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•
STUDY OF TI7E PAINTING C7tRACTERISTICS OF

DIFFERENT ZINDS OF WOODS

Introduction

Although experimental work on our Study of the

Painting Characteristics of Different Kinds of Woods has been

under way since the early part of 1923, no progress report

describing the original test fences has been prepared up to

this time because all of our resources were being devoted to

getting the work started in the belief that the report could

well be left until the results began to come in. Each of the

cooperators, however, was provided with copies of the original

data sheets describing the test panels at his station so that

each one had the most essential data in which he was inter-

ested. Since results are now beginning to come in and the

next general inspection of the fences may be expected to pro-

vide much data, it is time that a report of the work so far

should be prepared.

Purpose of  the Work

n
	 The principal object of this study is first to

divide the woods commonly used or likely to be used in the

future for structural purposes requiring paint protection

410	 into two classes; (a) those which give satisfactory results
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• when painted in the manner customarily employed for using

white lead paint mixed on the job and typical high grade pre-

pared paint, and (b) those woods which do not g ive as good

results under these conditions; and second to learn in detail

how the two types of paint can be applied to type (b) woods

to best advantage. Wood properties whose influence on paint

coatings will be observed include:

,1) Species of wood.

2) Direction of grain.

3) Springwood and summerwood.

4) Sapwood and heartwood.

5) Presence of resins, oils, and leachable colored
matter.

6) Moisture content.

7) Knots, pitch pockets, and pitch streaks.

8) Presence of sap stains and rot.

The study will also afford a better opportunity for observing

the influence of climatic conditions on the behavior of paint

films on wood than has been possible heretofore.

This work has led to a consideration of the mechan-

ism of the protection of wood by paint and of methods of de-

termining how to tell accurately and independently of personal

bias how long a given paint coating continues to furnish ade-

quate protection for the wood against weathering. These ques-

tions are so important and will go so far beyond the scope of
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410	 the present study that the have recently been se p arated to

form a new sub-project and will be given no further attention

here.

Pl ans, Reports, and Publications to Date 

The study was outlined very broadly at the second

annual meeting of paint and varnish chemists at Dr. Gardner's

laboratory on May 18, 1923, as reported in Circular 184, page

278 of the Scientific Section of the Paint Manufacturers'

Association of the United States& A tentative working plan

was then prepared (dated July 31, 1923) and sent to the fol-

lowing for criticism:

F. G. Breyer, New Jersey zinc Company
P. R. Croil, Pittsburgh 'plate class Company
Alfred D. 71inn, En gineering Foundation
H. 1. Gardner, Institute of Paint and Varnish Research
R. L. Hallett, National Lead Company
G. B. Heckel, Paint Manufacturers' assoc. of the U. S.
C. D. Holley, leme White Lead and Color Works
J. R. MacGregor, Eagle richer Lead Company
L. H. McFadden, Lowe Brothers Company
L. D . Nemzek, E. I. du Pont de Nemours and Company
W. T. Pearce, North Dakota Agricultural College
A. F. Sabin, National Lead Company
P. H. Walker, Bureau of Standards
The ei ght Forest Service Districts

Re plies were received from all of the above and

their suggestions reported and discussed in "Comments on Our

Tentative Working Plan on Painting Different Kinds of Wood,"

November 15, 1923.

The final working plan (dated December 8, 1923)

was prepared, embodying these suggestions insofar as seemed

possible. In some cases where the collaborators failed to
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•	 agree, as for example in the matter of painting the panels

at the laboratory under standard conditions or in the field,

it was necessary to follow what appeared to be the majority

o p inion. For the use of some of the cooperators there was

also prepared a "Suggested Plan for the Construction of a

pence for Exposing the Test Panels for the Study of the Paint-

ing Characteristics of Different Kinds of Woods", February 15,

1924. When the test panels were finally sent out to the co-

operators, they were accompanied by a report entitled, "In-

structions for Exposing and Painting Panels on Paint Test

Fence", May 27, 1924.

The completion, of the exposures of the test panels

on the eleven fences was reported at the Ithaca meeting of the

American Chemical Society, September, 1924, and published as

part of Circular 219 of the Scientific Section of the Paint

Manufacturers' ;association of the United States. The work was

also described in an article in the March, 1925 issue of the

'"Save the Surface Magazine".

At the Baltimore meeting of the .merican Chemical

Society in April, 1925, a paper was presented on "Paint and

the 'First Stages in the Weathering of Wood", based on observa-

tions of the painted and unpainted panels on the radison fence.

This was published as part of Circular 238 of the Scientific

Section.

The unsatisfactory status of our knowledge of cer-

tain painting difficulties with western red cedar and redwood

has been reported in a memorandum entitled "Painting Troubles

R818	 - 4 -



•	 with Redwood and Red Cedar", December 5, 1924. in this con-

nection also Circular No. 222 of the Scientific Section by

/H. A. Gardner should also be consulted.

Consideration of the mechanism of the protection of

wood by paint led to the publication of a paper on "The Role

of Paint and Varnish in Wood Conservation", in the 'august 24,

1925, issue of the "American Paint Journal" and the August

issue of "Drugs, Oils, and Paints".

As a result of the 1925 inspections of the various

test fences, it was found that there were enough indications

that certain woods will need special treatment to insure best

results on paintin g , to make it desirable to start further

experiments as soon as possible. Accordingly a working plan

entitled "1925 Exposures in Study of Painting Characteristics

of Different Kinds of Woods" was prepared lu qust 7, 1925. The

panels have been cor pleted and sent out to the various coop-

erators. The details of this part of the work have been sent

out in the Second Pro gress Report for this Project.

General Description of Work

Twenty-four kinds of wood, painted with two types

of white house paint, have been included in the study so far.

111 of the painting has been three coat work (except certain

panels on the Madison fence only which will be described

later). Exposures have been made on eleven test fences lo-

cated in as many different places scattered over the United

R818	 - 5 -



410	 States and representing the Widest possible range of climatic

conditions. The painting was all done in the field after at-

taching the panels to the fences.

Fifteen of the woods have been used on all of the

eleven fences, three of them on six fences, and six on the

Madison fence only. In each case the woods have been used in

both edge and flat grain surfaces and careful record has been

kept of the location of such characteristics and defects as

sapwood, blue stain, rot, knots, pitch streaks, pitch pockets,

and pith.

The paints were strai ght white lead, representing

the practice of mixing paint from the paste on the job, and a

lead-zinc-inert pi gment paint, representing the use of pre-

pared paints. The white lead paint was furnished by the Re-

search Laboratories of the National Lead Company all ready re-

duced for the three coats. The mixed pi gment paint was fur-

Fished by the Research Laboratories of the Pittsburgh Plate

class Comp any, end was likewise shipped in suitable reductions

for the three coats.

It will be convenient to divide the tests into two

parts, (A) the General Study, which comprises the, tests cover-

ed specifically by the final working plan and involving all of

the test fences and, (B) the Special Study, which comprises

tests made on the Madison fence only.
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a

A. gENERIL STUDY

The Woods Used

The woods used include all the softwoods having an

annual cut in the United States exceeding 0.1 billion board

feet as listed in U. S. Department of ,agriculture Bulletin

1119. (In some cases this bulletin lists a genus of which we

have used two species, for example, figures of lumber cut are

given for hemlock while we have included both eastern and

western hemlock in the Study.) In addition, Port Orford cedar

and Alaska cedar have been included, in the former case be-

cause of the peculiar painting problem it affords by reason

of its content of an essential oil, and in the latter case be-

cause the wood is not now commercially exploited as much as

seems desirable from the forestry standpoint and the alleged

difficulty in painting the wood satisfactorily is said to

stand in the way of its commercial development.

The softwoods are used almost exclusively in this.

study for the reason that they alone are of importance for

structural purposes where the protection of paint coatings

is required. Such hardwoods as yellow poplar, basswood, red

gum, and cottonwood once had some importance for such uses

but are now little used and will be still less so in the fu-

ture. These woods have been included in the Special Studies,

however. In the Special Studies we have employed also Engel-

mann spruce and Rocky Mountain Douglas fir.

8818	 - 7 -
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Most of the lumber was donated by the various lum-

ber associations, a procedure having the advantage that the

material was )specially selected to represent the different

woods to best advantage. In choosing the lumber, the object

was to use the lowest grade likely to be used in positions re-

quiring paint protection so that all the typical defects of

the different woods win which the painter may have to deal

would be represented in at least a part of the panels.

Southern yellow pine

The southern yellow pine lumber was supplied by the

Southern Bine issociation, the shipment being made from the

J. J. 7ewman Lumber Comeany of Brookhaven, nssissippi.

1" x 6" rough lumber of select common finishing grade was ob-

tained. .about half the lumber was edge g rain and half flat

grain, although in this wood it has become difficult to get

6" boards which are all clearly edge or flat grain. The shit,-

ment was received March 24, 1924.

`vestern yellow pine (pinus ponderosa)

Two shipments of this species were obtained, one

representing the wood from the California region and the other

from the northern part of its range. The former is often

merchandized under the name of California white pine. The

reason for using the two types of this species is that it is

a wood of great and probably permanent importance and there

8818	 8
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are said to be differences in same of the characteristics of

the wood from the two re g ions of the country.

The western yellow pine from Ore gon was furnished by

the Western Pine Manufacturers Association, shipment being made

from the Shevlon-Hixon Company of Bend, Ore gon. 1" x 6" rough
lumber of D select g rade was obtained. Half the shipment was

edge grain and the rest flat. It was received November 9, 1923.

The California White and Sugar Pine Association sup-

plied the wood from California, making shipment from one of

its member mills at Merced Falls. The lumber was 1" x 6" x 40"

boards, surfaced on two sides, selected personally by Mr. C.

Stowell Smith, secretary of the Association and Mr. C. I. Hill

of District 5 so as to include typical examples of the defects

which may be found in this wood.. Half of the material was

edge g rain and half flat. It was received March 7, 1924.

White pine (pinus strobes)

The Northern Pine Manufacturers Association provided

the white pine through the Cloquet Lumbar Company of Cloquet,

Minnesota. 1" x 6" rough lumber of D select grade, one-half

edge grain and one-half flat grain was obtained. It was re-

ceived February 4, 1924.

¶estern white pine (pinus monticola)

4

	

	 This wood was provided by the Western Pine Manufac-

turers As sociation, coming from the Potlatch Lumber Company of

S
	

7otiatch, Idaho. It was 1" x 6" rough lumber of D select
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411	 grade, half edge grain and half flat. It was received Novem-

ber 9, 1923.

Sugar pine (pinus lambertiana)

The California White and Sugar Pine Association sup-

plied the sugar pine from Merced Falls. The remarks under

California White Pine apply here as well. It was received

March 7, 1924.

White fir (abies concolor)

The California White and Sugar Pine Association pro-

vided this wood also. The same remarks apply as for Cali-

fornia White Pine except that shipment was made from Sonora,

California. It was received March 7, 1924.

Douglas fir (pseudotsuga taxifolia)

The Douglas fir, as well as several other woods,

teas furnished by the "Test Coast Forest Products Bureau and

selected personally by Mr. Stronach and Mr. Keith of the Bu-

reau. The fir was secured from the National Lumber and Manu-

facturing Company of Hoquiam, Washington. It was 1" x 6"

rough lumber of grade number 3 clear and better, a little less

than half of it flat grain and the rest edge grain. It was

received April 15, 1924. This Douglas fir came from the West

Coast region.

R818	 - 10 -



•	 Sitka spruce (Dice'  sitchensis)

This wood also was provided by the West Coast

Forest Products Bureau, who obtained it from the Northwestern

Lumber Company of Hoquiam, Washington. It was 1" x 6" lumber,

grade B and better, surfaced on two sides, half edge and half

flat grain. It was received April 15, 1925.

Eastern spruce (picea canadensis)

The Finch Pruyn Company of Glens Falls, New York,

supplied this wood. It was 1" x 6" rough lumber of "mer-

chantable" grade (used for novelty siding). Nearly all of

the boards showed both flat grain and more or less vertical

grain. It was received in April, 1924.

Eastern hemlock (tsuga canadensis)

The Northern Hemlock and Hardwood Manufacturers

kssociation furnished the 1" x 6", eastern hemlock, no. 1

grade, from. the Madison yard of the C. C. Collins Lumber

Company. Flat and edge grain could not be very effectively

separated in this species. It was received March 25, 1924.

'Pfestern hemlock (tsuga heterophylla)

No. 3 clear and better western hemlock, 1" x 6"

rough lumber, was provided by the West Coast Forest Products

Bureau from the Eureka Cedar Lumber and Shingle Company of

Hoauiam, Washington. Half the shipment was flat grain and

the rest, edge grain. It was received April 15, 1925.

R818	 - 11 -



•
	

Western red cedar (thuja plicate,) 

The western rod cedar was B and better rough lumber,

1" x 6", supplied by the West Coast Forest Products Bureau

from the National Lumber and Manufacturing Company of Hoquiam,

Washington. 1 little less than half the shipment was flat

4	 crrain, the rest edge grain. It was received April 15, 1925.

1 few pieces of V cedar siding containing many large sound

knots were also included in the shipment.

?ort Orford cedar (chamaecyparis lawsoniana)

The Coos Bay Lumber Company of Bay Point, California,

supplied this wood in 1" x 6" rough lumber. An additional

supply of surfaced boards was sent in which especially large

amounts of the oily material characteristic of this species

were evident. It was received March 24, 1924.

ilaska cedar (chamaecyoaris nootkatensis)

The Alaska cedar was obtained as rou gh lumber of

varying widths front the Ilaska District of the Forest Service

in two shipments received in May, 1923, and February, 1924.

It was all clear lumber and probably is somewhat superior to

what would be grade comparable to those of the other species

used if this wood were being systematically exploited.

Redwood (sequoia sempervirens)

The California Redwood Association supplied us with

1" x 6" redwood lumber, surfaced on two sides, through the

410	 Chicago yard of the Pacific Lumber Company. Half of the shipment

R818	 - 12 -



41O
was ed ge grain and half flat grain. It was received February

15, 1924.

Cypress (taxodium distichum)

The cypress was provided by the Southern Cypress

Manufacturers Association through the F. B. Williams Cypress

Company of 'Patterson, Louisiana. It was 1" x 6" rough lumber

of grade C. A small amount of lumber especially rich in the

oil peculiar to cypress was also sent. Half of the material

was edge Frain and half flat grain. Thu shipment was received

February 6, 1924.

Western larch (larix occidentalis) 

The Western Pine Manufacturers Association supplied

the western larch in 1" boards, surfaced on two sides, of

varying widths. Most of the hoards contained both ed ge and
flat grain. The shipment was male from the J. Neils Lumber

Company of Libb y , Mont ana, and uas received Noverlp er 11, 1923.

second sup ply from the- same source for the 1925 tests was

sent in lugust, 1925.

Engelmann spruce (picea engolmanni)

1 few 1" x 6" rough bo-ards of this wood were sent

from Montpelier, Wyoming, by Forest Service District 4. They

were received on March 7, 1924.

R818	 - 13 -



410	 Mountain Dou glas fir (pseudotsuga taxifolia)

Sever	 s awed r Inroad ties of Dougl as fir from

the Rocky Mountain radon Thich has proven extremely difficult

to impre gnate with zinc chloride solution were sawed into boards,

and boards free from zinc chloride selected for making test

panels for the Madison fence only.

The following woods were obtained from various

sources at this laboratory and were used for the Special Stu-

dies only:

Basswood (tilia americana)
Cottonwood (populus deltoides)
Yellow poplar (liriodendron tulipifera)
Red gum (heartwood) liquidamber styraciflua)

The woods when received at this laboratory were

stored in a lumber shed where they were well protected from

the weather but subject to outdoor conditions of temperature

and humidity. The woods from the California White and Sugar

Pine association, namely California white pine, white fir,

and sugar pine were kept in the ?reservation Shed where the

conditions were very nearly the same.

The Test Panels

The test Panels were 5/8" x 15-3/4" x 35-5/8" in

size, each made up of three boards cut to "6-inch channel

rustic" in the laboratory shops. The boards for each panel

were carefully selected so that each panel would contain as

far as possible only edge grain, or only flat grain wood, and

so that there would be some of the typical defects found in

.818	 - 14 -



411	
the species of wood in each panel. The three boards constitut-

ing a panel were fastened together by tvlo cleats on the back

to facilitate handling during preparation, shipment, and at-

tachment to the fences.

When the fabrication was completed, the panels were

stacked by species in the finishing laboratory, the cleats

serving as "stickers" to afford ventilation through the piles.

In the middle of each pile was placed a board, about two feet

long of the species in question, cut from the same supply of

lumber as the wood for the panels

boards was recorded and they were

until the weight became constant.

. The initial weight of these

weighed again at intervals

A moisture disc was then cut

from the middle of the sample board and its moisture content

determined. It was then assumed that all of the panels of the

species in question had the same moisture content.

The individual panels were next weighed and the

weight of dry wood computed from the moisture content measured

as described above. The backs and ed ges of the panels Were

then painted with one coat of a black paint (for the composi-

tion see section on "'Paints") and after drying in the finish-

ing room for several days, weighed again in order to determine

the weight of paint applied. This completed the data necessary

for computing the moisture content of the wood at the time of

applying the priming coat from a weighing of the panel in the

field immediately before attaching to the fence and priming.
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410	
The panels were next restacked according to the ex-

posure stations to which they were to be sent, setting aside

two edge and two flat-grain panels of each wood for each sta-

.	 tion. Numbers for identification were then stamped in the

wood at the end-grain edges and painted on the backs with white

paint.

Each panel was examined carefully and a record made

of the presence and location of such characteristics and de-

fects as sapwood, bluestain, knots, pitch pockets, pitch

streaks, pith, and checks. In many cases a diagram of the

panel was sketched on the data sheet and the location of the

defects plotted roughly.

The panels were then ready for shipment to the ex-

posure stations.

On most of the test fences the panels are placed

with four panels in a vertical column. In order as far as

possible to prevent rain water washing down dirt and "chalk"

from the upper panels onto the surfaces of the lower panels,

wooden "drips" of appropriate design were made to be inserted

between , the panels and to serve to throw off the rain water.

To improve the appearance of the fences and set off the panels

to advantage, "moldings" 3/8" wide were made for insertion be-

t,veen the panels in the horizontal rows. 3oth "drips" and

' imoldings" received one coat of black paint before shipment

7rom Madison.
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)1.

A dozen small pieces of each wood, six ed ge grain

and six flat grain, each 3/4" x 6" x 12", were prepared for

the Now Jersey Zinc Company and for the Pittsburgh Plate Glass

Company for painting with the same paints used in the main

study and testing by the accelerated testing method of H. A.

Pelson. It was hoped that the results of these tests would be

Ivailable before the outdoor exposures had gone far enou gh to

lead to any definite conclusions and would serve to guide us

in planning future work. Unavoidable delays in both organiza-

tions, however, have prevented the carrying out of this part

of the pro gram so far.

The Paints

Since this is primarily a wood study rather than a

paint study, it was necessary to limit the paints employed as

much as possible in order to be able to include the greatest

possible number of woods. Lfost house paintin g is carried out

in one of two ways; either the painter prepares the paint from

the heavy pastes, oils, and thinners, or a ready-mixed paint

is employed. When the former practice is followed, the pig-

ment portion of the p aint in the great majority of cases con-

sists of white lead and tinting colors only. Consequently,

4	 this was selected as one of the paints for our study, The

ready-mixed paints on the market vary very widely in composi-

tion; and since it was felt that only one such paint could be

411

	

	 employed for the present, its selection was a matter of some

difficulty.
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It was ori .P'.inally plann,A. to :1LA_oct that p-inc,

conforming to 76darl S ,DocificatiDns Bolrd Soccifioltion No.

10, which differs most in its characteristics from straight

white lead. This would have called for a paint the pigment

portion of which consisted of 45 parts of white lead, 40 parts

of zinc oxide, and 15 parts of inert. The tentative working

plan proposed to adopt that furmul , an 1.rrangement *hlch was

approved by all of the cooperators and advisors except Dr. C,

D. Holley, who felt that the formula should be 60-30-10 as

representing more nearly the practice of the majority of mixed

paint manufacturers. However, -as there seemed to be some

question among the paint men as to whether Dr. Holley's point

was well taken, the 45-40-15 formula, was incorporated in the

final working plan.

After arrangements for making some of the exposures

in regions of very low relative humidity had been completed,

it appears that some of the cooperators felt that the mixed

pigment paint should be prepared with a lower proportion of

zinc oxide and of inert pi gment. A letter from Dr. H. A.

Gardner dated January 5, 1924, roads in part:

"I note the formula for the lead and zinc paint
and would suggest 50% lead, 40% zinc, and 10Z asbestine."

On January 26 flr Fra-ak G. Breyer wrote:4
"The question of changing the proposed combination

taint formula ha already been called to our attention
by !.r. Gardner. However, his su ggestion to us was 60%
B.C.W.I., 30% zinc oxide, 10% asbestine to replace the
ori g inal formula of 45% B.C.W.L. , 40% zinc oxide, 15%
asbestine. I suppose your suggestion of 50% B.C.W.L.,

411	 40% zinc oxide, 10% asbestine is intended to compromise
these two views."
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• "is for ourselves, after g iving this matter
some thou ght, we are inclined to favor the
formula as su ggested by Kr. Gardner and Dr.
Holley in preference to your latest suggestion.
In doing so, we recognize the fact, as you say,
that it will be a difficult matter to obtain
complete agreement in the views as to what con-
stitutes the best wearing B.C.W.L.-zinc-oxide-
inert combination paint. Our present reasons for
favoring this formula are briefly, that since at
least one important exposure is to be made in a
locality subject to extremetemperature changes
and variations in relative humidity down to ex-
treme dryness which would certainly raise question
of paint composition; and since, according to your
working plan other exposures of this nature till
be added later, it would be well to eliminate
beforehand differences of opinion on this point
as much as possible by adopting a mean limit for
the zinc oxide content. In other words, since
different views about this formula do exist, the
purpose to definitely avoid any such questions
and to keep the discussion always strictly to
the point of differences in the painting char-
acteristics of woods alone, might be furthered
by adopting the more generally regarded conserva-
tive formula."

Dr. Gardner wrote us again on January 29 as follows:

"I note your reference to the mixed-paint
formula, and I have a letter this morning from
Mr. Breyer su ggesting the 60-30-10 formula. This,
I think, would be a very good one to use.

"P.S. 50-40-10 would be O.K."

In view of the above, it was decided to adopt the

60-30-10 formula.

Straight white lead pint

The straig.ht white lead paint was supplied by the

Research Laboratoriec of the National Lead Company already re-

duced for first, second, and third coats. They were shipped

to Madison in gallon cans, where the paint for each coat was
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combined in a single lar g 3 conta i ner, stirred thorou ghly, and

put up in quart cans for shipment to the test stations with

the panels.

The paints were mixed in accordance with the follow-

ing formulas which are the recommendation of the National

Lead Company for genera/ work on new wood and undoubtedly

come as near to r e presenting the genera?_ pracice of master

painters as it would be possible to attain with a single set

of formulas:

Priming... Coat 2nd Coat 3rd Coat

Basic carbonate white lead
Raw linseed oil
Turpentine
Liquid drier

in oil 100 lbs.
4 gal.
2
1 pint

100 ribs. 100 ills.
1-142 P' al. 3-1 /2 gal.
1-1 /2 " 1 pint
1 pint	 1	 "

Samples of the materials used were supplied and

are on file at this laboratory as follows:

5 lbs. white lead in oil
1 pint raw linseed oil
1 pint turpentine
1/4 pint drier

The iodine number of the linseed oil determined by the National

Lead Company in March, 1924, was 189.6. The oil was analyzed

at this laboratory in November, 1925, with the following re-

sults:

Specific gravity at 25°
Acid number
Saponification number
Iodine number (Hanus)

0.9281
1.84

191.7
180.3

analysis of the drier at this laboratory in November,

1925, showed:

8818	
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1st coat paint
2nd coat paint
3rd coat paint

180
220
235 

If

ft. per gal.

t/

• Specific gravity at 25°
Lead as Ph
Manganese as Mt
Calcium as Ca

0.0j96

0.395
0.36

The wei ghts per gallon of the paints were deter-

mined at the Bureau of Standards and by the New Jersey Zinc

Company as follows:

Bureau of Standards N.J.Zinc Co.

1st coat paint 15.6 lbs. per gal. 	 15.4
2nd coat paint 20.3	 19.6
3rd coat paint 18.7 If	 vf	 18.9

The New Jersey Zinc Company determined also the

hiding power as shown by the cryptometer:

60-30-10 paint 

The mixed pigment paint was made up in the Research

Laboratories of the Pittsburgh Plate Glass Company. The pro-

per reductions wore made for the three coats and the paints

wore put up in quart cans which were shipped to Madison for

redistribution to the test stations. Samples of all of the

raw materials were supplied' and are on file at this laboratory.

The Pittsburgh Plate Glass Company reported March 3,

1924, as follows on the preparation of the paint:

"Raving agreed to prepare the necessary quantities
of mixed paint for the cooperative work of several
lab oratories, we made up five gallons each of paints as
follows. Percent axes are by weight.
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rlig.ment

60% lead
30% zinc
10% asbestine

60.5% pigment 

60% lead
30% zinc
10% asbestine

64% pigment 

60% lead
30% zinc
10% asbestine

46% vehicle

72% raw linseed oil
2F% turpentine
3% liquid drier

39.5% vehicle 

78% raw linseed oil
18% turpentine
4% liquid drier

36% vehicle

90% raw linseed oil
5% turpentine
5% liquid drier

First coat

Second coat

Third coat

8818

"The above formula was designed as typical of a
good outside white house paint meeting all specifica-
tions of the Government for mixed paint and the gen-
erally accepted practice for this class of manufac-
tured product. It differs from our Sun-Proof outside
white chiefly in the lead-zinc ratio. The priming
coat formula results for adding one pint of raw oil
and one quart of turpentine to the gallon of third
coat paint. This reduction was chosen as the best
common primer for the large variety of woods under
test. It is believed now that this primer will not
be ideally suited to all the woods. Their relative
behavior to this priming treatment will doubtless sug-
gest the next step in the research, The second coat
formula is the result of reducin-r the third coat paint
with one pint of turpentine to the gallon.

Raw materials 

"The raw materials chosen for this paint were all
carefully selected as representative of the best com-
mercial materials available in general use.

lead - our Code 121 - National Leal Company
basic carbonate white lead - dry.

zinc - XX black - New Jersey Zinc Company

raw oil - our Red Wing 135

asbestine - our Code 128

turpentine - pure

dric er - our 705 lead-manganese liquid drier

- 22 -



"The paints were thorou ghly ground and. mixed add
filled into quart cans and shi pped to ra,i:1-son._ Work
done in p aint section March 3 and 4, 1924.

P. R. Croll."

On December 1, 1924, Mr. Croll wrote that the anal-

ysis of the linseed oil used was:

Specific gravity 20° C.	 0.930
Acid number	 1.9

	

Iodine number (Hanus)
	

180.0

The drier contained 65% volatile thinner and 3570 fixed non-

volatiles. The latter consisted of lead and manganese resinate

and linoleato in linseed oil. The lead-manganese ratio was

about 3 - 1.

The weights per gallon of the paints were determined

by the Bureau of Standards and by the New Jersey Zinc Company

as follows:

Bureau of Standards N.J.Zinc Co.

1st coat paint
	

13.3 lbs. per gal.	 13.8
2nd coat paint
	

15.4 "	 u	 u	 15.4
3rd coat paint
	

16.4 "	 16.3

The New Jersey Zinc Company determined also the

hiding power as shown by the cryptometer:

1st coat paint	 170 square feet per gallon
2nd coat paint	 190	 f f	 If	 r n 	 Tr

3rd coat paint	 210	 If	 If	 If	 IT

S pecific recommendations for the composition of the

vehicle portions of this paint were made by Dr. P. H. Walker

of the Bureau of Standards, Mr. Fink G. Breyer of the New

Jersey Zinc Company, and Mr. L. P. Nemzek of the E. I. du Pont

R818	 - 23 -
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• de Nemours and Company. The recommendations calculated to

a common basis together with the proportions used were as

follows:

For 1st coat paint:

Breyer Nemzek Walker Used.

Total vehicle 45 - 50 42.0 44.2 46
Raw linseed oil 80 - 85 81.5 61.5 72
Turpentine 10 - 15 11.9 32.6 25
Drier 5 -	 6 6.6 5.9 3

For 2nd coat paint:

Total vehicle 35 - 40 42.0 38.6 39.5
Raw linseed oil 75 - 80 74.8 53.1 78
Turpentine 15 - 20 18.1 39.9 18
Drier 3 -	 4 7.1 7.0 4

For 3rd coat paint:

Total vehicle 35 - 40 37.0 35.2 36
Raw linseed oil 85 - 90 84.2 92.4 90
Turpentine 5 - 10 7.1 4.0 5
Drier 5 -	 6 8.7 3.6 5

Black paint 

The black p aint used for painting the backs of the

panels and the "drips" and "moldings" was made up according

to the following formula:

200 grams lampblack ground in linseed oil
100 grams raw linseed oil

30 grams brown japan drier
30 (Trams V and pr naphtha

This paint dried very slowly. For the 1925 tests this ob-

jection Was overcome by replacing one-fourth of the linseed

oil by spar varnish.
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The Exppsule

Sets of panels have been exposed at the following

places:

Station

Sayville, L. I.
Palmerton, Pa.
Washington, D.C.
Gainesville, Fla.

Milwaukee, Wis.
Madison, Wis.
Fargo, N.D.
Seattle, Wash.__
Fresno, Calif.
Tucson, Ariz.
Grand Junction, Colo.

Cooperator

National Lead Company
New Jersey Zinc Company
U. S. Bureau of Standards
University of Florida and Institute

of Paint and Varnish Research
Pittsburgh Plate Glass Company
University of Wisconsin
North Dakota Agricultural College
University of Washington
W. P. Fuller Company
Southern Pacific Railway
Denver and Rio Grande Western R. R.

From the standpoint of obtaining variations in cli-

matic influences the western exposures are especially impor-

tant because the conditions differ so radically from those

encountered in other parts of the country. Er. Breer ex-

pressed his objection to conducting ex posures in these regions

on the grounds that the population is so small that relatively

little paint is sold there, and that the unusual results which

may be obtained there might be applied by some people indis-

criminately to paint used in other parts of the country. It

is felt, however, that the light thrown upon the problem of

paint perishing by havin g the same paints applied on the same

woods in such widely varying climates ray be exceedingly im-

portant for revealing the different factors affecting the re-

sults and therefore of interest to all users of paint on iiood.
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That careless persons may misapply information should not

deter the investigator from obtaining as much data as he can.

Record of the weather conditions prevailing at the

different stations during the tests may be obtained by con-

sulting the reports of the nearest Weather Bureau stations.

Recorling Data and Inspections

For each test panel, the two data sheets illustrated

on the following pages were prepared, the first containing

the "manufacturing record" and the "installation record" the

objects of which are to describe the occurrence of defects

and special features of the panels and to determine the mois-

ture content at the time of painting, and the second contain-

ing the data pertaining to the painting of the panels. In

many cases a sketch of the panel showing the location of the

defects was made on the back of the "manufacturing record".

It was planned at first to have special forms for recording

the results of inspections at the different stations, but ex-

perience has shown that the individual cooperators do not

agree sufficiently well in their methods of inspecting paint

panels to make such standardisation useful. This is especial-

ly true since in the present study attention is being centered

on the influence of the wood rather than the comparison of
different p aints, a point of view which has received little

attention heretofore and involves a rather fundamental change

in inspection methods. it seems best, therefore, to have
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each cooperator carry out his inspections accordin g to hie own

preferences and to correlate the results through an annual

tour of inspection of all the fences by the writer.

The above data sheets were all prepared in dupli-

cate or triplicate (except for the Madison fence where a

single copy was sufficient) one copy to be kept at Madison,

one copy for the cooperator at whose station the panel was

exposed, and one copy for the Forest Service District Office

in whose district the exposure station lies (in the cases of

the western fences only).

Construction of Fences and Exposure of Panels 

The panels were exposed in a vertical position

facing south at all statins except at Tucson, Arizona. Here

through an oversight the panels face nearly east. All of the

cooperators agreed that the panels should face south, but

there was a decided difference of opinion as to whether they

should be placed in the vertical position or at an angle of

45° to the vortical.

The advantage of the 45° an gle lies in the speeding

up of the paint perishing in consequence of the greater in-

tensity of light per unit area of panel. The disadvantage

lies in the fact that many persons are not yet ready to ac-

cept the results obtained at 45° as representative of sur-

faces exposed in the vertical position. Very much more house

Paint is used on vertical surfaces than on any other.
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The case for the 45° exposure has been presented by

410	 Walker (Ind. Eng. Chem. 16,526 (1924)] and in his letter of

March 8, 1924, to the Forester which reads in part as follows:

"We have no data upon which to base anything like
an accurate estimate as to how much more rapidly
painted panels will fail when exposed at 45° to the
vertical facing south than when exposed vertically fac-
ing south. However, there is no doubt that direct
sunli ght is the most potent agent in the destruction
of paint exposed to the weather. The average amount of
sunlight for a year falling on a vertical panel will be
in Washington about two-thirds the amount falling on a
panel at 45°. It is, therefore, possible that panels
which will last three years in a vertical position may
fail in only a little over two years when exposed at 45°.
The theoretical position for the maximum average amount
of sunlight per year felling on a fixed plate would be
facing south at an angle to the horizontal correspond-
ing to the latitude of the place of exposure. The
error introduced by using 45° instead of the latitude
as the angle is negligible - less than one per cent in
latitudes 39° and 48° N. and less than seven per cent
in latitudes between 24° and 48° N. On the other hand,
the ratio of average intensity of light for the year
between plat es at 45° and vertical will range from 1 to
0.41 for	 N. and 1 to 0.74 for 48° N."

The reason for adopting the vertical position in

spite of the above facts was simply that all persons concern-

ed will accept the results in such cases while some would

question results at 45°.

On the Madison fence a complete set of panels was

exposed at 45° to obtain definite information as to how the

results will compare with those obtained in th y: vertical posi-

tion. From the standpoint of paint perishing Dr. Walker's

prediction is entirely justified in that the deterioration

has been taking place nearly twice as rapidly as on the ver-

tical panels. Before giving unqualified approval to the

410	 adoption of the 45° angle for further tests in which the
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410	 influence of the wood is the consideration of prime imper-

tance, it will be desirable to wait until a more advanced

stage of failure hls been reached by the vertical panels to

make sure that the results will parallel those made in the

45 c position.

The construction of the fences and arrangement of

the panels was essentially the same at all of the stations

except Palmerton and Sayville. A framework of 2" x 4" con-

struction was erected ind the panels nailed on (with zinc-

coated nails) four panels in a vertical column, separated

by "drips" and 16 panels in the horizontal rows separated

by "moldings". The construction is illustrated especially

well in Fi gures 3 and 6. At Sayville the fence framework was

first covered with sheathing to which the panels were nailed

as shown in 7igure 1. In this case it was necessary to re-

move the cleats from the backs of the panels before nailing

them in place, but care was exercised to assemble the three

hoards of each panel in the orig inal order so as to corres-

p ond to the panel "manufacturing record". The Sayville con-

struction is illustrated in Figure 1. -It Palmerton, follow-

ing the customary procedure of the Now Jersey Zinc Company,

the panels arc ]:rran • ed on the fence in two horizontal rows

as shown in Figure 2.

The panels were shipped to the exposure stations in

tight box p s ,and were stored indoors until ready for painting.

Each panel was weighed, nailed to the fences, and the priming
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•
coat paint applied on the same day so that the moisture con-

tent at the time of primin g was known with some certainty. In

all cases, this moisture content was within the range that may

be considered as "air dry" for the region in which the test is

made.

Zinc-coated nails were used for attaching the panels

to the framework to avoid discoloration of the painted sur-

face by iron rust. The nails were "set" into the wood and

puttied after the priming coat of paint had dried. In later

work on the Madison fence the nails are not "set", it having

been found that the zinc-coated nails, even after driving

with the hammer, do not rust appreciably.

Key to Identification Marks on Panels 

A system of identification marks for the panels in

which the mark for each panel consists of a letter prefix in-

dicating the exposure station and a number indicating the

combination of factors under observation. For example, marks

M-5 and S-5 refer respectively to the Madison and Sayville

panels of flat grain sugar pine painted with strai ght white

lead paints. 4111 panels of the same grain, wood, and paint

on all fences bear the same number, and are distinguished from

each other by the letter prefix.

•	
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Southern yellow pine

rr

VI	
Ir

Flat
Edge
Flat
Edge

White lead all stations
TY	 IT

Mixed	 TY

T ►

1
2
3
4

The letter prefix for each station is:

Madison, Wis.
Milwaukee, Wis.
Sayville, L. I.
Seattle, Wash.
Palmerton, Pa.
Washington, D. C.
Gainesville, Fla.
Grand Junction, Colo.
Fargo, N. D.
Fresno, Calif.
Tucson, Ariz.

The sets of panels exposed on all the fences are similar ex-

cept that the eastern fences (Milwaukee, Sayville, Palmerton,

Washington, and Gainesville) have only two panels of western

yellow pine from California and no panels of Port Orford

cedar instead of the four panels of each of these woods on

the western fences (Fargo, Seattle, Fresno, Tucson, Grand

Junction), and the eastern fences have two panels of eastern

hemlock and four of eastern white spruce not placed on the

western fences. The Madison fence has a full set of four

panels of all the woods tested, and in addition four panels

each of Engelrann spruce and Douglas fir from the Rocky Moun-
tain region.

The key to the panel numbers follows:

7?anol
No.

Wood Grain
of

Wood

Kind of
Paint

Exposed
at

Stations 

•
1G I

S
SL
P

G
GJ
F
C
T
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• Panel	 Wood
No.

Grain	 rind of	 Exposed
of	 Paint	 at

Wood	 Stations 

5
6
7
8

10
9

Sug ar pine
if	 if

,v
I
►
	 fr

Western yellow pine - Ore.
TT	 v,	 rr	 "

Flat
Edge
Plat
Edge
Flat
Edge

White load all stations
II	 VI	

"	
rr

Mixed	 II	 Tr

,,	 ”	 IT

White lead	 .,	 ,,
II	 if	 IT

11 "	 II	 ,, Flat Mixed	 TY

12 If	
"	 ir Edge if	 fi

13 White pine Flat White lead	 if

14
15
16

If	 if

II	 “

,,	 ,,

Edge
Flat
Edge

If	 if	 rf	 17

Mixed	 if	 T,
II	 Tr	 IT

17 Western larch Flat White lead	 ►► 	 it

18
19

i,	 ,,

II	 If
Edge
Flat

IT	 It	 if	 If

Mixed	 if	 IT

20 If	 If
Edge rr	 II	 If

22
21 Western white pine

, ► 	
"	

if
Flat
Edge

White	 lead	 IT	 If

n	 n	 V,	 7/

23 TT	 II	 II Flat Mixed	 VI	 IT

24 II	 VI	 11 Edge if	 If	 7,
25 Cypress Flat White lead	 TY	 TT

26
27
28

Tt

IT

,r

Edge
Flat
Edge

11	 If	 if	 TV

Mixed	 II	 II

ft	 yr	 .,

29 Redwood Flat White lead	 if	
"

30
31
32

yr

IT

p,

Edge
Flat

If	 if	 if

Mixed	 If

11Edge /I	 If

33 White fir Flat Mille lead	 T,	 “
34
35
36

It	 fr

Tr	 ”

Tr

Edge
Flat
Edge

,,	 rr	 if	 F,
Mixed	 If	 ,,

If	 Tr

37 Alaska cedar Plat White lead	 II	 TT

38 Tr	 II Edge Ty

39 If	 Fr Plat Taxed	 if	
"40 It	 I?

Edge II	 If	 /I

41 Douglas fir Plat White	 lead	 IT	 Tr

42 II	
" Edge

43 IY	 If Flat Mixed	 "	 Ty

44 if	 if
►►Edge "	 /V

46
45 Western red cedar

Tr	 ri

Flat
Edge

White	 lead	 IT	 II

TT	 if	 II

47 II	 Tr	 VT Flat Mixed	 if

48 If	 if	 if Edge if	 TY

49 Eastern hemlock	 Flat & Edge White lead) Madison and50 II	 If	 II it Nixed	 )	 Eastern
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3

4

7

8

1

2

5

410
Panel	 W o o d.

No. Grain	 Find of
of	 Paint

Wood

Exposed
at

Stations
51
52

Western yellow 'p ine,	 Calif. Flat
Edge

White load
/T

	
TT

All stations
Madison

and
53 rr	 TT Western
54 FT	 Tr	 VI	 if

Flat
Edge

Mixed
VT

All stations
Madison

and
55
56

Eastern white spruce
If	 IT

Flat White lead)
Western

57
58
59
6Q

TT
If

If
If

Western hemlock
TT	 If

Edge
Flat
Edge
Flat

If	
TT)

Mixed
if

White lead

Madison
and

Eastern
All stations

61
62
63
64
65
66

TT	 TT

Fr

Sitka spruce
TT	 I/

IT	 TT

ry

Edge
Flat
Edge
Flat
Edge
Plat

TT	 TT

Mixed

White lead
If

Mixed

► r

Tr	 If

VT

if	 V ►

If	 If

If	 11

67
68

Port Orford cedar
TT	 If	 If

Edge
Flat

If

White lead)

69
70
71
72
73
74
75
76
77
78
79
80

IT

If

Eng°lmann spruce
Ty	 1?

TT

knotty red , cedar
Tr	 if	 if

Mountain Douglas fir
vl	 TT

if	 TV

Tr	 VT

Edge
Flat
Edge
Plat
Edge
Flat
Edge
Flat
Edge
Plat
Edge
Flat

If	 TT	 )

Mixed	 )

White lead

Mixed

White lead
Mixed

white lead
/I

Mixed

Madison
and

Western
Madison only

VT

TT	 If

T,	 IT

lt

TT

TT

rT

Edge TT If	 /T

The panels were arr-nged on the fences in the follow-

ing order.
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Thus each vertical column contains panels painted with the

same kind of paint. This is thought irl'portant by some paint

men in order to avoid confusion arising from "chalk" washing

down from a panel of one kind of paint and contaminating the

surface of a panel of a different paint.

Details of Ex p osure of Panels at Stations

Sayville, Long Island

The Sayville test panels are exposed on one of the

test fences of the National Lead Company. The fences are

located in an open field on the outskirts of the village, a

mile or so inland from the ocean. The conditions are those

of a country town near the sea, but not near enough to get

any salt spray except the very fine mist that is carried some

distance inland. Plowed fields on a neighboring farm give

somewhat similar possibilities for contamination with dust

which we have at Madison. The panels face south.

The panels for the Sayville, Long Island, fence

were shipped from Madison, liay 17, 1924, received at Sayville,

June 28, 1924, and stored in a well-built, unheated, garage

until July 2, when the – wore unpacked, placed on the fence,

and the priming coat applied. The panels were not weighed

before placing them on the fence because no suitable balance

was available at Sayville. From the experience with the

eanels at other stations and a consideration of the conditions

•
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411	 under which they were stored, it ray be accepted with assur-

ance that the moisture content of the wood at the time of

priming was not hi-her than the values found at Gainesville

nor lower than those found at Palmerton (see Table 1)..

The work of exposing and priming of the panels was

performed by Yr. Brett of the National Lead Company, the

, , riter, and a local car penter on July 2 and 3, 1924. Mr.

Brett, a master painter of many years experience who has been

in charge of the testing work of the company it Sayville since

it was started applied all the paints and made the weighings

from which spreading rates were computed.

The construction of the Sayville fence is more elab-

orate than any of the others and represents house construction

more closely since the fence is first sheathed and the panels

applied thereto as illustrated in Figure 1. This made it

necessary to remove the cleats from the backs of the panels

before nailing them in position. the writer saw to it that

the carpenter in applying the three boards of each panel re-

assembled them in the ori ginal order so that the data in the

"manufacturinr- record" represents the; panels on the fence

correctly.

the second colt paints were applied by Yr. Brett on

July 9 and 10, uld the third coats on July 16 and 17. Weather

conditions at the time of painting were:
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Sayville, L. I.

•

O

•	 Figure 1 . Ekposing and priming the test panels
on the fence at Sayville, 1..1.



!II Date Time of Day Temperature Relative Humidity Weather
.

July 2 9-12 A.M. 71°F. 81% Clear
1-	 5 P.P. 72 72 Clear

July 3 9-12 A.M. 70 81 Clear
1- 4 P.M. 80 69 Clear

July 9 9-12 A.M. 83 64 Clear
1- 5 P.M. 84 72 Clear

July 10 9-12 A.M. 83 80 Clear
1- 4 P.M. 80 79 !Clear

July 16 9-12 A.M. 78 61 Clear
1- 5 P.M. 82 68 Clear

July 17 9-12 A.M. 78 83 Clear
1- 4 P.M. 82 79 Clear

Observations of the temperature and relative humid-

ity were made near the fence during the painting periods. The

values were probably close to the average conntions for Say-

ville in July. There being no weather Bureau Station at Say-

ville, the records for Sandy Hook, New Jersey, and Atlantic

City, New Jersey, should be taken for comparison since they

represent closely comparable conditions. The July, 1923,

average temperature and relative humidity at noon local time

for those two points are:

Noon Temperature Noon Relative
	  Humidity 

Atlantic City	 75.0°F.	 70%
Sandy Hook
	

76.0	 66

(Fi gures are given for 1923 because they are the latest avail-

able in our Library and serve the purpose nearly as well as

the 1924 fi gures because the yearly variation of the monthly

average temperature is much less than the daily fluctuation

from the monthly average.)
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• Inspection of the panels after drying of each paint

coating by Yr. Hallett and Mr. Brett of the National Lead Com-

pany gave rise to the following judgment applicable to all the

panels:

1st coat 2nd coat 3rd coat

Hiding of surface good good good
Gloss flat eggshell high
Spotting none none none
Brush marks slight slight slight

Evidently judgment regarding hiding power is based upon the

relation of the appearance of the panel to what can be ex-

pected reasonably from the corresponding number of coats of

the best paint in practical use.

The records for spreading rates of the paints on the

different woods at the various stations will not be given

here because they are in the nature of final results of the

test and can be presented Bost in the shape of a report for

wider publication. Similarly the records of the inspections

of the fences made since exposure will be withheld until after

the next annual inspection by the writer has been completed.

Palmerton, Pennsylvania

The Palmerton panels are placed on ono of the test

fences of the Now Jersey Zinc Company. They are located on a

hillside on the north side of a valley ana a mile or more from

either of the two large plants of the conean. While the con-

tamination of the atmosphere by the manufacturing operations
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•
	 is not serious, the conditions might be regarded as me7e neir17

comparable to those of a large city than of a small town. The

fences face south.

The panels for the Palmerton fence left Madison

May 17, 1924, were received at Palmerton June 18, 1924, and

stored indoors until June 26 when they were unpacked and taken

to the fence for exposure.

The panels were all weighed just before exposing

on the fence, from which the moisture contents at the time of

painting were computed as given in Table 1.

Since a moisture content of 10-12 per cent corres-

ponds to a relative humidity of 50 to 60 per cent, the panels

were not far from the summer air dry condition for such re-

gions as Palmerton, being slightly lower rather than higher.

The conditions to which they had been exposed since leaving

Madison tended to produce a slight loss in moisture.

The work of exposing and priming the panels was

done in part by Mr. McKim and Mr. Granville of the New Jersey

zinc Company and the writer on June 26, 1924, and completed

on June 30 by the two former. The interruption in the work

was due to rainy weather. Mr. Granville applied all of the

paints. He has been painting the experimental panels for the

company for some time.

The construction of the Palmerton fence differs from

the other stations as will be seen on consulting Fieure 2.

The metal protection for the tops of the panels is sheet zinc.
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Pigure 2 - The test , fence at Palmerton, iE•

•

Palmerton„ Pa.



• Yr. Granville applied the second coat paints on

July 3 and the third coat on July 10 and 11. Weather condi-

tions at the time of painting were:

Date Time of Day Temperature Relative Humidity Weather

June 26 9-11 A.M. 78°F 451,0 Fair
12-3 P.M. 81 45 Fair

June 30 9-11 A.M. 74 50 Fair
July 3 9-11 A.M. 74 to 78 42 to 49 Fair

1- 4 P.M. 81 to 85 51 to 62 Fair
July 10 9-11 X.M. 78 to 85 56 to 60 Fair
July 11 9-11 A.M. 79 to 80 52 to 56 Fair

11-12 A.M. 81 50 Fair

Observations of temperature and relative humidity

were made near the fence during the painting periods. The

temperatures were very similar to those prevailin g during the

painting at Sayville, but the relative humidities were lower.

The Scranton, Pennsylvania, Weather Bureau station is very

near Palmerton and undoubtedly represents Palmerton conditions

fairly well. The july,1923, average noon temperature and

relative humidity at Scranton are respectively 77.6°F. and

55, so that the conditions at the time of painting represent

the average for the section and time of . yea:- closely.

Panels P-21 to P-66,inclusive, were primed on June 26.

During the night and for two days thereafter there was a more

or less continuous rain storm. Four days of fair weather

elapsed thereafter before the second coat was applied. Ob-

servations at Madison indicate clearly that both types of

priming coat paints on these panels were undoubtedly "dry to

touch" before the rain set in. It is not likely that the
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progress of the tests will be altered by the occurrence, but

if it is, the fact should be rendered evident by a difference

in the general behavior of panels P-21 to P-66 as compared

with P-1 to P-20 and the similar comparison of the correspond-

ing groups of panels at the other stations.

Inspection of the panels for hiding of the surface

after completion of the painting showed a degree of hiding

judged "fair" on all panels except 8, 12, and 16 which were

judged "good", and the following which were recorded as "poor"!

7, 11, 15, 17, 19, 27-30, 31-33, 35, 37, 39, 41; 43, 45, 47,

57, 63-64. In general, the panels marked "poor" are either

dark-colored woods like redwood and red cedar or the flat

grain of woods with dark-colored summerwood like western larch

and Douglas fir. The mixed paint is more often rated as "poor"

in hiding than the white lead as would be expected from the

hiding powers of the two paints as determined by the crypto-

meter. On the other hand, the three panels rated "good" were

painted with mixed paint, on light-colored and uniformly-

colored woods.

The original gloss of all panels was measured by

the Ingersoll glarimeter. With this instrument the gloss of

blotting paper reads about 20 and that of glossy photographic

paper about 50. The original gloss of all panels lay between

43.5 and 45.5 with the following exceptions.
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PanelsGloss reading

8,	 11,
40,

30,	 33,
29.

on

31,
64.

34, 35,42 to 43

41 to 42
39

12,
53,
48,

18,
57,

65.

22,
60,

The woods showing the greatest tendency to give low gloss are:

Redwood, gloss readings 39, 41, 43, 43.5
White fir, gloss readings 41, 42.5, 43, 44
Alaska cedar, gloss readings 43.5, 44, 43.5, 43
Western red cedar, gloss readings 45, 44.5, 43, 42
White spruce, gloss readings 43.5, 44, 43, 45

In general these are woods which would be expected to absorb

the oil most readily from the paint film.

Washington, D.C.

The Bureau of Standards built a special fence for

the Washington panels on the roof of the Engineering building.

Although the Bureau is situated in the residential rather than

• the business part of the city, a smoke stack of one of the

:iiireau buildings nearby is a source of considerable atmospher-

ic pollution which tends to discolor the paint panels about

as quickly as would be expected in the industrial centers of

manufacturing cities.

The panels face south. Figure 3 illustrates the

construction of the fence and method of attaching the panels.

The panels were shipped from Madison on M'y 17, 1924,

arrived June 6 and were stored indoors until June 23 when they

were unpacked and primed.

•
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Washington , D. C.

143296E

Figure 3 - The Wawhington test fence, showing how
the priming coat paints were applied
and the panels attached to the fence
subsequently.

S
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The weighings of the panels just before priming

showed the moisture content of the woods to be as indicaoL

in Table I. The moisture content was very nearly the same as

in the case of the Palmerton panels, the differences being in

the direction of lower moisture content.

The work of exposing and priming the panels was

done by Mr. Hickson and Mr. Snoke of the Bureau of Standards

and the writer on June 23 and 24. Because of threatened rain,

and the limited time the writer could remain in Washington,

the usual procedure w-. s varied slightly in that the panels

were painted with the priming coat print on June 23 before

nailing on the fence. They were then placed face up on the

roof to dry with the intention of taking them indoors in the

event of rain. The shower did not materialize, however.

Next day the panels were nailed in place on the fence.

Mr": Snoke did all of the painting for the Washington

fence. The second coat was applied on June 30 and the third

coat on July 7 and 9. The work on July 7 was interrupted by

' sudden shower which loft slight mar cn the finished sur-

faces of a few panels due to droplets of water falling on wet

paint. The panels affected are W-1 to W-6,inclasrve. A

similar condition was experienced at Madison. It is belie7ed

that the tests will not be materially affected by this oc-

currence.
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410	 The weather conditions at the time of painting were:

Date	 Time of Day	 Temperature	 Relc.tive Weather
	  Humidity 

June 23 10 A.!ile	 - 4	 P.M. 83oF. 68% Fair
June 30 10 A.M.	 - 4 P. M. 76 66 Fair
July 7 10 - 12 A.M. 78 87 Fair
July 9 10 A.M.	 - 2:30 P.M. 80 83 Fair

The temperature and relative humidity were similar

to the conditions prevailing at Sayville, The July, 1923,

average noon temperature and relative humidity for Washington

were respectively 81 and 53, so that the humidity prevailing

on the days the paint coats were applied was somewhat above

the average and similar to the conditions at Sayville during

the painting periods.

Me asurements of the gloss readings for all panels

after drying of each paint coat were made with the Ingersoll

glarimeter with the following results:

Panel
No.	 Wood Grain

Glarimeter readings
let	 2nd	 3rd

Paint	 Coat Coat Coat

1 Southern yellow pine Flat White lead 59% 83% 87%
2 Tr	 T9	 II Edge Tr 56 84 89
3 TT	 VT	 TT Plat Mixed 59 85 90
4 TI	 If	 ft Edge TT 59 83 88.5
5 Sugar pine Flat White lead 53 81 86.5
6
7
8

IV	 It

IT

IT

Edge
Flat
Edge

TT	 PT

Mixed
TT

50
50
50

78
83
80

85
88
85

9 Western yellow pine Ore Flat White lead 64 84 88.2
10 Ir	 Tr	 ?! IT Edge TT 64 82 88
11 Tr	 Tr	 Yr II Flat Mixed 64 85 90.2
12 VT	 Tr	 IT Yr Edge 65 86 90
13 White pine Flat White 55 79 88
14 TT	 ft Edge TT	 If 50 82 88
15 If	 TT Flat Mixed 55 85 90.2
16 VT	 TV Edge If 50 84 88
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Panel
No.	 Wood

Glrimeter.readings
1st	 2nd	 3rd

Grain	 Paint_	 Coat Coat Coat

17 Western L4 arch
ft	 TT18

Flat
Edge

White lead
TT	 TT

65
62

84
85

85
87If	 1119 Flat Mixed 67 85 89.8TT	 It20

21 Western white pine
Edge
Flat White lead

57
57

87
84

88.1
86.5TT	 If22 Edge TV 57 78 81IT	 Tr	 TT23 Flat Mixed 62 85 90

TT	 If	 1124
25 Cypress

Edge
Flat

TI

White lead
62
60

85
85

88
85.8

IT26
27

IT28
29 Redwood

Edge
Flat
Edge
Flat

Tr	 TT

Mixed
TT

White lead

54
57
56
65

84
82
83
84

85.8
91.5
88.2
84

VT30
iI31

Edge
Flat Mixed

61
65

.84
88

84
89.8It32

33 White fir
Edge
Flat

TI

White lead
62
53

87
70

88
71.5

TT34
35	 IT

36
37 Alaska cedar

Edge
Flat
Edge
Flat

Mixed

White le?d

53
54
53
58

70
85
83
78

75.5
90
88
8011	 ft38

if	 II39
Edge
Flat

Tf	 VI

Mixed
53
60

78
89

80
92

IT	 IT40
41 Douglas fir

Edge
Flnt

IT

White lead
62
57

88
86

90
90TI	 TI42 Edge Tr	 If 62 86.5 92IT	 Tf43

44	 TT

45 Western red cedar

Flat
Edge
Flat

Mixed

White lead

61
64
59

87
87
85

90
90
90TI	 IT	 t ►46

1T	 !T	 TT47
TT	 IT	 Tr48

49 Eastern hemlock
50	 TT	 TT

51 Western yellow pine
53	 IT

55 Eastern white spruce
56	 IT	 Tr	 IT

CEa•
11

Edge
Flat
Edge

Flat
Edge

TV	 it

Mixed
TT

White lend
Mixed

White lead
Mixed

White lead
T1	 ft

59
61
61.5
56
61
53
56
50
50

85
87
87
80
80
84
82
85
84

90
90
89
90.5
88.5
91.5
88.5
91.5
90IT	 VT	 TT57

Tr	 If58
59 Western hemlock

TT60
TT	 T/61
IT	 ff62

63 Sitka spruce
If64
IT	 T ►65

Flat
Edge
Flat
Edge
Flat
Edge
Flat
Edge
Flat

Mixed

White lead
IT	 IT

Mixed

White lead
Tr

Mixed

50
50
61
64
56
64
61
61
61

85
85
82
84
84
84
82
83
84

89
89
90
89
88.5
90
91.5
90.5
88IT	 IT66 Edge It 61 84 90

•
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411	 The glarimeter readings are expressed in terms of

per cent of the reading that would be given by the theoretical-

ly perfectly glossy surface instead of in the dial readings as

at Palmerton.

The readings for gloss after application of the

third coat check the Palmerton findings fairly well. Redwood,

white fir, and Alaska cedar do not show as much gloss as the

other woods. At Palmerton these woods were placed in the same

category. Western red cedar and white spruce at Washington,

contrary to the findings at Pa]merton, were up to the average

in gloss.

There is a tendency for the mixed paint to give a

more glossy surface than the white lead, although the differ-

ence is slight.

Gainesville, Florida

Dr. H. A. Gardner, of the Institute of Paint and

Varnish Research, arranged for and financed the construction

of the test fence at Gainesville. The University of Florida

furnished the location for the fence and Professor A. P. Black

of the Department of Chemistry supervised the construction and

painting. The fence is similar in construction to that at

Washington except that it is placed on the ground near a lane

leading through the University farm lands. The exposure is

typical of open country districts in that section. The panels

face south.
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• Figure 4 illustrates the arrangement of the Gaines-

ville fence.

The panels were ship ped from Madison on May 17, 1924,

arrived at Gainesville, June 7, were stored indoors in a large

dry, well-ventilated room, and. were attached to the fence and

primed on July 31.

Weighing of the panels just before nailing on the

fence showed the moisture contents to be as indicated in Table

1. A general gain in moisture content of one or two per cent

was found. The moisture content at the time of priming is

about what one would expect for air-dry wood in Florida.

The painting was done by Mr. Beville, an experienced

painter of Gainesville. The priming coat was applied on July

31 and the second and third coats at intervals of one week.

The weather conditions at the time of painting were:

Date Time of Day Temperature Relative Weather
Humidity

July 31 9 to 12 A.M. 90°F. 62 to 80% Clear3 to 6 P.M. 96 55 to 70 ClearAug . 6 9 to 12 A.M. 97 to 105 02 ClearAug. 13 9 to 12 A.M. 90 to 100 87 Clear

A light shower of 12 minutes duration at noon of

July 31 did not damage the panels put out during the morning.

Both the temperature and relative humidity at the

times of painting were high even for Gainesville. The Jack-

sonville average noon temperature for July, 1923 was 87° F.

and the average noon humidity 57%.
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The appearance of the panels after drying of the

third coat was described as "good" in all cases except:

Panel
No.

Wood	 Grain Paint	 Appearance

15	 White pine	 Flat	 Mixed	 Fair
21	 Western white pine Flat	 White lead	 Fair
29	 Redwood	 Flat	 White lead	 Fair
32	 Redwood	 Edge	 Mixed	 Fair
48	 Red cedar	 Edge	 Mixed	 Fair

Milwaukee, Wisconsin

The Milwaukee test fence was built by the Research

Laboratory of the Pittsburgh Plate Glass Company in accord-

ance with the plan suggested by this labor ctory and employed

at the majority of the exposure stations. The fence is lo-

cated about nine miles from the center of the city on Sunny

Peak Farm, owned by Mr. Howie. (State Trunk Highway 19 out

of Milwaukee or the TMER & L Co. electric car from Milwaukee

to Waukesha, st , tion "Sunny Slope".) The location is that

of the country rather than of the city. The fence faces

south.

A view of the Milwaukee fence at the time of plac-

ing and priming the panels is given in Fi gure 5. The vacant

sections between the groups of panels were left open for a

few weeks and were filled in later with a second complete

set of panels on which were applied four different types of

white house paints manufactured by the Pittsburgh Plate Glass

Company.
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The panels mere Shipped from Atrndison on lacy 17,

411	 1924, received at Milwaukee, June 1, stored in a weathertight

farm shed, unpacked, exposed, and primed on June 16, 1924, by

Mr. Croll and Nr. Koll of the Pittsburgh Plato Glass Company

and the writer.

Weighing of the panels just before attaching to

the fence showed that they had dried out a trifle since leav-

ing Madison, attaining about the same moisture content as the

panels at Washington, D.C. The moisture content at the time

of priming is given in Table 1.

The painting was done by E. H. Zell of

Laboratory of the Pittsburgh Plate Glass Company

painting their experimental panels for some time.

coats were applied on June 16 and 17, second coats

and third coats on July 3. The weather conditions

time of painting were:

Date	 Time of Day

June 16 11 A.M. - 3 P.M.	 68 oF.
June 17 10 - 12 A.M.	 76
June 27 10 A.M. - 4 "PM. 68 to 72
July 3	 9 A.M. - 3 P.M. 70 to 75

The average noon temperature for June and July,.

1923, at Milwaukee was respectively 70 o and 75 0 . The noon

relative humidity averaged 63 per cent for both months.

Raised grain at the time of painting was observed

in the following panels:

the Research

who had been

Priming

on June 27,

at the

Temperature	 Relative
Humidity

67%
63
60	 •

65 to 70

Weather

Cloudy
Cloudy
7aAr
Fair
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	Panel No.	 Wood 

	

11, 12	 Western yellow pine, Oregon
13	 White pine

	

17, 19	 Western larch

	

33, 34, 35	 White fir
42	 Douglas ,fir
57	 White spruce
63	 Sitka spruce

Fargo, North Dakota

The Fargo, North Dakota, test fence was built by

the North Dakota Agricultural College in accordance with the

plan suggested by this laboratory. It is in charge of

Professor W. T. Pearce, Head of the School of Chemistry. The

exposure in general is typical of the country, but the smoke

stack of the central heating plant of the college is near

enough to deposit smoke on the panels to a certain extent.

The panels face south.

A view of the Fargo fence is g iven in Figure 5.

The panels were shipped from Madison on June 13,

1924, received at Fargo, June 21, and stored indoors in a

heated building until July 18, when they were unpacked,

weighed, and primed by Dr. Pearce, Mr. A. N. Louden, and the

writer.

Because of inclement weather and the limited time

the writer had to spend in Fargo, the priming coats were ap-

plied in the basement paint laboratory of the Chemistry Build-

ing. All windows were left open, allowing sufficient cross

ventilation to make atmospheric conditions indoors the same

as those outdoors except for protection from rainfall. The
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• weather was so cloudy that the light intensity outdoors

would not have been materially greater than it was inside.

The pricing coat paints were applied on July 18.

The panels were atached to the fence on July 21, and the

second and third coats applied on July 25 and August 1,re-

spectively. Dr. Pearce applied all of the white lead paint

and Mr. Louden the mixed paint.

The moisture content of the panels at the time of

painting is given in Table 1. The moisture contents were

about the same as those found at Milwaukee and Washington.

The weather conditions at the time of painting

were as follows:

Date Time of Day Temperature Relative Weather
Humidity

July 18 2 to 6 P.M. o
72 F .F 53% (indoors)July 25 8 A.M.	 to 2 P.M. 54 to 70 85 to 54 FairAug. 1 2 to 6 P.M. 76 60 Fair

The July, 1923 average noon temperature and noon

relative humidity for Moorhead, Minnesota (just across the

Red River from Fargo) were respectively 79° and 56%. The

temperature was, therefore, a trifle below the average and

the humidity a little above at the time of painting.

Grand Junction,  Colorado 

The fence at Grand Junction, Colorado, was erected

and painted by the Denver and Rio Grande Western Railroad

Company in their yards at Grand Junction in accordance with
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•
the plan suggested by this laboratory. The fence faces

\	 -

south.

As shown by the illustration in Figure 7, the

fence is located in a V-shaped area between the tracks in

the railroad freight yard. Since the D and R.G.W. is a soft

coal burning road the exposure to smoke is severe.

The panels were shipped from Madison June 13, 1924,

received at Grand Junction, July 11, and stored indoors un-

til September 19 when they were placed on the fence and prim-

ed under the supervision of Mr. H. C. Cosand. The painting

was done by Mr. H. E. Clark, who has been a painter with the

company for a number of years.

Weighing of the panels before priming showed that

they had dried to a moisture content of six to nine per cent,

materially less than the moisture content when they left

Madison, but appropriate for air-dry lumber in that section

of the country. (See Table I).

The dates of application of the paint coats and

the weather conditions prevailing were as follows:

Coat	 Date

First Sept.19
TV
	

"	 20
" 22

Second " 30
Third Oct. 9

Time of day Temperature Relative
	  Humidity

2 - 4 P.M.	 82-85°F.	 33%
10 - 12 A.M.	 50-60	 41
9 A.M. - 4 P.M. 45-64	 39
1 - 5 P.M.	 60-70	 22 - 31
8 - 12 A.M.	 60-65	 27 - 60

Weather

Clear
Cloudy*
Clear
Clear
Clear*

• * 
High wind blowing sand on fence.
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The 1923 average noon temperatures at Grand Junction

for September and Octobef were 70.8 0 and 57.e, and the average

noon relative humidity 39 and 49.

Tucson, Arizona

The Tucson, Arizona test fence was erected and paint-

ed by the Southern Pacific Railway in. accordance with the plan

suggested by this laboratory. The fence, a picture of which

appears in Fi gure 7, faces nearly east instead of south. It

is located near the railway freight yards, but since the loco-

motives burn oil instead of coal there is practically no at-

mospheric contamination.

The panels were shipped from Madison on August 22,

1924. After arriving at Tucson, they were stored indoors un-

til erected on November 25. During this time they dried out

materially. The moisture contents given in Table I, however,
are not regarded as correct because they , seem to be unreason-

ably low. A systematic error seems to have entered into the

computations, probably an error in the calibration of the de-

vice used for weighing the panels at Tucson.

The painting was done by H. C. Chlarson under the
supervision of D. Burke.

The dates of painting and the weather conditions
prevailing were as follows:

• R818	
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• Date Coat of Paint Tempera ore 7/e at 7, e -2

Nov. 25 First 80°F. ClearDec. 2 Second 64 ClearDec. 10-12 --- 'iiiningDec. 13 Third 74°F.

Fresno, California

The W. P. Fuller Company provided the test fence

and the painter for the exposure at Fresno. Mr. C. L. Hill

and Mr. C. B. Green of the U. S. Forest Service District 5

made the arrangements with the Fuller Company and actively

supervised the installation and painting of the panels. They

furnished a complete report of this phase of the work entit-

led "Installation Report of Test Fence at Fresno, California",

dated March 9, 1925.

The test panels were shipped from /vMison on June

13, 1924, received at Fresno on July 10, and stored in a class

A warehouse until ex tposed on August 25. They lost moisture

appreciably, apparently coming to equilibrium at about six

per cent, a reasonable value for air-dry lumber in that sec-

tion. Wood at six per cent is in equilibrium with the air at

a relative humidity of about 30 per cent. At Fresno the July,

1923 average relative humidities at 8:00 A.M .., noon, and 8:00

P.M. were respectively 54 per cent, 28 per cent, and 17 per

cent.

Mr. Hill supervised in person the erection of the

fence at Fresno, and the installation of the panels. He made

all the weighing for determining the amount of paint applied
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• to the panels. The painting for all three coats was done by,

an expert painter, Mr. E. W. Vahl.

By mistake the positions of panels 10 and 11 were

interchanged so that for western yellow pine from Oregon,

there are two flat-grain panels painted with white lead two-

edge grain painted with the mixed paint.

After the priming coat was dry, Mr. Hill and Mr.

Patterson of the Fuller Company made an inspection of the

fence to record the relative hiding of the surfaces and the

amount of gloss. At this stage, of course, there was prac-

tically no gloss on any of the panels. The variation in the

hiding of the surface of the different panels was consider-

able and is recorded below.

The second coat was applied by Mr. Vahl, who also

made and recorded all the weighings. No inspection of the

p anels was made after the second coat.

The third coat was applied by Mr. Vahl on Septem-

ber 17, Et. Green making and recording the weighings. Mr.

Patterson made the final inspection of the fence on October 11.

Fi gure 6 shows the Fresno fence and illustrates

the methods employed in the work.

The ins pection of the panels revealed no "spotting"

or brush marks in any case. Hiding of the surface and gloss

were recorded in arbitrary scales running from 1 to 5, 1

representing the best hiding or gloss and 5 the poorest. Af-

ter the priming coat the gloss was judged 4 on all panels,
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•
	 but the hiding varied as listed below. After the g ird rs,oEt

the hiding was judged 1 on all panels, but the gloss varied

as shown below:

Panel
riding	 Gloss
after	 after

Wood Grain	 Paint let coat 3rd coat

1-2	 Southern yellow pine Edg e	 White lead 3
3-4	 rr	 TT I ► Mixed 2 2
5-6	 Sugar pine E & F White lead 3 3

IT	 VT7-8
9, 11 Western yellow pine

TV	 VT	 MI Mixed 1 3

Oregon Flat	 White lead 1
TV10,12	 yellow pine

Oregon E.	 Hayed 1 2
13-14 White pine F & E White lead 1 4

IT	 IF15-16 TV	 If	 11	 Mixed 1 2
17-18 Western larch If	 IT	 TI White lead 1 3

TI19-20 } ► 	 IT	 IT Mixed 1 2
21-22 Western white pine
24-25	 IT	 TT

If	 If	 IT White lead
ft	 If	 If Mixed

1
1

3
2

25-26 Cypress
f f27-28

TT	 LT	 ft White lead
TI	 if	 ft Mixed

3
2

3
2

29-30 Redwood IT	 VT	 If White lead 2 3
If31-32 If	 TV	 VT Mixed 1 2

33-34 White fir
VT35-36

If	 If	 If White lead
t?	 TT	 If Mixed

2
2

3
2

37-38 Alaska cedar TI	 TT	 If White lead 2 3
IT	 IT39-40 TT	 ft	 IT Mixed 2 2

41-42 Douglas fir / ► 	 TT White lead 3 3
If	 TV43-44 If	 II Mixed 2 2

45-46 Western rod cedar
ry	 TT47-48

IF	 TT	 ft White lead
TT	 IT	 If Mixed

2
1

3
2

51-52 Western yellow T)ire
Calif. Y •	 VI White lead 3 3

53-54 Western yellow pine
Calif. TT	 If	 If Mixed 2 2

59-60 Western hemlock II	 ft	 If White lead 1 3
TT	 VI61-62 TT	 If	 IT Mixed 1 2

63-64 Sitka spruce If	 If White lead 3 3
Pt65-66 TT	 FT	 TT Mixed 2 2

67-69 Fort Orford cedar If White lead 3
11	 iT	 VT69-70 If	 If	 ff Mixed 1 2
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The weather conditions at the time of painting wore

obtained from the local Weather Bureau station as follows:

Date Paint Coat Temperature Relative Humidity Weather

Aug.	 25
Aug.	 26

First
T,

85-105 °F.
89-101

9-32%
17-32

Clear
ClearSept.	 2 Second 66-89 10-40 ClearSept.17 Third 65-91 18-34 Clear

The average 4:00 P.M. temperature at Fresno for

August and September, 1923, was 93.4 and 88.6°F. and relative

humidity 19 per cent and 26 per cent, respectively.

The Fuller company added a section of eight panels

to the fence on which several of their own brands of paint

were applied. Partial descriptions of these products as

furnished by the company are given in the report by Hill and

Green. The redwood fence posts used to support the fence

were treated aS follows:

Posts 1 and 2 (nearest Panel no.1)	 - no treatment
Posts 3, 5, 6, 7 - brush treatment with creosote
Posts 4, 8, 9, 10 - one coat of Fuller

"Armorite" paint.
Company.

Seattle, Washington

The University of Washington, Forestry Department,

provided the Seattle test fence. It was constructed facing

south in accordance with the plan suggested by this labora-

tory in the rear of the new Forestry Building. A branch

line of the Northern Pacific Railway passes within 100 feet

of the fence.
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The fence is i",l cha77ge of 7-,-ofessor Bror	 Cronaa7.

Through a misunderstanding arising from the triangular cur-

respondence between the Portland Office of the Forest Service

this laboratory, and Professor Grondal and for which this

laboratory will take the responsibility, the erection of the

panels and their painting was delayed for some months. In

agreeing to cooperate in the study Professor Grondal under-

stood that the Forest Service would provide a painter and

supervise the painting of the panels. When the Forest Serv-

ice failed in this part of the program, he very graciously

consented to do the painting himself.

Further details concerning the Seattle fence can-

not be recorded here because the data sheets have not been

returned to us ns yet. A picture of the fence appears in

Figure 7.

Madison, Wisconsin

The Madison fence is more extensive than any of the

others, having a full set of four panels of each wood used

on either the eastern or the western fences together with

the special tests described in Part B of this report. It is

located on the University Farm, about two and a half miles

from this laboratory. The fence faces south, running along

one side of a farm lane through which cattle and sheep are

driven re gularly. An open wire fence has been erected in

front of the test fence to keep animals away from the test
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panels. A photograph taken shortly after completin g this

part of the work appears in Figure 5.

The panels for the Madison fence were taken out to

the farm on July 25, 1924, and the work of erection begun.

The panels awaiting erection were placed on an open platform

of 2 x 4's to keep them off the ground and covered with a

tarpaulin at night to keep them from direct contact with mois-

ture. Each panel wr,:s weighed immediatel y before nailing on

the fence, from which data the moisture contents of Table I

were computed. The moisture content was found to be between

nine and twelve per cent, n value entirely appropriate for

air-dry wood in this rerion during the summer.

The primin =, coat of paint was ap plied to each panel

within a few minutes after nailing it in	 The amount

of paint applied was obtained by wei ghing the paint, can, and

brush before and after application.

Figure 8 illustr ates the methods employed in carrying

out the work.

The dates on which the paint coatings were applied

and the weather conditions prevailing were as follows:

Date Time of Day
paint

Coat Temperature
Relative
Humidity Weather

July
July
July
July
Aug.
Aug.
Aug.
Aug.
Aug.
Aug .

25
25
26
28
7
7
12
14
15
15

9-12 A.M.
1-2 P.M.
8-12 A.M.
8-12	 A.I.1

9-12 A.M.
1-4 P.M.
9-12 A.M.
1-4 P.M.
8-12 A.M.
2-4 P.M.

first
TT

IT

second
TV

TT

third
TT

IT

69-78
o F.

78
70-77
77-85
75-82

75
72
73
75
78

56-76%
56

55-77
70-59
36-44

54
57
49
62
63

Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear

R818 - 58



Protecting Panels from Moisture,

Detail of Fence Construction.

Madison
W is.

•

Weigh ing PaintApplied,

Attaching and Prifni9Pamds.

Figure 8 - Methods employed in asking the exposures at
Madison.



• On July 25 the work was interrupted at 2:0--P.M.

by a shower which continued during the ni ght. The rain was

accompanied by a wind from the north and did' not fall very

heavily on the vertical panels. It probably had no influence

on the results except insofar as it contributed to the "rais-

ing of the grain" of some woods. Another shower in the late

afternoon of August 15 left very slight marks of the raindrops

in the partly-dried third coat of mixed paint on a few panels.

This does not seem to have affected the results obtained obi

those panels so far.

The average noon temperature at Madison for July

and August, 1923, was 79.1 and 71.8 °F. respectively and the

corresponding relative humidity 56 and 63 per cent.

The white lead paints were applied by F. E. More-

house and the mixed paints by the writer.

Raised grain was observed in the following panels:

panel No. Wood Direction of Grain

9, 11 Western yellow pine Flat
17,
25,
41,

19
27
43

Western larch
Cypress
Douglas fir

Flat
Flat
Flat
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Exposures at 45
0
 to the Vertical 

It has already been pointed out that some of the

cooperators believe that paint test panels should be exposed

at an angle of 45 0 instead of in the vertial position in

order to hasten the failure of the paint. Other cooperators

object that there is not enough evidence to show that the

change in the angle of exposures will not alter the behavior

of the paint coatings in other ways beside the rapidity of

disintegration, thus leading to the drawing of false conclu-

sions. To obtain evidence concerning this point, a set of

panels of all of the woods, painted with the two types of

paint, were exposed on the Madison fence at the same time

that the vertical panels were put out.

The 45 0 panels are placed in special racks running

along the top of the fence, the detailed construction of

which will be clear on consulting Figures 8 and 9. Each

rack holds a group of four panels, all attached to two long

cross pieces, flanking a single unit which fits into the rack

and can be taken down quickly for convenience in inspection.

The rear, upper edge of the test panels is protected from

rain water by an inverted L-shaped "flap", hinged to the rack.

Each panel consists of three boards 5/8" x 5-1/2"

x 18" made from the same lumber 'supplies as the vertical
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panels. The 45 9 panels thus have one-half the surface arn,a
410

of the vertical panels.

The 45o
 panels are marked with the same numbers as

their corresponding vertical panels except that the letter

suffix "B" is added. Thus the marks Y-1 and M-1-B denote

respectively the vertical and 450 panels for the Madison fence

made of flat grain southern yellow pine and painted with

straight white lead.

Weathering  of Unpainted Wood

A complete set of panels - two-edge and two flat-

grain - of each species of wood except Engelmann spruce and

mountain Douglas fir was exposed on the Madison fence and

left without print protection. These panels were attached to

the fence on August 14, 1924, and are shown in Figure 5 at

the right.

Weathering progressed very rapidly, at least as

regards its early stoges. In Circular 238 of the Scientific

Section of the Paint Manufacturers' Association of the United

States, a report is published describing the observations made

during the first ei ght months exposure. By the middle of the

summer of 1925 the roughening of the surface, raising of the

grain, loosening of the grain, checking, cracking, and dis-

coloration had reached a stage in which the wood could be con-

sidered typically "weather-beaten". Accordingly, two panels

of each wood were painted as described in the next section and

the other two will be left unpainted indefinitely.
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paintiraz  of Weathered  Wood

It is well known that weathered wood offers a sur-

face whose painting characteristic: are very different from

that of the freshly planed surface. In general, the disin-

tegrating action of the weathering process makes the wood

more absorptive, while volatilization, oxidation, and leach-

ing of the extractive materials in the wood alters or removes

most of those substances which are often found to cause dif-

ficulty in painting. For these reasons it was desirable to

extend the study to include the painting of weathered wood.

In October - November, 1925, one weathered panel

of each species was painted with the straight white lead

paint and a second panel with the 60-30-10 paint. The paints

used were unopened cans of the materials supplied fcr. the

original work started in 1924. No evidence of deterioration

of the paint during storage was observed.

The center photograph of Figure 9 shows this sec-

tion of the fence after the p ainting of the weathered woods.

•
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Tests of Additional Species of Wood

The following species not mentioned in Part A of

this report have been added to the Madison fence:

Panel No. Wood Kind of Paint

145
146
147
148
149A)
149B)

Basswood (Tilia americana)

Cottonwood (Populus deltoides)

White lead
Mixed paint
Unpainted
Unpainted
(White lead
(Mixed paint

150
151

IV

Yellow poplar (Liriodendron
Unpainted

152
153
154
155A)
155B)

tulipifera)
Tr	 lr

rr	 TT

TV

Red gum (heartwood)(Liquidamber
styraciflua)

White lead
Mixed paint
Unpainted
Unpainted
(White lead
(Mixed paint

156 IT	 VP

Unpainted

The position of these panels on the fence can be

seen in the upper photograph of Figure 9 , by looking for the

two fence sections having the unpainted panels.

Painting New Wood with Two Coats in Place of Three

In view of the fact that a large proportion (some

painters estimate it as well over half) of the painting of

new wood at the present time is done in two-coat work instead

of three, some preliminary experiments were undertaken to de-

termine the relative durability of two and three-coat work.

Panels of white pine and of southern yellow pine were chosen

for the experiments.
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Each panel was divided in half by a vertical line

in the center, the left hand half being denoted by the suffix

A and the right by B. The parts A received the priming and

third coat paints only while the parts B received all three

coats. Panels 81 to 84 of white pine and 89 to 92 of yellow

pine were painted with white lead paint, using an exceedingly

thin coat (high spreading rate) for panels 81 and 89, a

slightly thicker coat for 82 and 90, a coat of normal thick-

ness for 83 and 91 and s very thick coat for 83 and 92. In

a similar fashion panels 85 to•88, white pine, and 93 to 96,

yellow pine, were painted with the mixed paint.

The experiment indicated that for two-coat painting,

the reductions used in these paints are entirely unsuitable

because such thick coats must be applied to obtain satisfac-

tory hiding of the surface that there is danger of "runs",

"sags", and wrinkling of the paint film due to drying at the

surface while the deeper portions of the film are still wet.

Further studies in the fall of 1925 indicate that

paint having a considerably higher pigment to oil ratio than

would be used for three-coat work can be employed very suc-

cessfully in two-coat work even on southern yelloW pine as

far as the appearance of the surface shortly after painting
k

is concerned. It remains for time to show whether such paint

coatings will prove sufficiently durable. these later ex-

periments are recorded in "Forest Service Paint Problems I/1 -

Paint Specifications", January 21, 1926.
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Influence of Re:! ',tive Tumidity a1 too Time of

Drying of the ,"?int

sight panels of western yellow pine, nos. 97 to 104,

were painted, four with white lead and four with mixed paint,

the coatings being allowed to dry under different humidity

conditions. One panel with each paint wes attached to the

fence and painted in place, the drying taking place out of

doors with ample exposure to light. Other pairs of panels

were painted indoors in rooms at relative humidities of 30

per cent, 60 per cent, and 90 per cent, respectively. The

humidity rooms have artificial light only. After the paint

coatings were dry, the panels were taken to the fence and fix-

ed in position.

Influence of Drying  Time Between Coats

Panels of white pine and of southern yellow pine

painted with white lead and with mixed paint were used for

this study. Panels 105 to 110, yellow pine, received three

coats of paint at intervals of one week on the right-hand

half of each panel, but the left-hand half received only two

coats in the fall of 1924, followed by the third coat in the

fall of 1924, followed h: the third coat in the fall of 1925.

This is a system of paintinfr advocated by a number of painting

contractors doing work for speculative builders. It is possi-

ble that it may receive their endorsement because it passes the

411	
expense of repainting on to the purchaser of the property.
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410	 Panels 113 to 128 represent a combination of the

factors of the two hinds of wood, the two paints, drying in

60 per cent and 90 per cent relative humidity, and the follow-

ing schedules of dryin g' times:

1 - Four hours drying time between coats.
2 - Eight hours drying time for the primin g coat,

twelve hours for the second. cost.
3 - Twenty-four hours between coats.
4 - Forty-eight hours between coats.

It was felt that this study should give preliminary informa-

tion concerning the shortest time that could be allowed be-

tween coats for drying.

Influence of Different Thinners for Paint

A mixed paint, the pigment portion of which consist-

ed of 50 parts of white lead and 50 parts of zinc oxide, was

made by mixing Dutch Boy lead and Mapaz zinc oxide pastes in

proper proportions and thinning with linseed oil, liquid paint

drier, and the various thinners to be studied. Such paints

were made with each of the following thinners:

Turpentine, gum spirits
Turpentine, wood distilled
Naphtha, paint and varnish makers'
Oleum spirits
Benzol
Kerosene
Gasoline
Tetralin
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These paints were applied in three coats to the followinE:

woods:

Southern yellow pine, panels 129 to 132
Very oily cypress, panels 133 to 236
Eastern hemlock, panels 137 to 140

Each panel was divided into two parts and each part painted

with paint having a different thinner,

Special Primers for Resinous Yellow Pine

Panels 141 to 143 were made of exceedingly resinous

southern yellow pine. Each panel was divided into three parts

by two vertical lines, the middle sections loft without special

primer, and the end sections primed or treated respectively

with:

Shellac
Nitrocellulose wood lacquer
Spar varnish
Spar varnish containing aluminum powder
Priming coat paint containing aluminum powder
Thorough s ponging with benzol

Each panel was then further subdivided by a horizontal line

through the middle and the upper half painted with three

coats of white lead and the lower half with three coats of

mixed paint.

Painting Knotty Wood

The selection of the lumber for the tests in Part A

of this report was such as to afford abundant information re-

garding the effect of knots on the paint coatings for those
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woods in which knots are likely to occur in building lumber.

Some additional knot studies were carried out.

Panels 75 and 76 are made of western red cedar and

contain many large knots - an unusual condition for this wood.

One panel was painted with white lead paint, the other with

mixed paint.

Panels 159 to 160 were made of southern yellow pine

containing numerous large, resinous knots on flat grain sur-

faces. Each knot was divided into two parts by drawing a

vertical line through its center. One side of the knot then

received no special treatment, while the other side was treat-

ed by one of the following methods:

One coat of shellac
One coat of shellac containing aluminum powder
One coat of nitrocellulose wood lacquer
Ono coat of lacquer containing aluminum powder
One coat of spar varnish
One coat of spar varnish containing aluminum powder
One coat of paint containing aluminum powder
Sponging with benzol
Sponging with strong sodium hydroxide solution.

There were enough knots in the panels so that each ones of

these treatments could be applied to at le a st two knots.

The panels were finally painted with three coats

of straight white lead paint.

•	
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• Influence of Moisture Content of Wood at

Time of Painting

Panels of southern yellow pine, the oven-dry weights

of which were known were prepared and brought to one of the

following moisture contents by leaving them in the appropriate

humidity rooms until constant weight was reached, or in the

c l:'se of the 20 per cent value, by sponging at intervals with

water and keeping the panel in the 90 per cent room until the

desired moisture content was attained:

7 per cent
11 p er cent
16 per cent
20 per cent

One set of four panels representing these moisture contents

was painted with three coats of white lead paint and a second

set with mixed paint, keeping the moisture content constant

during the time of painting by using the appropriate humidity

rooms.

A third set of four panels was painted with the

white lead paint and each coat dried in the heat from a

"radiant fire" type of electric heater placed at such a dis-

tance from the panel that a thermometer near the painted sur-

face registered 110° F. After drying of each coat, the mois-

ture content was brought back to the starting point before

applying the next coat. A fourth set of four panels was

treated in the same way except that the mixed paint was used.
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No blistering of the paint was observed with -any-of

the panels.

The panels, Nos. 161 to 176, were finally exposed on

the test fence.

Study of Painting of Redwood

Some redwood siding wPs selected from the yard of

a local lumber dealer which seemed to have been handled in

such a way as to tend to cause trouble from the discoloration

sometimes encountered with this wood. The lumber had been

close piled in a damp shed and seemed to be at a fairly high

moisture content as a result.

Panel 193 received no preliminary treatment before

painting, while panels 194 to 196 were sponged with 2, 5, and

10 per cent stannous chloride solutions respectively. When

dry all panels were divided into two parts, one-half receiving

three coats of white lead and the other three coats of mixed

paint.

1925 Priming Coat Tests 

The 1925 Priming Coat Tests, panels 201 to 272,

are described in the second progress report for this project,

entitled "1925 Priming Coat Tests", December 31, 1925. The

lower photograph of Figure 9 shows these panels to the right

of the arrow.
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Wisconsin State  Highway Commission Tests 

The Wisconsin State Highway Commission is conduct-

. ing a series of tests of white and black paints of different

formulas submitted to them for use in painting highway signs.

They have placed one set of panels p ainted with white paints

on our test fence. They have not yet supplied us with a key

for identifying the different paints exposed.

These panels may be seen just to the left of the

arrow in the lower photograph of Figure 9.

Forest  Service Paints 

The tests of paints prepared in connection with our

study of Forest Service paint requirements are described in a

report entitled "Forest Service Paint Problems III - Paint

Specifications", by F. L. Browne, January 21, 1926.

Painting with the Spray Gun

Some of the test panels painted in connection with

the Forest Service paint studies just mentioned were painted

by the spray gun and can be compared directly with similar

panels painted by hand brushing.

Painting Celotex

Panels 293 to 298 are of Celotex. No. 293 has no

paint coating while the others have three coats of 60-30-10

paint tinted ivory white. The primin g coat for no. 295
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•	 contained some spar varnish, no. 296 was primed with shellac,

no. 297 with bronzing liquid, and no. 298 with bronzing liquid

containing aluminum powder.

Painting Wood Impregnated with Wood Preservatives

Panels 299 to 325 constitute a study of preservative

treatments for wood which will leave the wood in a condition

suitable for painting. As a separate report will be made of

this work, it will not be described here.
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