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ABSTRACT

A standard  for  por table  wood ladders  has
b e e n  i n  e f f e c t  s i n c e  1 9 2 3 ,  a n d  h a s  b e e n  r e v i s e d
s e v e r a l  t i m e s  s i n c e  t h e n . The most  recent
p u b l i c a t i o n  i s  " A m e r i c a n  N a t i o n a l  S t a n d a r d
Safe ty  Standard  for  Por table  Wood Ladders ,"
A14.1-1975, from American National Standards
I n s t i t u t e ,  I n c . M e t h o d s  o f  a r r i v i n g  a t  a l l o w -
a b l e  s t r e s s e s  f o r  w o o d  l a d d e r  p a r t s  h a v e  n e v e r
been clear ly documented. T h i s  r e p o r t  o u t l i n e s
w h a t  w a s  d o n e  i n  t h e  l a t e s t  r e v i s i o n  o f  t h e
s t a n d a r d  t o  c a l c u l a t e  a l l o w a b l e  f i b e r  s t r e s s e s
f o r  e s t a b l i s h i n g  s p e c i e s  g r o u p i n g s .
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INTRODUCTION

T h i s  r e p o r t  d e s c r i b e s  a  p r o -
cedure  that  was  used by American
N a t i o n a l  S t a n d a r d s  I n s t i t u t e  ( A N S I )
Subcommit tee  A14.1  to  es tabl i sh
w o r k i n g  s t r e s s e s  f o r  v a r i o u s  s p e c i e s
o f  w o o d  u s e d  f o r  l a d d e r  p a r t s . Such
p a r t s  a r e  m a d e  f r o m  h i g h  q u a l i t y ,
e s sen t i a l l y  c l ea r  wood  fo r  a  p roduc t
t h a t  r e q u i r e s  a  h i g h  l e v e l  o f
s a f e t y . The  p rocedu re s  ou t l i ned
h e r e  m i g h t  s u g g e s t  w a y s  t o  a r r i v e  a t
w o r k i n g  s t r e s s e s  f o r  o t h e r  s t r u c t u r a l
members made from high quality wood.

H i s t o r y

Wood ladders  have a  long his-
tory of  good performance when con-
s t ruc t ed  acco rd ing  t o  r ecogn i zed
c o d e s  o r  s t a n d a r d s  a n d  p r o p e r l y
s t o r e d  a n d  u s e d . T h e  f i r s t  c o d e
developed was the  "Tentat ive  American
Standard  Safe ty  Code for  Const ruct ion ,
Care ,  and Use of  Ladders ,"  which was

approved in 1923. Experience gained
i n  t h e  m a n u f a c t u r e  a n d  u s e  o f  l a d -
d e r s  i n  a c c o r d a n c e  w i t h  t h e  o r i g i n a l
c o d e  l e d  t o  a  r e v i s i o n  a n d  t h e
approval  of  the  "American Standard
S a f e t y  C o d e  f o r  C o n s t r u c t i o n ,  C a r e ,
and Use  of  Ladders"  in  1935. Work
s t a r t e d  o n  a  f u r t h e r  r e v i s i o n  i n
1939 was suspended during World
War  I I . Subsequent ly ,  the  code was
d i s c u s s e d  a n d  r e v i s e d ,  a n d  r e v i s i o n s
were publ ished by the  American
Standards  Assoc ia t ion  in  1948 ,  1952 ,
and 1959. In  1968,  the  code was
a g a i n  r e v i s e d ;  i t  w a s  p u b l i s h e d  b y
the  Uni ted  Sta tes  of  America  Stan-
d a r d s  I n s t i t u t e  ( n o w  A m e r i c a n
N a t i o n a l  S t a n d a r d s  I n s t i t u t e ,  I n c . ) ,
and was  ent i t led  "USA Standard
Safety Code for Portable Wood
L a d d e r s , " A14.1-1968.

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

1 /  T h e  a u t h o r  g r a t e f u l l y  a c k n o w l e d g e s  t h e  c o n t r i b u t i o n s  o f  A n d r e w  J .  K a s s ,
R e s e a r c h  T e c h n o l o g i s t  a t  t h e  F o r e s t  P r o d u c t s  L a b o r a t o r y ,  f o r  h i s  i n t e r e s t  a n d
work in  searching out  and updat ing informat ion needed for  prepar ing ANSI
Standard A14.1-1975.

2 / Maintained at Madison, Wis., i n  coope ra t i on  w i th  t he  Un ive r s i t y  o f
Wisconsin .



d i f f e r e n t  g r o u p s  d e p e n d i n g  p r i m a r i l y
o n  t h e i r  s t r e n g t h  p r o p e r t i e s . These
g roup ings  have  changed  s l i gh t l y  ove r
t h e  y e a r s  a s  n e w  s t r e n g t h  d a t a  h a v e
b e e n  d e v e l o p e d .  A d d i t i o n a l l y ,  t h e
number  of  groups  has  been changed to
r e f l e c t  a v a i l a b i l i t y  o f  m a t e r i a l  a n d
i m p r o v e d  p r a c t i c e s : The 1948 code
had f ive  groups ,  and subsequent
codes  through 1968 had  four  groups .

Revis ion of  the  1968 code
r e q u i r e d  r e c o n s i d e r a t i o n  o f  s p e c i e s
groupings . New techniques  and data
h a d  t o  b e  r e c o g n i z e d ,  p a r t i c u l a r l y
t h e  s p e c i e s  p r o p e r t i e s  a s  r e p o r t e d
i n  s t a n d a r d s  o f  t h e  A m e r i c a n  S o c i e t y

for  Tes t ing  and Mater ia l s  (ASTM).3 /

I t  a lso  became apparent  tha t  some of
the  spec i e s  we re  i n  g roup ings  no t
j u s t i f i e d  b y  s t r i c t  a n a l y s i s  o f
s t r e n g t h  d a t a  a v a i l a b l e  w h e n  t h e
groupings were made. These " judg-
m e n t "  f a c t o r s , a p p l i e d  i n  a d d i t i o n
to  what  s t rength  data  showed,  were
c a r r i e d  f o r w a r d  i n  p e r i o d i c  r e v i -
s i o n s . U n f o r t u n a t e l y ,  t h e s e  j u d g -
men t  f ac to r s  we re  no t  r e co rded ,  and
members of the current ANSI sub-
commit tee  were unable  to  f ind out
exact ly  what  had been done.

O b j e c t i v e

I t  i s  t h e  p u r p o s e  o f  t h i s
r e p o r t  t o  d e s c r i b e  t h e  p r o c e d u r e s
that  were  used by the  subcommit tee
in  deve lop ing  a l l owab le  bend ing
s t r e s s e s  f o r  v a r i o u s  s p e c i e s  o f  w o o d
d u r i n g  t h e  r e v i s i o n  o f  t h e  A 1 4 . 1 -

1 9 6 8  c o d e .4 /

3/ Standards of ASTM are available in many t e c h n i c a l  l i b r a r i e s  o r  m a y  b e
purchased f rom the  American Socie ty  for  Tes t ing and Mater ia ls ,  1916 Race
S t r e e t , P h i l a d e l p h i a ,  P a . 19103 ,  fo r  $1 .50  per  s tandard .

4/ American National Standard Safety Standard for Portable Wood Ladders,
A14.1-1975," approved November 25, 1974. American Nat ional  Standards
I n s t i t u t e ,  I n c . ,  1 4 3 0  B r o a d w a y ,  N e w  Y o r k ,  N . Y .  1 0 0 1 8 .  $ 5 . 0 0  p e r  s i n g l e  c o p y .
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PROCEDURES

To develop al lowable  working
s t r e s s e s  f o r  w o o d  s p e c i e s  f o r  u s e  i n
l a d d e r s , t h e r e  m u s t  b e  r e l i a b l e  a n d
a c c e p t e d  d a t a  o n  t h e  s t r e n g t h  p r o p e r -
t i e s  o f  c l ea r  wood . Such data  are
developed by recognized procedures
through ASTM. V a l u e s  p u b l i s h e d  i n
ASTM D 2555, "Standard  Methods  for
Establ i sh ing Clear  Wood St rength
Values ,"  for  wood grown in  the
U n i t e d  S t a t e s  a n d  C a n a d a ,  a r e
a p p r o p r i a t e  a s  a  b a s i s  f o r  d e t e r -
m i n i n g  a l l o w a b l e  s t r e s s e s  a n d
groupings  of  wood for  ladders .

T h e  a v e r a g e  s t r e n g t h  v a l u e s  i n
D  2 5 5 5  a r e  f o r  g r e e n ,  c l e a r ,  s t r a i g h t -
grain wood. They must be modified
t o  a r r i v e  a t  a n  a l l o w a b l e  s t r e s s  f o r
a n y  s t r u c t u r a l  u s e . Bending s t rength
i s  t h e  p r i m a r y  c o n s i d e r a t i o n  f o r  u s e
i n  l a d d e r s , s o  f u r t h e r  d i s c u s s i o n
w i l l  r e l a t e  t o  t h a t  p r o p e r t y .
F a c t o r s  a f f e c t i n g  b e n d i n g  s t r e n g t h
inc lude  spec i e s  ave r age  and  va r i a -
b i l i t y , m o i s t u r e  c o n t e n t ,  d u r a t i o n
o f  l o a d , s i z e  e f f e c t ,  s l o p e  o f
g r a i n ,  k n o t s ,  e t c .

T h e  b a s i c  p r i n c i p l e s  f o r
v i s u a l l y  g r a d i n g  s t r u c t u r a l  l u m b e r
a n d  e s t a b l i s h i n g  r e l a t e d  u n i t
stresses are covered in ASTM D 245,
"Standard  Methods  for  Es tabl i sh ing
S t r u c t u r a l  G r a d e s  a n d  R e l a t e d  A l -
l o w a b l e  P r o p e r t i e s  f o r  V i s u a l l y
G r a d e d  L u m b e r . "  I t  i s  i n t e n d e d
p r i m a r i l y  f o r  g r a d i n g  o f  s t r u c t u r a l
lumber, s u c h  a s  i s  u s e d  i n  c o n -
s t r u c t i o n , r a t h e r  t h a n  f o r  h i g h l y



s e l e c t i v e  u s e s  s u c h  a s  l a d d e r  r a i l s
and rungs . T h e s e  p r i n c i p l e s ,
however, may be  used as  a  guide  to
e s t a b l i s h  a l l o w a b l e  s t r e s s e s  f o r  t h e
i n d i v i d u a l  s p e c i e s  a n d  f o r  g r o u p i n g
s p e c i e s  o f  w o o d  f o r  l a d d e r s .

The wood proper t ies  and those
f a c t o r s  t h a t  a f f e c t  t h e  a l l o w a b l e
b e n d i n g  s t r e s s  f o r  l a d d e r  p a r t s  c a n
b e  c l a s s i f i e d  i n t o  t w o  g e n e r a l
c a t e g o r i e s : ( 1 )  v a r i a b l e s  d e p e n d e n t
o n  s p e c i e s , a n d  ( 2 )  f a c t o r s  i n d e p e n -
d e n t  o f  s p e c i e s .  T h e  v a r i a b l e s
dependen t  on  spec i e s  i nc lude  t he
ave rage  g r een  modu lus  o f  r up tu r e  f o r
t h e  s p e c i e s  a n d  t h e  c o r r e s p o n d i n g
s t a n d a r d  d e v i a t i o n  a n d  t h e  d r y / g r e e n
s t r e n g t h  r a t i o . S u c h  v a l u e s  a r e
published in ASTM D 2555. From
t h e s e , i t  i s  p o s s i b l e  t o  c a l c u l a t e  a
near-minimum st rength value for  a
s p e c i e s  o f  w o o d  a t  1 2  p e r c e n t  o r  t h e
m o i s t u r e  c o n t e n t  i t  i s  l i k e l y  t o
have  in  u se . F a c t o r s  i n d e p e n d e n t  o f
s p e c i e s ,  o n  t h e  o t h e r  h a n d ,  a r e
c o n s i d e r e d  t o  a p p l y  t o  a l l  s p e c i e s
e x c e p t  t h a t  a n  a d d i t i o n a l  r e d u c t i o n
f a c t o r  i s  a p p l i e d  f o r  h a r d w o o d s .
They  i nc lude  cons ide ra t i on  o f  l oad
d u r a t i o n , s i z e  e f f e c t ,  s l o p e  o f
g r a i n ,  k n o t s , a n d  f a c t o r  o f  s a f e t y .
T h u s ,  a  s i n g l e  v a l u e  m a y  r e p r e s e n t
o n e  c o m b i n a t i o n  o f  t h e s e  v a r i o u s
f a c t o r s  f o r  s o f t w o o d s  a n d  a n o t h e r
for  hardwoods .

The fol lowing procedure was
u s e d  i n  t h e  d e r i v a t i o n  o f  a l l o w a b l e
s t r e s s e s  f o r  t h e  1 9 7 5  i s s u e  o f  t h e
A14.1  s tandard  because  i t  can  be
app l i ed  t o  any  spec i e s  when  r ecog -
nized ASTM values  are  avai lable .
A l lowab le  s t r e s s e s  we re  ca l cu l a t ed
for  woods grown in  the  Uni ted Sta tes
a s  b a s e d  o n  v a l u e s  p r e s e n t e d  i n
ASTM D 2555-73.

Variables  Dependent
on Species

Spec i e s  ave r age . - -Ave rage
v a l u e s  f o r  m o d u l u s  o f  r u p t u r e  a r e
f rom tab les  1  and  2  of  D 2555-73 .

S p e c i e s  v a r i a b i l i t y . - - T h e  l o w e r
5  p e r c e n t  e x c l u s i o n  l i m i t  i s  t y p i -
c a l l y  u s e d  a s  a  s t a r t i n g  p o i n t  f o r
d e t e r m i n i n g  a l l o w a b l e  s t r e s s e s  f o r
wood s t ructura l  members . T h i s  i s  t o
a c c o u n t  f o r  t h e  i n h e r e n t  v a r i a b i l i t y
i n  w o o d  s t r e n g t h  a n d  t h u s  e s t a b l i s h
a  nea r -min imum va lue  fo r  c l ea r ,
s t r a i g h t - g r a i n  m a t e r i a l . The same
p r o c e d u r e  w a s  u s e d  f o r  l a d d e r  p a r t s
and the near-minimum modulus of
r u p t u r e  ( b e n d i n g  s t r e n g t h )  w a s
o b t a i n e d  a s  f o l l o w s :

A s  a n  e x a m p l e ,  c a l c u l a t e  t h e
5  p e r c e n t  e x c l u s i o n  l i m i t  f o r  g r e e n
C o a s t  D o u g l a s - f i r ,  b a s e d  o n  v a l u e s
in  t ab le  1  o f  D 2555-73:

Note  that  the  near-minimum value is
a b o u t  7 2  p e r c e n t  o f  t h e  a v e r a g e .

I n  e a r l i e r  e d i t i o n s  o f  A 1 4 . 1 ,  a n
e f f o r t  w a s  a l s o  m a d e  t o  a c c o u n t  f o r
s p e c i e s  v a r i a b i l i t y . A s  f a r  a s  i s
k n o w n ,  a  t h r e e - f o u r t h s  f a c t o r  ( 0 . 7 5 )
w a s  a p p l i e d  t o  t h e  a v e r a g e  t o  a c c o u n t
f o r  t h i s . But we now have standard
d e v i a t i o n s  f o r  v a r i o u s  p r o p e r t i e s  o f
d i f f e r e n t  s p e c i e s  a n d  i t  i s  d e s i r a b l e
to work from the newest and most
r e l i a b l e  d a t a .

- 3 -



Dry /g reen  r a t i o . - -  Dry  wood
w i l l  h a v e  g r e a t e r  b e n d i n g  s t r e n g t h
a n d  s t i f f n e s s  t h a n  g r e e n  w o o d . The
d r y / g r e e n  r a t i o s  f o r  m o d u l u s  o f
r u p t u r e ,  p r e s e n t e d  i n  t a b l e  A l  o f
ASTM D 2555-73, show the average
i n c r e a s e  i n  s t r e n g t h  t h a t  c a n  b e
expec t ed  on  sma l l ,  c l e a r  spec imens
t h a t  d r y  f r o m  t h e  g r e e n  c o n d i t i o n  t o
1 2  p e r c e n t  m o i s t u r e  c o n t e n t .  L a d d e r
s t o c k  i s  e s s e n t i a l l y  c l e a r  m a t e r i a l
a n d  o f  r e l a t i v e l y  s m a l l  s i z e .  I t
s e e m s  r e a s o n a b l e ,  t h e r e f o r e ,  t h a t
t h e  f u l l  i n c r e a s e  ( o r  n e a r l y  s o )
achieved by proper  drying can be
u t i l i z e d . T h e  m o i s t u r e  c o n t e n t  o f
m o s t  l a d d e r s  i n  s e r v i c e  w i l l  p r o b a b l y
b e  1 2  p e r c e n t  o r  l e s s ,  a l t h o u g h  s o m e
wi l l  have  a  h ighe r  mo i s tu r e  con t en t .
I t  was  the  judgment  of  the  subcommit tee
that  a  maximum mois ture  content  of
1 5  p e r c e n t  i s  r e a s o n a b l e  f o r  l a d d e r
p a r t s  s o  t h e  f u l l  i n c r e a s e  a c h i e v e d
b y  d r y i n g  t o  1 2  p e r c e n t  s h o u l d  n o t
b e  t a k e n .

A s s u m i n g  t h a t ,  f o r  a l l  p r a c t i c a l
purposes , t h e  t o t a l  i n c r e a s e  f o r
d r y i n g  ( t h e  d r y / g r e e n  r a t i o )  o c c u r s
b e t w e e n  t h e  f i b e r - s a t u r a t i o n  p o i n t
( a t  a b o u t  3 0  p c t  m o i s t u r e  c o n t e n t )
a n d  1 2  p e r c e n t  m o i s t u r e  c o n t e n t ,
t h e n  o n l y  f i v e - s i x t h s  o f  t h e  i n c r e a s e
shou ld  be  app l i ed  fo r  d ry ing  g r een
wood to  15 percent  mois ture  content .
T h i s  i s  w h a t  w a s  d o n e  i n  t h e  r e v i s i o n
of A14.1.

As an example, consider  modulus
o f  r u p t u r e  f o r  C o a s t  D o u g l a s - f i r .
T h e  d r y / g r e e n  r a t i o  a t  1 2  p e r c e n t
m o i s t u r e  c o n t e n t  i s  1 . 6 2  f r o m  t a b l e  A l
of ASTM D 2555-73. For  15 percent
m o i s t u r e  c o n t e n t ,  t h e  d r y / g r e e n
r a t i o  i s  5 / 6 ( 1 . 6 2 - 1 )  +  1  –~ 1 . 5 2 .

Sample calculation.--Compute
the near-minimum modulus of rupture
f o r  c l e a r , s t ra ight -gra in  Coas t
Douglas- f i r  a t  15  percent  mois ture
c o n t e n t :

w h e r e  7 , 6 6 5  i s  t h e  a v e r a g e  g r e e n
m o d u l u s  o f  r u p t u r e ,

1 . 6 4 5  i s  t h e  f a c t o r  f o r  5  p e r c e n t
e x c l u s i o n ,

1 , 3 1 7  i s  t h e  s t a n d a r d  d e v i a t i o n ,
and

1 . 6 2  i s  t h e  d r y / g r e e n  r a t i o
f o r  m o d u l u s  o f  r u p t u r e
a t  1 2  p e r c e n t  m o i s t u r e
c o n t e n t .

Factors  Independent
o f  Spec i e s

Load durat ion. - - L o a d  d u r a t i o n
c a n  h a v e  a  s i g n i f i c a n t  e f f e c t  o n  t h e
s t rength  of  wood s t ructura l  members ,
as is described in ASTM D 2555.
A l l o w a b l e  s t r e s s e s  a r e  u s u a l l y
r educed  t o  p rov ide  fo r  wha t  i s
c a l l e d  n o r m a l  l o a d i n g  ( 1 0  y r  d u r a t i o n
at maximum load), such as may occur
i n  c e r t a i n  p a r t s  o f  b u i l d i n g s . For
l a d d e r s ,  h o w e v e r ,  d u r a t i o n  o f  l o a d
i s  f a r  l e s s  t h a n  t h e  s o - c a l l e d
no rma l  l oad ing  and ,  t he r e fo re ,
a d j u s t m e n t s  a r e  m u c h  l e s s  t h a n  t h o s e
no rma l ly  app l i ed .

S i z e  e f f e c t . - -Modulus  of
rupture values from ASTM D 2555 are
a l m o s t  a l w a y s  b a s e d  o n  t e s t s  o f  2 -
inch -deep  spec imens  cen t e r - l oaded
over  a  28- inch span. M o d i f i c a t i o n s
a r e  m a d e  f o r  s i z e  f a c t o r s  i n  s t r u c t u r a l
l u m b e r  t o  a d j u s t  f o r  o t h e r  s i z e  a n d
loading conditions.5 / A s  d e p t h  a n d

5/ U.S. Department of Agriculture. 1974. Wood Handbook--Wood as an
Eng inee r ing  Ma te r i a l . U . S .  D e p .  A g r i c . ,  A g r i c .  H a n d b o o k  N o .  7 2 ,  p .  8 - 5  t o
8 - 6 .
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s p a n - d e p t h  r a t i o  i n c r e a s e ,  t h e
r educ t i on  fo r  s i z e  e f f ec t  becomes
g r e a t e r . Compared wi th  s t ruc tura l
l u m b e r  a n d  t i m b e r s ,  l a d d e r  r a i l s  a r e
o f  s m a l l  s i z e  s o  t h e  s i z e  e f f e c t  i s
r e l a t i v e l y  s m a l l .

S l o p e  o f  g r a i n . - - A s  a  g e n e r a l
c r i t e r i o n , the ANSI A14.1 standard
r e q u i r e s  a  s l o p e  o f  g r a i n  o f  1 : 1 2  o r
f l a t t e r  f o r  s i d e  r a i l s  a n d  b a c k
l e g s . S t r e n g t h  d e c r e a s e s  a s  s l o p e
o f  g r a i n  b e c o m e s  s t e e p e r . For
l a d d e r  r a i l s , t h e  l i m i t a t i o n  o n
s l o p e  o f  g r a i n  o f  1 : 1 2  o r  f l a t t e r
r e s u l t s  i n  a  r e d u c t i o n  o f  b e n d i n g
s t r e n g t h  e s t i m a t e d  t o  b e  u p  t o
1 5  p e r c e n t6 / as  compared with  c lear ,
s t r a i g h t - g r a i n  w o o d . T h i s  r e d u c t i o n
i s  l e s s  t h a n  f o r  s t r u c t u r a l  l u m b e r
h a v i n g  s i m i l a r  s l o p e  o f  g r a i n
l i m i t a t i o n s  b e c a u s e  l a d d e r  s t o c k  i s
o f  h i g h  q u a l i t y  a n d  r e c e i v e s
p r e f e r e n t i a l  t r e a t m e n t  i n  h a n d l i n g
and drying.

Knots .--The ANSI A14.1 standard
r a t h e r  s e v e r e l y  r e s t r i c t s  k n o t s  i n
l a d d e r  p a r t s . The ladder  manufacturer ,
t h e r e f o r e , must  obta in  and use
m a t e r i a l  e s s e n t i a l l y  f r e e  o f  k n o t s
i n  o r d e r  t o  m e e t  r e q u i r e m e n t s . As a
r e s u l t ,  l a d d e r  p a r t s  a r e  t y p i c a l l y
m a d e  o f  k n o t - f r e e  m a t e r i a l . Thus,
k n o t s  r a r e l y  a r e  a  f a c t o r  i n  t h e
s t r e n g t h  o f  p o r t a b l e  w o o d  l a d d e r s .

F a c t o r  o f  s a f e t y . - - T h e  f a c t o r
o f  s a f e t y  f o r  w o o d  s t r u c t u r a l  m e m b e r s
i s  d i f f i c u l t  t o  d e s c r i b e  a n d  a s s e s s
b e c a u s e  o f  t h e  v a r i a b i l i t y  o f  w o o d  

7 /a n d  t h e  f a c t o r s  a f f e c t i n g  s t r e n g t h .
T h e  f a c t o r  o f  s a f e t y  i s  i n c l u d e d  i n
t h e  c o m b i n e d  d i v i s o r s  t h a t  r e d u c e
the  near-minimum st rength  values  to
a l l o w a b l e  u n i t  s t r e s s e s  f o r  l a d d e r
p a r t s .

O t h e r  f a c t o r s . - -Numerous other
f a c t o r s  c o u l d  b e  m e n t i o n e d  t h a t  h a v e
some  e f f ec t  on  bend ing  s t r eng th  o f
l a d d e r  r a i l s  s u c h  a s  m i s g r a d i n g ,
i m p r o p e r  s i z e , and  mo i s tu r e  con t en t
o t h e r  t h a n  s p e c i f i e d . T h e s e  f a c t o r s ,
however, a r e  n o t  c o n s i d e r e d  s i g n i f i c a n t
b e c a u s e  t h e y  a r e  a  p a r t  o f  t h e
s p e c i f i c a t i o n s  a n d  q u a l i t y  c o n t r o l
n e c e s s a r y  t o  p r o d u c e  s a f e  l a d d e r s
a c c o r d i n g  t o  t h e  A 1 4 . 1  s t a n d a r d .

Hardwood-Softwood Factor
In  gene ra l ,  l e s s  i s  documen ted

a b o u t  t h e  s t r u c t u r a l  p e r f o r m a n c e  o f
hardwoods  than of  sof twoods . As a
r e s u l t , i t  i s  c o m m o n  p r a c t i c e  t o
a p p l y  a  " j u d g m e n t  f a c t o r "  t h a t
e f f ec t ive ly  r educes  t he  work ing
s t r e s s  f o r  h a r d w o o d s  a b o u t  1 0  p e r c e n t .
This is done in ASTM D 245 for
s t r u c t u r a l  l u m b e r . I t  w a s  a l s o
appl ied by the  ANSI subcommit tee  in
r e v i s i n g  t h e  A 1 4 . 1  s t a n d a r d ,  a l t h o u g h
t h i s  c o r r e c t i o n  m a y  n o t  b e  n e c e s s a r y
fo r  t he  h igh  qua l i t y  wood  u sed  fo r
l a d d e r  p a r t s . A p p l i c a t i o n  o f  t h i s
f a c t o r  c a n  b e  r e c o n s i d e r e d  a t  t h e
t i m e  o f  t h e  n e x t  r e v i s i o n  o f  t h e
A14.1  s tandard .

Summary of Procedures
Average modulus  of  rupture ,

v a r i a b i l i t y , and mois ture  content
were  cons ide red  and  u sed  t o  ca l cu l a t e
a near-minimum modulus of rupture
f o r  c l e a r , s t r a i g h t - g r a i n  w o o d  o f
e a c h  s p e c i e s  a t  1 5  p e r c e n t  m o i s t u r e
con t en t .  These  va lue s  we re  t hen
d iv ided  by  a  combined  d iv i so r  t o
c o r r e c t  f o r  f a c t o r s  i n d e p e n d e n t  o f
s p e c i e s  a n d  a r r i v e  a t  t h e  a l l o w a b l e
f i b e r  s t r e s s . T h e  d i v i s o r s  s e l e c t e d
by the  subcommit tee  were  4 .1  and 4 .5

6/ U.S. Department of Agriculture. 1974. Wood Handbook--Wood as an
Eng inee r ing  Ma te r i a l . U.S.  Dep.  Agr ic . ,  Agr ic .  Handbook No.  72 ,  Table  4-10.

7/ Wood, Lyman W. 1960. F a c t o r  o f  S a f e t y  i n  D e s i g n  o f  T i m b e r  S t r u c t u r e s .
Paper No. 3051. A m e r i c a n  S o c i e t y  o f  C i v i l  E n g i n e e r s  T r a n s a c t i o n s ,  V o l .  1 2 5 ,
P a r t  I ,  p .  1 0 3 3 .
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for softwoods and hardwoods,
r e s p e c t i v e l y .

For the near-minimum modulus of
r u p t u r e  c a l c u l a t e d  e a r l i e r  f o r  C o a s t
D o u g l a s - f i r , t h e  a l l o w a b l e  f i b e r
s t r e s s  i n  b e n d i n g  i s :

T h u s ,  C o a s t  D o u g l a s - f i r  w a s  c l a s s i f i e d
as a Group B wood in the A14.1
s t a n d a r d ,  h a v i n g  a n  a l l o w a b l e  f i b e r
s t r e s s  i n  b e n d i n g  o f  2 , 0 0 0  p . s . i .

A P P L I C A T I O N  O F  R E S U L T S

A l l o w a b l e  u n i t  f i b e r  s t r e s s e s
in  bend ing  were  ca l cu l a t ed  fo r  each
s p e c i e s  a n d  i n c o r p o r a t e d  i n  t a b l e  1
of the ANSI A14.1-1975 standard.
T h i s  t a b l e  w a s  c o m p l e t e l y  r e v i s e d
f rom the  1968 s tandard . The four wood
s p e c i e s  g r o u p i n g s  w e r e  i n c r e a s e d  t o
f i v e  b y  i n s e r t i n g  a  n e w  g r o u p ,
Group C,  having an a l lowable  f iber
s t r e s s  i n  b e n d i n g  o f  1 , 8 7 5  p . s . i .
A s imilar  grouping had been included
i n  e a r l i e r  v e r s i o n s  o f  t h e  A 1 4 . 1
s tandard ,  but  was  removed in  the
1952  s tandard . Wi th  t he  cu r r en t
l u m b e r  s u p p l y  s i t u a t i o n ,  h o w e v e r ,
the  subcommit tee  deemed i t  advisable
t o  r e i n s t a t e  a  f i f t h  g r o u p i n g .

Document ing the  procedures  used
f o r  t h e  c a l c u l a t i o n  o f  a l l o w a b l e
f i b e r  s t r e s s e s  f o r  l a d d e r s  w i l l
c l a r i f y  q u e s t i o n s  o c c a s i o n a l l y
r a i s e d  c o n c e r n i n g  t h e i r  e s t a b l i s h m e n t
a n d  a p p l i c a t i o n . The procedures
i n c o r p o r a t e d  e s t a b l i s h e d  m e t h o d s
promulgated by a  recognized s tandards
group, ASTM. They do not ,  however ,
i n c r e a s e  t h e  a l l o w a b l e  f i b e r  s t r e s s e s
f o r  t h e  m a j o r  s p e c i e s ;  i n  f a c t ,  s o m e
species  now have a  lower  a l lowable
s t r e s s  t h a n  b e f o r e . T h e r e f o r e ,  i t

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

D E N S I T Y

For  conven ience  i n  e s t ima t ing
l a d d e r  w e i g h t s , t h e  a v e r a g e  d e n s i t i e s
o f  t h e  s p e c i e s  l i s t e d  i n  t a b l e  1  o f
A14.1-1975 are  presented  for  a
m o i s t u r e  c o n t e n t  o f  1 5  p e r c e n t .
A l s o  l i s t e d  i s  t h e  n e a r - m i n i m u m
d e n s i t y  f o r  e a c h  s p e c i e s ;  t h i s  v a l u e
r e f l e c t s  t h e  2 - 1 / 2  p e r c e n t
l i m i t  c a l c u l a t e d  a s

exc lu s ion

S U M M A R Y
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The "American National Standard
Safe ty  Standard  for  Por table  Wood
L a d d e r s , " A14.1-1975,  was  recent ly
revised and approved. Procedures
f o r  e s t a b l i s h i n g  a l l o w a b l e  f i b e r
s t r e s se s  i n  bend ing  we re  deve loped
a n d  u s e d  i n  r e v i s i n g  t h e  s t a n d a r d .
T h i s  r e p o r t  d e s c r i b e s  t h e  p r o c e d u r e s
used by the  subcommit tee . They are
s imi lar  to  and based on American
S o c i e t y  f o r  T e s t i n g  a n d  M a t e r i a l s
Standards  used for  developing working
s t r e s s e s  f o r  s t r u c t u r a l  l u m b e r .


