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July 1, 1953

SURFACE DUSTING OF FORMED CONCRETE
SYNOPSIS

The term "dusting" refers to a soft, chalky condition
ﬁhiéﬁuiéugbéerved occasionally on the surfacs of concraée upon
réﬁogal of the forms, During 1952, dusting occcurred to a depth
of 1/ inch in portions of two structures erected by the Division
of Highways in Los Angeles County.

Based on field observations and laborastory tests, it
is concluded that dusting may result from the first use of wood
forms that have been exposed to the weather for several weeks in
advance of pouring concrete. Dusting is not likely to occur on
subsequent use of the form, It is due to unknown changes that
take place :in the wood upon exposure to the weather but which do
not develop under ordinary covered storage. It is indicated that
dusting may result from the use of wood forms other than Douglas
fir plywood. Form oil is not responsible for the condition but,
on the other hand, the type of form oil customarily used is
ineffective in nullifying the causes of dusting., .

Dusted surfaces harden satisfactorily upon removal of
the forms; after a few da&s curing under moist conditions. Rather
than“attémst télprevent dusting from occurring it is believed %o
be more practical to correct_thé condition by subsequent curing

with water in a spray fine enough not to erode the soft surface.
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" INTRODUCTION ,

During the summer of 1952 reports were recelved in the
Laboratory of an unsatisfactory oondition of the surface of con-
crete which was observed upon removal of plywood forms on two
structures which were parts;of freeway construction in Los Angeles
County. The struotures;involved were the Golorado Street Arch,
viT-L. A—lél-Pas, Contract 51 luVClé end Bronson Avenue Overcros51ng,
VII-I., A-2- L.A, Cdntract 5l- luV621 F;

L On the’ Golorado Street Arch it was reported that sur-
faces in contact With oertain plywood forms were "burned", that is,
upon removal of the forms a‘soft chalky surface extending to
dspths up to 1/l 1nch was observed Where ttis condition existed,

the surface oould be abraded readily with the bare fingers,

'AdJacent areas, in oontaet with other plywood boards were found to

be hard and entirely normsl, Similar conditions were observed on

the Bronson Avenue”Overorossing, however, ocn this structure the

affeeted areas were more extensive and were located where they would

R Tk oonspicuously 1n view of "pASsing traffig, © T F TUEWL M ienmT s
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ooourrences, The following information now appears to be

In the remainder of this report, the condition of a

s

soft, chalky - surfaee will be referred to as "dusting® since this

‘

term has been used by other investigators,-

Both struotures were vis1ted and the riesident engineers
and assistants were interv1ewed a8 To conditions surroundlng the
]
pertinent. Dusting has occurred only during the first use of
plyﬁbbd forms. Where dusting occurred the forms had been

erected several weeks in advence of pouring thée concrete. The
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effect of exposure to the weather was well illusbtrated on the
Bronson Avenue Overcrossing, & box girder design: The outer forms

were placed completely except for two ' x 8¢ boards to provide an

opening during the placing of reinforcing steel and interior form

work which required about gix weekgitimea Just before the concrete
was poured the itwo remalning boards were put in place; Upon. |
removal of the forms both vertical surfacés of the girder ware
dusted with the exception of the area in contact with the two
boards placed just before pouring. The conbrast in surface was
readily visible from a distance of 50 to 100 feet: In order %o
meke the difference in texture less consplcuous the sound areas
were sand blasted. |

7 The grade of plywood used on these structures.normally
is Douglas Fir "Plyform™, exterior type, grade B-B, Thls grade
is oiled both sides eand edge-sealed at the mill before shipment
end is inﬁended to be used the Pirst time without sdditional oiling;
However, a number of sheets of exterior plywood grade-marked "A-A"
or MA-B"™ were noted in the stock of the contractor on the Colo-
rado Street Arch, These grades are not oiled at the mill; ItF
was the practice of the contractor on each structure to apply a
coat of form oil By spraying juét.before erection to the plywood
sheets regardless of previous oiling at the mill. The type of
form used is known as "100 pale o0il", a petroleum product
manufaotured by major oll companies: 0il of different manu-
faocture was used on the two contracts, The oll repoftedly used

by the plywood mills 3is of the same type. As

www fastio.com
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will be discussed iater, it does not appear that the form oil
was in any way diréctly responsible for the dusted condition.
A furtheﬁ observation on the work that is pertinent

to the laboratory study is that a severely dusted area on a -

" pier of the Cclorado Street Arch hardensd normally after it

v
became thoroughly wet during a subssquent period of raln,

PRELIMiNARY LABORATORY TESTS
A 1arée namber of tests werse made in the lsboratory
dur;ng the early stages of 'the investigetion in an effort to find
¢lues as to the baslc oauseé of the distress. These tests were
not well éﬁéordinaﬁed aﬁd will b9 mentionsd in par:s oniy.

A sample of bhoara f*om dusued gres of Cclorado Btraset

"Arch cut from an e¢evat10n above the top of ths coneretes pour was

sent to the labeorase ya Mortar pats cast egainst this board
dusted at the surface of sdnbact, Pats csast against sampies

from o*her boards that de nou sause d svlng on +h° work were

e A T R T SR A D d o SETEA ST B TR e o aii e .
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sound at the surface of conuact,

A fulT (h* x 8') shest of 5/8“ plywood, (exierior
Plyformg Grade BuB) was secured from the jobber in Los Angeles
Who suppl*ed plywoeod .to bOuh contractors, Portions of this
board were retalned by H. R. Lendecke, Resident Engineer, Colorado
Street Arch, uhe ba;ance waé sent to the laboratory.~ Samples coated
with form oil and';xposed on the rcof of the Zeboratory for two
weeks yieided.dustéd pafs, Other samples coated with form oil
and with mortar casb against them the folliowing day gave sound
épecimens,. Glass.%lates coéted.with form oil then exposed on the

roof for two weeks gave souni morvar paia.
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http://www.fastio.com/

e

TESTS ON THE JOB
H. R. Lendecke, usling porticns of the plywood sheet
described above and subjected to various exposure treatments,
caat 1l:2 mortar pats which were cured wet for 7 days. Upon
removal of the plywood the following results were observed and

usually confirmed by tests on the opposite face of the boardo

Conditian

; o ; ; of ;
: Surface Treatment : Exposure 3 Mortar :
¢ Mill oiled only : None :  Sound :
¢ Mill oiled plus one : H . H
¢ coat of Job oil : None H Sound $
: M111 olled only : . 38 days : Dusted :
+ Mill olled plus one : H H
: coat of job oil e 38 days 2 Dusted :
: Mill oiled only : 62 days : Dusted ‘
¢ Mill oiled plus one : s s
: coat of job oil 3 62 days 2 Dusted 2
: M111 ofled only : Face down out-:  Sound :
g . 3 doorg for 69 : :
H ¢ days g :
: Mill oiled plus one : Same g3 above 3 s
: , : Jound

coat of job oil

co ao

Several of the dusted surfaces after soaking in water

for 7 deys became hard and sound.

REPORT BY DOUGLAS FIR PLYWOOD ASSOCIATION
In response to our inquiry, Thomas H. Moren, Research
Engineer, Douglaes Pir Plywood Associmtion, Tacoma, Washington,
gave an extensive summary of job experiences wlth dusting esso~

clated with plywoed forms which is abstracted in the following
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paragraph;

Dusting #as experienced during construction of bulldings
at the COilege of Agriculture, Davig, Celifornis, The results in
general paralleled our experience., Dusting occurred on the surface
of concrete in contact with forms or portions of forms that had
been e xposed for some time to the weather, Fresh forms or portions
of forms that hadlbeen protected agalngt exposure durling previous
use gave.sound surfaces; When dusting®eccurred it seemed to be~
come prpgressiveiy?worsé'as the forms were reused, (Reﬁorted
results from our wﬁrk do not agree with this experience.) Pro-
prietary sesalers 6f'1acquer or synthetic resin types méy minimlze
dusting but they maj elso introduce difficulty in stripplng ﬁhe
forms: A construcﬁion fbreman stated tﬁét duated surfaces 1f
left strictly undiéﬁurbéd for several months become firm and can
then be palnted ﬁithout difficulty, Information was quoted from
the Portland GementhAssociation, Chicago, to the effect that dusting

~=--i1g-the result of—e%ceSSLoil=on=the-forma~and=the'conaeqﬁent'ac-‘:-
cumulatlion of dirt; The letter concluded with an expression of
opinion that the giue used in elther interior or exteri;r plywood
would not be 1likely to come.in déntact with the surface of the

concrete and therefore should not be a factor in causing dusting,

| LABORATORY TESTS
Indicatiéns of the preliminary tests and informstion
gailned through correspondence led to thres serles of tests in

which mortar was caest against the faces of conditioned test

ClihPD www.fastio.com
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panels; After the mortar had hardensed into blocks, they were
removed and the surface in contect with the test panel was
examined for hsardness.

The test panels were 4" x L™ squares cut from sheets

~of plywood or window glass, Test panels that were oiled in the

leboratory were given brush aspplications of "Union 100 form oil™,

This oil dried within 2L, hours to a non=-tacky film,.

In some cases the test panels were exposed, either before
or after oiling, to outdoor weathering or to simulated weathering
under infra-red lights. Outdoor weathering was on the roof of the
laboratory. The panels were in a vertical position with one side
faciné south, Duplicate specimens ﬁere exposed so as to provide
south exposure té sach of the faces, Infra-red exposure was on
horizontally revolving tables in which the paﬁels were at a tem-
perature of about 140°F. Only one face was oxposed to the light
but duplicate specimens provided exposure of the opposite face,
Outdoor exposures were for periods of two weeks during May and
June, 1953. Although the bercentage of sunshine was high during
this period, the effects in causing dusting of the mortar did not
seem to be more severe thsn resulted from two-week sXposures dur~
ing the winter months In preliminary tests. Infre-red exXposure was
for a period of 118 hours continuous 6peration, This exposure is
not considered to be particuiarly accelerated othér than by pro-

viding continuous exposure to light rays and warmth,

Since the accumulation of dust on the panels was

www . fastio.com
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cohsidered to be affactor'of considérable importance they were
examined carefully at the end of the_exposure period, Accumulations
were'light and were chiefly of linty character;, They were heavier
on the side facing north: No indication of flushing of oil to the
surface was noted;

Treatmenfs‘éhd'exposures of & glven series were scheduled
so that all would bé completgd on the same day. The panels were
then mounted vertidally in é.long W x h" box with & clear space
of 1-1/li inches betﬁeen_faces of adjacent specimens:; A single
batch of 1:2% Perkins sand mortar was used to fill the spaces and
‘thus form a series of 4" x 4® x 1-1/L™ blocks. The mortar was
cured damp for 3 déys and the blocks were removed for examination;
The faces of the mortar blocks were dentified with the particular
piywood specimen with which they had been in contact.

| In addition to informal claessirfication of surface con-
dition such.as by appeérance, scratch hardness or finger abrasion,
‘w%w&zthe-twa&facésrbﬂﬂeQEh&mortaﬁfblookawereﬁsuhjected to: the:abrasion -
of 1000 grams (500 grams in Series 2 and 3) of steel shot falling
a distance of aboué L2 inches through s l-inch tube, The abrasive
effect was sufficiént to reﬁova all soft mortar within a circle
about 1 inch in diamgter but morter that hed hardsned normelly
was‘scarcely affected by thé,shot. In general, each gurface could
be classified definitely as "sound" or "dusted", Degrees of
dusting were classified as slight (1/32"), moderate (1/16™), or

severé (1/8"). Figure 1 shows two specimens with ™severe dusting",

ClihPDF - wawvw fastio.com
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Nos. 6X and 21A, each wilth two abraded areas., The remaining three

specimens are sound, No, 26 was cast against an olled glass plate.

SERIES 1

Panels in thls series conslsted of W x L® squares cut
. fr‘t';m:"'” R U
~ (8) The previously menticned sample of 5/8 inch
exterior "Plyform" (mill-~oiled) furnished by
a Los Angeles jdbber, )
(v) A sheet of 3/4 inch exterior typgfgiywood,
Grade A=B (not mill oiled), plurchased locally .,

. {(¢) Window glass.
Laboratory olling consisted of:

(1) A light brush spplication o form oil to both
faces 2l hours ahead of exposure or 24 hours
ahead of casting morftar when the psnels were
not exposed, or

(2) Two heavy coats of form o1l to both faces L8
and 2l hours respectively ahead of exposurs

or casting.

Qutdoor exposure was for two weeks, infra-red exposure for 48
hours. The condition of the mortar after hardening in contact

with the panels is shown in Table I.
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TABLE I

Data from Series 1 showing oil treatment applied to
test panel; type of exposure to weathering and con-
dition of mortar after hardening in contact with panel

¢ No. of. = : : :

: Laboratory : ¢ Side Facing :___ Degree of Dusting

:. Coats of ¢ Type of : South or to-: Plyform : Plywood ¢

¢ Form Qi1 - : Exposure : ward light ¢ B-B : A-B : Glass
H Nons : Nonse 2 H None None -:

H 1- 2 None s 8 None None ¢ None
: 2 . s None H g None None Rone
3 1 : Outdoor : X : Severe : Severe ¢ None
3 1 2 " 2 Y ;s Severe : BSevere :

e 2 s n 2 X ;s BSevere : Severe : None
"2 2 2 . 8 K Y : Severe : Severs :

5 None ¢ QOutdoor : X : Severe : Severe :

g None 2 " H Y : Severe : Severe :

H 1 ¢ Infra-red: X ¢ Sliight ' S

s 1 g . Y ¢ 8light :

H 2 H n - X : Slight @ 2

8 2 g . ™ no Y ¢ Slight 2

Note: The effect of outdoor weathering on the side facing north
. wWas the same as on the side facing south in all cases. In
infra-red weathering the side not exposed to the light
vielded sound mortar,;

SE'RIES 2

T T T Nk M

After the shot abra51on tests were made the specimens re-
mained in the laboratory for about a week, They were then immersed
in water for 2l hours end stored in the fog room for about a week.
After this treatme@t'all dusted surfaces were found to have become

hard and sound“

The paneis in this series consisted of those of Series 1

that had been exposed outdoors and which caused dusting of the

wavwLfastio.com
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mortar., Two groups of six similar psnels each were selected. In
one group both sides were cleaned carefully, one coat of form oll
was applied and they were exposed outside. A similar procedure was

followed with the other group but the panels were not cleaned be=-

fore oiling, After outside exposure for two weeks, mortar was

cast -against the faces of the panels in the manner described
previously.

None of the mortar blocks showed more than very slight
dusting. The panels that were not cleaned before oliing and ex-
posure possibly caused slightly more dusting than the cleaned
panels but in no case was the dusting comparable in severity to

that resulting from the first use of the panels,

SERIES 3
The panels of this series were cut from the 3/L inch

sheet of exterior plywood used in Series 1 and from scraps of

interior plywood from the carpenter shop., A piece of l-inch pine

board was also included., Each piece of interior plywood was
selected from stock of different thickness primarily to assure
that each was from a different sheet. The thicknesses were 3/L4",
1/2®, 3/8% and 1/4™. None was mill oiled,

The panels were exposed outéide, without oiling for O,
3, 7 and 14 days. After the exposure, one side was oiled and
allowed to dry for 2l hours; The panels were then mounted ver-

tical 1y in a box frame and mortar was placed in the spaces between.

www . fastio.com
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The effect of panel weathering on dusting of the mortar
was subetantially the same with all of the plywood sheets tested,
and-the<pine board as well; The results can be reported‘for each
group without reference to individual panels of the group.

TN Thae duration of exposure to outside weathering was found
" to have an important effect 'on the degree of dusting produced on

the mortar, For the exposures inveclved the results were as

follows:

Length of

: g : Degree of :
:. Exposure A Dusting
2 Nons S None g
s 3 days 3 Very Light e
2 7 days : Light s
: H Moderats g

lu days

Treatment of the panels with & coat of form oil after

exposure and 24 hours ahead of_faeting theumortar had no obaervable

effect on dustlng. The above tabulation applies equally well to

the sides of the panels“that were olled as well as those that were
not.. . |
Figure Ziehowe rather imperfectly, the appearance of part
of the mortar blocks after the sand abrasion test, The vertical
rows from left to right are of mortar blocks cast against panels

exposed-for O, 3,7 7 and 1l days respectively.
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_DISCUSSION-.
i In-Beries 1, the tests.with glass.plates indicate,. .. ..
strongly. that.the form.oil 1tself is-not direcly regpoﬁsibla_fongy
dusting regardless of whether it is applied liberally or sparingly.

The glass-adhered tightly,to the.hardened. mortar and could not be

removed without_breaking-thegglassminto“small_piecese;.TheiQil.wgs;
likewise found to-be harmless when 1{ was applied to plywood which.
was not" subsequently . exposed to.weather,. On the .other hand, the. ..
oil was unable to nullify the dusting that was brought about by.,. .
exposure of the wood.panels to the weather, . Series 3 shows the. .. :
ineffectiveness of the oil when 1t was appiled after outside . .
. .The data.indicate strongly that it is the wood itself . ..
that causes dusting., The -nature of the changes that take place in
the wood are not known bub it is evident that they do not. take
place during ordinary covered. storage, -1t is evident that the
dusting effect 1s not confinesd to a particular plece of plywood
because it was founduto"pccur;with;eagh of the. six pieces used in.
the tests. Two of these were of the exterior. type and four were
interior. The same results were obtalned ﬁitﬁ the single piece of
pine lumber. TIt is probable therefore that dusting can be caused,
by & number of species of wood, Duﬂﬁ*ng increaséd in severity with
increased length of outdoor exposure up to two weeks which was

the 1imit of the testsot Job exPerlenoe 1nd1cates that 1onger

P o . - - it

exposure m&y cause deeper dustingo

vww . fastio.com
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Direct eiﬁosufe to the sun is not necessary to bring
about the changes necessary to cause dusting because the result
was the same with surfaces facing north as with those facing
gouth. |
"It does ﬁ%t appear that accumulations of dust in the usual
' sense are & factor because accumulatlons ‘were véry light on the test
penels. They were somewhat heav1er on the sides facing north but
this did not inorease the severity of dusting measurably. The
observable dust wae of a light, linty character, spider webs, plant
down, etc. It seeﬁs prebable that such material was removed during
subsequent application of the form oil in Series 3,
Series 1 panels whlch were exposed durlng May caused
more severe dustlng than'Serles 3 panels which were exposed a month
later, dﬁring June:' Séries 1 panels received less sunshine and
.this euggests the ﬁossibility that dew may have 5een a factor,

Tn view of the results of these tests it appears that

"Wdﬁd?fbfmﬁﬂare*pbf?ﬁﬁfﬁiyﬁ§ﬁ§€§‘6f’dﬁ§%iﬁg;Wheﬁ%ﬁer*théj‘are“”‘éﬁh“ﬂ
exposed to Weether'for prolanged periods before concrete is placed
in them. The fact that dusting has not bsen reporizd more fre-
q&ently may be due to 2 general acczeptance of minor dusting &s a

matter of couree and that only the more severe cases have occaesioned

comment,

"‘ﬁ'“”f' _ 1 SUGGESTED REMEDIES
It is dlfficult to suggest a practlcal mezns of pre-

vention when constructlon conditions sre such as to make form

wivw.fastio.com
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setting far in advance of pouring a virtualnnecessity, It is
possible that a type of form oil other than that-custoﬁarily used
would offer protection,

In the final analysis, dusting affects the appearance

~_more than the structural integrity of the concreteﬁ ‘As nptgd_by_mmm

Lendecke, and as found in Series 1 of the laboratory tests, dusted
surfaces harden rather rapidly if kept moist;- .

It is suggested that, rather than attempt to employ
inconvenlent methods of preventing dusting, final results will be
satisfactory if affected areas arg subsequently cured for a few

days with water in a spray fine enough not to erode the soft

surface,
- Bailey Tremper
Supervising Materigls and
Research Engineer
BT:fp
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