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EFFECT OF MIXING FIAT AND VERTICAL GRAIN

1
IN IAMINATED WHITE OAK BEAMS™

By
M. L. SELBO,-g Chemical Engineer

Forest Products Laboratory,é Forest Service
U.S. Department of Agriculture

Summary

Laminated white oak beams were fabricated with all vertical-grained
laminations or with vertical- and flat-grained boards alternated, and
were subjected to longterm soaking and weathering exposures. The results
indicated that adequate and durable glue bonds can be obtained in both
types of construction, but that vertical-grained oak laminations have a
tendency to develop cleavage parallel to the glue lines when subjected

to severe exposures and therefore may be less desirable than flat-sawn
oak material for use in members intended for exterior service.

Introduction

Studies made on the durability of glue bonds in laminated beams, glued

with highly water-resistant synthetic-resin glues at the Forest Products
Laboratory, have dealt chiefly with clear, flat~-grained lumber. While
occasional vertical-grained boards were used, no attempt had been made to
study systematically the effect of mixed grain oun the quality of the glue
bonds. Since segregation of lumber according to grain involves extra

labor and expense to a commercial laminator, it seemed advisable to study
the relative quality of glue bonds between vertical-grained boards and
between vertical- and flat-grained boards, and to compare the results with
those previously obtained from beams laminated from all flat-grained lumber.

1The work here reported was conducted in cooperation with the Bureau of
Ships, U.S, Navy. Original report dated June 1948. '

2rhis study was started by the late R. 0. Rosendahl, Technologist.

éMaintained at MadiSon, Wis, in cooperation with the University of
Wisconsin,

Report No. 1718




Preparation of Test Beams

Four white oak beams, each consisting of 13 laminations 3/4 by 9-5/& by
48 inches, were glued. The lumber was selected for freedom of knots and
other defects and was conditioned to approximately 12 percent moisture
content before it was surfaced for gluing. In two of the beams all
laminations were vertical-grained materisl, and in the other two vertical-
and flat-grained boards were alternated. An intermediate-temperature-
setting phenol-resin glue was used, end the curing was carried out in a
chamber maintained at a temperature of 210° F. and at about 85 percent : .
relative humidity for 24 hours. The glue was applied at a rate of 60
pounds per 1,000 square feet of Joint area, and clemp pressure of 450
pounds per square inch was applied after a closed-assembly period of 60
minutes. The beams were conditioned about 2 weeks at a temperature of

80° F. and 65 percent relative humidity after gluing and before testing.

Testing

The following tests were made on each beam:

1. Dry shear tests.--A short section was cut from the end of each bean,
and from this section 24 shear block specimens were prepared. The
specimens were conditioned for about a week at 65 percent relative
humidity and 80° F. temperature before they were tested.

2. Cyclic soaking-drying test.--A 2-inch section was cut off each beam
and subjected to a repeating cycle of soaking in 4 percent salt solution
for 30 days, followed by drying at 30 percent relative humidity for 30
days. The sections were inspected for delamination during the drying
period of the cycle. ’

3. Soaking and weathering test.--Two of the beams, one made of all flat-
sawn boards and the other of alternate flat- and quarter-sawn boards, were
placed on outdoor exposure racks. One end of each beam was coated with
asphalt paint prior to exposure. The beams were placed with the unpainted
ends facing south. The two remaining beams were immersed in 4 percent salt
solution for continuous soaking. The beams that were exposed to the weather
and those that were soaked in salt-water were inspected at regular intervals
for delamination, and after 4, 8, 12, and 48 months of exposure a section
was cut from the painted end of each beam, from which shear block specimens
were prepared. The specimens were conditioned to about 12 percent moisture
content before testing. The end from which the sectlon was cut was ,
repainted before the exposure was continued. After completion of the 48
months of soaking, the beams immersed in salt water were allowed to dry

for several months at ordinary outdoor conditions before sections for

shear tests were cut and the beams examined for delaminations.
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Results

Original Joint strengths and percentages of wood failure, and similar

values after 4, 8, 12, and 48 months of exposure, are shown in table l.
Delamination values for the cyclic test and for the beams at the completion
of exposure are given in table 2. Photographs of the beams taken after
completion of the exposures are shown in figure 1. A photograph of four
beams similarly glued, cured, and exposed, but made of flat-grained material
is shown in figure 2 for comparison.

The wood-failure values shown in table 1 indicate that the original bond
quality was high and that it was maintained without appreciable deterio-
ration throughout the 4 years of exposure. The shear strength of the
soaked beams was lower in the final than in the original test, but this
decrease was probably due to weakening of the wood caused by development

of a great deal of checking during the final drying of the beams. (After
removal from soaking the beams were dried for several months at ordinary
outdoor conditions before sections for shear specimens were cut from them. )
There was no consistent difference between the initial and final shear test
values of the beams exposed to the weather.

The percentages of delamination that developed in the sections subjected
to cyclic test (table 2) were in general small and indicated durable glue
bonds. These results were substantiated by results of the long-term
exposures. Only one beam developed as much as 10 percent delamination on
the end surface facing south. A section cut from this beam also developed
the largest amount of delamination (5 percent) in the cyclic test.

There was no significant difference in glue-bond quality between beams
having all vertical-grained laminations and those having alternate
vertical-grained and flat-grained laminations, and inclusion of vertical-
grained boards in beams subJjected to severe exposures did not result in
delamination of the glue Joints. Vertical-grained oak in beams, however,
showed a greated tendency to check than flat-grained oak (figs. 1 and 2).
Beams exposed to soaking and then dried checked especially severely when
vertical-grained material was used (figs. 1 and 3). In vertical-grained
boards the weaker planes along the medullary rays often are continuous
throughout the entire width of the boards,whereas in flat-sawn boards the
rays are, in general, normal to the plane of the boards. Consequently,
when splits or checks occur in flat-sawn boards, they are usually not of
large dimensions, since the rays in one board seldom coincide with rays

of adJjacent boards. Furthermore, a beam made of vertical-grained material
will shrink and swell more in the dimension, perpendicular to the glue
Joints than one made of flat-sawn laminations. Consequently, the tension
stresses normal to the plane of the glue lines are more severe,and cleavege
parallel to the glue lines is more apt to develop in a vertical-grained
beam than in a flat-grained beam. For this reason, vertical-grained
material in laminated oak beams intended for severe exposures may be less
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desirable than flat-grained material. As far as glue bond quality is
concerned, the results would indicate that adequate bonds can be made
regardless of type of grain.

Conclusions

The results of this study showed that glue Jjoints that are highly durable
under severe exposures can be made in leminated white oak beams mede of all
vertical-grained or alternate vertical- and flat-grained laminations,.
Checking of the wood in vertical-grained laminations was more serious than
in flat-grained laminations, and the checks had a tendency to attain great
megnitude and often lay in the plane of shear. Consequently, vertical-
grained oak may be less satisfactory for use in laminated beems intended
for severe exposures than flat-grained oak., Beams of alternate flat- and
vertical-grained laminations performed as well as, if not better than,
those made of all vertical-graired laminations.
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Table 2.--Delamination of glue joints in 2-inch sections of laminated
white oak beams subjected to cyclic soaking-drying tests
and delamination on end surface of beams subjected to
weathering or sosking )

Beam ; Type : Delaminationt
No. : of S e e et R E—m——— —————uEE——
3 grain . In sections exposed to : In beams exposed to-- ;
: soaking-drying cycles tfe--ecmccvcena-= (ammmmmem——

: Weathering : Soakingg

o

Percent : Percent : Percent
VG*l :Alternate 3 0.9 8 1.5 : ----- 'E RN N
: flat-vertical: 5 : ]
VG-2 :Alternate H 1.9 H T T ET Y lOO
: flat-vertical: 3 c
VG-3 :All vertical : 5.0 : 10.0 ladsrtssnns
VG‘“ :All vertical . 5.0 HIPE R 1.h

lLength of open glue Joints on end-grain surfaces of beam sections
subjected to cyclic test or on unpainted ends of beams exposed to
weathering or soaking expressed as a percentage of the total length
of glue Jjoints exposed on these surfaces.

2
—Delamination was measured subsequent to the several months of drying
that followed the 4 years of soaking.

Report No. 1718




. 9981 Wz ;
*pooMm os.u Ul eJn{fe®J 03 anp II® ATrvorgonad oaw ‘aoAsmoy ‘weeq STY} JO OPIS oYyl UO
sSutuado o8avy oyl -°sjurol onTd swos ur sSuyuado YITTS pey YOTYM ‘g-pp Weaq UT 1ds2x3 ‘poom
ayq ut Suryoeyo Jo ATSJTIUS }SOW[B PSISTSUOD SOaNTIeJ dYJ] ' SpAe0q POUTBII-TBOTIISA [T® JO opwW
9J0M .J—OQA PUB g-DA WBAQ PUV SUOTIBUTMB] POUTBJIS-TBITIJIOA PU® -3V[J 9IBUIIITEB JO SPBW oJoM
Z-DA PU® T-~5A SWeag * ($=0DA PU® 2-nA) SuTddp Jo syjuom TeJesds £q PamOTTOJ JurivOS Snonut)

~u0d JO (g-DA PuU® T-DA) SITIoylweM 03 SIBAL H IN0QE "posodXd SWEIQ HBO JTUM PojeuUTUeT--"T a3ty

-
o]
'
.n
o
5
o
w
L
o
i
* ol
- A
o g e
. enda P Tam siun e 28
e e e g e ] T
L ; e o G
[ S =
STl |
] , Sk :
i S :
i
=
b
- i
i i L,
i ﬁ
G (a0
e A S =
W ML ! ey 1
ot s B TIE
1 R
T
; -
m
: i
i .
= "
s
=
u.wwE
,MI.... m”_ = e
MBI = 2
g P Y
R g 0 .
o e G . i
LS e el b T e =4
R e e T = =
] e e e i " .
. ST e L S S A 1 am e o ]
e - 2 g e e -
= - . L = e e e e St =
3 0 R AR e A
S - o £ e e e L o e

e S S




d 198l §u

*(T "81J UT UMOYS) T[BTJOIBU PAUTBIZ-TBOTIIOA IO —PIXTM UJTH OPBW 3SOUy uf
uvy)l SwWeaq 9S9Y] UT SJ2AdS SSOT SBA SBUTHoayd ayr (*Suryeos 03 JYITJ 9Y} UO BSOYJ pU® JBY3}BoM
ay3 09 pesodxe oJem 1Ol oYy} U0 sweaq 9YJ) ‘'TeTJejsw pPaurvIF-3BIJ AT[PTIUSSSd JO Ip®u Ing

€7 oanBTJ UT UMOYS oSOU] 07 ATJIBTTUTS posodxs pu® PeleoTJqe) SWEBOQ FBO 33TYM PIIBUTWEI---g o4nITy

ek

=
R R e a8, o i "
e A e

S
£

SRR e




" Figure 3.--Close-up of end sections of beams shown in figure 1. Note magnitude of
checks in beams that were soaked for a long time and then dried (VG-2 and VG-4).
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS IABCRATORY

The following ere obtainable free on request from the Director, Forest Products
laboratory, Madison 5, Wisconsin: .

List of publications on List of publications on

Box and Crate Construction Fire Protection
and Packaging Data

List of publications on

List of publications on Logging, Milling, and
Chemistry of Wood and Utilization of Timber
Derived Products Products

List of publications on Iist of publications on
Fungus Defects in Forest Pulp and Paper

Products and Decay in Trees

List of publications on

List of publications on Seasoning of Wood

Glue, Glued Products

and Veneer List of publications on
Structural Sandwich, Plastic
List of publications on Laminates, and Wood~-Base
Growth, Structure, and Aircraft Components

Jdentification of Wood
Liset of publications on

List of publications on Wood Finishing
Mechanical Properties and
Structural Uses of Wood List of publications on
and Wood Products Wood Preservation

Partial list of publications Partial list of publications
for Architects, Bullders, for Furniture Manufacturers,
Engineers, and Retail Woodworkers and Teachers of
Lumbermen Woodshop Practice

Note:

Since Forest Products Laboratory publications are so varied in subject
no single list is issued. Instead a list is made up for each Laboratory
division. Twice a year, December 31 and June 30, a list is made up
showing new reports for the previous six months. This is the only item
sent regularly to the Laboratory's meiling list. Anyone who has asked
for and received the proper subject lists and who has had his name placed
on the mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all other sub-
Ject lists.
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