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COMPRESSED WOO0D FOR FYXPANSION JOINT FILLER

INTRODUCT 1OY

Michipan is one of several States now pernitiéing the use of compressed
woold a8 & [iller maberdial for expansion joints in concrete pavement. It
wog deemed therefore of considerable importance to augment the Departmentts
knowladge of compressed wood behavior, which had been partially confined ‘o
knowledge obtained from other sources; by instituting ite own program of
gbudy designed 1o procure_certain original and fundamental data.

The laborabory study was set up in order to obbain first-hend infor-
mabion concerning certain specific and fundamental physical proverties of
different specles of wood when compressed before insitallation in the Joint.
These propertiss included (1) the extent to whieh wood,-whan compressed to
half ite originel thickaess, will expand when the load is released (a) in
air and {b) in water; {2) the pressures developed when such precompressed
wood is allowed to expand (a) in water and (b) in morbar; and (3) relation-
ghips which might be esbablished between the rates of expasnsion and conse-
quent development of pressure, and the application of cartain surface
tredgtments designed to reterd the entrance of moldsture during shipment and
handling.,

Species of wood. included in this study were Californis redwood,
eypress, Douglas fir and wémtgrn cedar. Bamples were purchased kiln-dried
and dregsed to seven—quarters thickness. ¥From these, lsboratory specimens

were cub, measuring four inches square.

* Belf-Txpanding Joint Filler for Concrete Pavement
Wa J. Van London, Housbon, Texas Chapber A.S.C.H., February 15, 1945



EXPANSION IN ATR AND IN WATER

In oprder to study the comparative expension propertieg of the four
gpecies of wood and the effect of varying wmolsture contents thereon,
laboratory specivens were prepared having diffecent ranges of moisture con-
tent. With the exception of molstures in the "as recelved® condition, the
ranges of molmpture conteut were egtablished by gosking in water to constent
welght, then allowing to air dry for predetermined intervalg. The actual
moisture contents were detemmined by dryinpg specimens prepared gimul-
taneously for this purpose at 105 degrees (. to constant weight.

All specimeng were cownpressed o 0.75 incﬁ thiclkness at the rate of
0.063 inch per minute,

Tanansion in Ale

Afber compression Lo 0.75 inch, specimens were placed on o drying
rack and thicknespes were recorded at intervals for seven desys. Reference
to Figure 1 shows the velative sxpansion properties of the four gpecies of
wood when allowed to expand o constant thickness in air st roon tempera—
ture. In general, the greater the original moisture content, the greater
was the uwltimate expansion in air. Drﬁing rack and agsoclate equipment
are shown in Fipure 2.

Txpanslon in Watlter

After seven days' expansion in alr, epecimens bad come to congbant
thickness in all cases. They were then stood upon end, grain vertical, in

1/4 inch depth of water, each specimen being sandwiched individually between
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Figure 2. Center shows drylog rack used for condi-
tioning wood blocks at different stages of ilnvestiga-
tion., At left can be geen waler bath for immersion
of blocks. At right d1e one of a series of identical
ingbruments dncorporating dynamometer ring and dial
indlcator for measuring pressures developed in wood
in contect with water or morter.

Figure 8. Wood blocke after compression to half
thickness shown standing in 1/4 inch depth of water
with grain vertical. Blocke held in conbact with
blotting paper by rubber bandg.




two sheets of blotting paper beld in intimete conbact with the wood by
rubber bands. This was to simwlzte position in an scbusl expsnsion joind
in conerete pavement. (See Figure 3)

Swelling of all epeclmens began ilmmediately after contact with water.
Thicknesses were averaged and recorded, at first et fifteen minute inter~
vals, then at hourly, then dally intervals for seven days. The 1/4 inch
depbh of water was maintained by éddi“bians. Here ais,‘ain, consbant thicle
negs was reached at the end of seven days.

Figure 1 shows bthege resulls ag well ag those relating to expansion
in air. It would appear that wood in the Yasg received" condition, con-
taining ebout five to seven per cent moisture, digplays the greatest ability
to expand when immersed in waber after beiﬁg compressed; wood containing
higher percentages exhibits the lowest ability. The effect of immersion in
water after & preliminary expangion in air is greatly diminished with
inereasing original molsture content. A study of Figure 1 discloses

interegting comparisons among the four specles investigabed.

PRESSURE OF EXPANSTON [N WATER AND IN WORTAR

In order to obtain as complete information as possible with respect
to relative expension properties of the four types of wood, it was cou-
sidered advisable to inveptigete the magnitude of forces set up when com-
pregsed woed is restrained from expending after immersion Iln water or frasgh
concrete. Accordingly, a battery of instruments was set up for this pur-

pope, congtructed as shown in Figure 4. Standard C-clamps were srrenged to

B



Tigure 4. View of apparatus used in measuring
pressures exerted by both normal and compressed
wood when surrounded by water or mortar. A
geries of three such instruments was used in
this investigablion. Instrument conslsts essen~
tielly of a large C-clamp with suiteble steel
plates for sandwiching specimens, a dynamometer
ring and a diel indicator registering in ten-
thousandthe of an inch.



hold a compressed wood block between suitable sgteel plates, with a dyna-
mometer ring and dial indicator for recording total force produced. Pres-
gures were celculated in the conventional manner in pounds per square inch.

Prassure of Bxvensilon in Weler

Reference to Figure 5 disgcloges that in all caseg the pressures
produced by total immersion in waler of wood compressed to halfl ifs
originallthiokness were far greater than the pressures developed by speci-
Bens which were not compressed. These differences were enormously greater
in the case of cypress and wesbern cedar, slthough the pressures developed
by these two specieg in the uncompresged gbste were less than those pro-
duced by redwood and fir in the uncompressed state.

Pregsure of EBxvpansion in Mortarp

Although the pressures developed tending to produce expansion of wood
when immersed in water arve of fundamental signifieancesrit wae felt neces-
gary to obtain date concerning such pressures resulting from immersion in
fresh mortar. This, it was believed, would more nearly simulete the actual
cage of using compressed wood ag a filler wabterdial for expsusion or con-
traction joints in concrete pavement.

Therefore, employing the same apparatus which wag used in gtudying
the pressures developed in water, records were secured of pressures induced
when wood specimens wers surrounded by a standard 132 Portland cement-
natural sand mortar. After pressures had bacome stabilized at approxi-
mately ninety-five hours after each experiment was started, water was
poured over the specimen to slmulate rainfell, its depth being waintained

at 1/4 inch.

ol
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Reference to Figure 6, in ﬁhich pressures of expansion in mortar are
plotted againgt btime, shows ultimate pressures ranging from fifteen to
approximately fifty-five p.s.i., depending on the gpecles of wood. At thé
extreme left in esch graph can be seen the curve of compressive strength
of normal concrete. At first glance it would appear that all the pressure
curves for wood lie well under the curve of compressive strength of con-
crete. The magnified porticns of the curves, however, show that this is
not the cage during the first few hours. Tor a period of from three to
four hours depending upon the species, the pressure developed by compressed
wood is considersbly greater than the compresggive strength of concrebe.

It was therefore congldered advisable 1o investigalte the possibility
of treating compressed wood in some manner which would delay the entraunce
of water withowt sacrificing ultimete pressure, in this way postponing the
development of pressuvre until the concrete is strong enéﬁgh to withstand

Cit.

EFFECT OF SURFACE TREATMENT

Trestuent employed consisted of (a) one dlp and (b) two dips in a
good grade of commercial (proprietary) membrane-curing compound. In caze
{b) (two dips) semples were allowed to dry to touch before applic&tién of
the second dip, In all easges, ag shown in Figwre 6, two dips imparied the
desired postponement of presgsure. In three oub of four species, one dip
proved insufficient, and in the fourth case (fir) it was barely sufficlent.
In ne cage did treatment seriously retard the development of pressure with

corregponding tendency to follow & receding concrete fata.



Stacking Trested Sanples

Inaemuch as any of the four species of wood studied appeared to have
ﬁefinite merit as & joint filler mwaterial, the question naturally arose
whether commercially fabricated jolnt filler material prepared in the
memer above could be gbacked and handled without stieking together. It
was found that no sticking occurs provided the pleces are dusted with

powderad chalk ag soon as dry to touch afber the gecond dip.

FIRLD INSTALLATIONS

Because of the promising results of the laboratory investigations,
" it wag decided to meke certain field ingtallations of expansion snd cone
traction joints using compressed wood. The Grand Ledge-Mulliken paving
nroject F-25-6 was available sg a site for a limited nuwber of experimental
jointes &t this particular time {Octeber, 1946). Plans were therefore made
to incorporste two expansion joints and two econtraction joints of one ineh
and 1/2 inch thickness respecitively, using Californla redwood, compressed
and treated with two dips of membrane-curing compound.,

Material for the conbtraction joints was supplied by Temas Foundries,
Inc,, in the form of blocks of redwood measuring 6 x 9 inches. These
pleces, originelly 1/2 inch thick, had been compressed by the vendor to
£/8 inch, then allowed to expand freely in dry air.

Waterial for the expansion joints was purchesed in‘the form of red-
wood planks 7/4 inch thick, dressed. These planks were cut into blocks
ebout 5-1/2 inches wide, in some cases wider, and exactly 7-3/4 inches long.

Blocks for two complete Joinbs were compressed in the lsboratory te 0,75

e



inch and allowed to expend in dry air. They were then btrimwed, Fitted
into the steel supporting baskets, dowel holes were drilled, and the blocks
individually dipped twice in membrane curing compound.

In the cage of all four jeinte, the blocks were placed with the
grain vertical., Rach block was fastened to the adjacent blocks by cor-
rugated fagteners. Tigures 7 ﬁhrougﬁ 10 show the method used in sebting up
and ingtalling the conbraction and expansion joint assemblies.

Locabtion and Installation

The experimental joints were placed at the following lecatione on

October 23, 10246:

Station Type of Joink Paper Under Joint
780468 Expansion Yeo

TT9+HE3 Contraction , Yesg

778468 Contraction Ko

777468 Expansion No

Figufes 11 through 14 illustrate the various stepe involved in
insgtelling the Joint sssemblies. In all four capes, the jeints Weﬁe made
~to Sat-flush with the surface of the pavement and were left wsealed in
order to focilitate observetion of subsequent behsvior.

Behavior of Wood Joints After Installation

Periodic examination of the wood joint insgtallationg over a perilod
of several months discloged that the thin compressed wood filler apgsenblies
used in the contractlon jolnte were wnsatlgfectory in that they did not
appear to follow the increase in joint opening which was observed. Con-
giderable space developed on each side of the wood filler, between the wood

and the concrete joint face. B8ee Figure 15.



Tigure 7. Wooden form used in congtruchting precom—
pressed expansion and contraction joints. TForm
mede to conform to crown of pavement. Length of
form equals width of one lane.

Figure 8., Contraction joint made of 3/8 inch com-
mercilally compregsed. redwood, constructed in
Laboratory, surface treated, and installed in Grand
Ledpe-Mulliken pevement.




Figure 9. View of compressed. and trested red-
wood expanglon and contraction joint assemblieg
set up for dowel lubrication and sleeve
ingtellation,

Figure 10, Another view of agsembllies in same
gtage ag 1n Figure 9.




Filgure 11. Stage during installation of experi-
mental precompressed and treated redwood expension
Jjoint asseubly at Station 780 + 68. Asseubly is
belng trued to form,

Figure 12. Stage during dnstallation of experi-
mental precompressed and breated redwood expansion
Joint assembly at Station 780 + 68. Steel rein-
foreing megh being placed over first layer of con-

crete west of joint. Note care being taken to

avold displacement of joint assembly,




Figure 13, FEarly stage during lnstallation of
precompressed and treated redwood contraction joint
assembly al Station 779 + 68, Joint assembly belng
trued bo form and crowm. ‘

Figure 14, Slightly later stage than that shown
in Flgure 13. Note steel reinforcing mesh being
covered.




Figure 15. Shows condition of redwood contraction
joint at Station 778 + 68 three weeks after
inetallation,



The one inch expansion joints, however, still were in fairly satis-

factory condition at this writing (May, 1947). See Figure 18.

CONCLUSIONS
Certain gpecles of wood when compressed to half 1ts original thickness
in @ dry state will expand, in the presence of molsture, to approxi-
mately B5% of the original thickness. Thus a bosrd 7/4 inches thick
when compregeed and ingtelled to form a one inech expansion joint would
alwaye exert a pressure against the abutiing glab faces o fofm &
tight Jjoint.
Californis redwood geems to be ideal for this purpose although certain
other woods may be usged successfully.
A11 compressed woods mugt be treated with a water repellent material
afber compression in order to deley expansion in storege and hendling
and when placed in the pavement to postpone the development of pres—
sore until the concrete i1s strong enough to withetand it. Laborstory
gbudies indicate that this mey be easily accomplished by various
methods, and therefore constitubtes a minor manufacturing problem.
It ies believed that conpressed wood would not be successful for joint
widthe lege then 3/4 inch in widih because the thin boards would pro-
duce joint fabricetion difficulties and the lesser wood sectlon will
not provide the deglred preesure at all times o keep the jolints
gealed,
Although compressed wood ag a jolnt filler materlsel ie unquestionably
superior to obher materials now in common uvse, 1t ig not economlically

available &t the pregent time to contractors in Michigan.
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‘ Figure 16. Shows condliion of redwood expansion
! Joint at Station 780 + 68 three weeks after
: installation.




