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Introduction 
I n S r i Lanka t i m b e r i s a p o p u l a r s t ruc- r 
t u r a l m a t e r i a l used f o r c e r t a i n s p e c i f i c 
a p p l i c a t i o n s such a s roof s t r u c t u r e s , 
formwork s t r u c t u r e s and f a l s e w o r k s t r u c ­
t u r e s . For s t r u c t u r a l d e s i g n of t i m b e r 
s t r u c t u r e s , d e s i g n e r s u s e t h e d e s i g n 
p r o c e d u r e g i v e n i n CP 112 ( 1 ) . However, 
a s CP 112 does n o t c o v e r l o c a l s p e c i e s 
of t i m b e r , d e s i g n e r s have t o g u e s s 
v a l u e s such a s b a s i c s t r e s s e s , b a s i c 
l o a d s e t c . , a p p l i c a b l e f o r l o c a l t i m b e r . 
Th i s u n a v a i l a b i l i t y of d e s i g n i n f o r ­
mat ion i s a. g r e a t h i n d r a n c e t o t h e d e s i g ­
n e r . • E f f o r t s on development , of b a s i c 
s t r e s s e s ( 2 , 3 ) of l o c a l t i m b e r and 
b a s i c l o a d s f o r b o l t e d j o i n t s (4 ) u s i n g 
l o c a l t i m b e r have p roduced some p r o g r e s s , 
b u t f u r t h e r work n e e d s t o be d o n e . T h i s 
p a p e r r e p o r t s on work done on d e v e l o p ­
ment of b a s i c l o a d s f o r b o l t e d j o i n t s 
u s i n g one f u r t h e r l o c a l , t i m b e r s p e c i e s 
namely Hora . 

Experimental programme and background 
to i t s development 

Background to the Development of 
the Test Programme 

As t i m b e r i s a h i g h l y v a r i a b l e m a t e r i a l 
a f f e c t e d by many v a r i a b l e s , i n o r d e r 
t o d e v e l o p d e s i g n recommenda t ions f o r 
b o l t e d j o i n t s on t h e - same - l ines . a s 
i n T a b l e 27 of CP 112, i t i s n e c e s s a r y 
t o c o n d u c t an a d e q u a t e number of t e s t s 

•under c o n t r o l l e d c o n d i t i o n s , r e s u l t s 
of which can be r e d u c e d t o a s t a n d a r d 
c o n d i t i o n . As t h e r e i s no B r i t i s h S t a n ­
d a r d s which l a y s down p r o c e d u r e f o r 
t e s t i n g b o l t e d j o i n t s , i t was n e c e s s a r y 
t o b a s e t h e 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 
on p r e v i o u s i n v e s t i g a t i o n s of v a r i o u s 
r e s e a r c h e r s . A c o m p r e h e n s i v e l i t e r a t u r e 
s u r v e y was c o n d u c t e d ( 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 ) 
on p r e v i o u s r e s e a r c h on s t r e n g t h of 

b o l t e d j o i n t s . Based on t h a t s u r v e y , 
v a r i a b l e s t o be c o n s i d e r e d , s e l e c t i o n 
of m a t e r i a l s , specimen s i z e s , p r e p a r a ­
t i o n of spec imens and method of t e s t i n g 
were d e c i d e d w i t h s u i t a b l e a l t e r a ­

t i o n s where n e c e s s a r y t o s u i t ' l o c a l 
c o n d i t i o n s . Background t o such d e c i s i o n s 
needed f o r an e x p e r i m e n t a l programme 
on b o l t e d j o i n t s i n t i m b e r i s w e l l d o c u ­
mented (4 ) and s i n c e t h e p r o c e d u r e i n 
t h i s i n v e s t i g a t i o n i s n o t v e r y d i f f e r e n t , 
i t i s n o t r e p e a t e d h e r e i n d e t a i l . How­
e v e r , r e l e v a n t i n f o r m a t i o n on v a r i a b l e s , 
s i z e s of s p e c i m e n s , f a b r i c a t i o n of s p e c i ­
mens and methods of t e s t i n g p e r t a i n i n g 
t o t h i s i n v e s t i g a t i o n a r e g i v e n v e r y 
b r i e f l y be low. ' Where d e t a i l s a d o p t e d 
were , d i f f e r e n t t o p r e v i o u s work ( 4 ) , 
background t o such d e c i s i o n s were a l s o 
g i v e n be low . 

^ 
( a ) Type of t i m b e r s p e c i e s ; 

Hora ( O i p t e r o Carpus Z e y l a n i c u s ) was 
s e l e c t e d ' b a s e d on i t s h i g h d e n s i t y , 
low c o s t t o t h e user-, a v a i l a b i l i t y and 
p o p u l a r i t y . I t i s a c l a s s I t i m b e r r e ­
commended f o r s t r u c t u r a l work • ( 1 2 ) . 
Hora i s h i g h l y recommended by t i m b e r 
m e r c h a n t s and t i m b e r saw m i l l o w n e r s , 
a l t h o u g h i t i s n o t f a v o u r e d by s t r u c ­
t u r a l e n g i n e e r s . I t s h i g h d e n s i t y was 
a s i g n i f i c a n t f a c t o r i n i t s s e l e c t i o n 
so t h a t f u l l r a n g e .of d e n s i t i e s of l o c a l 
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t i m b e r can be c o v e r e d v e r y e a r l y by 
deve lopment of s t r e n g t h d a t a of Hora 
a l o n g w i t h H a l m i l l a s t u d i e d e a r l i e r 
(4 ) and t e s t s on a low d e n s i t y t i m b e r 
i n t h e n e a r f u t u r e . ••• 

(b ) T h i c k n e s s of. members: 

I t was d e c i d e d t o a d o p t 1" (25 mm), 
i y (38 mm) & 2" (50 mm) a s t h e t h i c k n e s s 
of t h i n n e r member. 

( c ) D iamete r of b o l t s ; 

B o l t s i z e s a d o p t e d were 3 / 8 " ( 9 . 5 mm), 
! j " f l 2 . 7 mm) & 5 / 8 " (15.9mm) i n d i a m e t e r 
and b o l t s were h e x a g o n a l headed comply ing 
w i t h BS 916 ( 1 3 ) . 

(d ) D i r e c t i o n of t h e l o a d t o t h e g r a i n 
d i r e c t i o n of t i m b e r : 

T e s t s were c a r r i e d o u t on j o i n t s w i t h 
l o a d p a r a l l e l t o t h e g r a i n d i r e c t i o n 
and j o i n t s w i t h l o a d s p e r p e n d i c u l a r 
t o t h e g r a i n d i r e c t i o n . Loads i n any 
o t h e r d i r e c t i o n i s e x p e c t e d t o be o b ­
t a i n e d u s i n g H a n k i n s o n s ' s fo rmula g i v e n 
i n CP 112(1) 

( e ) Type of t e s t s : 

Double s h e a r t e s t s on s i n g l e b o l t w i t h 
t i m b e r m i d d l e and s i d e p l a t e s were 
p e r f o r m e d . 

( f ) Mode of t e s t i n g s 

B o l t e d j o i n t s were l o a d e d i n c o m p r e s s i o n . 

(g ) Dimens ions of t e s t spec imenss 

F i g u r e 1 shows t h e dimensions '" of t e s t 
s p e c i m e n s t o be l o a d e d p a r a l l e l t o 
and p e r p e n d i c u l a r t o t h e g r a i n . The 
d i m e n s i o n s were same a s t h o s e a d o p t e d 
i n t h e e a r l i e r i n v e s t i g a t i o n ( 4 ) . 

(h ) Number of t e s t s p e r j o i n t 
Conf i g u r a t i o n s 

I t was d e c i d e d t o a d o p t s i x t e s t s f o r 
e a c h v a r i a b l e u n d e r i n v e s t i g a t i o n . 
The number of t e s t s a d o p t e d . was one. 
more t h a n what was u s e d e a r l i e r (4 ) 
and t h i s e x t r a t e s t was e x p e c t e d t o 
g i v e a b e t t e r s t a t i s t i c a l t r e a t m e n t , 
as . w e l l a s t o h e l p i n s i t u a t i o n s i n 
which . o n e t e s t may be abandoned o r 
r e j e c t e r " 

( i ) S e l e c t i o n of m a t e r i a l s : 

B o l t s and t i m b e r samples f o r e x p e r i ­
m e n t a l work were s e l e c t e d randomly 
from s t o c k s a v a i l a b l e i n t h e m a r k e t . 

( j ) F a b r i c a t i o n s 

F a b r i c a t i o n d e t a i l s were same a s t h o s e 
of t h e e a r l i e r i n v e s t i g a t i o n ( 4 ) , e x c e p t 
f o r t h e t y p e of w a s h e r s . The washe r s 
u sed i n t h i s i n v e s t i g a t i o n were t h o s e 
a v a i l a b l e i n t h e marke t which d i d n o t 
comply w i t h CP 112 recommendat ions 
( 1 ) . T h i s d e v i a t i o n was a l l o w e d a f t e r 
c a r e f u l t h o u g h t b e c a u s e ( a ) t h e washer 
s i z e s recommended i n CP112 a r e n o t u s e d 
i n S r i Lanka p r e s e n t l y ; (b) t h o s e washer 
s i z e s a r e n o t a v a i l a b l e i n t h e m a r k e t ; 
( c ) i t w i l l be d i f f i c u l t t o p e r s u a a e 
m a n u f a c t u r e r s t o p roduce . t h o s e washer 
s i z e s due t o p r e v a i l i n g s m a l l and i r r e ­
g u l a r demand; and (d) i f f o r a s p e c i f i c 
s t r u c t u r e washe r s were s p e c i a l l y t u r n e d 
o u t t o CP112 r ecommenda t ions , t h e a c t u a l 
d e s i g n l o a d s w i l l be e q u a l o r h i g h e r 
t h a n t h o s e recommended h e r e , t h u s p r o d u c ­
ing a s a f e d e s i g n . 

(k) T e s t i n g e q u i p m e n t : • 

Same equipment was u s e d a s t h a t f o r 
t h e e a r l i e r i n v e s t i g a t i o n ( 4 ) . 

. ( l ) Ra te of l o a d i n g and D u r a t i o n of 
T e s t : 
T h i s was same a s f o r t h e e a r l i e r i n v e s t i ­
g a t i o n ( 4 ) . 

(m) M o i s t u r e c o n t e n t : 

T r e a t m e n t t o a c c o u n t f o r v a r i a t i o n s 
i n m o i s t u r e c o n t e n t was same a s f o r 
tr ie e a r l i e r i n v e s t i g a t i o n ( 4 ) . 

Test Programme 

Based on t h e above background i n f o r m a t i o n , 
t h e f o l l o w i n g t e s t programmes were c o n ­
duc ted . - '; . . • 
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MAIN TEST SERIES , 
(Species Name; Hora) 

Thicknesss of Diameter of Direction of .Grain 
Thinner member Bolt to load • 

1. 1" (25mm) 3/8" (9.5mm), 
i"(12.7 mm) Parallel 
5/8"(l5.9mm) Perpendicular 

2. 1J" (38 mm) 3/8"(9.5mm), • • 

i"(12.7mm) Parallel 
5/8"(15.9mm) Perpendicular 

3. 2" (50mm) 3/8"(9.5mm), 
in(12.7mm) Parallel 

< • 5/8"(15.9mm) Perpendicular 

Subsidiary Test series on variation of joint strength with Moisture content 

(Species Name: Hora) 

Thickness of - Diameter of Direction of Grain 
Thinner member Bolt to load 

1" (25mm) 5/8" (15,9mm); Perpendicular ' ' 

Each j o i n t was l o a d e d r e c o r d i n g t h e 
l o a d - d e f o r m a t i o n r e s p o n s e of t h e j o i n t , 
u n t i l t h e maximum • l o a d was a t t a i n e d ' 
o r e x c e s s i v e d e f o r m a t i o n . t o o k p l ace . . " 
On f a i l u r e of t e s t . s p e c i m e n s , , p o r t i o n s 
were c u t from u n c r u s h e d t i m b e r of t h e 
f a i l e d members and used- t o d e t e r m i n e 
t h e m o i s t u r e c o n t e n t by t h e oven d r y i n g 
method. S i m i l a r l y p o r t i o n s were c u t 
t o measure s p e c i f i c g r a v i t y . " For each 
j o i n t c o n f i g u r a t i o n 6 t e s t s were c o n ­
d u c t e d a s men t ioned a b o v e ; The number 
of t e s t s • i n t h e main t e s t s e r i e s was 
108 w h i l e i n t h e s u b s i d i a r y t e s t " s e r i e s ' 
was 9 . The t o t a l number of j o i n t s 
t e s t e d was 116, which e x c l u d e s numerous 
c o n t r o l t e s t s such a s m o i s t u r e c o n t e n t 
Sr s p e c i f i c g r a v i t y . -

Experimental Results and Analysis 

General Behaviour of Joints 

I n g e n e r a l , t he . o v e r a l l b e h a v i o u r 
of t e s t s was a p p r o x i m a t e l y same among 
t h e t e s t spec imens of t h e same g r o u p . 

I n most of t h e t e s t spec imens t h e 
l o a d - s l i p c u r v e s were such t h a t t h e 

. i n i t i a l p a r t i s more i n c l i n e d t o h o r i ­
z o n t a l t h a n t h e r e s t . Acco rd ing t o 
. p r e v i o u s r e s e a r c h e r s t h i s i r r e g u l a r i t y 
may be due t o overcoming of f r i c t i o n a l 
f o r c e s d u r i n g i n i t i a l s l i p . 

T he r e were o n l y t h r e e modes o f f a i l u r e 
a s f o l l o w s : 

( i ) - S p l i t t i n g of end', members, which 
was p r e d o m i n a n t when t h e a p p l i c a t i o n 
of l o a d was p a r a l l e l t o g r a i n . 

( i i") S p l i t t i n g - of m i d d l e members, 
was p r e d o m i n a n t when t h e a p p l i c a t i o n 
of l o a d was p e r p e n d i c u l a r t o g r a i n . 

( i i i ) Bending ' f a i l u r e of t h e b o l t s 
t o o k p l a c e when t h e r a t i o of t h i c k n e s s 
of m i d d l e members t o d i a m e t e r of b o l t s 
was l a r g e b u t t h i s t y p e of f a i l u r e 
was v e r y r a r e i n t h e - ' c a s e of Hora . 

These f a i l u r e s were s i m i l a r t o t h o s e 
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o b s e r v e d by o t h e r r e s e a r c h e r s . The 
f a i l u r e by s p l i t t i n g o c c u r e d s u d d e n l y 
w i t h o u t warn ing by l a r g e d e f o r m a t i o n s , 
and a s t h e d i a m e t e r i n c r e a s e s chance 
of a s p l i t t i n g f a i l u r e i n c r e a s e s . 
Hence i t can be c o n c l u d e d t h a t t h e 
d e s i g n e r s h o u l d u s e t h e minimum s i z e 
of b o l t w i t h a d e q u a t e l o a d c a r r y i n g 
c a p a c i t y whenever p o s s i b l e . 

Derivation of Design Loads 

S i n c e t h e c u r r e n t p r a c t i c e (6 ) of 
e v a l u a t i o n of d e s i g n l o a d s i s ba sed 
on a s t a t i s t i c a l b a s i s , i t i s n e c e s s a r y 
t o c a l c u l a t e t h e mean u l t i m a t e l o a d 
and s t a n d a r d d e v i a t i o n f o r each j o i n t 
c o n f i g u r a t i o n of t h e s p e c i e s . Working 
l o a d a t 1% e x c l u s i o n l i m i t i s g i v e n 
by t h e f o r m u l a , 

Table 1 

Main t e s t s e r i e s 

S p e c i e s name - Hora 

Working l o a d = M - kg 
F 

where , M = mean u l t i m a t e l o a d 
a = S t a n d a r d d e v i a t i o n 
k = 2 .33 f o r 1% e x c l u s i o n 
F = 2 . 5 f o r b o l t s (6) 

The e x p e r i m e n t a l r e s u l t s , r e l e v a n t s t a t i s ­
t i c a l i n f o r m a t i o n and working l o a d s of 
1% e x c l u s i o n l i m i t a r e summarized i n 
T a b l e 1. 

S i n c e working l o a d a t 1% e x c l u s i o n l i m i t 
i s d e r i v e d from u l t i m a t e l o a d s o n l y , 
i t i s n e c e s s a r y t o a p p l y ' f u r t h e r 
checks t o e n s u r e t h a t ( a ) j o i n t s l i p 
a t working load i s n o t e x c e s s i v e ; (b) 
working l o a d i s below t h e l i m i t of p r o p o r ­
t i o n a l i t y and ( c ) few t e s t r e s u l t s w i t h 
u n u s u a l l y h i g h u l t i m a t e l o a d s do n o t 

T h i c k n e s s of Diameter of D i r e c t i o n of Mean U l t . Std . c o e f f . Working Averag 
thinner Bolt(ram) grain to load Load (kg) devia­ of varia load at % m.c. (S 
member (mm) tion tion ($) exclusion 

25 . 9.5 Par. 2507.7 64.00 2.56 941.03 21.68 
Perp. 2473.3 130.64 5.28 867.56 19.12 

12.7 Par. 2640.0 125.43 4.75 939.00 20.88 
Perp. 2645.0 190.97 7.22 880.00 21.94 

15.9 Par. 2920.0 155.95 5.34 1022.65 18.64 
Perp. 2956.7 296.22 10.02 906.60 20.76 

38 9.5 Par. 4260.0 436.71 10.25 1296.98 23.87 
Perp. 4433.3 347.95 7.85 1449.03 20.88 

12.7 Par. 5333.3 242.21 4.54 1907.58 20.92 
rV«rp. 5590.0 345.66 6.18 1913.84 20.63 

15.9 Par. 5733.3 395.51 6.90 1924.70 22.17 
Perp. 5746.6 349.78 6.09 1972.67 22.18 

50 9.5 Par. 3950.0 206.98 5.24 1387.09 17.14 
m Perp. 5093.3 449.12 8.82 1618.74 21.51 

12.7 Par. 4876.6 354.27 7.26 1620.46 22.42 
Perp. 7006.6 1062.72 15.16 1812.18 23.25 

15.9 Par. 5650.0 312.60 5.53 1968.65 19.62 
Perp. 8096.6 913.67 11.28 2387.09 22.09 
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i n c r e a s e t h e working l o a d u n r e a l i s t i c a l l y . 
Hence t h e working l o a d was r e d u c e d where 
n e c e s s a r y t o . s a t i s f y t h e f o l l o w i n g c o n ­
s i d e r a t i o n : 

( a ) working l o a d s h o u l d be l e s s t h a n 
o r e q u a l t o H - k g 

F 

(b) j o i n t s l i p a t : t h e work ing l o a d 
s h o u l d be l e s s t h a n t h e a l l o w a b l e l i m i t 
f o r j o i n t s l i p (10) t a k e n a s 2 . 6 . mm 
( 1 . 0 2 5 x 1 0 " i n c h ) ; 

(c.) Working l o a d s h o u l d be below t h e 
l i m i t of p r o p o r t i o n a l i t y of t h e l o a d -
j o i n t s l i p c u r v e ; 

'(d) Working l o a d i s such t h a t t h e m i n i ­
mum u l t i m a t e l o a d v a l u e of t h e s i x 
t e s t s must a c h i e v e a l o a d f a c t o r of 
2 t i m e s t h e working l o a d . 

The r e s u l t s of s u b s i d i a r y t e s t s e r i e s 
were computed and t h e l og ( u l t . l o a d ) 
v s . m o i s t u r e c o n t e n t r e l a t i o n s h i p i s 
shown i n f i g u r e 2 . The m a t h e m a t i c a l 
r e p r e s e n t a t i o n of t h e s t r a i g h t p o r t i o n 
of t h e r e l a t i o n i s , g i v e n by , 

= 0.004636(Mt-M15) 
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where S15 , S t a r e t h e u l t i m a t e j o i n t 
s t r e n g t h s a t m o i s t u r e c o n t e n t s of 15% 
and t% r e p r e s e n t e d by M15 •& Mt r e s p e c ­
t i v e l y . The work ing l o a d s were c o r r e c ­
t e d f o r m o i s t u r e c o n t e n t i n a c c o r d a n c e 
w i t h L a v e r s (14) f o r v a r i a t i o n i n S.G. 
The c o r r e c t e d work ing l o a d s a r e t e rmed 
d e s i g n l o a d s a t 15% m . c . & p r e s e n t e d 
i n T a b l e 2 . 

F i n a l l y a s t h e d e s i g n l o a d s a r e f o r 
3 member j o i n t s unde r d o u b l e s h e a r , 
t h e s e l o a d s were r e d u c e d t o b a s i c l o a d s 
i n a two member j o i n t . unde r s i n g l e 
s h e a r and p r e s e n t e d i n T a b l e 3 . These 
v a l u e s can be u sed on s i m i l a r l i n e s 
t o t h o s e i n T a b l e 27 of CP112. 

Conclusions 

F o l l o w i n g c o n c l u s i o n s can be drawn 
from t h i s i n v e s t i g a t i o n : -

(1) B a s i c l o a d s d e v e l o p e d i n T a b l e 
3 f o r Hora can be u s e d i n c o n j u n c t i o n 
w i t h d e s i g n p r o c e d u r e g i v e n i n CP112; 

(2 ) J o i n t s can accommodate l a r g e d e f o r ­
m a t i o n s i f s t e e l , ' b o l t s u sed f o r ' c o n ­
n e c t i o n s a r e s m a l l e r . Hence i t i s 
a d v i s a b l e t o u s e t h e minimum s i z e of 
b o l t which s a t i s f i e s t h e . s t r e n g t h 
r e q u i r e m e n t • so t h a t there*, ' w i l l ' be a d e - ' 
g u a t e wa rn ing b e f o r e f a i l u r e . 

( 7 ) 





TABLE 2 

Design l o a d in kN p e r Bo l t i n Double Shear 

S p e c i e s name Hora 

PARALLEL TO GRAIN PERPENDICULAR TO GRAIN 

Thick- Dia- Working m.c Av. Design Working m.c.-. Av. Design 
ness of meter load at % s l ip load at load at % Slip load at 
tinner of i exclu-' (mm) 153 m.c IS . (..im) 158 m.c. 
member Bolt sion . (kN.) exclusion (kN) 
(mm) (mm) (kN) 

25 9.5 9.231 21.68 3.22 7.801 8.510 19.12 5.41 4.171 
12.7 9.210 20.88 1.65 9.873 8.633 21.94 3.68 6.609 

. 15.9 10.032 18.64 2.03 11.097 8.894 20.76 3.38 7.748 
38 9.5 12.723 23.87 4.22 11.766 14.215 20.88 6.96 5.390 

12.7 18.713 20.92 3.17 15.447' 18.775 20.63 7.47 6.569 
15.9 18.881 22.17 2.23 . 19.282 19.352 22.18 4.95 10.378 

50 9.5 13.607 17.14 4.27 8.893 15.880 21.52 7.57 6.129 
12.7 15.986 22.43 4.63 9.109 17.777 23.25 7.90 6.410 
15.9 19.312 19.62 2.77 20.536 23.417 22.09 10.03 7.054 

* note: The design loads in columns 6 and 10 have been adjusted to average specific gravity also. 

• TABLE 3 

Bas ic Load p e r Bol t i n a two member j o i n t a t 15% m . c . 

S p e c i e s name - Hora 

Thickness of Diameter Parallel to Perpendicular 
thinner member of Bolt grain (kN) to grair 
(mm) (mm) (kN) 

25 9.5 3.900 2^085 
12.7 4.936 3.304 
15.9 5.548 3.874 

38 9.5 5.883 2.695 
12.7 7.723 3.284 
15.9 9.641 5.189 

50 9.5 4.446 •3.064 
12.7 4.554 3.205 

. 15.9 .10.268 3.527 
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(3 ) The modes of f a i l u r e o b s e r v e d i n 
t h e t e s t programme were s p l i t t i n g of 
end members, s p l i t t i n g of m i d d l e member 
& bend ing f a i l u r e of b o l t s . 

(4 ) In a d e s i g n recommendat ion f o r 
s t r e n g t h of b o l t e d j o i n t s i t i s g e n e ­
r a l l y e x p e c t e d , w h i l e o t h e r v a r i a b l e s 
r emain c o n s t a n t , t h a t d e s i g n l o a d s h o u l d 
i n c r e a s e when ..; 

( a ) B o l t d i a m e t e r i n c r e a s e s ; 
(b) t h i c k n e s s of t h i n n e r , member i n c r e a ­
s e s ; 
( c ) l o a d i n g d i r e c t i o n changes from 
p e r p e n d i c u l a r t o g r a i n t o a d i r e c t i o n 
p a r a l l e l t o g r a i n . 

A l though t h i s i s a g e n e r a l t r e n d , even 
t h e CP 112 v a l u e s do n o t a lways s a t i s f y 
t h i s p a t t e r n . The t r e n d o b s e r v e d in t h e ' 

-recommended v a l u e s i s s i m i l a r t o t h a t 
of CP 112 . 
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