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PREFACE 
A comprehensive i n v e s t i g a t i o n i n t o f i r e - e x p o s e d wood frame members 
under pure bending i s i n p r o g r e s s a t t h e Swedish I n s t i t u t e o f Wood 
Technology Research. Some o f t h e r e s u l t s o f t h e work were 
p r e s e n t e d a t two t i m b e r e n g i n e e r i n g conferences i n 1991. Each o f 
these two papers r e f l e c t s a d i f f e r e n t s t a t e o f t h e work, t h e f i r s t 
one a t t h e b e g i n n i n g o f t h e year, and t h e second one i n August. 
While t h e f i r s t paper g i v e s o n l y some t y p i c a l r e s u l t s i n a v e r y 
c o n c e n t r a t e d form, t h e second one c o n t a i n s complementary r e s u l t s 
and an approach on m o d e l l i n g t h i s t y p e o f wooden members. 

Compared w i t h t h e o r i g i n a l papers p u b l i s h e d i n t h e conference 
p r o c e e d i n g s , t h e l a y - o u t o f f i g u r e s i s s l i g h t l y d i f f e r e n t due t o 
changes i n s o f t w a r e , and some m i s p r i n t s have been c o r r e c t e d . 

A complete r e s e a r c h r e p o r t w i l l be p u b l i s h e d when t h e work i s 
t e r m i n a t e d , i n c l u d i n g t h e i n v e s t i g a t i o n o f dimensions o t h e r than 
those d e a l t w i t h i n these two papers. 

Stockholm, November 1991 



FIRE TESTS ON TIMBER FRAME MEMBERS UNDER PURE BENDING 

J König* and J Norén* 

Timber frame members i n pure bending were 
exposed t o f i r e on one s i d e i n a s m a l l f u r n a c e . 
The specimens were made o f t h e member i t s e l f 
and s u r r o u n d i n g m a t e r i a l s such as boards and 
roc k wool i n s u l a t i o n , r e p r e s e n t i n g t y p i c a l 
t h e r m a l c o n d i t i o n s i n f l o o r s and e x t e r i o r 
w a l l s . R e l a t i o n s h i p s between bending l o a d 
c a p a c i t y and t i m e t o f a i l u r e were e s t a b l i s h e d . 
The f l e x u r a l s t i f f n e s s and th e l o c a t i o n o f t h e 
c e n t r e o f g r a v i t y were d e t e r m i n e d . S t r e n g t h and 
s t i f f n e s s were i n f l u e n c e d by t h e l o a d 
d i r e c t i o n , and, when t h e f i r e exposed s i d e was 
i n compression, a l s o by t h e l o a d l e v e l . 

BACKGROUND AND SCOPE 

Our knowledge o f t h e p r o p e r t i e s o f f i r e - e x p o s e d l i g h t wood members 
as t h e y are used i n t i m b e r frame s t r u c t u r e s as w a l l s t u d s and 
f l o o r j o i s t s i s s t i l l l i m i t e d , e s p e c i a l l y when t h e members a r e 
surrounded by o t h e r b u i l d i n g m a t e r i a l s such as m i n e r a l wool and 
boards. Most i n v e s t i g a t i o n s have c o n c e n t r a t e d on l a r g e s e c t i o n s . 
I n s m a l l members c o n d i t i o n s are more c o m p l i c a t e d . Thus s i m p l i f i e d 
methods which are used i n h e avy-timber f i r e d e s i g n can n o t be 
assumed t o be v a l i d i n s m a l l members. For example i t i s n o t known 
t o what e x t e n t s t r e n g t h and s t i f f n e s s i s i n f l u e n c e d by t r a n s i e n t 
s t a t e s o f te m p e r a t u r e and m o i s t u r e c o n t e n t i n t h e wood. 

I n o r d e r t o a v o i d these problems t h e i n v e s t i g a t i o n d e s c r i b e d i n 
t h i s paper has been s t a r t e d . Two t y p i c a l t y p e s o f s t r u c t u r e s 
exposed t o f i r e on one s i d e are c o n s i d e r e d . I n l o a d - b e a r i n g 
e x t e r n a l w a l l s t h e s t u d w i l l , due t o i n c r e a s i n g e c c e n t r i c i t y o f 
the l o a d , d e f l e c t towards t h e e x t e r i o r c o l d s i d e o f t h e s t u d . The 
s t u d a c t s as a beam column w i t h a l a r g e bending moment which 
causes compressive s t r e s s e s on t h e h o t s i d e o f t h e s t u d . See e.g. 
König / I / . I n f l o o r s t h e j o i s t s are i n bending and t h e i r h o t s i d e 
i s i n t e n s i o n . The s i d e s o f t h e wood members are u s u a l l y p r o t e c t e d 
by m i n e r a l wool. 

The main g o a l was t o make i t p o s s i b l e t o develop a s i m p l e model 
which can be used i n t h e d e s i g n o f t y p i c a l a p p l i c a t i o n s i n t i m b e r 
frame s t r u c t u r e s as w a l l s and f l o o r s . Secondly t h e r e s u l t s s h o u l d 
be used t o v e r i f y more s o p h i s t i c a t e d a n a l y t i c a l models t o be 
developed i n t h e f u t u r e . I n t h i s paper o n l y a d e s c r i p t i o n o f 
phenomena w i l l be g i v e n . The work i s s t i l l g o i n g on and t h e r e f o r e 

* Research S c i e n t i s t s , Swedish I n s t , f o r Wood Technology Research 



o n l y some p r e l i m i n a r y r e s u l t s can be p r e s e n t e d h e r e . I t i s planned 
t o d i s c u s s d i f f e r e n t approaches t o m o d e l l i n g t h e e f f e c t i v e c r oss 
s e c t i o n i n a n o t h e r paper /2/. 

U n t i l now i n f i r e t e s t s t h e l o a d i n g has n o r m a l l y been p u t equal t o 
d e s i g n l o a d w i t h o u t making a more p r e c i s e p r e d i c t i o n o f l o a d 
c a p a c i t y o f t h e specimen. I n many a p p l i c a t i o n s d e s i g n l o a d i n h o t 
d e s i g n i s d i f f e r e n t f r o m d e s i g n l o a d i n c o l d d e s i g n . The d e s i g n e r 
i s i n t e r e s t e d i n knowing t h e l o a d c a p a c i t y o f a member a f t e r a 
s p e c i f i c f i r e r e s i s t a n c e r a t i n g r e q u i r e d i n t h e b u i l d i n g 
r e g u l a t i o n s . One o f t h e g o a l s was t h e r e f o r e t o e s t a b l i s h a 
r e l a t i o n s h i p between f i r e r e s i s t a n c e and l o a d c a p a c i t y and, s i n c e 
s t i f f n e s s i s e s s e n t i a l i n f a i l u r e due t o column b u c k l i n g , t o 
d e t e r m i n e a l s o t h e decrease o f s t i f f n e s s and change o f t h e 
l o c a t i o n o f t h e c e n t r e o f g r a v i t y o f t h e r e s i d u a l s e c t i o n d u r i n g 
t h e t e s t s . 

I n w a l l s t h e l o a d a c t s i n a x i a l d i r e c t i o n and t h e f a i l u r e mode i s 
b u c k l i n g o f t h e s t u d . The f a i l u r e l o a d o f a x i a l l y loaded wood 
members i s v e r y s e n s i t i v e t o i m p e r f e c t i o n s which are i n e v i t a b l e 
due t o t h e inhomogeneity o f wood. I n t e s t s s c a t t e r would t h e r e f o r e 
n o r m a l l y be l a r g e and have an i n f l u e n c e on t h e accuracy o f t h e 
r e s u l t s . T ests are t h u s made o n l y i n bending, i n t h e e x p e c t a t i o n 
t h a t t h e mechanical p r o p e r t i e s o b t a i n e d from bending t e s t s c o u l d 
be used i n c a l c u l a t i o n s o f a x i a l l y loaded w a l l s t u d s , e.g. by 
u s i n g t h e a n a l y t i c a l model p r e s e n t e d i n /2/. 

EXPERIMENTS 

M a t e r i a l 

The wood members were f a i r l y f r e e from k n o t s . I n an i n v e s t i g a t i o n 
Norén /3/ has shown t h a t i n f i r e exposure t h e i n f l u e n c e o f knots 
on t h e r e d u c t i o n o f l o a d b e a r i n g c a p a c i t y c o u l d be d i s r e g a r d e d . I n 
t h e f i r s t p a r t o f t h i s i n v e s t i g a t i o n specimens w i t h t h e dimensions 
45x145 mm̂  were s t u d i e d . F u r t h e r dimensions t o be t e s t e d w i l l be 
45x95 and 45x195 mm . A l l specimens were o f spruce ( p i c e a a b i e s ) . 
A l l specimens were c o n d i t i o n n e d a t 20°C and 65% RH. The r e s u l t i n g 
m o i s t u r e c o n t e n t was about 14%. The range o f d e n s i t y , i . e . oven-
d r y mass per volume o f t h e wood a t a c t u a l m o i s t u r e c o n t e n t , was 
between 323 and 471 kg/m , and i t s average v a l u e was 416 kg/m . 

The i n s u l a t i o n m a t e r i a l used was rock wool w i t h a d e n s i t y o f 30 
kg/m^ and a t h e r m a l c o n d u c t i v i t y o f A. = 0.040 W/m°C. Gypsum 
p l a s t e r b o a r d ( w a l l b o a r d ) was used w i t h a t h i c k n e s s o f 12.5 mm and 
a w e i g h t o f 9 kg/m . The boards were a t t a c h e d t o t h e wood member 
u s i n g s e l f - d r i l l i n g screws w i t h a l e n g t h o f 38 mm and a d i a m e t e r 
o f 3.8 mm. A l l these d a t a are n o m i n a l . 

Reference t e s t s a t normal t e m p e r a t u r e 

A sample o f 12 p i e c e s was chosen t o be t e s t e d t o f a i l u r e i n 
edgewise bending i n a f o u r - p o i n t ramp l o a d bending t e s t a c c o r d i n g 
t o ISO 8375. I n t h e t e s t s t h e specimens were p l a c e d i n t h e t e s t i n g 
machine so t h a t k n o t s which c o u l d i n f l u e n c e t h e f a i l u r e l o a d were 
l o c a t e d on t h e compression s i d e o f t h e beam. A r e g r e s s i o n a n a l y s i s 
was made showing t h a t t h e r e s u l t s c o u l d be d e s r i b e d by c o r r e l a t i o n 
between bending s t r e n g t h and d e n s i t y , and t h a t t h e c o n t r i b u t i o n o f 



f l e x u r a l s t i f f n e s s c o u l d be d i s r e g a r d e d . Thus t h e e x p r e s s i o n 
f =0 . 137 6 r. Ou (1) 

was used t o p r e d i c t bending s t r e n g t h a t normal t e m p e r a t u r e o f 
th e specimens t o be used i n f i r e t e s t s . See F i a u r e 1. The 
c o e f f i c i e n t o f c o r r e l a t i o n was d e t e r m i n e d as r^=0.42. 

T e s t i n g equipment and specimens i n f i r e t e s t s 

Since t h e t e s t specimens s h o u l d r e p r e s e n t t h e t h e r m a l c o n d i t i o n s 
i n an i n s u l a t e d t i m b e r frame w a l l , t h e t e s t specimens o f s e r i e s 1 
and 3 c o n s i s t e d o f t h e wood member, m i n e r a l wool p r o t e c t i n g i t s 
s i d e s from f i r e , and a t t a c h e d s t r i p s o f gypsum p l a s t e r b o a r d on t h e 
c o l d s i d e , and, i n s e r i e s 2, i n a d d i t i o n a whole p i e c e o f 
p l a s t e r b o a r d a t t a c h e d t o t h e f i r e exposed s i d e o f t h e beam. See 
F i g u r e 2. The area o f t h e w a l l exposed t o f i r e was 0.6 m x 1.0 m, 
th e w i d t h 0.6 m r e p r e s e n t i n g t h e d i s t a n c e between t h e w a l l s t u d s . 
By u s i n g s t r i p s o f board on t h e c o l d s i d e , composite a c t i o n was 
e l i m i n a t e d . I n p r a c t i c a l a p p l i c a t i o n s composite a c t i o n can e a s i l y 
be added i n t h e a n a l y t i c a l model, a l l o w i n g f o r t a k i n g i n t o account 
a wide v a r i e t y o f boards and ways o f a t t a c h i n g these t o t h e wood 
member. The m i n e r a l wool b l o c k s were t i e d a g a i n s t t h e beam and 
suspended from t h e p l a s t e r b o a r d s t r i p s a t t a c h e d t o t h e upper s i d e 
u s i n g 4 imn t h i c k s t e e l w i r e s and p l a t e s . 

A s m a l l g a s - f i r e d f u r n a c e was used i n t h e f i r e t e s t s . I t s i n t e r i o r 
l e n g t h was 1 m, and i t s w i d t h and depth were 0.6 m. The specimen 
was p l a c e d on two s u p p o r t s o u t s i d e t h e f u r n a c e , f o r m i n g a cover t o 
th e f u r n a c e . See F i g u r e 2. The s i d e s o f t h e specimen above t h e 
w a l l s o f t h e f u r n a c e were p r o t e c t e d by removeable i n s u l a t e d 
frames. The l o a d was a p p l i e d a t t h e ends o f t h e member by means o f 
h y d r a u l i c j a c k s w i t h r e v e r s i b l e l o a d d i r e c t i o n s . 

I n o r d e r t o det e r m i n e t h e p o s i t i o n o f t h e n e u t r a l a x i s o f t h e 
member d u r i n g t h e d i f f e r e n t stages o f t h e t e s t s , t h e d e f l e c t i o n 
and s t r a i n o f t h e c o l d s i d e o f t h e member was r e c o r d e d over t h e 
gauge l e n g t h o f 900 mm by means o f a d e v i c e which was a t t a c h e d t o 
the wood member. See F i g u r e 3. Temperature was measured i n t h e 
wood members b u t these data are n o t p r e s e n t e d i n t h i s paper. 

F i r e t e s t s 

S e r i e s No. 1 - Fire - e x p o s e d s i d e i n compression. T h i s s e r i e s 
c o n t a i n s 12 specimens. D i f f e r e n t loads were a p p l i e d i n the range 
o f 10 t o 77% o f p r e d i c t e d l o a d c a p a c i t y a t normal t e m p e r a t u r e . 
A f t e r a p p l i c a t i o n o f t h e l o a d , t h e f i r e exposure was s t a r t e d and 
th e t e m p e r a t u r e i n c r e a s e d f o l l o w i n g t h e s t a n d a r d f i r e curve 
a c c o r d i n g t o ISO 834. The l o a d was h e l d c o n s t a n t u n t i l f a i l u r e 
occured. A f t e r f a i l u r e t h e gas b u r n e r was i m m e d i a t e l y t u r n e d o f f , 
the specimen removed and t h e f i r e i n t h e member was e x t i n g u i s h e d 
w i t h water. 

From each member f i v e a p p r o x i m a t e l y 10 nmi t h i c k s l i c e s were c u t 
ou t , t h e c h a r c o a l was removed and t h e p i e c e was p u t back i n t o t h e 
c l i m a t e chamber i n o r d e r t o be r e - c o n d i t i o n e d . Then t h e c h a r r i n g 
l i n e s were r e c o r d e d u s i n g a d i g i t i z e r . T y p i c a l p l o t s a re shown i n 
F i g u r e 3, r e p r e s e n t i n g t h e r e s i d u a l s e c t i o n a t f a i l u r e a t r e l a t i v e 



8 

Cd Q_ 

O) c 0) 
V) 
O) 
_c C 0) 
m 

70 

60 

50 

40 

a 

• 

• 

• 
• 

•3 

U 

m 

1 
fm=0 138 r Ou 

300 350 400 450 500 

Density rOu (kg/m^) 

F i g u r e 1 Bending s t r e n g t h versus F i g u r e 3 Recorded c h a r r i n g 
d e n s i t y i n r e f e r e n c e l i n e s a t d i f f e r e n t 
t e s t s e r i e s . t i m e s t o f a i l u r e . 

a) 

s t r ips of board 

b) 

transducers 

surface of wood meniber 

)(-
450 450 

F i g u r e 2 a) T e s t i n g equipment and specimen, b) P r i n c i p l e o f d e v i c e 
f o r measuring d e f l e c t i o n and s t r a i n on t h e upper s i d e . 



l o a d l e v e l s o f 10, 15, 30, 49, 59 and 77%. 

S e r i e s No. 3 - F i r e - e x p o s e d s i d e i n t e n s i o n . The 15 specimens o f 
t h i s s e r i e s were loaded a t r e l a t i v e l o a d l e v e l s i n t h e range 
between 10 and 70%. The t e s t i n g p r o c e d u r e was t h e same as above. 

R e s u l t s - Comparison o f t e s t s e r i e s Nos 1 and 3. The t e s t 
r e s u l t s are shown i n F i g u r e s 4 and 5. I n F i g u r e s 4a and 5a t h e 
r e l a t i o n s h i p o f t h e r e l a t i v e l o a d M^/Mg v e r s u s t i m e t o f a i l u r e i s 
shown. For each specimen two d i f f e r e n t t i m e v a l u e s are p l o t t e d . 
The measured t e s t v a l u e i s marked by a square. Since a 
p r o p o r t i o n a l i t y e x i s t s between t h e c h a r r i n g r a t e and t h e i n v e r s e 
v a l u e o f d e n s i t y , s t a n d a r d i z e d t i m e - t o - f a i l u r e v a l u e s were 
c a l c u l a t e d w i t h r e s p e c t t o t h e average d e n s i t y i n each s e r i e s . 
These s t a n d a r d i z e d v a l u e s are marked as t r i a n g l e s i n t h e diagram. 

For b o t h s e r i e s o f t i m e v a l u e s , r e g r e s s i o n curves were determined 
u s i n g an e x p o n e n t i a l f u n c t i o n w i t h i n t e r c e p t e qual t o u n i t y . The 
e x p r e s s i o n s g i v e n i n t h e f i g u r e s r e f e r t o t h e r e c o r d e d t e s t 
v a l u e s . The e x p r e s s i o n s f o r s t a n d a r d i z e d t i m e v a l u e s are almost 
t h e same. The c o e f f i c i e n t o f c o r r e l a t i o n i s 0.990 and 0.977 f o r 
s e r i e s 1 and 0.864 and 0.845 r e s p e c t i v e l y f o r s e r i e s 3. These 
r e s u l t s show t h a t t h e s c a t t e r o f s t r e n g t h i s low a t e l e v a t e d 
t e m p e r a t u r e s . The s c a t t e r i s g r e a t e r i n s e r i e s 3 when t h e f i r e -
exposed s i d e o f t h e member i s i n t e n s i o n due t o some i n f l u e n c e 
from minor k n o t s i n t h e beam. Some specimens f a i l e d w i t h o u t 
r e a c h i n g l a r g e d e f l e c t i o n s . G e n e r a l l y t h e d e f l e c t i o n s are s m a l l e r 
i n s e r i e s 3. The c o e f f i c i e n t s o f c o r r e l a t i o n a r e s l i g h t l y lower 
when s t a n d a r d i z e d t i m e v a l u e s are used, b u t t h e d i f f e r e n c e i s 
n e g l i g i b l e . 

The magnitude o f f l e x u r a l s t i f f n e s s i n r e l a t i o n t o i t s i n i t i a l 
v a l u e a t c o l d s t a t e i s shown i n F i g u r e s 4c and 5c. The f l e x u r a l 
s t i f f n e s s was c a l c u l a t e d assuming a c o n s t a n t c u r v a t u r e w i t h i n t h e 
gauge l e n g t h . I n s e r i e s 1 t h e r a t e o f decrease o f s t i f f n e s s i s 
dependant on t h e r e l a t i v e l o a d l e v e l . High l o a d i n g f r o m t h e 
b e g i n n i n g r e s u l t s i n l a r g e p l a s t i c d e f o r m a t i o n s due t o b u c k l i n g 
f a i l u r e o f t h e g r a i n o f t h e wood on t h e compression s i d e o f t h e 
member. T h i s e f f e c t i s i n c r e a s e d by t h e e l e v a t e d t e m p e r a t u r e . For 
specimens w i t h r e l a t i v e - l o a d l e v e l s below about 30% t h e r a t e o f 
s t i f f n e s s r e d u c t i o n i s n o t i n f l u e n c e d by t h e l o a d i n g . I n s e r i e s 3 
t h e r e i s no i n f l u e n c e o f l o a d l e v e l on s t i f f n e s s - d e c r e a s e r a t e . 

P l o t s o f t h e p o s i t i o n o f t h e n e u t r a l a x i s are p r e s e n t e d i n F i g u r e s 
4d and 5d as i t s mean d i s t a n c e from t h e upper unexposed edge o f 
t h e member w i t h i n t h e gauge l e n g t h L^. These curves are c a l c u l a t e d 
u s i n g t h e r e c o r d e d s t r a i n v a l u e s u/L and d e f l e c t i o n s w. Assuming 
t h a t s t r a i n v a r i e s l i n e a r l y across t h e d e pth o f t h e s e c t i o n , i t 
can be shown t h a t 

z [ u - r - ^ a r c s i n ^ ] 
8w ^ Lg (2) 

The l a s t two terms, which are p u t i n b r a c k e t s , t a k e i n t o account 
t h e s h o r t e n i n g o f t h e beam due t o d e f l e c t i o n . There i s a 
c o n s i d e r a b l e i n f l u e n c e o f t y p e o f l o a d i n g , and, i n s e r i e s 1, o f 
t h e l o a d l e v e l . When t h e f i r e - e x p o s e d s i d e i s i n compression, t h e 
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a) 

b) 

c) 

d) 

Relative 
load Mf/Mo 

1 

0 . 8 

0 . 6 

0 . 4 

0 . 2 

O 

Mf/ \/1o=EX P(-0.0^ 88 t) 

1 0 2 0 3 0 4 0 5 0 

Time to failure (minutes) 

Deflection 
w (mm) 

3 0 

2 5 

2 0 

1 5 

1 0 

5 

O 

O 1 0 2 0 3 0 4 0 

Time (minutes) 

Relative 
flexural 
stiffness 

(EI)f/(EI)o 

1 

0 . 8 

0 . 6 

0 .4 

0 . 2 

O 

O 1 0 2 0 3 0 4 0 

Time (minutes) 

O 10 2 0 3 0 4 0 

Time (minutes) 

6 0 

24% 1 5 % 
/ 

3 9 ' o 3 0 % //̂ '̂ 1 1 0 % 

6 8 ' 'o I 3 5 % Ä 9 % 

77%/ ) 9 ° t ^ / 

5 0 6 0 

77%\ 4 9 ^ 1 
59%] 39°^ 

3 0 V o 2 . 

1 J ru 1 5 % J 
^ 1 0 * ^ o 

5 0 6 0 

Position of 50 
neutral axis 40 
zcg mm 3 0 

68% 39°/ 

5 0 6 0 

F i g u r e 4 Test r e s u l t s o f s e r i e s 1 - Fire-exposed s i d e i n 
compression. 
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a) 

b) 

d) 

Relative 
load Ml/Mo 

Nflf/Mo=SXP(-0 D371 t) 

10 20 30 40 50 

Time to failure (minutes) 

Deflection 
w (mm) 

10 20 30 40 

Time (minutes) 

50 

Relative 
flexural 
stiffness 

(EI)f/(EI)o 

1 

0.8 

0.6 

0,4 

0.2 

0 

10 20 30 40 

Time (minutes) 

50 

10 20 30 40 

Time (minutes) 

50 

60 

60 

1 

60 

Position of 50 
neutral axis 40 
zcg (mm) 30 

60 

F i g u r e 5 Test r e s u l t s o f s e r i e s 3 - Fire-exposed s i d e i n t e n s i o n . 
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a) 
Relative 

load Mf/MO 

1 

0.8 

0.6 

0.4 

0.2 

0 

\ Series 
Mf/Mo-

No. 2 
=EXP(1 5.32-0 0488 t) 

Series No. 1 
Mf/MO: =EXP(- p.0488 t) 

10 20 30 40 50 

Time to failure (minutes) 

60 

b) 

1,2 

1 

Relative 0.8 
flexural ^ ^ 

0.6 
stiffness 

(EI)f/(EI)o 0.4 
0.2 

0 

10 - \0% 
/ 

49 - 50%^^ 

10 20 30 40 

Time (minutes) 

50 60 

F i g u r e 6 Test r e s u l t s o f s e r i e s 2 i n comparison w i t h s e r i e s 1 -
E f f e c t o f p r o t e c t i o n by 12 mm gypsum p l a s t e r b o a r d . 

d i s p l a c e m e n t o f t h e c e n t r e o f g r a v i t y i s much g r e a t e r t h a n i n 
beams w i t h t h i s s i d e i n t e n s i o n . 

S e r i e s No. 2 - Fir e - e x p o s e d s i d e i n compression and gypsum 
p l a s t e r b o a r d a t t a c h e d t o t h e member. The t e s t i n g procedure of 
t h i s s e r i e s o f 9 specimens was t h e same as above, w i t h t he 
e x c e p t i o n t h a t t h e f l e x u r a l s t i f f n e s s was a l s o d e t e r m i n e d b e f o r e 
a t t a c h i n g t h e board. The r e s u l t s a re p r e s e n t e d i n F i g u r e 6. A 
r e g r e s s i o n a n a l y s i s f o r the r e l a t i o n s h i p o f r e l a t i v e l o a d c a p a c i t y 
versus t i m e t o f a i l u r e was performed u s i n g t h e same shape o f 
e x p o n e n t i a l f u n c t i o n as had been o b t a i n e d from t he a n a l y s i s i n 
s e r i e s 1. The c o e f f i c i e n t o f c o r r e l a t i o n i s 0.927 and t h e 
d i f f e r e n c e i n time t o f a i l u r e i s 15.4 minutes. About the same 
d i f f e r e n c e o f t i m e i s v a l i d c o n c e r n i n g decrease o f s t i f f n e s s , c f . 
F i g u r e s 6b and 4c. 
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MODELLING THE EFFECTIVE CROSS SECTION OF TIMBER FRAME MEMBERS 
EXPOSED TO FIRE. 

by J. König 

Swedish I n s t i t u t e f o r Wood Technology Research 

ABSTRACT 

The r e s u l t s f r o m f i r e t e s t s on l i g h t , p a r t l y p r o t e c t e d t i m b e r 
frame members under pure bending are used i n o r d e r t o model t h e 
e f f e c t i v e c r o s s s e c t i o n o f t h i s t y p e o f s t r u c t u r a l members. Since 
t h e t e s t r e s u l t s made i t p o s s i b l e t o r e g a r d t h e i n f l u e n c e o f some 
parameters as t h e i n f l u e n c e o f t h e l o a d l e v e l i n r e l a t i o n t o l o a d 
c a p a c i t y a t normal t e m p e r a t u r e , t h e s t a t e o f s t r e s s e s , t h e l o a d i n g 
r a t e and d e n s i t y , t h e m o d e l l i n g o f s t r u c t u r a l t i m b e r i n f i r e i s 
dic u s s e d i n a w i d e r p e r s p e c t i v e and some o f t h e consequences f o r 
th e r e q u i r e m e n t s o f an a n a l y t i c a l model are d e s c r i b e d . 

INTRODUCTION 

S t r u c t u r a l t i m b e r exposed t o f i r e p e r f o r m s i n a p r e d i c t a b l e 
manner. The c h a r r i n g l a y e r i n c r e a s e s i n d e p t h a t an a p p r o x i m a t e l y 
c o n s t a n t r a t e and t h e r e s i d u a l s e c t i o n o f t h e member i s a b l e t o 
m a i n t a i n a c o n s i d e r a b l e l o a d - b e a r i n g c a p a c i t y under l o n g t i m e . Due 
t o t h i s b e h a v i o u r heavy t i m b e r i s a w e l l - r e p u t e d s t r u c t u r a l 
m a t e r i a l w i t h r e s p e c t t o f i r e l o a d i n g . Heavy t i m b e r s t r u c t u r e s do 
no t n o r m a l l y need t o be p r o t e c t e d as i s i n t h e case o f s t e e l 
s t r u c t u r e s . 

Most o f t h e r e s e a r c h i n t o t h e l o a d - b e a r i n g c a p a c i t y o f t i m b e r 
members i n f i r e has been done i n t h e f i e l d o f heavy t i m b e r 
s t r u c t u r e s , i . e . n o r m a l l y g l u e d l a m i n a t e d t i m b e r / I / , /2/. I n t h e 
t e s t s specimens were chosen f u l f i l l i n g t h e r e q u i r e m e n t s o f a 
s p e c i a l q u a l i t y c l a s s a c c o r d i n g t o t h e n a t i o n a l b u i l d i n g code and 
the l o a d was p u t equal t o t h e " a l l o w a b l e l o a d " a c c o r d i n g t o t h e 
code o r a p a r t t h e r e o f . Since t h e r e a l l o a d - b e a r i n g c a p a c i t y o f 
the specimen was unknown - a t t h e t i m e o f t h e t e s t s t h e r e e x i s t e d 
no r e l i a b l e n o n - d e s t r u c t i v e method o f p r e d i c t i n g s t r e n g t h o f heavy 
t i m b e r members - t h e r e s u l t a n t f i r e r e s i s t a n c e r a t i n g s o b t a i n e d 
f r o m t h e f i r e t e s t s were r e l a t e d t o t h e d e s i g n l o a d g i v e n i n t h e 
code and n o t i n r e l a t i o n t o t h e l o a d - b e a r i n g c a p a c i t y a t normal 
t e m p e r a t u r e . 

C h a r r i n g r a t e s which are a p p l i e d i n d i f f e r e n t b u i l d i n g codes, v a r y 
c o n s i d e r a b l y . I n most cases t h e y a r e i n t h e range between 0.5 and 
1-0 mm/min. There are v a r i o u s reasons f o r t h i s . Since t h e m a t e r i a l 
c l o s e t o t h e c h a r - l a y e r i s s t r o n g l y a f f e c t e d by e l e v a t e d 
t e m p e r a t u r e , t h e decrease o f s t r e n g t h and modulus o f e l a s t i c i t y i s 
regarded e i t h e r by a p p l y i n g a n o t i o n a l c h a r r i n g r a t e which i s 
h i g h e r t h a n t h e r e a l one, or by assuming t h a t s t r e n g t h and modulus 
of e l a s i c i t y o f t h e u n c h a r r e d r e s i d u a l s e c t i o n i s reduced. Another 
reason s h o u l d be t h a t t h e c h a r r i n g r a t e s are c a l i b r a t e d t o a, 
r a t h e r a r b i t r a r y , l o a d l e v e l whose r e l a t i o n t o l o a d c a p a c i t y a t 
normal t e m p e r a t u r e i s n o t known. The i n t r o d u c t i o n o f s t r e n g t h 
c l a s s e s i n codes f o r t i m b e r s t r u c t u r e s , i . e . t h e m a t e r i a l i s 
c h a r a c t e r i z e d by i t s c h a r a c t e r i s t i c s t r e n g t h , makes i t necessary 
t o d e t e r m i n e c h a r r i n g r a t e s which a re r e l a t e d t o t h e r e a l decrease 
o f l o a d - b e a r i n g c a p a c i t i e s o f t h e members. 
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I n t h e work on Eurocode 5 - Timber S t r u c t u r e s - s t r u c t u r a l f i r e 
d e s i g n i s an e s s e n t i a l p a r t . A f i r s t d r a f t on s t r u c t u r a l f i r e 
d e s i g n o f t i m b e r s t r u c t u r e s has been p r e s e n t e d i n 1990 /3/. W i t h i n 
CEN TC250/SC 5 a p r o j e c t team has been a p p o i n t e d w i t h t h e t a s k o f 
r e d r a f t i n g t h e f i r s t v e r s i o n , t a k i n g i n t o account t h e n a t i o n a l 
comments which have been made. 
One o f t h e t a s k s i s t o agree on c h a r r i n g r a t e s t o be adopted i n 
th e code. I t has t o be de c i d e d whether s t r e n g t h and s t i f f n e s s o f 
th e r e s i d u a l s e c t i o n has t o be regarded as reduced o r unreduced i n 
r e l a t i o n t o i t s v a l u e s a t normal t e m p e r a t u r e . The aim o f t h i s 
paper i s t o c o n t r i b u t e t o t h e d i s c u s s i o n on m o d e l l i n g t h e 
e f f e c t i v e s e c t i o n o f t i m b e r members and on d e t e r m i n i n g t h e 
r e l e v a n t parameters. 

FIRE TESTS 

Some o f t h e problems i n m o d e l l i n g can be e l u c i d a t e d by r e f e r r i n g 
t o t h e r e s u l t s from an e x p e r i m e n t a l i n v e s t i g a t i o n w hich i s i n 
pr o g r e s s a t t h e Swedish I n s t i t u t e f o r Wood Technology Research. 
Some o f t h e r e s u l t s are p r e s e n t e d i n /4/. Even though t h e t h e r m a l 
c o n d i t i o n s d i f f e r from t h e g e n e r a l case o f u n p r o t e c t e d heavy 
r e c t a n g u l a r c r o s s - s e c t i o n s , these r e s u l t s c o n t r i b u t e t o a b e t t e r 
u n d e r s t a n d i n g o f t h e mechanical b e h a v i o u r caused by e l e v a t e d 
t e m p e r a t u r e and t h e m o d e l l i n g o f i t . T h i s i s p a r t l y due t o t h e use 
o f l i g h t members where t h e i n f l u e n c e o f some parameters i s more 
e v i d e n t , p a r t l y due t o t h e p a r t i a l p r o t e c t i o n o f t h e members which 
a l l o w s one t o s e p e r a t e t h e i n f l u e n c e o f c e r t a i n parameters. 

The aim o f the i n v e s t i g a t i o n was t o s t u d y t h e s t r e n g t h and 
s t i f f n e s s p r o p e r t i e s o f p r o t e c t e d l i g h t t i m b e r frame members as 
th e y are used i n w a l l s and f l o o r s . The f l a t s i d e s o f the members 
w i t h t h e dimensions 45 x 145 mm̂  were p r o t e c t e d by rockwool 
i n s u l a t i o n . The members were exposed t o s t a n d a r d f i r e a c c o r d i n g t o 
ISO 834 on one narrow s i d e and were i n pure edgewise bending i n 
th e r e g i o n i n s i d e t h e f u r n a c e . Two d i f f e r e n t l o a d d i r e c t i o n s 
o c c u r r e d . I n t e s t s e r i e s No. 1 t h e f i r e - e x p o s e d s i d e was i n 
compression and i n s e r i e s No. 3 i n t e n s i o n . The a p p l i e d loads were 
i n t h e range between 10 and 77 % o f t h e p r e d i c t e d u l t i m a t e l o a d a t 
normal t e m p e r a t u r e . I n t e s t s e r i e s No. 2 t h e f i r e - e x p o s e d s i d e o f 
th e members was i n compression and, i n i t i a l l y , p r o t e c t e d by gypsum 
p l a s t e r b o a r d . 

Summary o f r e s u l t s 

The r e s u l t s p r e s e n t e d i n /4/ can be summarized as f o l l o w s : 

a) The r e l a t i o n s h i p between r e l a t i v e l o a d and f a i l u r e t i m e can be 
expressed by e x p o n e n t i a l f u n c t i o n s , which are dependent on 
whether t h e f i r e - e x p o s e d s i d e i s i n compression or t e n s i o n . 

b) The l o s s o f f l e x u r a l s t i f f n e s s i s c o n s i d e r a b l y l a r g e r when t h e 
f i r e - e x p o s e d s i d e i s i n compression. T h i s i s more pronounced 
when t h e lo a d l e v e l i s h i g h , b u t i s n e g l i g i b l e a t l o a d l e v e l s 
below about 35 % o f p r e d i c t e d u l t i m a t e l o a d a t normal 
t e m p e r a t u r e . When the f i r e - e x p o s e d s i d e i s i n t e n s i o n f l e x u r a l 
s t i f f n e s s i s independent o f l o a d l e v e l . 

c) The p o s i t i o n o f t h e n e u t r a l a x i s i s dependent o f whether t he 
f i r e - e x p o s e d s i d e i s i n compression or t e n s i o n . I n t h e case o f 
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compressive s t r e s s e s a l a r g e p o r t i o n o f t h e r e s i d u a l s e c t i o n 
on t h e f i r e - e x p o s e d s i d e i s s t a t i c a l l y i n e f f e c t i v e due t o 
p l a s t i c d e f o r m a t i o n s w h i l e t h i s i n e f f e c t i v e p o r t i o n i s s m a l l e r 
i n t h e case o f t e n s i l e s t r e s s e s . 

d) The i n f l u e n c e o f t h e gypsum p l a s t e r b o a r d l i n i n g i s p u r e l y 
a d d i t i v e . I t can be expressed by a d i s p l a c e m e n t o f t h e 
e x p o n e n t i a l f u n c t i o n mentioned above i n (a) i n d i r e c t i o n o f 
t h e t i m e - a x i s . 

A d d i t i o n a l r e s u l t s 

Temperature and c h a r r i n g l i n e . Some a d d i t i o n a l r e s u l t s are g i v e n 
below. A t y p i c a l t e m p e r a t u r e p r o f i l e a l o n g t h e c e n t r e l i n e o f t h e 
cr o s s s e c t i o n and t h e c o r r e s p o n d i n g r e s i d u a l u n c h a r r e d core a f t e r 
f i r e - e x p o s u r e o f 30 minutes i s shown i n F i g u r e 1. The thermo
couples were a t t a c h e d on t h e c e n t r e l i n e o f t h e c r o s s s e c t i o n a t 
d i f f e r e n t s e c t i o n s a t equal d i s t a n c e s o f 100 mm. The l o c a t i o n o f 
th e c h a r r i n g l i n e a t t h e c e n t r e l i n e o f t h e c r o s s s e c t i o n i s 
p l o t t e d i n t h e diagram w i t h a d o t t e d l i n e . I t i s w i d e l y accepted 

Specimen 240 
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1 \ 
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F i g u r e 1 Example o f t e m p e r a t u r e p r o f i l e a l o n g t h e c e n t r e l i n e o f 
the c r o s s s e c t i o n a t f a i l u r e . 
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t h a t c h a r r i n g o c c u r s a t a t e m p e r a t u r e o f a b o u t 280 °C. The d i a g r a m 
c o i n c i d e s f a i r l y w e l l w i t h t h i s . The p l o t t e d c h a r r i n g l i n e i s t h e 
mean v a l u e o f t h e r e c o r d e d v a l u e s f r o m f i v e d i f f e r e n t s e c t i o n s , 
w h i c h were d i f f e r e n t f r o m t h e p o s i t i o n s o f t h e t h e r m o - c o u p l e s . 

The p r o p a g a t i o n o f t e m p e r a t u r e w i t h t i m e can be seen f r o m F i g u r e 
2. T h i s d i a g r a m shows t h e t w o r e c o r d e d t e m p e r a t u r e p r o f i l e s a t 
u l t i m a t e s t a t e o f a l l s p e c i m e n s i n S e r i e s No. 3 ( f i r e - e x p o s e d s i d e 
u n d e r t e n s i l e s t r e s s e s ) . The f a i l u r e t i m e s were i n t h e r a n g e f r o m 
10 t o 50 m i n u t e s . The v e r t i c a l a x i s o f t h e d i a g r a m i s c u t a t 300 
°C. The i n t e r s e c t i o n o f t h e t e m p e r a t u r e c u r v e s w i t h t h i s l e v e l 
i n d i c a t e s t h e a p p r o x i m a t e l o c a t i o n o f t h e c h a r r i n g l i n e a t t h e 
c e n t r e l i n e o f t h e c r o s s s e c t i o n . From t h e d i a g r a m i t can be seen 
t h a t t h e t e m p e r a t u r e g r a d i e n t i s v e r y s t e e p c l o s e t o t h e c h a r r i n g 
l i n e . I n t h e m a i n p a r t o f t h e u n c h a r r e d c o r e t e m p e r a t u r e i s 
c o n s i d e r a b l y b e l o w 100 °C. 

T h r e e a d d i t i o n a l t e s t s w i t h u n l o a d e d s p e c i m e n s w e r e made i n o r d e r 
t o measure t e m p e r a t u r e p r o f i l e s p e r p e n d i c u l a r t o t h e c e n t r e l i n e , 
s i n c e i t c o u l d be e x p e c t e d t h a t t h e t h e r m a l f l o w w o u l d be g r e a t e r 
i n t h e m i n e r a l w o o l t h a n i n t h e wood. Some t y p i c a l r e s u l t s can be 
s een i n F i g u r e 3. 

The e x p e r i m e n t a l c h a r r i n g d e p t h s a t t h e c e n t r e l i n e o f t h e c r o s s 
s e c t i o n a r e shown i n F i g u r e 4. I n s e r i e s No. 2 c h a r r i n g i s d e l a y e d 
due t o t h e a t t a c h e d gypsum p l a s t e r b o a r d l i n i n g on t h e f i r e - e x p o s e d 
s i d e o f t h e member. C o n s i d e r i n g c h a r r i n g d e p t h s g r e a t e r t h a n a b o u t 
20 mm t h e d e l a y o f c h a r r i n g c o i n c i d e s w e l l w i t h t h e d e l a y o f t h e 
l o s s o f l o a d c a p a c i t y and s t i f f n e s s . See F i g u r e 6 i n / 4 / . 

Series No. 3 
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F i g u r e 2 T e m p e r a t u r e d i s t r i b u t i o n s o f t e s t s p e c i m e n s o f S e r i e s 
No. 3 a t f a i l u r e . 
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Edge distance e = 109 mm 
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F i g u r e 3 T e m p e r a t u r e p r o f i l e s p e r p e n d i c u l a r t o t h e c e n t r e l i n e o f 
t h e c r o s s s e c t i o n a t d i f f e r e n t t i m e s . 
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E x p e r i m e n t a l c h a r r i n g r a t e s v a l i d f o r t h e c e n t r e l i n e o f t h e c r o s s 
s e c t i o n w ere d e t e r m i n e d . See F i g u r e 5. The c h a r r i n g r a t e s w ere 
c a l c u l a t e d u s i n g t h e minimum edge d i s t a n c e w h i c h was n o r m a l l y n o t 
e x a c t l y on t h e c e n t r e l i n e o f t h e c r o s s s e c t i o n . The s q u a r e s r e f e r 
t o m e a sured v a l u e s w h i l e t h e t r i a n g l e s r e f e r t o s t a n d a r d i z e d t i m e 
v a l u e s w i t h r e s p e c t t o d e n s i t y , see / 4 / . B o t h r e g r e s s i o n l i n e s a r e 
a l m o s t i d e n t i c a l . 

The e x p e r i m e n t a l c h a r r i n g r a t e s a r e i n t h e r a n g e b e t w e e n a b o u t 0.5 
and 1 mm p e r m i n u t e , w h i c h i s t h e r a n g e m e n t i o n e d i n t h e 
i n t r o d u c t i o n o f t h i s p a p e r . I n c o n t r a s t t o r e c o r d e d c h a r r i n g r a t e s 
i n h e a v y t i m b e r , t h e c h a r r i n g r a t e i n c r e a s e s w i t h t i m e . T h i s i s 
due t o t h e f a c t t h a t t h e h e a t f l o w i n t h e b e g i n n i n g i s one-
d i m e n s i o n a l , w h i l e i t becomes i n c r e a s i n g l y more and more t w o -
d i m e n s i o n a l , c . f . F i g u r e 3. T h i s e f f e c t i s i n c r e a s e d s i n c e t h e 
m i n e r a l w o o l i n s u l a t i o n i s d e s t r o y e d c l o s e t o i t s s u r f a c e . C . f . 
t h e shape o f t h e u n c h a r r e d c o r e i n F i g u r e 3 i n / 4 / . 

The i n f l u e n c e o f d e n s i t y . I n / 4 / e x p o n e n t i a l r e g r e s s i o n c u r v e s 
w ere c a l c u l a t e d , d e s c r i b i n g t h e r e l a t i o n s h i p b e t w e e n r e l a t i v e l o a d 
c a p a c i t y and f a i l u r e t i m e . I n o r d e r t o i n v e s t i g a t e t h e i n f l u e n c e 
o f d e n s i t y on t h e l o s s o f l o a d c a p a c i t y , t h e s p e c i m e n s o f s e r i e s 
No. 3 w e r e d i v i d e d i n t o t w o g r o u p s , t h e f i r s t one c o n t a i n i n g 
s p e c i m e n s w i t h d e n s i t i e s b e l o w mean d e n s i t y , and t h e s e c o n d one 
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F i g u r e 4 E x p e r i m e n t a l c h a r r i n g d e p t h s a t t h e c e n t r e l i n e o f t h e 
c r o s s s e c t i o n . I n s e r i e s No. 2 a gypsum p l a s t e r b o a r d 
l i n i n g i s a t t a c h e d t o t h e member. 
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Series Nos. 1, 3 
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F i g u r e 5 E x p e r i m e n t a l c h a r r i n g r a t e s i n s e r i e s Nos 1 and 3 a t t h e 
c e n t r e l i n e o f t h e c r o s s s e c t i o n . S q u a r e s r e f e r t o r e a l 
t i m e and t r i a n g l e s r e f e r t o s t a n d a r d i z e d t i m e w i t h 
r e s p e c t t o d e n s i t y . 

c o n t a i n i n g s p e c i m e n s w i t h d e n s i t i e s above mean d e n s i t y . The r a t i o s 
o f P/Pjig^n were 0.939 and 1.053 r e s p e c t i v e l y . F o r e a c h o f t h e s e 
g r o u p s ' e x p o n e n t i a l r e g r e s s i o n c u r v e s were d e t e r m i n e d b y u s i n g r e a l 
t i m e v a l u e s . The s t a t i s t i c a l d i f f e r e n c e o f t h e s e t w o c u r v e s i s 
s i g n i f i c a n t a t t h e l e v e l o f 5 %. The same p r o c e d u r e was f o l l o w e d 
u s i n g s t a n d a r d i z e d t i m e v a l u e s w i t h r e s p e c t t o d e n s i t y , a s s u m i n g 
t h a t 
f a i l u r e t i m e i s i n v e r s e l y p r o p o r t i o n a l t o d e n s i t y . I n t h i s c ase no 
s i g n i f i c a n t d i f f e r e n c e o f t h e c o r r e s p o n d i n g c u r v e s was o b t a i n e d . 
Thus t h e i n f l u e n c e o f d e n s i t y c a n be t a k e n i n t o a c c o u n t by 
s t a n d a r d i z i n g f a i l u r e t i m e w i t h r e s p e c t t o d e n s i t y as d e s c r i b e d . 

The i n f l u e n c e o f l o a d i n g r a t e . I n f i r e t e s t s t h e a p p l i e d l o a d i s 
n o r m a l l y h e l d c o n s t a n t u n t i l f a i l u r e . S i n c e t h e e f f e c t i v e c r o s s 
s e c t i o n i s d e c r e a s i n g d u r i n g t h e t e s t , s t r a i n s and s t r e s s e s 
i n c r e a s e i n i t i a l l y a t a v e r y s l o w and a p p r o x i m a t e l y c o n s t a n t r a t e . 
O n l y i n t h e s t a g e c l o s e t o f a i l u r e do t h e s e r a t e s a c c e l e r a t e more 
and more. T h i s can be seen f r o m t h e r e l a t i o n s h i p s b e t w e e n 
d e f l e c t i o n and t i m e . See F i g u r e s 4b and 5b i n / 4 / . I n d e s i g n by 
t e s t i n g i t w o u l d f a c i l i t a t e t h e d e t e r m i n a t i o n o f l o a d c a p a c i t y f o r 
a s p e c i f i c f i r e r e s i s t a n c e b y i n c r e a s i n g t h e a p p l i e d l o a d i n g 
d u r i n g t h e f i r e t e s t . 

I n o r d e r t o i n v e s t i g a t e t h e i n f l u e n c e o f t h e l o a d i n g r a t e , 
a d d i t i o n a l l y t o t h e t e s t s i n s e r i e s Nos 1 and 3 a number o f t e s t s 
were p e r f o r m e d i n w h i c h t h e a p p l i e d l o a d was i n c r e a s e d b e f o r e 
f a i l u r e . I n t h e s e t e s t s d i f f e r e n t , i n i t i a l l y c o n s t a n t l o a d s were 
a p p l i e d , a t r e l a t i v e l o a d l e v e l s b e t w e e n 0 and 25 %. Near t h e end 
o f t h e t e s t s t h e l o a d was i n c r e a s e d a t a r a t e o f a p p r o x i m a t e l y 25 
% o f t h e l o a d c a p a c i t y a t n o r m a l t e m p e r a t u r e p e r m i n u t e . The t i m e -



20 

Series No. 1 

0.8 

0.6 
Relative load 

Mf/Mo 
04 

0.2 

0 ̂  

Mf/Mo= EXP(-0.04 94 t) 

Mf/Mo=] 
EXP(-0.04 22 t) 

A 

-Jil I T / I f til 

10 20 30 40 
Time (minutes) 

50 60 

F i g u r e 6 The i n f l u e n c e o f l o a d i n g r a t e on l o a d c a p a c i t y i n s e r i e s 
No 1 ( f i r e - e x p o s e d s i d e i n c o m p r e s s i o n ) . F o r s p e c i m e n s 
w i t h l o a d i n c r e a s i n g t h e w h o l e l o a d - p a t h i s p l o t t e d . 
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F i g u r e 7 The i n f l u e n c e o f l o a d i n g r a t e on l o a d c a p a c i t y i n s e r i e s 
No 3 ( f i r e - e x p o s e d s i d e i n t e n s i o n ) . F o r s p e c i m e n s w i t h 
l o a d i n c r e a s i n g t h e w h o l e l o a d - p a t h i s p l o t t e d . 
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p a t h s d u r i n g t h e t e s t s a r e shown i n F i g u r e s 6 and 7. The e n d -
p o i n t s o f t h e s e c u r v e s a r e a l s o shown f o r s t a n d a r d i z e d t i m e v a l u e s 
w i t h r e s p e c t t o d e n s i t y as c i r c l e s , t o g e t h e r w i t h c o r r e s p o n d i n g 
e x p o n e n t i a l r e g r e s s i o n c u r v e s . These f i g u r e s c o r r e s p o n d t o F i g u r e s 
4a and 5a i n / 4 / . I n o r d e r t o i m p r o v e l e g i b i l i t y o f t h e f i g u r e s 
o n l y s t a n d a r d i z e d t i m e v a l u e s a r e shown ( t r i a n g l e s ) w i t h r e f e r e n c e 
t o s p e c i m e n s w i t h c o n s t a n t l o a d . 

These t e s t r e s u l t s show t h a t t h e l o a d i n g r a t e o n l y e x e r t s an 
i n f l u e n c e i n t h e c a s e o f c o m p r e s s i v e s t r e s s e s on t h e f i r e - e x p o s e d 
s i d e ( S e r i e s N o . l , F i g u r e 6 ) . The d i f f e r e n c e o f t h e t w o c u r v e s i n 
F i g u r e 6 i s s t a t i s t i c a l l y s i g n i f i c a n t a t t h e l e v e l o f 0,2 %, w h i l e 
i t i s n o t s i g n i f i c a n t i n F i g u r e 7. Thus, d e t e r m i n i n g t h e r a t i o o f 
t h e two r e g r e s s i o n c u r v e s o f F i g u r e 6 we g e t t h e l o a d i n g r a t e 
c o e f f i c i e n t 

„ - J. 0072 t Kj-e 

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

An e x p l a n a t i o n o f t h i s d i f f e r e n t b e h a v i o u r i s t h a t wood i s more 
s e n s i t i v e t o c r e e p when i t i s i n c o m p r e s s i o n . T h i s phenomenon i s 
more a c c e n t u a t e d a t e l e v a t e d t e m p e r a t u r e . 

MODELLING 

" E x a c t " a p p r o a c h 

I n p r i n c i p a l t h e r e a r e t w o a l t e r n a t i v e m e t h o d s o f d e t e r m i n i n g t h e 
l o a d b e a r i n g c a p a c i t y and s t i f f n e s s p r o p e r t i e s o f a wood member i n 
f i r e . The most e x a c t way w o u l d be t o d e t e r m i n e t h e r e a l c h a r r i n g 
l i n e and t h e t e m p e r a t u r e and m o i s t u r e c o n t e n t f i e l d i n t h e 
r e s i d u a l c o r e . W i t h c o r r e s p o n d i n g s t r e n g t h and s t i f f n e s s d a t a f o r 
t h e m a t e r i a l i t w o u l d t h e n be p o s s i b l e t o c a l c u l a t e t h e p r o p e r t i e s 
o f t h e u n c h a r r e d c r o s s s e c t i o n , e v e n t h o u g h t h e p r o c e d u r e w o u l d be 
t e d i o u s . 

F o r t h e t i m e b e i n g t h e r e i s i n s u f f i c i e n t d a t a on t h e i n f l u e n c e o f 
e l e v a t e d t e m p e r a t u r e on t h e s t r e n g t h and t h e m o d u l u s o f e l a s t i c i t y 
o f wood. R e c e n t l y s h o r t - t e r m t e s t s have been p e r f o r m e d i n o r d e r t o 
d e t e r m i n e t h e s t r e n g t h and m o d u l u s o f e l a s t i c i t y o f t i m b e r i n 
t e n s i o n , c o m p r e s s i o n and b e n d i n g a t e l e v a t e d t e m p e r a t u r e /5/. The 
t e s t r e s u l t s r e f e r r e d t o above show t h a t t h e r e e x i s t s an i n f l u e n c e 
o f t i m e due t o e x c e s s i v e c r e e p i n t h e c o m p r e s s e d p a r t o f t h e c r o s s 
s e c t i o n when t h e t e m p e r a t u r e i s e l e v a t e d . I n o r d e r t o use an 
" e x a c t " a p p r o a c h i t w o u l d be n e c e s s a r y t o i n t r o d u c e m o d i f i c a t i o n 
and c r e e p f a c t o r s w h i c h a l l o w t h e a c c e n t u a t e d i n f l u e n c e o f t i m e a t 
e l e v a t e d t e m p e r a t u r e t o be t a k e n i n t o a c c o u n t . 

An " e x a c t " m e t h od w o u l d be most a d e q u a t e when a p p l i e d t o 
homogeneous o r q u a s i - h o m o g e n e o u s m a t e r i a l s s u c h as LVL ( l a m i n a t e d 
v e n e e r l u m b e r ) o r g l u l a m t i m b e r . I n s o l i d t i m b e r s t r e n g t h i s 
a c t u a l l y , due t o t h e i m p o r t a n c e o f d e f e c t s , a r e f e r e n c e v a l u e , 
c a l c u l a t e d i n o r d e r t o f i t t e s t r e s u l t s , a s s u m i n g t h a t t h e 
m a t e r i a l i s homogeneous and s t r e s s v a r i e s l i n e a r l y a c r o s s t h e 
d e p t h . As l o n g as t h i s e n g i n e e r i n g a p p r o a c h i s u s e d i n " c o l d 
d e s i g n " o f s o l i d t i m b e r t h e r e s h o u l d be no a d v a n t a g e i n u s i n g a 
more e x a c t method i n " h o t d e s i g n " . I t s h o u l d have i t s m a i n 
a p p l i c a t i o n f o r r e s e a r c h p u r p o s e s . 
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E n g i n e e r i n g a p p r o a c h 

G e n e r a l . The o t h e r a l t e r n a t i v e i s an e n g i n e e r i n g a p p r o a c h w h i c h 
i s much e a s i e r f o r t h e d e s i g n e r t o a p p l y . I n " c o l d d e s i g n " s u c h an 
a p p r o a c h i s a p p l i e d b y r e p l a c i n g t h e co m p l e x b e h a v i o u r o f t i m b e r . 
Thus i n b e n d i n g , f i t t e d r e f e r e n c e v a l u e s o f f l e x u r a l s t r e n g t h and 
modu l u s o f e l a s i c i t y a r e u s e d i n o r d e r t h a t t i m b e r c an be r e g a r d e d 
as a homogeneous and p u r e l y e l a s t i c m a t e r i a l . An e n g i n e e r i n g 
a p p r o a c h i n " h o t d e s i g n " s h o u l d g i v e r u l e s on how t h e e f f e c t i v e 
c r o s s s e c t i o n o f a member s h o u l d be d e t e r m i n e d i n o r d e r t h a t t h e 
same d e s i g n r u l e s w h i c h a r e common i n " c o l d d e s i g n " c an be u s e d . 
Such a model s h o u l d f u l f i l t h e f o l l o w i n g r e q u i r e m e n t s : 

a) The model s h o u l d be e a s i l y u s a b l e b y t h e d e s i g n e r . 

b ) I t s h o u l d be a b l e t o g i v e v a l u e s o f r e l e v a n t e f f e c t i v e c r o s s 
s e c t i o n d a t a , e.g. w i t h r e s p e c t t o s t r e n g t h , s t i f f n e s s and t h e 
p o s i t i o n o f t h e c e n t r e o f g r a v i t y . 

c ) The model s h o u l d n o t p r e t e n d an a c c u r a c y w h i c h does n o t e x i s t . 

d ) L i m i t s o f v a l i d i t y s h o u l d be g i v e n . 

e) The f o r m u l a t i o n o f t h e model s h o u l d be s u f f i c i e n t l y g e n e r a l i n 
o r d e r t o be a b l e t o f i t f u t u r e a p p l i c a t i o n s b e y o n d i t s p r e s e n t 
l i m i t s . 

f ) I t s h o u l d be c o m p a t a b l e w i t h d e s i g n b y t e s t i n g , i . e . i t s h o u l d 
be p o s s i b l e t o d e t e r m i n e p a r a m e t e r s i n t h e model f r o m t e s t 
r e s u l t s . 

I n s u c h a model t h e r e a l c h a r r i n g r a t e i s r e p l a c e d b y a n o t i o n a l 
o r e f f e c t i v e one w h i c h i s a c a l i b r a t e d v a l u e i n o r d e r t o f i t t e s t 
r e s u l t s , t a k i n g i n t o a c c o u n t e f f e c t s o f c h a r r i n g , e l e v a t e d 
t e m p e r a t u r e , m o i s t u r e c o n t e n t and c r e e p . S i n c e t h e r e a r e , a p a r t 
f r o m c h a r r i n g , s e v e r a l o t h e r p a r a m e t e r s w h i c h i n f l u e n c e t h e l o s s 
o f l o a d c a p a c i t y and s t i f f n e s s , t h e t e r m c h a r r i n g r a t e s h o u l d be 
r e p l a c e d b y a n o t h e r t e r m w h i c h t a k e s a c c o u n t o f t h i s . 

The t e s t r e s u l t s r e f e r r e d t o above d e s c r i b e t h e b e h a v i o u r o f l i g h t 
s t r u c t u r a l members w h i c h a r e d i f f e r e n t f r o m t h o s e t h e r u l e s i n t h e 
p r e s e n t codes g e n e r a l l y a p p l y t o . I n f i r e t e s t s o f h e a v y members 
n o r m a l l y t h r e e o r f o u r s i d e s w e r e e x p o s e d t o f i r e . I t was 
t h e r e f o r e d i f f i c u l t t o see t h a t t h e e f f e c t i v e c h a r r i n g r a t e i s 
i n f l u e n c e d b y t h e t y p e o f l o a d i n g . I n p r a c t i c a l a p p l i c a t i o n s w i t h 
t h e same t y p e o f f i r e - e x p o s u r e t h i s d i f f e r e n t b e h a v i o u r c an be 
d i s r e g a r d e d s i n c e t h e a p p l i e d c h a r r i n g r a t e r e p r e s e n t s some k i n d 
o f mean v a l u e . 

Shape o f e f f e c t i v e s e c t i o n . As a c o n s e q u e n c e o f r e q u i r e m e n t ( a ) 
t h e s i m p l e s t shape o f t h e e f f e c t i v e s e c t i o n s h o u l d be r e c t a n g u l a r 
w i t h r e d u c e d d e p t h and u n r e d u c e d w i d t h , i . e . due t o t h e p r o t e c t i o n 
o f t h e f l a t s i d e s o f t h e member i t i s assumed t h a t o n l y t h e d e p t h 
o f t h e s e c t i o n i s a f f e c t e d by c h a r r i n g , even t h o u g h t h i s 
a s s u m p t i o n d i f f e r s c o n s i d e r a b l y f r o m t h e shape o f t h e r e a l 
u n c h a r r e d c o r e . See F i g u r e 1 . As a c o n s e q u e n c e o f r e q u i r e m e n t ( b ) 
n o t i o n a l c h a r r i n g r a t e s were d e t e r m i n e d i n o r d e r t o f i t s e c t i o n 
m o d u l u s , f l e x u r a l s t i f f n e s s and t h e p o s i t i o n o f t h e c e n t r e o f 
g r a v i t y . 
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Load b e a r i n g c a p a c i t y a t f a i l u r e t i m e . N o t i o n a l c h a r r i n g r a t e s 
were c a l c u l a t e d i n o r d e r t o f i t t h e f a i l u r e t i m e s o b t a i n e d i n t h e 
t e s t s . See F i g u r e s 8 and 9. These c a l c u l a t i o n s w ere made a s s u m i n g 
f u l l and r e d u c e d s t r e n g t h r e s p e c t i v e l y . I n t h e case o f a l o s s o f 
s t r e n g t h i t was r e d u c e d t o 75 %, 55 % and 40 % when t h e f i r e -
e x p o s e d s i d e was i n c o m p r e s s i o n , and t o 90 % and 75 % when t h e 
f i r e - e x p o s e d s i d e was i n t e n s i o n . I n t h e p r e s e n t EC5 d r a f t / 3 / 
r e d u c e d s t r e n g t h and s t i f f n e s s v a l u e s a r e g i v e n , b a s e d on / 5 / . 
When t h e b e n d i n g s t r e n g t h was u n r e d u c e d (f=fjj,) - t h e s i n g l e v a l u e s 
a r e m a r k e d b y s q u a r e s i n t h e f i g u r e s - l i n e a r r e g r e s s i o n c u r v e s 
were c a l c u l a t e d , f o r e a c h l o a d d i r e c t i o n . When r e d u c e d s t r e n g t h 
was assumed t h e n o t i o n a l c h a r r i n g r a t e v a l u e s a t t h e b e g i n n i n g o f 
t h e t e s t s w ere d i s r e g a r d e d i n c a l c u l a t i n g r e g r e s s i o n l i n e s . 

The r e s u l t s show t h a t t h e n o t i o n a l c h a r r i n g r a t e s /?_ a r e more o r 
l e s s t i m e - d e p e n d e n t . When t h e e x p r e s s i o n s o b t a i n e d f o r u n r e d u c e d 
s t r e n g t h , i . e . 

3r,=3,266-0.0237 t 
and 

J3,=2.571-0 0157 t 

r e s p e c t i v e l y w ere u s e d i n c a l c u l a t i n g l o a d c a p a c i t y - t i m e 
r e l a t i o n s h i p s , t h e c u r v e s o b t a i n e d were a l m o s t i d e n t i c a l t o t h e 
e x p e r i m e n t a l r e g r e s s i o n c u r v e s . I n o r d e r t o s i m p l i f y t h e model a 
c o n s t a n t n o t i o n a l c h a r r i n g r a t e s h o u l d be c h o s e n w h i c h g i v e s t h e 
b e s t f i t i n t h e r e g i o n o f w o r k i n g l o a d . F o r some assumed n o t i o n a l 
c h a r r i n g r a t e s r e l a t i o n s h i p s o f r e l a t i v e l o a d c a p a c i t y and 
f a i l u r e - t i m e w ere c a l c u l a t e d . See F i g u r e s 10 and 1 1 . I t i s o b v i o u s 
t h a t a c o n s t a n t c h a r r i n g r a t e does n o t a g r e e v e r y w e l l w i t h t h e 
e x p e r i m e n t a l r e g r e s s i o n c u r v e when u n r e d u c e d s t r e n g t h i s assumed. 

The b e s t a g r e e m e n t b e t w e e n t h e mo d e l and t h e e x p e r i m e n t a l 
r e g r e s s i o n c u r v e s a t r e l a t i v e l o a d s b e l o w a b o u t 30 % i s o b t a i n e d 
by a s s u m i n g a n o t i o n a l c h a r r i n g r a t e o f 1-7 mm/min and a s t r e n g t h 
r e d u c t i o n o f 55 and 75 % r e s p e c t i v e l y . The b e s t a g r e e m e n t f o r a l l 
l o a d l e v e l s s h o u l d be o b t a i n e d b y a s s u m i n g an i n c r e a s i n g r e d u c t i o n 
o f s t r e n g t h w i t h t i m e . T h i s w o u l d d e s c i b e t h e r e a l b e h a v i o u r b e s t 
b u t make t h e model o v e r l y c o m p l i c a t e d . 

F l e x u r a l s t i f f n e s s . When t h e f l e x u r a l s t i f f n e s s i s u s e d i n 
c a l c u l a t i n g t h e b u c k l i n g l o a d o f a member i n a x i a l c o m p r e s s i o n , i t 
i s n e c e s s a r y t o d e s c r i b e i t s e f f e c t i v e c r o s s s e c t i o n d u r i n g t h e 
w h o l e t i m e p e r i o d o f f i r e - e x p o s u r e . From F i g u r e s 3 and 4 i t can be 
seen t h a t c o n s i d e r a b l e t e m p e r a t u r e v a r i a t i o n s e x i s t b o t h a t 
d i f f e r e n t p o i n t s o f t h e u n c h a r r e d c r o s s s e c t i o n and o v e r t i m e . 
T h i s makes i t more c o m p l i c a t e d t o model s t i f f n e s s . The e a s i e s t way 
t o t a k e i n t o a c c o u n t t h e s o f t e n i n g o f t h e m a t e r i a l i s t o choose a 
l a r g e r n o t i o n a l c h a r r i n g r a t e . T h e r e f o r e c a l c u l a t i o n s o f t h e 
r e l a t i v e f l e x u r a l s t i f f n e s s w ere made o n l y f o r t h e case o f 
u n r e d u c e d m o d u l u s o f e l a s t i c i t y . 

A s s uming t h e e x p r e s s i o n o f n o t i o n a l c h a r r i n g r a t e w h i c h f i t s t h e 
l o a d c a p a c i t y b e s t d u r i n g t h e w h o l e t i m e p e r i o d o f t h e t e s t s , t h e 
c u r v e s ( 1 ) i n F i g u r e s 12 and 13 w e r e o b t a i n e d . The d o t t e d 
e x p e r i m e n t a l c u r v e s a r e i d e n t i c a l w i t h t h o s e shown i n F i g u r e s 4c 
and 5c i n / 4 / . The c u r v e s ( 2 ) r e f e r t o c o n s t a n t a v e r a g e n o t i o n a l 
c h a r r i n g r a t e s . The d i f f e r e n c e b e t w e e n t h e c u r v e s ( 1 ) and ( 2 ) i s 
n o t v e r y l a r g e . The c u r v e s ( 3 ) were o b t a i n e d by c h o o s i n g c o n s t a n t 
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Notional 
charring rate I3n 2 

(mm/min) 

Series No. 1 
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Time (minutes) 

F i g u r e 8 E x p e r i m e n t a l n o t i o n a l c h a r r i n g r a t e s i n s e r i e s N o . l 
( f i r e - e x p o s e d s i d e i n c o m p r e s s i o n ) f o r u l t i m a t e l o a d 
c a p a c i t y a t f a i l u r e t i m e . 

Series No. 3 
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(mm/min) 
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/ f=fi] 
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F i g u r e 9 E x p e r i m e n t a l n o t i o n a l c h a r r i n g r a t e s i n s e r i e s No.3 
( f i r e - e x p o s e d s i d e i n t e n s i o n ) f o r u l t i m a t e l o a d 
c a p a c i t y a t f a i l u r e t i m e . 
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Series No. 1 

0.8 

0.6 
Relative Load 

Mf/MO 
0.4 

0.2 

Test regre 

Bn=2.65 r 

ssion cupi 

im/min 

e 

Bn=2,4 n-

Bn=2.1 n 

m/min 

im/min 
v v V 

. v v 

/ 

Bn=1.7tr 

f= 0.55 fn 

nm/min 

10 20 30 40 

Time (minutes) 

50 60 

F i g u r e 10 C a l c u l a t e d c u r v e s o f r e l a t i v e l o a d c a p a c i t y v e r s u s 
f a i l u r e t i m e i n s e r i e s No. 1 ( f i r e - e x p o s e d s i d e i n 
c o m p r e s s i o n ) . 

Series No. 3 
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F i g u r e 11 C a l c u l a t e d c u r v e s o f r e l a t i v e l o a d c a p a c i t y v e r s u s 
f a i l u r e t i m e i n s e r i e s No. 3 ( f i r e - e x p o s e d s i d e i n 
t e n s i o n ) . 
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Series No. 1 
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F i g u r e 12 C o m p a r i s o n o f c a l c u l a t e d and e x p e r i m e n t a l c u r v e s o f 
r e l a t i v e f l e x u r a l s t i f f n e s s v e r s u s t i m e i n s e r i e s No. 1 
( f i r e - e x p o s e d s i d e i n c o m p r e s s i o n ) . 

Series No. 3 

Relative flexural 
stiffness 

(EI)f/(EI)o 
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(1) Bn=2 .571-0.01 57 t mm/ nin 
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F i g u r e 13 C o m p a r i s o n o f c a l c u l a t e d and e x p e r i m e n t a l c u r v e s o f 
r e l a t i v e f l e x u r a l s t i f f n e s s v e r s u s t i m e i n s e r i e s No. 3 
( f i r e - e x p o s e d s i d e i n t e n s i o n ) . 



27 

n o t i o n a l c h a r r i n g r a t e s w h i c h b e s t b e s t t h e e x p e r i m e n t a l c u r v e s . 
I n t h e case o f t e n s i l e s t r e s s e s a n o t i o n a l c h a r r i n g r a t e o f 1.7 
mm/min g i v e s good a g r e e m e n t , t h e same v a l u e t h a t has been f o u n d t o 
g i v e r e a s o n a b l e r e s u l t s when b e n d i n g l o a d c a p a c i t y i s c a l c u l a t e d 
a t w o r k i n g l o a d l e v e l s . When t h e f i r e - e x p o s e d s i d e i s i n 
c o m p r e s s i o n t h e b e s t a g r e e m e n t i s o b t a i n e d by u s i n g a n o t i o n a l 
c h a r r i n g r a t e o f 2,2 mm/min., i . e . a b o u t 3 0 % g r e a t e r t h a n i n t h e 
case o f t e n s i l e s t r e s s e s . 

P o s i t i o n o f c e n t r e o f g r a v i t y . I n a x i a l l y l o a d e d members t h e 
d e t e r m i n a t i o n o f s e c o n d o r d e r moments i s e s s e n t i a l . Thus i t i s 
e s s e n t i a l t h a t t h e model i s a d e q u a t e w i t h r e s p e c t t o t h e l o c a t i o n 
o f t h e c e n t r e o f g r a v i t y . The p o s i t i o n o f t h e c e n t r e o f g r a v i t y o f 
t h e t e s t s p e c i m e n s was d e t e r m i n e d a s s u m i n g n o t i o n a l c h a r r i n g r a t e s 
g i v i n g t h e b e s t a g r e e m e n t b e t w e e n t h e e x p e r i m e n t a l and c a l c u l a t e d 
f l e x u r a l s t i f f n e s s , i . e . c u r v e s ( 3 ) a b o v e . From F i g u r e s 14 and 15 
i t c a n be seen t h a t t h e a g r e e m e n t b e t w e e n c a l c u l a t e d and t e s t d a t a 
i s f a i r l y g o o d , e x c e p t i n t h o s e c a s e s o f s e r i e s No. 1 when t h e 
r e l a t i v e l o a d i s h i g h (more t h a n 3 0 % ) , o r t h e r e s i d u a l s t i f f n e s s 
i s v e r y s m a l l . These c a s e s a r e o u t s i d e p r a c t i c a l a p p l i c a t i o n s . The 
r e s u l t s show t h a t t h e a s s u m p t i o n o f a r e c t a n g u l a r shape o f t h e 
e f f e c t i v e c r o s s s e c t i o n i s r e a s o n a b l e . 

P r o t e c t i o n by l i n i n g . From t h e t e s t r e s u l t s , i t c a n be seen t h a t 
t h e e f f e c t o f a l i n i n g i s p u r e l y a d d i t i v e , i . e . t h e r e e x i s t s a 
d e l a y o f c h a r r i n g , see F i g u r e 5, and c o n s e q u e n t l y a l s o o f t h e l o s s 
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F i g u r e 14 C o m p a r i s o n o f c a l c u l a t e d and e x p e r i m e n t a l c u r v e s o f t h e 
d i s t a n c e o f t h e n e u t r a l a x i s f r o m t h e u n c h a r r e d s i d e 
v e r s u s t i m e i n s e r i e s No. 1 ( f i r e - e x p o s e d s i d e i n 
c o m p r e s s i o n ) . 
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Series No. 3 
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F i g u r e 15 C o m p a r i s o n o f c a l c u l a t e d and e x p e r i m e n t a l c u r v e s o f t h e 
d i s t a n c e o f t h e n e u t r a l a x i s f r o m t h e u n c h a r r e d s i d e 
v e r s u s t i m e i n s e r i e s No. 3 ( f i r e - e x p o s e d s i d e i n 
t e n s i o n ) . 

o f l o a d c a p a c i t y and f l e x u r a l s t i f f n e s s , see F i g u r e 6 i n / 4 / . Thus 
i t i s e a s y t o c o n s i d e r t h e e f f e c t o f c l a d d i n g s b y u s i n g t h e d e l a y 
w h i c h i s s p e c i f i c f o r t h e l i n i n g e i t h e r w i t h t h e c o n c e p t o f 
n o t i o n a l o r r e a l c h a r r i n g r a t e s . 

C o n c l u s i o n s . I t i s o b v i o u s t h a t , i n g e n e r a l , d i f f e r e n t n o t i o n a l 
c h a r r i n g r a t e s s h o u l d be us e d f o r m o d e l l i n g t h e e f f e c t i v e s e c t i o n , 
n o t o n l y w i t h r e s p e c t t o l o a d c a p a c i t y and s t i f f n e s s b u t a l s o w i t h 
r e s p e c t t o t h e s t a t e o f s t r e s s e s . I n many a p p l i c a t i o n s t h i s 
d i s t i n c t i o n i s n o t n e c e s s a r y as i n t h e c a s e o f f i r e - e x p o s u r e o n 
f o u r s i d e s o r o f v e r y l a r g e s e c t i o n s . W h i l e i n c a l c u l a t i o n s o f 
b e n d i n g l o a d c a p a c i t y a l o s s o f s t r e n g t h s h o u l d be t a k e n i n t o 
a c c o u n t , i t i s n o t n e c e s s a r y t o r e g a r d t h e l o s s o f t h e mo d u l u s o f 
e l a s t i c i t y when t h e f l e x u r a l s t i f f n e s s o f t h e member i s 
d e t e r m i n e d . T h e r e f o r e i n d e s i g n r u l e s n o t i o n a l c h a r r i n g r a t e s 
s h o u l d be l i n k e d t o g e t h e r w i t h r u l e s a b o u t , w h e t h e r , o r how much 
t h e s t r e n g t h and t h e m o d u l u s o f e l a s t i c i t y has t o be r e d u c e d . I n 
t h e case o f t h e s p e c i m e n s o f t h e i n v e s t i g a t i o n r e f e r e d t o h e r e , i t 
was p o s s i b l e t o use o n l y t w o d i f f e r e n t c h a r r i n g r a t e s i n 
c o n n e c t i o n w i t h d i f f e r e n t r e d u c t i o n s o f s t r e n g t h and m o d u l u s o f 
e l a s t i c i t y . See F i g u r e 16. I n o t h e r a p p l i c a t i o n s t h i s may be 
d i f f e r e n t . 

A s s uming a s i m p l e e f f e c t i v e c r o s s s e c t i o n o f r e c t a n g u l a r shape i t 
i s p o s s i b l e t o a c h i e v e good a g r e e m e n t b e t w e e n c a l c u l a t e d and t e s t 
r e s u l t s . I t i s t h e r e f o r e u n n e c e s s a r y t o i n t r o d u c e r o u n d e d edges i n 
t h e m o d e l . I n most c a s e s t h e i n c r e a s e i n a c c u r a c y o f t h e model 
s h o u l d be i l l u s o r y w h i l s t i t s u se w o u l d be more c o m p l i c a t e d . 
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F i g u r e 16 E f f e c t i v e c r o s s s e c t i o n s f o r u n c h a r r e d c o r e shown i n 
F i g u r e 1 l i n k e d t o t h e f o l l o w i n g a s s u m p t i o n s : 
a) U l t i m a t e l o a d - f i r e - e x p o s e d s i d e i n t e n s i o n -

f=0.75 
b ) U l t i m a t e l o a d - f i r e - e x p o s e d s i d e i n c o m p r e s s i o n -

f=0.55 
c ) F l e x u r a l s t i f f n e s s - f i r e - e x p o s e d s i d e i n t e n s i o n -

E n o t r e d u c e d 
d ) F l e x u r a l s t i f f n e s s - f i r e - e x p o s e d s i d e i n 

c o m p r e s s i o n - E n o t r e d u c e d 

By u s i n g t h e n o t i o n a l c h a r r i n g c o n c e p t i t i s p o s s i b l e t o s p e c i f y 
e x p r e s s i o n s w h i c h a r e s p e c i f i c t o d i f f e r e n t a p p l i c a t i o n s . Thus t h e 
c o n c e p t i s s u f f i c i e n t l y g e n e r a l and s h o u l d be u s e f u l i n f u t u r e 
a p p l i c a t i o n s . 
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SAMMANFATTNINGAR 

Träreglar v i d r e n böjbelastning b r a n d p r o v a d e s i en m o d e l l u g n . 
P r o v k r o p p a r n a v a r samm a n s a t t a av själva träregeln o c h omgivande 
m a t e r i a l såsom s t e n u l l o c h s k i v o r r e p r e s e n t e r a d e t e r m i s k a 
förhållanden som är t y p i s k a i g o l v o c h ytterväggar. D e t bestämdes 
samband m e l l a n bärförmågan o c h t i d e n t i l l b r o t t , böj s t y v h e t e n o c h 
n e u t r a l a l a g r e t s läge. D e t o b s e r v e r a d e s a t t bärförmågan o c h 
s t y v h e t e n är b e r o e n d e av l a s t r i k t n i n g e n , samt, när den 
b r a n d u t s a t t a s i d a n är t r y c k t , även av lastnivån. 

R e s u l t a t e n från b r a n d p r o v n i n g a v d e l v i s s k y d d a d e träreglar v i d r e n 
böjning används i s y f t e a t t m e d e l s t en a n a l y t i s k m o d e l l b e s k r i v a 
d e t e f f e k t i v a tvärsnittet hos denna t y p av träregelkonstruktioner. 
P r o v n i n g s r e s u l t a t e n g j o r d e d e t möjligt a t t b e a k t a i n v e r k a n av 
några p a r a m e t r a r såsom lastnivån i förhållande t i l l bärförmågan 
v i d n o r m a l t e m p e r a t u r , spänningstillståndet, 
b e l a s t n i n g s h a s t i g h e t e n o c h träets d e n s i t e t . A n a l y t i s k a m o d e l l e r 
d i s k u t e r a s därför i e t t v i d a r e p e r s p e k t i v o c h några k o n s e k v e n s e r 
avseende k r a v e n på en a n a l y t i s k m o d e l l är b e s k r i v n a . 
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