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Supplement to

DESIGN OF PLYWOOD WEBS IN BOX BEAMS

STIFFENERS IN BOX BEALIS AND DETAILS OF DESIGNI

By W. C. LEWIS, Assistant Engineer
and E. R. DAWLEY, Senior Engineer

moWEMI110nnn

Summary

This supplement was prepared to record additional information concern-
ing details of construction of the stiffeners used in the box beam investiga-
tion, "Design of Plywood Webs in Box Beams," Forest Products Laboratory
Restricted Mimeograph No. 1318. Details of construction of stiffeners and
load and reaction blocks are given. Evidence is presented in this supple-
ment to show that with a given spacing stiffeners which served as both
flange spacers and web stiffeners produced the maximum beam strength and
stiffness; a built-up stiffener provided 2-1/2 times the glue area of a
solid stiffener of the same weight; built-up load and reaction blocks were
lighter, more rigid, and were more stable dimensionally :..han solid blocks;
and that, with few exceptions, the beams had adequate s-Giffeners. No rational
method of stiffener design, however, can be suggested wihout further investi-
gation.

Introduction

This report supplements the information in Forest Products Laboratory
ilimeograph No. 1318, "Design of Plywood Webs in Box Beams," with particular
reference to web stiffeners. The object of the tests reported therein was
to determine the effect of panel dimensions, web thickness, and direction of
face grain on the buckling and shearing strengths of box beams. Since all
beams were designed for web failure, the flanges and stiffeners were designed
so that, in general, the webs failed first.

Design for the stiffeners was empirical since a rational method was
not known. Consideration was given to the following items: width of

1
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Laboratory to further the Nation t s war effort. Results here reported are
preliminary and may be revised as additional data become available.

Report No 4 1318-A	 •1-	 Agriculture-Madison



stiffener in contact with the web, bearing area in contact with the flanges,
compressive strength and column stiffness, both parallel and perpendicular
to the length of the beam. With a few exceptions which will be discussed,
the design of the stiffeners appeared to be satisfactory.

The box beams varied from 12 to 18 inches in depth, 4-1/8 to 5-1/2
inches in width, and had webs 1/16 inch to 1/4 inch each in thickness. All
beans were loaded at the third points of a 10-foot span. Stiffener spacing
varied from 4 to 40 inches.

Details of construction are showna in figures 5 to 12. All parts of
the beams were machined to correct size and great care was exercised in fit.
ting, clamping, and gluing of assemblies.

Stiffeners

Four types of stiffeners were used as follows:

(a)A diaphragm type, consisting of a solid rectangular piece
of Sitka spruce with the grain direction vertical. The edges of these stif-
feners were glued to the webs and the ends were glued to the flanges. Thick-
nesses varied from 1/4 to 1/2 inch.

(b)A built-up stiffener consisting of four verticals connected
in pairs by one or more plywood ties. This type, illustrated in figures 8
to 12, provided approximately 2-1/2 times as much glue area for the same
weight as did type (a).

(c)A special solid Sitka spruce stiffener similar to type (a),
but cut so as to have almost no contact with the webs. This stiffener is
shown in figure 9 and was used on one beam, No. 31, to determine the effect
of spacing the flanges without restraining the webs.

(d)A special stiffener, used on beam 32 only, consisting of
verticals glued to the outsides of each of the webs. The cross section was
rectangular 3/8 inch by 3/4 inch, with the 3/8-inch side glued to the web.
The length of these sticks was such that they stiffened the webs between
the flanges only, as they did not overlap the flanges.

In addition to the stiffeners, the webs were restrained to some
extent by the load and reaction blocks. These blocks were of three kinds,
and are detailed in figures S, 6 and 8. The built-up type, shown in figures
7 to 12 and detailed in figures 7, 8, and 12, was used in all but eight of
the 52 beams tested. The tapered portion of the load blocks was designed

2
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to reduce stress concentration in the flanges. Figure 6 shows the solid
types of load and reaction blocks. Figure 5 shows a special type, with
rounded ends bearing on steel plates, designed to eliminate stiffening action.
These blocks did not touch the webs.

Results 

Web failures in wood box beams occur suddenly. It is usually impos-
sible to determine the primary cause of initial failure. Load tests of box
beam frames without webs usually show a different elastic curve from that of
the complete beam. Frames alone, loaded at the third points, tend to remain
straight and horizontal between the loads and also at the reactions. Between
a reaction and the nearest load a reversed curve with a point of inflection
is found. A complete beam may or may not have this point of inflection,
depending on the relative dimensions of the frame and the webs, but the middle
third is always curved. Ehen the web fails, the framework attempts to assume
its normal shape at a deflection beyond its ultimate. This may result in
many secondary effects, such as tension failure in the compression flange,
longitudinal shear failure at the reaction blocks, and ripping of the webs
both vertically and along the beam-assembly glue lines. Stiffeners near the
point of failure frequently were reduced to debris, but lack of strength in
the stiffener may or may not have been the primary cause of failure.

Subsequent to the publication of Mimeograph 1318, several beams with
thin flanges were tested. One type of failure observed frequently in these
beams was a separation of the web from the flange at a concentrated area
where the buckle ridge of an outwardly buckling panel met the flange. The
glue and adjacent wood fibers in such failures were subjected to tensile or
cleavage forces perpendicular to the glue area and concentrated at the edge
of the flange nearer to the neutral axis. This condition may occur at the
edge of a stiffener also.

An attempt was made to distinguish the web-stiffening from the flange-
spacing effects of the stiffeners. Beams 31 and 33 were nearly identical in
all respects except in the design of stiffeners: Those for beam 31 were of
solid spruce, 3/8 inch thick (fig. 9), cut back so that they did not touch
the webs, while those for beam 33 were the built-up type restraining both
webs and flanges. Beam 33 proved to be considerably stiffer and stronger
than beam 31. Stiffeners consisting of vertical strips glued to the outside
of the webs were used on beam 32, which was otherwise similar to beams 31
and 33. These stiffeners were not satisfactory, for a number of them broke
loose before the ultimate load was reached. This ultimate load was less
than for beams 31 and 33.

Beam 50 apparently failed because of inadequate stiffener glue area.
In this beam, the stiffeners were of the solid diaphragm type and were 3/8
inch thick.
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A duplicate of beam 63 failedy probably due to inadequate stiffener
glue area. Built-up stiffeners were used in this beam, as shown by figure
12. It is probable that stiffeners of beams 64 and 65 were also inadequate.

The effect of solid blocks and solid reaction blocks glued to
flanges and webs compared with the roller type of blocks was investigated in

beams 1 to 4. The "A" beams had the roller blocks, while the "B" beams had
the rigid type. The "B" beams were, in general, slightly stronger and stiffer
than the "A" beams, the difference being greater in the beams with the thinner
webs.

Solid load and reaction blocks with grain horizontal are less dimen-
sionally stable under moisture changes than the built-up blocks as shown in
figures 8 and 12. Built-up load and reaction blocks were found also to be
lighter and more rigid.

One reaction block on beam 56 failed in compression in the lower birch
bearing plate shown in figure 8. This plate carried compression perpendicular
to the grain and had no true ultimate compressive stress. The average unit
stress carried in this beam was, with the exception of beam 45, the highest
of any of the beams tested.

Conclusions

(1) Stiffeners which served as both flange spacers and web stiffeners
in wood box beams produced the maximum beam strength and stiffness for a
given stiffener spacing.

(2) A built-up stiffener provided 2-1/2 times the glue area of a

solid-type stiffener of the same weight.

(3) Built-up load and reaction blocks were lighter, more rigid, and
were more stable dimensionally than laminated or solid blocks with the grain

direction horizontal.

(4) All beams tested apparently had adequate stiffeners except Nos.
31, 32, 50, and probably 63, 64, and 65. Reaction and load blocks also were
adequate except in beam 56.

(5) Although several types of stiffeners were used in the box beam
investigation, stiffener design was not a variable in the program. Conse-
quently, the results do not include comprehensive design data for stiffeners.
Before a rational design procedure can be established, the internal mechanics
of the beam-stiffener combination must be investigated further. The factors
to be evaluated include cross-sectional area of the stiffener in terms of
both the required column strength and the required bearing area on the flanges,
proper width of stiffener at the glue line between it and the web as deter-
mined by the grain direction of the face ply of web, and the requirement of
preventing a buckle ridge from crossing the stiffeners.

Rept. No. 1318-A	 -4-



•4-,..-..
14 .1_ ,n
k' c4
%Op
0

44 k i
.̀ ;-K L)-4 ek
4') la

0 0
Z
k

t

2 k

4
-

s

2

k
;If

rf,
--IGCo

NI,
'1ft
4-

"ie4

*

v.1
zl ea3,,re'

St"-

,14:
‘

4.
Vi i

t:IZ)14

.4.
`e

44;

:1°3
-g
--6
;

'.al

',91
-Q
4-
It

:It

'411
11

'i-***
4t:
E:3

.*
N

tiPa
..:.
.10 L

tn
0 1/41,,,,Cb
A
u.ot

'4..."
1:1.

..g

t

--14
N

Z
'44)
"".•

!leo
•-•

:
"s"

Nt
kkl

tk)
Q
-... cK

N
"C
en

NC

CQ

kkl
kk.I
,1

Q	 tki
0	 LL
CQ 	 /Z)

-4	 4Z)
14 4r)

Lk4

zkk3 Q 7 CC

CC

4.1
LLI

nJ
k
CC

ct
ct

kv

°

isol

ttl

'kJ

u
"

1,4)

D*4.

tkl
(0

11..

0'1

k

Q



t'A 1,:i•
‘ 41
tk 3 14

os" ok cr°

1/43I
cl. , '
.51 ctt
Let0

2
‘X
k

k
Q$4

k

ka

p 

1

CLJ

2
ri

i

0
4

6.1 cci

zit

n

;

II

'1

N

Vt..,

w 4....

Z
LL '4 44 ,

:
;lie
...*

u
.1044

./'
1
*

V '443 Ir .1 -r

y
Qyr^

1,..j Z
r,...1'

eg

4+
cnI

4,
.....

:500
N.

1 
'..".

b,i1
Z z -.1 ::
,.. .4;)

41%.
to

11.
c4

ilk 1104 1.,.

--h

10 CO CO CQ



z; .2'u h.,E3
stZ

%14'tz,,i'l
Auto

k.
Or IO

4a

p
$0

4ct.:(

k

4

O.

ik
'`---3etccecSket

p

14.
J

4

w.
.i.liIi(

4
et
'Z

1
0
0

0

n

0

CI.

-1.9 "-ice 4+3 tlao 'tic* 40 ti `IN0

"

. IL II or or ,rr . 11,4 or or
.., t

* t
15.

.1-1•1

"461

4-

IP.1

:4.

1:4

1.•

-1:n

.-1.

1",

N
"...In

-IT

-I.

-.1T

414,-
4
Q

: :4*:-krn-AZI141'4T-4
a

It9 4,
W''

1
"---

.
"ss

%
'-s•

:
s.

v
'''s nil-

-:...
414-

_
.`4,

1:=J4n •-.1	 ..101..-4.
4.

cv ..._
.•44.•4/4

- -.. —
-4*-14- -4*

4i.

oo. -

in 41, r, co as $.5 :`I

.7.217eileig it,	 1.,.,3
HOY 16 j ' I gotliidg :

i , 	 7 ,	 ...1
4,11	 j. '4W	 NL 4 I` 

c" ao oi.-

I,	 lqi. A mug * Li h -1 t--) v) "

'ck	 ,	 44	 k	 tr)
h	 Z	 et

	

I-.---„e/—	 r	 co co tt) C1 Q3	 I-1/41
c li	 -L,t	 N k . 0- k ct0
k 4------1-17 sze	 1Z	 L(Z/ 

0

	

t1/4 t1/4	 L.-.7fzii-- 	 	
,•1 ‘')	 LL

0	 C) 7 R V)
-..1 V	

t•-a i'l en	 rt

c) ° vy""
	 L)kujk : 1... --...	 1:::	 4

	

ctEtkZ 44	 i.:1:1:1 cE1 	 ---1 Q.	 ... - J	 tk, Lki 44	 b.1
t‘l	 tr1

nI	 Ill-1 Li.I	 tl, 14. ta, LL.nka	 tk	 1Z)
44 /44

I-- 0
ec	 L

to Lay	 'kr	 "lco5434/440a4\i"11

hiri uN	 (f)	 7

7 C3	 ..1 1.:3 tX ,L-mr,	 X ,'.c^	 k41ku 1:-..	 -..	 `4" * * 4. 1-

till	 in to 4.,.	 )47

Z C.)	 F., .,t	 o	 Zin 	 Lk. Lk. I.	14.. kl
LW	

..... -....1 f*--'i-	 C:1 cr r;) 0 0	 `;(

e<	 410)1 IA cD	 0 CD	 tkl

G.	 ...	 I	 --.4	 (..) C..) .) '

	

;---., ZZ;-..,	 c°11)	 Ji	 0

kLi	 	  i 	
.9

no

	

	 *C .Nt .,:k •;c •it •kikrketktf)	 	  III	 ,) 17 tr) tl tn
k it r	 	  ( {	 ,,.t1/41 

ir	 f	
f

7	 U -	 ct.

f
`-103021

P4
41 "a

...	 ,_	 ..„.. ,

,	

,,,

1	 3cr	
1:4 	 -. -.,.1.

, 	_ti .; 
-4c0 4-.1. I

1--fl
F I

I'M

•	 —4.



	

iag	
Nt- c.j	 K.- lei

	

k	

4.1 tnc 

v) z v-, v) .
Tt .s k t 43'4

X
}„.....-------------1 

9..t	 LLAm Z Z ic)

	

7	
1- CIO 	 ;ii,

	

-la-- .1.	 i 	 .,-,

	

" 

2
41.41	 -I ik vi

'11 ea0 6 	14.1

	

...1 ...4 ‘ CO	 2 N L',1 Lk

	

ln IQ	 -4 ck 	 IQ	
4.1	 Li-

	

k	 ,t4.1 p ft 3	 L.. izA ez.J i:,
!"...., 14, ; Lk. tr)t. ! ;---6i	 -.I

7 k• 	vr-A.	
Z444—it 'r	 ..N., u

	

--.1 C)	 4.1 64
CP'.^14.4

	

7 i:::	 9K 1L, IZ

	

S-2 `–, 	 k k	 v IP 14 '')

oc 	 '-.1	 . IN rt vc	 Ik. L. la, 14,

14. -4 0 0 Qs 0

	

44 o	
VI 4-kJCD (.D Cb c5 '

-..	 -...

	

Z in	
U	 t.)

	

c▪ t	
‘ 4i 

	

44	 V) in cr:
4 0, 4,

LA

17,-;

tik
4,IkZ

Q

ck
Pq10+1c”

ixt,t2

q Q

Wck3
§qt

$

,t

c

;7rn 11
4VVIVit

P1'11”
pJ4i444ii44441

1" 
..z.4.4.1.41,4*

i
lu,j0.4.34A.04ft.11,1m4.4.1.040

taa
":ItletkitN4:44

HO6u9J, 	 gnK
IN

• I
n

---7

Ri



Z

0 3 0
n

$ j J J

p

p j

O

0

h
ZW ;

I

±

4
(

10'1

kW

+

+y
14f

I.

,+

_4
l^1

i^t

^+

1+^
^1

II

+

^

4

+

Y4

^

_

 I

+

_+p
lq

V^

2^d 
V

"a

ti. Th may,,

'1f

0
ti

E

w



.41
14,It• "
C.) ifi

4 k
tk 3
Q	 :1

k t k
Q
t41 	 g.

CIit
‘
a.

c)
cz

k

Nt

q
k

k

QI

it.Q
n
4 IA I

44 '1...
k t
‘..
$

,let
b

-.be
*.

..4,,

.414

II

....

-410
......

..

`01
,
-la
%.4.

-4 +
N

:14.

N N

'
ks

k

P •

Litt

In

L

•-n RN

; 47



V•

i-A_I r- ;

cz)" fah,,-. 4.,
.., — Y1

k .,
7 7 144

t	 XI cO 43

F.1 14440X ki'l ci'

IQ

O it_• 144 LL 1/4.14.14.1
:.. k t_k k1/4

CO 	 V, i...: ln/a t,

1,00 '• 4--1
0 0 0

*JO c.D	 co

0
..1 c.) vc.)
p aTs ▪
--.	 CI, Cl.

irl VI irl

1C13:17

z...c.4

trss sAesent-g,nads Jr.!
cresis sivrip-gongoes".P.

r-,-.

',-. k

%kft .:

Z9
z,

Q c3 1-.
M

1
k

4:1)

..
t

J

CI
CC

1

k

CI

(Z
ct

1

3.
0
4

0
1k

1

k

0

0
CC

1
0
0

Fi ‘42 j: C 'fin `M '1: 'a " 4: `ftIN,.
),c, k

, + :+
1*---..o

4-1 + .4 .4 .4

:0 41 :qv, !.''' 4:1 '-.1. -11

AZ • a as 6 as

gv
11 k ,  +

-...
%fd., 44

-...
41
-..

t44.
-...

4+
-...

41*
,

II
izQ-.-
it

"'fir'
-,

44.-.. 4*
--..

44- 4* L * 4+
...

141
iz,
441

....
lel

CSI
krt

en
lei

'04-
4Ft

in
46

Al
In

04



cz
4.1

ti
7

n
4 ,i4

11 14A

4 11

.);0,1--:

sz
ct
,x
k

2

°
c4

%iic;Q2tklZk
Z
%

Oh

k I

2

ec
•K

Oh

k

8
‘44. nI4 k'•44 "I'll' ;It 44
01 V 14 II II i
"M 4e 4-M! t 4 Ist
41;

ti'•

4;

4

444.

2-!-' 1.'

=103 =leo.
41 .

42o
L-4

I '1 Z•I ts4 kl ‘1 ZCS4 1‘1i-
mm- 1 4* 1.1i:ffi*
cv cv N c4 c‘l c \ i

51 •i 2 1 % 3 hl
CO

u
,ec

	

Hotwg; zmact s - „1-.	 4.' kn oi 7	 1..* 	 ,,p.,/

a4_ "nkat Vt.:, YE tat igg

	

4Wr--,4 lf;	 7 4)	 tr) r-r` —j	 g	  1 rf' "1 It-,	 u) in .	 I

	

SA.	 !I	 1 	 Z	 --Ica
IQ	 -'11.
'11 17i

4%.11	 1 *
I.	

„9—,/ ----."1 	 01 OZ	
\„00

ct
___I	 kJ


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

