu re s  i n  c o n c r e t e  a r e  
presumed by n e u t r a l i z a t i o n ,  a n a l y s e s  of c a r b o n i c  a c i d  g a s  and f r e e  l i m e ,  and X r a y s  
d i f f r a c t i o n  e t c . .  

( 2 )  The method o f  t h e o r e t i c a l  c a l c u l a t i o n [ Z ] - - - - - T h e  d i m e n s i o n s ,  s h a p e s ,  
amounts of  combus t ib l e  m a t e r i a l s ( i n t e r i o r  f i n i s h e s  and c a r r y i n g  m a t e r i a l s  e t c . )  and 
windows e t c .  i n  a  f i r e  room a r e  e s t a b l i s h d ,  t h e  f i r e  c o n d i t i o n s  a r e  p r e d i c t e d ,  and 
t h e  h e a t e d  t empera tu re s  i n  c o n c r e t e  a r e  c a l c u l a t e d .  

( 3 )  The method of t h e  a c t u a l l y  f i r e -damaged  condi t ion-- - - -The f i r e  cond i t i on  
( f i r e  t ime  and f i r e  maximum t e m p e r a t u r e  a t t a i n e d )  i s  presumed by t h e  d a t a  of f i r e  
s t a t i o n ,  t h e  c o m b u s t i b i l i t i e s  of  m a t e r i a l s  i n  a  f i r e  room and t h e  carbonized depth  
a n d  s p e e d  o f  wood .  The  e x t e r n a l  h e a t e d  t e m p e r a t u r e s  a r e  p r e s u m e d  by t h e  
d i s c o l o r a t i o n  c o n d i t i o n  of  c o n c r e t e .  And i n n e r  hea t ed  t empera tu re s  a r e  c a l c u l a t e d .  

The problems f o r  above-metioned m e t h o d s ( ( 1 ) - ( 3 ) )  a r e  a s  f o l l o w s .  
For  ( I ) ,  t h e  c h e m i c a l  changes  of i n o r g a n i c  m a t e r i a l s  a r e  occas iona l ly  brought back 
t o  t h e  c o n d i t i o n  b e f o r e  f i r e  by f i r e - f i g h t i n g  w a t e r .  
Fo r  ( Z ) ,  a s  t h e  c o n d i t i o n  b e f o r e  f i r e  i n  t h e  f i r e  room i s  n o t  o f t e n  known, i t  i s  
d i f f i c u l t  t o  g r a s p  t h e  r e a l  f i r e  c o n d i t i o n  a c c u r a t e l y .  The h e a t e d  temperatures  i n  
c o n c r e t e  a r e  w ide ly  d i f f e r e n t  by f i r e  t ime and f i r e  maximum t empera tu re .  T h e r e f o r e ,  
i t  i s  impor t an t  t o  g r a s p  t h e  a c c u r a t e  f i r e  s c a l e .  
F o r  ( 3 ) ,  i t  i s  d i f f i c u l t  t o  g r a s p  t h e  r e a l  f i r e  c o n d i t i o n  a c c u r a t e l y ,  t o o .  
Moreove r ,  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  t h e  d e l i c a t e  d i s c o l o r a t i o n  c o n d i t i o n  of 
c o n c r e t e .  

PROPOSAL OF A NEW METHOD TO PRESUME HEATED TEMPERATURE IN CONCRETE 

Adopt i o n  of U V  S p e c t r a l  Method 

At p r e s e n t ,  l i g n i n  s u l f o n i c  a c i d  i s  ma in ly  u sed  a s  admixtures ,  and then use  of 
n a p h t a l i n e  s u l f o n i c  a c i d  i s  n e x t  t o  t h i s .  As t h e s e  a d m i x t u r e s  c o n s i s t  of o r g a n i c  
compounds which have c o n j u g a t e d  d o u b l e  bonds ,  i t  i s  c o n s i d e r e d  t h a t  t h e i r  deg rees  
t o  a b s o r b  u l t r a v i o l e t  r a y s ( n a m e l y ,  a b s o r b a n c e  A) a r e  v e r y  b i g .  C o n c r e t e  which i s  
composed of ma in ly  i n o r g a n i c  m a t t e r  i s  n o t  p e r c e i v e d  t o  a b s o r b  u l t r a v i o l e t  r a y s .  
A c c o r d i n g l y ,  a i m i n g  a t  a d m i x t u r e ,  a s  i t s  q u a n t a t i v e  a n a l y s i s  i s  p o s s i b l e ,  t h e  
a u t h o r s  a d o p t e d  U V  s p e c t r a l  me thod  a s  a n a l y s i s  o n e .  The law of a b s o r b a n c e  i s  
p r e s e n t e d  i n  t h e  f o l l o w i n g  e q u a t i o n ( 1 ) .  



where, 
T:transmission factor(=Ie/I~(I~ is incident intensity, Ie is transmission 

intensity), 
a:absorption coeff icient(l/cm), 
c:concentration, and 
1:thickness of absorption cell(cm). 
Specrophotometer(UV-200) is used for measuring. 

Characteristic of UV Spectra on Concrete 

The differentlal thermal analysis(DTA) and differential thermogravimetry 
analysis(TGA) rere measured in order to examlne thermal properties of lignln 
sulfonic acid admixture. The results are shorn in Fig.1. Weight loss by exothermic 
process begins at about 200°C and ends at 500-600°C. The reason for this 
phenomenon is considerd to be that thermal cracking reaction of admixture causes 
from 200°C and almost ends at 500-600°C. 
Fig.2 shows the relations between wave lengths and absorbances(hereafter, 
absorption curves) of UV spectra by 100°C from 110°C to 700°C on lignin sulfonic 
acid admixture. The absorbance at 110°C shows peak at wave length of 340nm. Bith 
the rise of temperature, absorbances reduce over all wave lengths. And they don't 
reduce over 500°C. 
As concrete usually contains admixture, absorption curve of concrete is influenced 
by UV spectral property of admixture as known from the comparison of Fig.2 and 
Fig.3. 
From F i g . 3 ,  the absorbances at wave length of 260nm were considered to be relative 
with heated temperatures and were adopted in this presumption method. 
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FIGURE 1. Results of DTA and TGA for lignin sulfonic acid. 
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FIGURE 2. Absorption curves FIGURE 3. Absorption curves 
icase of lignin sulfonic acid admixturej. icase of concrete). 

The absorption curves at 110°C and 500°C of concrete without adm~xture are sh0hn in 
Fig.3, too. The absorbance of this concrete at 110°C is different from the one of 
concrete with admixture and doesn't show peak. Moreover, tor the latter concrete, 
w ~ t h  the rlse 01 temperature, absorbances slightly reduce. 

EXPERIMENTS ON PRESUMPTION METHOD 

Experiment Method 

It was examined how influence the differences in contained amounts of 
admixture and cement paste gave on the measured results of UV spectra. 

Method to Make Test Solutions for Measurement. Test specimen(both width and 
length:300mm, height:40mmj was made from concrete according to mix proportion 
(weight ratio: cement(normaI portland) 100, water 50, fine aggregateisand) 250, 
coarse aggregateicrushed stone) 360, admixtureiair-entraining agent) 0 . 2 5  and 0.5j, 
using Iignin sulfonic acid as admixture. Procedures to make test solutions are 
shown in following lj-4). 

1) Test specimen air-cured for over 7 days was cut to test pieces(width:40mm, 



l e n g t h :  150mm). 

2 )  T e s t  p i e c e s  were h e a t e d  a t  e ach  t e m p e r t u r e ( l l O 0 C ,  300°C, 400°C, 500°C and 
600°C) f o r  60 minutes  i n  e l e c t r i c  f u r n a c e .  

3 )  A f t e r  h e a t e d ,  t e s t  p i e c e s  were  c r u s h e d  t o  t h e  limit t h a t  c r u s h e d  s t o n e s  
remained a s  t h e y  were .  The p a r t s  t h rough  s c r e e n s  of 10 mesh and 35 mesh were f i n e l y  
c r u s h e d  t o  t h e  d i a m e t e r  o f  5 - 1 0 b m  by v i b r a t i o n  mill i n  o r d e r  t o  examine  t h e  
i n f l u e n c e  of  d i f f e r e n c e  i n  c o n t a i n e d  amounts of cement p a s t e .  

4 )  A f t e r  t e s t  sample(25g)  was added by pu re  water(100ml)  and i t  was b o i l e d  f o r  
120 m i n u t e s ,  i t  was f i l t e r e d  by means of  s u c t i o n  u s i n g  5C f i l t e r  paper .  And f i l t e r  
l i q u i d  was used a s  t e s t  s o l u t i o n .  

F a c t o r s  of t e s t  s ample s  a r e  a d d i t i o n a l  r a t i o s  of  admixture(0 .25% and 0 .5%) t o  
cement and s i z e s  of s c r e e n ( l 0  mesh and 35 mesh).  Kinds of t e s t  samples  a r e  f o u r ( t w o  
f a c t o r s  by two e l e m e n t s ) .  

Measu remen t  of  U V  S p e c t r a .  U V  s p e c t r a  f o r  t e s t  s o l u t i o n s  a t  e ach  h e a t e d  
t empera tu re  were ana lyzed  u s i n g  s p e c t r o p h o t o m e t e r ,  and t h e i r  a b s o r p t i o n  c u r v e s  were 
g r a s p e d .  

T e s t  R e s u l t s  and D i s c u s s i o n s  

From t h e  measu red  r e s u l t s  of a b s o r p t i o n  c u r v e s  f o r  each  t e s t  s o l u t i o n ,  t h e  
r e l a t i o n s  between h e a t e d  t e m p e r a t u r e s  and a b s o r b a n c e s  a t  wave l e n g t h  of 260nm a r e  
shown i n  F i g . 4 .  T h e i r  r e l a t i o n s  f rom 110°C t o  500°C became a l m o s t  l i n e a r .  Over 
50OoC, a s  a d m i x t u r e  p e r h a p s  d i s s o l v e s  t h e r m i c a l l y  and r ema in ing  c o n c e n t r a t i o n  of  
t he rma l  d i s s o l u t i o n  i s  s m a l l e r ,  abso rbance  i s  c o n s i d e r d  t o  become c o n s t a n t .  

Examinat ion on Improvement of P r e c i s i o n  i n  Presumpt ion 

The r e l a t i o n s  between h e a t e d  t e m p e r t u r e s  and abso rbances  a r e  considered t o  be 
s l i g h t l y  a p a r t  f rom t h e  l i n e a r  r e l a t i o n  a s  known from Fig .4 ,  because t he  p r e c i s i o n  
i n  making t e s t  s o l u t i o n s  was n o t  v e r y  good.  Three  p o i n t s  shown i n  fo l l owing  a ) - c )  
were r ega rded  t o  be t h e  c a u s e s .  

a )  White-muddy s t a t e  of  t h e  e x t r a c t e d  s o l u t i o n  by c a r b o n i c  ac id-- - - -Cals ium 
ca rbona t e (CaC03)  i n s o l u b l e  i n  w a t e r  i s  made by r e a c t i o n  between Calusium ion(Ca2 ' )  
of  cement s o l u b l e  i n  t h e  e x t r a c t e d  s o l u t i o n  and Ca rbon ic  a c i d  gas(C0e)  i n  a i r ,  and 
t h e  e x t r a c t e d  s o l u t i o n  becomes muddy. T h e r e f o r e ,  abso rbance  i n c r e a s e s .  

b )  A d o s o r p t i o n  of  a d m i x t u r e  t o  cement-----As a d m i x t u r e  a d s o r b s  cemen t ,  t h e  
e x t r a c t i o n  e f f i e n c y  of a d m i x t u r e  d r o p s  and t h e  c o n c e n t r a t i o n  of a d m i x t u r e  i n  t h e  
e x t r a c t e d  s o l u t i o n  becomes weak. T h e r e f o r e ,  abso rbance  r educes .  

c )  P i cked  amount of  t e s t  sample-----As p i c k e d  amount of t e s t  sample i s  more, 
amoun t  of  c e m e n t  i n  t e s t  s a m p l e  i n c r e a s e s  a n d  t h e  t h e  e x t r a c t i o n  e f f i e n c y  of 
admix tu re  d r o p s .  T h e r e f o r e ,  abso rbance  r educes  by t h e  same r ea son  a s  b ) .  

C o n s e q u e n t l y ,  t h e  improvement of p r e c i s i o n  i n  e x p e r i m e n t  was examined h e r e ,  
and f o l l o w i n g  methods were adop ted  i n  o r d e r  t o  remove t h r e e  c a u s e s  above ment ioned.  



For  a ) ,  t h e  e x t r a c t e d  s o l u t i o n  was a c i d f i e d  by h y d r o c h l o r i c  a c i d ( p H 1 . 6 ) ,  CaC03 
i n s o l u b l e  i n  wa te r  was d i s s o l v e d .  T h e r e f o r e ,  muds were removed. 
For b ) ,  a f t e r  same s o l u t i o n  was e x t r a c t e d  by b o i l i n g  r e p e a t e d l y  i n  o r d e r  t o  improve 
t h e  e f f i c i e n c y  of  b o i l  e x t r a c t i o n  by w a t e r ,  t o t a l  a b s o r b a n c e s  of f i r s t  and second 
e x t r a c t e d  s o l u t i o n s  were adop ted  a s  abso rbance .  
F o r  c ) ,  s a m p l e s  c h a n g e d  f r o m  1 g ram t o  25 g r a m s  w e r e  e x t r a c t e d  by b o i l i n g  
r e s p e c t i v e l y .  Abso rbances  p e r  sample  q u a n t i t y  of  1 gram a t  wave l e n g t h  of 260nm 
were  measured and t h e  r e s u l t s  a r e  shown i n  F i g . 5 .  As t h e  r e s u l t ,  t h e  q u a n t i t y  of 
3 grams where abso rbance  became maximum was adop ted  a s  sample q u a n t i t y .  

By u s i n g  t h e  a b o v e  t h r e e  m e t h o d s ,  t h e  a c c u r a t e  r e l a t i o n  b e t w e e n  hef l ted  
t e m p e r a t u r e s  and a b s o r b a n c e s  was g r a s p e d  a s  shown i n  F ig .6 ,  and t he  improvement of 
p r e c i s i o n  i n  presumpt ion cou ld  be a t t e m p t e d .  
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FIGURE 4. R e l a t i o n s  between 
h e a t e d  t empera tu re s  and abso rbances .  
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APPLICATION OF PRESUMPTION METHOD TO FIRE 

C o n c r e t e  t e s t  spec imens  were c u t  o f f  from t h e  R C  b u i l d i n g  which was a c t u a l l y  
s u f f e r e d  f rom f i r e -damage  and b r o u g h t  t o  o u r  l a b o r a t o r y .  Then, heated  temperatures  
o f  s p e c i m e n s  were  t r i e d  t o  be  p r e s u m e d .  The f i r e  o c c u r e d  a t  t h e  r o o f  of t h i s  
b u i l d i n g  under  c o n s t r u c t i o n ,  and p a r a p e t s  of  t h e  roo f  were exposed t o  t h e  f i r e .  For 
t h e  c a s e  o f  t h i s  f i r e ,  h e a t e d  t e m p e r a t u r e s  of t h e  p a r a p e t s  were  presumed.  The 
p r o c e d u r e s  and t h e  t e s t  r e s u l t s  a r e  d e s c r i b e d  a s  f o l l o w s .  

Presumpt ion Method 

C o n c r e t e  c o r e s ( d l a m e t e r : l U c m ,  l eng th :15cm)  were c u t  o f f  from t h e  most t i r e -  
damaged p a r t s ( 2  p o i n t s )  and undamaged p a r t ( 1  p o l n t )  of  t h e  p a r a p e t s .  At the  l i r s t  
s t a g e  of  p r e s u m p t i o n ,  U V  s p e c t r a  of  a n  undamaged c o n c r e t e  c o r e  were  measured t o  
o b t a i n  t h e  r e l a t i o n  between h e a t e d  t e m p e r a t u r e s  and a b s o r b a n c e s  a t  wave l eng th  of  
260nm. I'he o b t a i n e d  c a l l b r a t i o n  c u r v e  i s  shown i n  F i g . 7 .  The e q u a t l o n s  ( 2 ) - ( 4 )  
wh ich  a r e  u s e d  t o  p r e sume  h e a t e d  t e m p e r a t u r e s  a r e  d e r i v e d  f rom t h e  calibration 
curve .  

where ,  
A : ab so rbance  of t h e  l i re-damaged sample ,  
4 h  : abso rbance  of t h e  undamaged sample a t  normal t e m p e r a t u r e ,  
A I  : b so rbance  of t h e  aundamaged sample a t  500°C, and 
1 : h e a t e d  t empera tu re ( "C) .  
A l t e r  t h e  c a l i b r a t i o n  c u r v e  was o b t a i n e d ,  t i r e -damaged  conc re t e  c o r e s  were c u t  out  
e v e r y  4cm from t h e  s u r i a c e  t o  t h e  I n n e r  p a r t  and t h r e e  t e s t  spec imens  h e r e  t a k e n  
f r o m  e a c h  c o r e .  U V  s p e c t r a  of t h e s e  specimens w e r e  m e a s u r e d ,  a n d  t h e  h e a t e d  
t e m p e r a t u r e s  Fiere presumed u s i n g  t h e  e q u a t l o n s  ( 2 ) - ( 4 ) .  

I I , i , ,  . . I 
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Heated Temperature T(T) 10 2 2 5  
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TABLE I .  Presumed t e m p e r t u r e s  and 
compress ive  s t r e n g t h s  of c o n c r e t e .  

sample presumed 
classification 

(from surface) 

2 2 5  , 2 1 . 6  
Fire-damaged C 10 2 2 5  I 

Undamaged part 
FIGURE 7. R e l a t i o n  between h e a t e d  
t e m p e r a t u r e s  and abso rbances  
( c a s e  of  c o n c r e t e  i n  a  R C  b u l l d i n g ) .  
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Presumption Results and Discussions 

The results of presumed temperatures and compressive strengths are shown in 
Table 1. Inner heated temperatures were presumed to be about 250°C from the result 
of absorbance as shown in Pig.7. Presumption of the inner temperatures is 
considered to be proper from the following discussions 1) and 2). 

1) As the surface of fire-damaged concrete turned l ~ g h t  brown, external heated 
temperature has presumed to be about 50U°C[2j. The Inner heated temperatures are 
considered to be usually lower than the external one. 

2) Compressive strengths 01 f~re-damaged parts are almost similar to that of 
undamaged part. Dropping of compressive strength 1s not recognized from normal 
temperature to 300°C i 7 j .  

VERIFICATION OF PRESUMPTION METHOD 

The validity of this presumption method was inspected by the fire tests of 
a column and a floor, and the presumed temperatures were compared with the known 
temperatures in concrete samples of the column and the floor. The results are 
described as follows. 

Case of Column 

Pig.8 shows the results of heating temperaturesiaccording to J IS  A 1304j and 
inner temperatures for a Steel Reinforced ConcreteiSRCj column. The cross section 
is shown in Fig.9. After the unheated concrete parts cut off from the column were 
heated at 110°C and 50U°C, the absorbances at wave length of ZGOnm were obtained by 
-~~ 

U V  spectral analyses. As the result, the absorbances at 110°C and SOO0C were 0.254 
and 0.059 respectively. The heated concrete part from the surface to the position 
of steel barsiits cover thickness:about 7cm) was cut off from the column. From the 
result of UV spectral analysis for the sample, its absorbance was 0.059. Judged 
from the equations (2j-(4), heated temperature of the sample was presumed to be 
over 5UU°C. The maximum measured temperature of steel bars by thermocouple was 
640°C. Accordingly, the range of presumed temperature is considered to be proper. 
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FIGURE 8. Measured results of FIGURE 9. Cross section of a column 
temperatures in a column. (unit of measure:mmj. 



Case of F loo r  

The unde r  s i d e  of a  c o n c r e t e  f l o o r ( t h i c k n e s s : 1 9 . 5 c m )  was h e a t e d  a t  c o n s t a n t  
900°C f o r  4 h o u r s .  D i s t r i b u t i o n  of  i n n e r  maximum t e m p e r a t u r e s  i s  shown i n  Fig.10. 
Unheated p a r t s  of  c o n c r e t e  were h e a t e d  a t  e ach  t e m p e r a t u r e  by 100°C from 110°C t o  
600°C. R e l a t i o n  between h e a t e d  t e m p e r a t u r e s  and a b s o r b a n c e s  was d e r i v e d  f rom U V  
s p e c t r a l  a n a l y s i s  of  each  t e m p e r a t u r e .  The r e l a t i o n  u sed  a s  c a l i b r a t i o n  c u r v e  i s  
shown i n  F i g . 1 1 .  I n  t h e  n e x t  p l a c e ,  c o n c r e t e  s ample s  were  c u t  o f f  f rom 2  p o i n t s  
shown i n  F i g . 1 0 .  U V  s p e c t r a  of  t h e  s a m p l e s  w e r e  m e a s u r e d  a n d  t h e i r  h e a t e d  
t e m p e r t u r e s  w e r e  p r e s u m e d  u s i n g  t h e  e q u a t i o n s  ( 2 ) - ( 4 ) .  As t h e  r e s u l t ,  t h e  
t e m p e r a t u r e  of sample Q d e r i v e d  from t h e  d i s t r i b u t i o n  a s  shown i n  F ig .10  was 220°C 
and  i t s  presumed t e m p e r a t u r e  was 220°C. For  sample  0, t h e  f o r m e r  was 26OoC, and 
t h e  l a t t e r  was 255°C. Consequen t ly ,  t h e  presumed t empera tu re s  were r ecogn ized  t o  be 
a lmos t  i n  agreement w i t h  t h e  t empera tu re s  d e r i v e d  from t h e  d i s t r i b u t i o n .  

: P o s i t i o n s  t o  measure  t e m p e r a t u r e s  
O , @ : S a m p l i n g  p a r t s  - :Calibration curve 

O,Q:Samples 

, , , , , ,  Heated Temperature("C) 
'0 l W a ? o r X , 4 o O T Q € C O i w , 8 o O W X ,  

T e r n p e r a t u r e ( T )  
FIGURE 11. R e l a t i o n  between h e a t e d  

FIGURE 10.  D i s t r i b u t i o n  of maximum t empera tu re s  and abso rbances  
t e m p e r a t u r e s  i n  c o n c r e t e .  ( c a s e  of c o n c r e t e  i n  a  f l o o r ) .  

INFLUENCE OF BURNING EXHAUST ON PRESUMPTION METHOD 

When combus t ib l e  m a t e r i a l s  and i n t e r i o r  f i n i s h e s  were b u r n t  i n  a  f i r e  room, it 
was i n v e s t i g a t e d  w h e t h e r  t h e  o r g a n i c  compounds c o n t a i n e d  i n  b u r n i n g  e x h a u s t  g a s  
p e n e t r a t e d  i n t o  c o n c r e t e  members a n d  i n f l u e n c e d  t h i s  p r e s u m p t i o n  o r  n o t .  The 
r e s u l t s  a r e  d e s c r i b e d  h e r e .  Many k i n d s  of  o r g a n i c  m a t e r i a l s  were s tuck  on one s i d e  
o f  e a c h  c o n c r e t e  t e s t  s p e c i m e n ( b o t h  w i d t h  a n d  h e i g h t : 4 0 m m ,  l e n g t h : 1 5 0 m m ) .  
S p e c i f i c a t i o n s  of each  c o n c r e t e  t e s t  specimens  a r e  shown i n  Table  2 .  A f t e r  a l l  t e s t  
s p e c i m e n s  were h e a t e d  a t  500°C, s t u c k  m a t e r i a l s  of  t e s t  spec imens  were removed. 
Each s u r f a c e  l a y e r ( t h i c k n e s s : a b o u t  lmm) of  c o n c r e t e  on t h e  s t u c k  s i d e  was shaved  
o f f .  U V  spec t rum of e a c h  t e s t  specimen was measured.  The r e s u l t s  of absorbances  a t  
wave l e n g t h  of  260nm f o r  e a c h  spec imen  a r e  shown i n  T a b l e  2 .  The d i f f e r e n c e  of 
a b s o r b a n c e s  among e a c h  spec imen  i s  s c a r c e l y  r e c o g n i z e d .  I n  t h e  e x t e n t  o f  t h e s e  
r e s u l t s ,  i t  i s  c o n s i d e r e d  t h a t  exhaus t  g a s  s c a r c e l y  p e n e t r a t e s  i n t o  c o n c r e t e .  

When b u r n i n g  e x h a u s t  g a s  was s o l u b l e  i n  s p r i n k l e d  w a t e r  by f i r e  f i g h t i n g ,  i t  



was s t u d i e d  w h e t h e r  t h e  s o l u t i o n s  p e n e t r a t e d  i n t o  c o n c r e t e  a n d  i n f l u e n c e d  t h i s  
p r e s u m p t i o n  method o r  n o t .  F a c t o r  of w a t e r  p e r m e a b i l i t y  K c  of conc re t e  i s  supposed 
t o  be  unde r  2  x 10-1°cm/sec  i n  e x t e n t  of u s u a l l y  u sed  water-cement  r a t i o (401 -70%)  
[ 8 1 .  U n l e s s  d e f e c t s ( e . g .  c r a c k s  and  r o c k  p o c k e t s  e t c . )  a r e  t h e r e ,  o n l y  a  l i t t l e  
wa te r  i s  c o n s i d e r e d  t o  p e n e t r a t e  i n t o  c o n c r e t e  even f o r  v e r y  long t ime .  

A c c o r d i n g l y ,  i f  t h e  s u r f a c e  l a y e r  o f  c o n c r e t e  i s  s h a v e d  o f f ,  t h e  b u r n i n g  
exhaus t  g a s  i s  n o t  r ecogn ized  t o  i n f l u e n c e  t h i s  presumpt ion method. 

TABLE 2. S p e c i f i c a t i o n s  and abso rbances  of t e s t  specimens .  

specimen 
symbol 

o r g a n i c  m a t e r i a l s  
m a t e r i a l  t h i c k n e s s  u s i n g  
name (mm) amount 

( d m 2  ) 

a d h e s i v e s  
m a t e r i a l  p a i n t i n g  
name amount 

( d m 2  

ab so rbance  

. v i n y l  0 .6  733 
c h l o r i d e  

. s o f t  30 433 
po lyu re thane  
foam 

. p o l y s t y r e n e  30 820 
foam 

.wa te r  - 2000 
a c r y l i c  
s e a l i n g  

. v i n y l  8 0  
c h l o r i d e  

. po lyu re thane  40 
system 
(one l i q u i d )  

. v i n y l  9 0  
a c e t a t e  
sys tem 

.none 

( n o t e ) l . T h e  p a r t  of c o n c r e t e  i s  t h e  same f o r  each t e s t  specimen. 
2 . * : t e s t  specimen w i t h  on ly  c o n c r e t e  

CONCLUSION 

I n  t h i s  p a p e r ,  a  new method t o  presume h e a t e d  t e m p e r a t u r e  i n  c o n c r e t e  was 
p r o p o s e d  and i t  was found  t h a t  t h e  p r e s u m p t i o n  method was a v a i l a b l e .  C o n c l u s i o n s  
which were g o t  from t h e  r e s u l t s  of  t h i s  s t u d y  a r e  summarized a s  f o l l o w s :  

(1) Hea ted  t e m p e r a t u r e s  from normal  t e m p e r a t u r e  t o  600°C i n  c o n c r e t e  can  be 
presumed by u s i n g  U V  s p e c t r a l  method. 

( 2 )  As t h e  a p p l i c a t i o n  r e s u l t s  of  t h e  p r e s u m p t i o n  method t o  an a c t u a l l y  f i r e -  
damaged R C  b u i l d i n g ,  t h e  r e a s o n a b l e  h e a t e d  t e m p e r a t u r e s  were  o b t a i n e d ,  and t h e  
u s e f u l n e s s  of t h e  method was conf i rmed.  

( 3 )  As t h e  r e s u l t s  o f  f i r e  t e s t s  on  a  co lumn  a n d  a  f l o o r ,  t h e  measu red  
t e m p e r a t u r e s  by f i r e  t e s t s  a g r e e d  w i t h  t h e  presumed t e m p e r a t u r e s  by t h i s  method,  



and this presumption method was found to be proper. 

(4) As this presumption method is aimed at organic compound, it was 
investigated whether burning exhaust gas(maiu1y organic compound) in a fire room 
gave any influence on the method or not. As the result, it was found that if the 
surface layers of concrete are shaved off, the exhaust gas scarcely influenced the 
method. 

Hereafter, as more fire tests on each member shall be done, the validity of 
this presumption method will be further examined. For influence of burning exhaust 
gas, the quantities of combustible materials in a fire room will be assumed in 
detail, and the influence will be examined at each heated temperature besides 500°C 
used in this study. Moreover, as the data at fire sites will be accumlated, the 
simpler method adapted to the sites will be examined. 
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