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OBJECT OF THIS TUCCIS
The obJject of this thesis may be divided into three parts:

l. To determine the percent of bitumen and fibrous material ia
each of the six samples which I have at hand. Also to de-
termine the percent of organic and mineral matter in the fi-
broue material and to identify the bitumen,

2, To determine the emount of expansion of each samrle after
being comrressed under various pressures,

3. To formulate a mastic compound conelsting of asrhalt and saw-
dust plus some sort of mineral matter such as sard, which
would meke a satisfactory expansion material with the desired

resliliency and rermeebility.
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SHORT HISTORY (T IXPANSION MATERIAL

For centuries concrete has been used in some form for the con-
gstruction of huge engineering projects, Tsake for example, the early
Roman roads., Although these roads were congstructed of stone blocks,
the blocks were bound together by a mortar consisting of hot lime and
sand, It is true that today the word concrete does not designate a
mixture of hot lime and sand, but such a mixture was a fore-runnsr of
the present material which we call concrete and which is used exten-
gively throughout the entire world.

In the construction of the early concrete pavements, there was
little or no knowledge of the physical characteristics of the pave-
ment after 1t had once been laid., DTrainage was known to be an impor-
tant factor, but the expansion end contraction of the material were
factors which were rot dealt with at first. Conseguently, trouble a-
rose in construction due to the cracking and heaving of the pave-
ment resulting from the continual contraction and expansion. As a
result, there was much costly construction which was ruined or made
very unsightly and large fiancial lossed were sustained.

Engineers began to realize that there had to be an insertion of
gome elastic material at certain intervals between the slabs in order
to counteract the change in volume, A pavement laid without ade-
quate rrovision for expansion and contraction was a waste of time as
well as a waste of money,

The first material to be used for expansion material was wooden
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boarde. These boards were spaced trensversely at short intervals a-
long the roadway. In some measure this material was successful, but
it lacked resiliency and permeability and due to decey was very short-
lifed., These defects were not the only factors which made the wooden
material unfit for expancsion joint purroses, but they were the rrinci-
ral ones. Since these characteristicsg, vhich were and are very essen-
tial to good exransion materisl, were lacking, wooden boards were ren-
dered impractical,

The wooden material did not last long, however, because asphalt
was found to te the logical material for expansion joint purroses, due
to 1ts abllity to retain its elacticity under varying climatic condit-
ions., After actual experiments had been made rure asphalt was found
to be too soft in the gummer and too hard and brittle in the winter,
Tue to the intense sumnmer heat, the asphalt would melt and be forced
out of the gars, and be carried away by the traffic., Then the conirac-
tion of the concrete occurred there was ro material left to fill the
gap, In winter the asrhalt became dbrittle and was shattered and broken
up by the ghocks and impacts caused by the traffic. In both cases w;-
ter and dirt settled in the gap and became an inert material. This
caused considerable damage to the constructicn.

There is today, highly develored expansion materials which have re-
sulted from the necessity to provide for the contimal contraction and
expansion which occurs in our modern concrete ravements, This material

18 not pure ssphalt, but a mixture of fluxed asrhalt and fibrous material,
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The fidbrous material acis as a binder and because of its inertness is
not affected by temperature and moisture variatione,

There are various companies throughcut the United States that man-
ufacture different typcs of material for expansion Joint purroses,
These companies have fully equipped laboratories which possess adsquate
research and develorment facilities, All of these companies extend the
finest kind of cccoperation toward research developments and are alwayse

willing to ald in any experiments conducted outside of their ovn

premises,
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WHY IS EXFTAVSION MATERTIAL NECESCARY?
Expansion joints are placed in rigid paverments for three genseral
rposes:
1. To prevent so-called blow-upe or heeving of ravement,
2., To control cracks,.
3. To prevent spalling due to unrélieved compressive stre?ses.
Due to experiments conducted by verlous comparies and exreriment
gtations throughout the United States, it has teen found that concrete
expands or contracte ,00GC055 to 0000055 or an average of ,0000CS
times its len~th in inches per depree change in temperature. The
mocdulus of elacticity of concrete is taken as 3,000,000, Cn this basis
the unit strees - 3,000,000 X ,000C06 ~ 18 pounds rer scuare inch,
This mecans that cone desree change In temperature is carpable of produc-
ing a tensile or comprescive etress ¢f 18 pounds per square inch,
A gcod daily avergge temperature change may be taken as 10 degrees,
+000006 X 10 X 5280 X 12 = 3,801 inches rer mile.
This 1s the amount of contraction or erraneion which takes place
due to a daily variation of 10 decrees in one mile of pavement,
A good annual average temperature change may be taken as 130 de-
grees,
«000006 X 130 X 5280 X 12 = 49,413 inches per mile, Thig is the
amount of contraction and expansion which tskes place dus to an anmal
variation of 120 degrees in one mile of pavement,

l'aximum temperature estresses also vary over the cross-section of
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ti.e slab, The variation in *emperature is 10 to Z0 degrees, Only at
short intervals in the morning and evening is the temperature ccnstant
throughout the cross-gection of the elab, Thils variaticn would tend to
expand the uprer part of the cross-section of the slad when the lower
part was ccntracting and vice-versa,

There are bending stresses which are set up due to traffic lcads
which may cause both tensicn and comrression, These stresces are tsken
into consideration in the design cof the pavement, dbut due to fatigue,
impact, and excess traffic loads, additicnal bending stresses may take
place,

ltisture and dryness are two more factors which bring atout con-
traction ard expansion of pavementsz, The general tendency among en=
gineers is toc disregard entirely the effect ¢f mcisture ard its relgp
tion to the changes in volume of the concrete, Cocncrete expands when
wet and contracts when dry, the amount of chanre varying with the pro-
rortions of the cement and its ape., The greater the proportions of ce-
- ment, the greater the change in volume dune %o moisture, The change in
velume due to the variation in moisture content is equally as great as
the change due to a variation from summer to winter temperature, Lab-
oratory measurements have been made which indicate that under ideal con=
ditions moisture can cause a chenge in lergth equivalent to that change
caused by a variestion in temperature of 109 degrecs,

The statements made above are statements which are true in every de-

tail, I have set forth four very importart reasons for the use of ex~






pareion joint material, Proper rrevisiorns rust be rade to take care
of the variaticns in volume if muccess 1s to te Lad in the constructicn

of modern pavements,



TYYZS COF EXFANSION JOINT I'ATERIAL

In generel there are two different types of Joints ured in the
construction of pavements; the premoulded Joint ané the poured Jjoint,
These joints conelist of two materials as a Pasis; acrhel® and tar.
There are three acvantages in using thece materials; 1., Price;

2. General availability; 3. Ease of handling.

The premculded joints are more popular amcng contractors due to
the ease with which they can be installed and the lack of tools vwhich
are necessa;y in installing poured joints., These premoulded Jjoints are
9sed in two wayé: as a joint whickh cute the entire crosg-cection of the
glab and as a dumny Joint which cuts only a rart cf the cross-sgection,
The joint which cuts the entire crcss~section is used throughout the
United states on all of the large high-ways. Iowever, thLe dvnmy Joint
hes proven satisfactory in various rarts of the couniry,

Tor exemple, the city of Seattle has had umuesuel success in the
use of dummy Jjoints, The amount of cracks was decreacsed bty 96% by thelr
use and the durability and ccntinmuity of the concrete was also increased.
The Jjoint wa s constructed by means of making the gap with a two inch
T-bar and filling it with the premculded material only two inches deep,
Each side of the joint was edged and finished,

The complete separation of adjacent slebs through joints is in
marked contrast to conditiorns at the dummy joint., EIven after cracking
below the dummy Jjoint, hes occurred, the adjacent glebs are keyed and

interlocked by the irregular nature of the crack, and any change in






gurface elevation is common and mutual to the two atutting slabs. A
elight change in direction nmay occur, but abrurt discontinuity in the
gurface is impossible,

There 18 a declded advantage in the use of dunmy Joints as compared
with through joints, as I have shown above, Trovidsd there is no large
variation in moisture ccntent end temperature of the concrete., The Jjolnts
ere easidy installed and are vsry econcmical., However, such jeoints wounld
not be suitable in !7ichigzsn due to the large variation in temperature
end molisture content,

The poured joints are conestructed by meang of first placing some
sort of a form between adjacent slabs and then removirng the form &g soon
as the concrete is set and pouring the joint material into the gap.
There are various methods of making the gap. The most commonm nethcds
are using a board slightly tappered ard using a wedzed shaped shell of
steel which may be easily remcved after the concrete becomes set by re-
moving the wedges vhich keeps the shell spread apart, These are only
two of the many methods which are used., The material used in the poured
Joints can bte and is used for crack fillers also,

The one big advantage of the poured joint is that it has a tendency
to cling to the concrete with which it comes in contact and this results
in a much more stable exransion material. There is less clance of the
material being separated from the concrete end the gap becoming filled
with dirt and water,

Of the two types of joints, *t%e noured and rremoulded, the later is
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uszed mich more extensively than the former. Iowever, I can see no
reason why the poured Joint cannot be used mcre in the future., The

big item 1s an economical means of installing such a joint,
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QETCAL AYALYSIS CF SIX SAMFLES OF EXTANSICY IGTIRIAL

Ihad six samplee of } inch expansion meterial with which to work
in making my enalysis,

Aprroximately 1CO grams of each sample were broken up and rlaced in
individual beakers filled with 2C0 to 300 cc. 0f carben disulrhide, and

left for 24 hours, ZEach samsple was comrletely diesinteszrated as a result

of the bitumen teing dissclved by the cerbon disu};hide,

The fitrous material was remcved by means of the centrifugal method.

Each sample after being diesolved was placed in tre iron bowl of the cen-

“kifugal extractor, properly called the "Rotorex™, A round riece cf felt

Daper was placed on the bowl with the center cut out to allow air to eg=

care during the process after the ccver had been fastenad on by means
of a milled mut, 4in erpty besker was placed at the gpoeut before start-
ing the mechine, The machine was started and run slowly at first to
allow fer an even distribution of the fibrous material, The sypeed was
then increased by means ¢f the regulator until the dissolved bitumen
wes drained off,

When the first charge was drained off the motor was storped and a
fresh amount of cerbon disulphide was added, This operation was repeated
four to six times using 150cc, of disulrhide with each addition,

. When the last addition of disulphide had beon érained off the
ccver and felt Taper were removed and the fibrous material was renoved
from the bcwl and felt poarer to a metsal container and rlaced in the hot

alr oven at £7 degrees C. for one hour, The material was placed in the
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oven in order to remove any carben disulrhide jresent, The fibrous
material was then welghsed,

The discoived bitumen was then placed in a diletiliing Plavk and
distilled at a temperature of 45.5 degrees C., the heat beirsz supplicd
by mesns of an electric light bduld, ( Figure I shows the get-up of
the distilling apparatus.) After all carben disulrhide had been dis-
tilled off the bitumen in the flask was heated by means c¢f a ¢as flame
and poured into a small metal cerialrer, In removing the bitumen it
was found that all &isulphide had nct been thoroughly distilled off,

‘hen the bitumen was hea ted, the intence heat caused a bdlue flame
to arpear and the titumen sho&ed the presence of gas due to the tubb-
ling effect. TLere was also a strong odor of burning disulphide,

The metal containers ecntaining the bltumnen wsre then placed in
the hot air oven at a temperature of €7 degrees C, fcr I8 hours to re-
move all disulphkide, This rroved very satisfaclory. TLe removal of
all disulphide was absclutely necessary because of the srecific gravity
of the bitumen. I made a srecific gravity test on sne samrlises before
the bitumen was placed in the hot air cven and afier it Lad been heated
for I8 hours and I fourd there was & slight variaticn in the two mpec-
ific gravities,

At the end ¢f the I3 hcur heating pericd the bditumen vas taken
from the oven and each samyle was Leated to a temrerature of 30C de-
grees C, and thoroughly mixed and then allowed to cool, The specific

gravity was then determired,






The-precific gravity of four of the sarmples wae determined by

means of the disrlacement methcde A emall specimen of the bitumen
was suspended by means of a wexed string from the end of the balance
and the weight reccrded. This weight was called "a", The specimen
was then weighed completely immersed in pure distilled water at 25 de~- |
grees C,, adhering air bubbles beling first removed by means of a wire, |
This weleht was called '"b", Tre specific gravity vas deltermined from ‘%
the formla:-

a
Specific Gravity =

a=>» '
Tre specific gravity of the last two samples of bitumen was deter-

mined by meens of the alterrate displacement method, A small crucibdble
was weighed susperded from the beam of the balanc® by means of a waxed
thread, This weiskt was called "a", The crucidle was then welghed in
Fure distilled water at 25 degrees Co This weight was called ™",
The crucible was thorcughly dried in the hot alr oven and then filled
with several grams of the material under examination, Tre welght cof
both the bitumen and the crucitle was called "c™, The crucidble and
bitumen were then rlaced in a water bath at 25 degrees C, for one-healf
Lour and then weighed in pure distilled water at the same temperature,
This welght was called ™d"™, The cpecific gravity was determined from :
the formula:=-
c=a
Srecific Cravity = |

(¢ =a)=(da-1)
After finding the specific gravities cf the six gamyles of bitumen,

each sample wag identified by —eams of the chart shown on the next page,
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A1l samples c¢f bitumen were_found to be some grade of asphult,

After weighing the flhrous material it was pleaced in shallow pane
anl heated over a gas flame to a red heat, At the same time a flame wag
arrlied directly to the material, This precess was continued urtil there
were no incardescent particles remaining, The resultirg ach was then
weighed, this arh being the mireral mstter,

The followirg is a samrle cemputation for the analysis using the 3

inch tyre '"B" gervicised Joint:-

Wte of sumple = = = = = = = « - - e .- ... .- -a- - 1CC.00 ge
Vte of fibrous material = = = = = = = - - - === -~ == 1,84 g,
21484
Tercent of fibrous meteriagl = = = = = «cceee= = 21,84 %
: 1C0
Percent of bitunen = = = = = = = 100 - 21,84 = 76616 %
Wte Of mineral ratier = = = = = . . - e - - - .- .- - 12,69 g
12,69
Fercent of mineral matter in fidbrous material ——==—eww- = 58,10%
21,84

Percent of oreanic matier in fibrous material 100 = 58,10 = 41,90

e
o=

Specific gravity:=

Wte of sreciran Inalr = = = = = = = = = 37420 g
Wée o0f gpeciman in water = = = = = = -~ - C.C320 g
Iifference In vty = = = = = = = = = = = « 36500 ge
Ce7420
Specific gravity = ——ceme——- = 1,025
26500

Record of analysgis:=
1, % inch type "B"™ Joint manufactured by the Servicised Froducts Corp.;
Wte o0f saMple = = = = = = = = -~ - - - - - -~ -~ 100,50 g

wWte of fibrous materiel = = = = = =« = = = =« =@ =« = = 21,4 ge
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Wte of Bitumen = = = = = =« =« = = = = = = = = = == 72,18 g,
Percert of Titumen = = = = = = = = - @ = = = = « = = 78,15 %
Fercent c¢f fibrous material = = =« = =« « = = = = =« 21,65 3

Vite 0f mineral meltsr In fidrous materiel = - = = « 12,69 g

Wte of organic matter in fidbrous matzarial = = « = - 2,15 g,
Percent of organic matter in fibrous material - - - 41,50 %
Percent of mineral matter in fidrous material = - = 58,10 %
Specific gravity of blturion = = = = = =@ = @ = = == 1,033
Identification = = = = = = = = = = = = < 041 ag;halt or molillac,
% inch "webted" Joint marufactured hy the Servicised Products Corpes
Wie of sample = = = = = = = = @ = = e m = ===« 51,70 g
Wie of fidrous malerial = = = =« = =« = <« = =~ = -~ = 22,10 ¢
Wie Cf Ditumen = = = = = = = =~ = =~ = = = - - == (2,60 g,

Tereent ¢f hitimen = = = = = = = = = @ = = = = = = = 76,88

&

Fercent of fibrous material = = = = = = =« = = = =~ = 27,12 %
Wie o©0f mineral matter in fldrous material - - - - = 11,41 ¢,
wte of orcanic matter in f£idrous meterial -« - = = = 10,69 g.
Percent of organic matter in fitroms material - - - -48,39 &
Tercent ¢f mincral matter in fihreus material - - = 51,61 %
Specific g¢revity of bitumen = = = = = = = =« = = = = (,021
Identificsaticn = = = = = = = = = = = = < 01 acphalt,
% inch "felt side” jJoint mamufactured by tLe 7, R. lleadows, Inc.;

Wte of semple = = = = = = = = = 2 = - - - - - a = 100,00 g

Wle of filbrous matericl = @ = =« 0 o 0 = e = === 24,91 g,



Ve .



e CfL DitNEN = = = = =

Fercent of bitumen

Fercent of fibrous moterial - = = = = = =@ @ =« o = -«

of mineral matter in

nre
Lve

Wt

e of organic matter in
Percent of organic matter

Fercent of mineral matter

Specific grevity of titumen

fidrous material = = - =
fibtrovsg materinl = = - =
In fibrous material = = =

in fibrous material = « -

(17)

Identification = = = = = = - - .- .- 0il asphalt,

4, } inch fidbrous joint menufactured by the Iccsier Co.;
Wte Cf PanTle = = = = = = = =~ @ = = = = = = = =« = 10,00 g
Wte of fidbrcus materisl = « = = - - - === 22,089 g
Vte cf Dltumen = = = = = = =« « 5 0 e 0 c @ - == - 7741 go
Tercent of bituren = = = = =@ = = =« = = - - T74E1 D
Fercent of fibrous material = = = = = = =« = = = = =« 22,59 %
W, of minera 1 matter in fidrous material = « =« = 6,99 g,
Wt of corganic matter in fibrous material - - - = =135,50 g.
Tercent of organrnic matter In fidrous materiagl = = = £3,06 %
Fercent of mireral matter in fidbrous meterial = - - 30,94 %
grecific gravity of bitumen = = = = = = = = = = = = 04970

Identification « = = = = = « 01l asphalt or fluxed heavy residual,

. ,
Se¢ $ inch fibrous joint ma mufactured by the We R. !®acdows, Ince;

Yite Of sample = = = = = - =

of sample =

Wte of fibrous material = = = = = = = = e = = = = 27,22 g,
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Wte ©f bitumen = = =« = = = = - — == e .- - - - T2e77 &o
Fercent of bitumen = = = = = = = = = = = = = = = - - TRTT
Fercent of fitroue material = =~ = = - - === = 27,20 %

wte of mineral matter in fidbrous material = = = - = - 15,67 ge

{
1
[
(&)

[ )
o
(2]

[+¢]
°

wt. of orga nic matter in fibrovs material - - -

1
!
i)
(Yo’

.

-q
(ea]
AN

Percent of organic matter in fidbrous material -~ =
Tercent of mineral matter 3in fibrous meterial = = - = £0,22 %
Specific gravity of bitmen — = = = = = = = = = = = = 1,C15
Identification = = = = = = = = nmalthes or oll acphalt,

% inch rutber fidrous joint mam:fectured by the Johns - lanville

Wte Of 88mple = = = = = = = = = = - - -— - - - = 98,00 g
wte of fibtrous material = = = = = = = = = = = = = = 50¢35 g
Wte of Ditwren = = = = = = = = = = = = = =~ = - = = 47,63 &
Percent of bltunen = = = = = = = = = = = = = = = - = 48,61
Tercent of fibrous material = = - - - -—— .- -~ £1,39 %
wte o0f mineral matter in fibrous material = - = - = 26,66 £

Wte of crganic metter in fidrous materisl - = = - = 2370 g
Percent of crga nic matter in fidbrous material - - - 47.C6 %
Percent of mineral matter in fibrous material = = = = 52,04 %
Specific gravity of bitumen = - - - - -——— = - - - 1,038

Identification = = = = = = - = malthas or oil asrhralt,

(v

Qa
~

Coe;
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EXTZRITENTS CN CCNTRACTION AMD ZXTANSICN

I had six different samples of 3 inch expension joint material will
which to conduct ry tects., There were three samyles vhich were of the
¥sandwich 3Joint" tyre, that is the bituminous and fibrons materials were
contained between tvio felt sides, The other three gamples were made vp of
the same material throughout snd had no felt sides.

Lach sample wags cut to a 5" X 4" size before belng tested,

At first one sample was rlaced between two six inch concrete cylinders
about two Iinches thick and compressed in a hend operated machine but the
conmpresslion wes not uniform and cculd not te accurately measured, Two
steel plates 5/8 inch thick and 9 inches in diameter were then used in-
stead of the concrete 6ylinders,

The sample to be tezted was j3laced between the two plates and core
pressed in the hand orerated mechine, The first compression was cnly 4,000
pounds, As soon ag the specimen had been compressed, it was removed from
the machine and its thicknees measured, The measirement was made by plac=-
Ing two steel straight edses on each side of the sample and measuring tne
dista nce between the two straight edges with a steel scale calidrated to
01 of'an inch, The straight edges were extended over the entire length
of the sample and held firmly to it, Tour measurements were rmade on the
four edges respectfully and an aversre tnken as the final result,

Each of the eix samples was compreceed in this marner, As seon es all
samples had been comrressed they were allowed to remain undisturbed for

24 heurs, At the end of the 24 homwrs, ench samryle was measured as I have



have described before, Thils thicinerss subtracted frcem the first thick-
ness rerresented the amount of expansion,

Each saﬁple vas then compresred under a pressure of 8,0CC rourdég and
the contracticn measured, the amcunt being the total centraction dne to
both the 4,000 pounds and 8,050 pounds pressure mirms the amount cof ex-
pansion reeculting from the 24 hour rest period, The same garyple of each
cormercial tyre was used throughout the entire test in order to maie the
test fit the practical use of the material., That 1s the sanme riece cf na-
terial vhen used in rractice is not compressed cnce under only one preg-
sure, but it is compressed a number cf times under varying pressures, So
it is that the test was made with only one srecimcn ¢f each tyre,

re compressicn test was carried on in the manner descrided using
12,000 pcunds, 16,000 pounds, and 20,C0C rounds jressure respectively, Af-
ter each eomprescicn, each rample was allowed to remein undisturbed for
24 hours with one excerticn, After the 12,000 pound compreesicn, each
sample remained unéisturbed for 72 hours. All of these tests were carried
on under a temperature varying from 80 decrees F, to 61 degreecs F,

The following results were obtalined:-

I, Type "B" Joint - fibrévs Jleint;

Pressure Total Contraction Irrpansion
4,000 1bs, +OI5" 0I5
8,CCO 1bs, 030" .018"
12,000 lbs, ; SCE7Y Loz
16,CCO 1bs, oI7TT JCZI"

20,000 1bs, JIST" .0I8"



€, Kocsgler Joint - flbrcus Joint;

Prescsure Total Contraction Trpansion
4,000 1lts, .ClC" +C10"
€,000 1ts. .C20" « 06"
12,000 1bs. $CG2" 016"
16,000 1bs, 127" o OC6"
20,GC0 1bve, 142" SC17"

3¢ lNeadows' joint « fibrous joint;

Pressure Total Contraction Zxpangion
4,CCC lbs, .Cl0" 010"
8,0C0 1lts, 50" «C30"
12,00C 1bs. 129" 020"
16,CC0 1ve, 157" 0z2m
20,000 1bs, 190" .014"

4. "relt side” joint = felt side joint;

Fressure Total Contracticn Expancsion
4,CCO 1bs, «C2B" .0lg"
8,CC0 lbs, 51" Nolsa
12,000 1bs, « 140" .018"
16,0C0 1bs, 176" .cz1m
20,000 1ts. 223" . .0oon

5., ™lebbed™ jcint - felt side joint
Pressure Total Con*racticn Expaneicn

4,0C0 lvs, «C20" 010"
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8,000 lbs. .075" .C’OS"
12,000 1bs. J1nAn o7
16,GC30 1bs, #1537 e 13"
20,0C0 te, e 22CN « 003"

6, "Elertite"” joint = felt gide Jcint - momifactured by the Thilip Cerey

Coes
Tregsure Tutal Contraction Ixpension
4,000 1bs, «0C5" «GOS"
8,C00 1bvs, «C50™" 015"
12,2000 lbs. 01C4A" 024"
16,0C0 1bs, 1897 203"
20,C00 1bs, o 226" 017"

There were geveral very interesting results noted from the compress-
ion tests,

In the first rlace it was found that there is practically no exransicn
to the commercial joints afier once being compressed sufficiently to change
thelr rhepes. The greatest amount of expansion at sny time during the
tests was only .C3 of an inck, This is a very amall amount in comrariscn
to the amcunt of contraction of a slab due to a falling temrerature or
large decrense in moisture content., TFor example if a pavement had exran-
sion Joints placed every 25 feet there would be ZII joints to the mile,
2ITI X 03" = 6,33" of exransion of the jJolrt ma terial .hich wculd be in-
sufficlient to take care of the contraction of the slabs of the pavemert,

Of course the continual traffic would telp to ypush the jolnt material






.

“ack irto the gap after it lLizd crnce rerm frrced cut due to the exjan—

sion of the twe adfocert slobs, bul tre Jfolnt would losze i1%s efficlerc,
beeause there would te srace dhetween the lower part of the crose section

of each ¢f the adjacent eglats and tlhe Jjolint ~aterial, In care of wo-

ter and frost ccnalderable demsge might reeilt from this eltustion,

In recerding the yreecures 1t was found thet the meterial would fo-
tigue wken being compresseds It was Impcesitle to keer 2 constant yres-
gure,s A8 g rezult sll recdings hed to be talcn for ar instuntaneosus
presgsire, Then the preseure was oyrlied to the material, it vaes cene-
stant for crly en instert ard then ste«lily docreased, In tris care
trere vould be nc ccnetart pressure on exransion rmaterial between tvo ad-
Jacent glabs,

In the case vhere the sreclmens were left urdisturted for 72 hours
instead of 24 henrs there was no esprreciatvle differerce in the srount of
expar.cion for the tvio reriodes, Under an apyroximately conetart temper-
ature, the exysnsion of the Jeint materlal reached g maximum during the
firet 24 hour pericd,

Tue three felt side cr "ssndwich® Joints were lesa registnrt to
preesure arnd more easily compresred, The dbitumincouns and fidbreus raterisl
within the felt pides was sgueezed ont when comrres=icn took place. This
is a dissdvantage from a yracticel vievpeint when this conditlen cccurrs
in a concrete pavement, the biturinous and fidrcus matorial waald be
forced above the surface of the sliabs The wheels cf traffic would then

carry the nsterisl avay and leave an insufficient amourt to 111 the grp



in case of contracticn,
The fibrous Foints ceom to te the dbest type of joint for precti-
cal purposes, This tyre Ie one which bclds i%s chare muck better and

dces not squeeze cut like tle "sandvich” Jjolnt, Thi

¢ ]

tyre is slro ncre
resistant to courression and binde itself more easily to the cross sec-
tion of the slgb, The binding quelity wae demonstrated by the wey in
valch the fibrous Jeints alkered to the steel plates when comrression

took rlace, TFor the reasons stated abeve fibrous jolnte chould prove

more saticfactery thon the ro-cazlled "ecendwickh™ Jointso,
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A TASTIC IXTANSION 1WTCPTAT ZOISISTING CF ASTIAIT,
SAWTUST, £alD, AMT E£ILICA TUCT.

There has Yeen 11ttle use made of cawduet as a filler or binder in
exransgicn joint meterial. The only reccord which I have fourd concernirg
its use was in los Angeles on the lcs Anseles harbor truck boulevard,

Gaps were nade every 200 feet by means of & tapercd steel header 1 inch

et the tcp erd % of &n 1nch at the dottems The rroportiors of arphalt

ard sawdust vere 3 : 1 by weight, This rroporticn rerrecernted the nmaximun
amount of sewdust thet the asrkalt would atsord. The rawdust wee also abso-
lutely dry when mixed with the asphalt to avold stean in the kettles ard

the exrlecding of the arrhalt,

Sawdust is & rather elastic material due to the peculisr shepes of the
various individual particles, If you taze a handful of the material and
squeeze it ih your fist end then oren your Land, the expansion is very
ncticegble, Ancther test which will show its elasticity is to compress the
gawdvst after it hses been placed in a container, Immediately after the
pressure 1is relieved, the surface of tle material will rise,

Before riakiing any use of the sawduet, tre bitumen was given several
standard tests,

The first test vas the specific gravity test by tre displecement me-
thod as I have described tefore, The tspecific gravity was found to be
1,025,

The next test was the pensiration test, Tihe asphalt was heated and a

sufficient amcunt wse rlaced in a small metal bex and allowed to cool at
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rocem temperature. The sample wo~ *»~n »laced in a water bath at 25 Ge-
greee Co for cre hour., 7The arreratus used wans the cne reccmmenrded %
the £, S Te ! Stendard l'ethcd, At the end of the hour pericd the

sa mple was rlaced in the transfor dich and completely irmersed in water
and kert at a constant tenperathre of 25 Jegrees C, The needle vas
loaded with 10C grams and the point mede to ccme in contact vith the bi-
tumen, The sdjustrient of the shaft holding the necdle was mede so that
the readlng was zero. The needls wes released for 5 secends and the a-
mount of pernetration vas reccrded, This prccess was cortimed until
eight readings had bhe2n rencrded,olweys keeping the sample at & cer=-
stent temrerature, An averere of these elght readince was tsken as the
true penetration at 25 degreee C,

Record of renctretion test;

Test Tenstration

1 4540

2 46.4

3 47,5

4 50,0

5 45,8

6 49,2

7 48,0
S:6e Y

Averare = B46,9 - 49,5
The flash and fire points were next determined by means of the oyen

cup, Standard eyparatis wes used, The asrhalt was heated and placed in
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the cup until the meniecus was exrctlyv at the fine line on the insile.

A gas fleme was placed under the cup and tie asrhalt was heateld at the
rate of about 10 degrees F. rer mimte, At the same time a gns flome
protruding from a 1/16 inch orifice waes pasged back and forth cver the
gurface of the bitumen shout % inch abeve it and perpendicular to the
diameter of the cup. The time for the rassege was about cne second,

The flash roint was fcund to be aprroximntely 545 derrees F, and the fire
roint was fcund to be 606 decrees F, The flach point vas the temperature
taken vhen a true flash apjesred on the surface of the bitumen, The fire
yoint was the temperature taken wien tre serhalt igmited and contimued

to burn for at leesst 5 geconds,

The last test was the Quctility test, ™he asphalt was Leated to a
temperature of 170 cegrees C, and mixed theroughly and then poured into
the briquette moulds, The moulds were allcowed to cool at foon temnergm
ture., After ccelirg they were placed in a weter bath at 25 derrees (.
for ore half hour. At the ernd cf this pericd the moulds were smoothed
off by means of a heated spatula, They were then rlaced in the water
tath for cne and one~half hours, The moulées were taken from the wator
bath and the plate end side rieces removed so tha*t each briguette cculad
be placed in the ductility machine, by means of ihe +wo renalning elips,
The clips were 1ulled a part at a uniferm rate ¢f 5 cm, rer minute, Tur-
ing the test the water in the tank of the machine was kert at a censtant
temperatire of 25 degrees ¢ The reading was recorded vhen each ¢

men broke and an averace fisure was taken for the two highest readings



Teccrd of ductllity tesi;

Test Tustility
1 -
2 27
5 29,5
53065
Average = E045 = 23,35
2

The first three samrles of mastic ratericl vhich were merde, con=
eisted of 25 percent, 20 p2rcent, end 15 percent, recpectively, cf maw-
duste The percentafe wag baseﬁ on weisht, &5 percent of the sawdust
was arproximately tre maxirum amonnt that the eevhalt would abrsord,

Tre zgrhalt was heated to a temperature of 230 degrees C, and mix-
ed thcrouzhly. The yrorer amount was tren placed In another metul con-
teiner and the sarvduet was added, The mixture was continually stirred
as the sawduet was added, znd continued t2 be gtirred until the as haltl
and sawdust were thoroughkly mixeds The mixture was them teated to 140
degrees Ce if necessary and ﬁlaccd in a wooden mould,

Trhe wooden mould consisted of a flat piece ¢f tocrd as a base up-
on which were fastened 4 = 3 irch strips ferming a sguare 5 inches on a
side and 3 inch deep, A sgiare piece of fairly Leavy parer, 5" X 5,
va8 placed on the base ¢f the mculd Pefore the material was rlaced in it
to keep the titumen from eticking to the wood.

After the mixture had been rlaced in the mould it was compresced
and the surface was smoothed off by means of a heated lLiend trowel, The

-a

edges were cut locose from the % irnch e*rips by mcans ¢ the heated peint
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of the trowel, The cested materi-! was then remcved from the mould and
allowed to cool at rcom temperature,

The next feur semrles consisted of 50 percent of sawdvet end 5 por-
cent of silica dust, 15 percent of savwfust omd © pereent of eilica dust,

20 percent of wawdust and 10 percent of gilica dust, snd 15 rercent of
gawdust and 10 percent of silica dusgt, reepectlively., In meking up theras
samples the silica duet was added to the heate? bitumen defore the sawdust.

The last two sam;les cecnsisted of 20 percent of sawlust and 10 percent
of sand and 15 rercent of sawdust and 10 percent of sand, The =and useld
was that vhich parscd a rurber 10 sieve,

In making these nine samples the savdust, eilica cust, and send wers
absolutely dry when adlded to tlie asphalt to avoid any exrloding of the bi-
turmen,

After all of ttre éamples hed stocd fer €4 hours cor more they were
weighed and rlaced in a water bath for 24 hours, The walter was keprt ot a
constant temyerature of 25 derrees C, At the end of the Z1 heour pericd
the sarples were removed from the tath and the excess walter wes remcved
from the sides ¢f each sample, BEBach sample was then wéighed and the amount
of water absorted was comuted by subtracting the first weight from tre
second weight, jJust found, This differerce divided by the second wvelight
was the amount of moicsture atesorrtion,

Recerd of moisture sgbsorption test;

I. 25 percent of sawducst:-

Wte of sample and abecrhed vater — - = @ @ = = @« = 27,5 g,



Wte oOf sAaMTle = - = - . - . . e e - . e e m - .o one s Lo
Differerce Iin whe = = = = = & o o= e - == === 6,00 Ceo
Percent of moisture aksorpticn - 6,C0 - o2 %
£11.85
2+ 20 percent of sawdust:-
Wte o©f sunrle and absorbed woter = = = = = = = = = 202490 go
TWie Of sample = = = = @ = = = - - - - - - - gcol,g.s o
Tifference in Vie = = @ oo =@ =« = = - - e e w mom o= 3.45 Ee
Fercent of moleture obsorption = __ 2,45 = 1,70 %
20020
3¢ 15 percent of sgaydugt:-
Wte of cample and absorbed water = = = = = = = = - 150.,%86 g
vte of ggmple ----------------- - - 18:}.00 Ee
Tifference in wte = = = = = = = = - - e - - me- - 1.78 g

Fercent of meisture absorption =~ __ 1,38 = 0,73 %
T 130,36 =

4, 20 percent cf gawdust and 5 percent of silica dast:=

Wte of sample end absorbed water = = = ~ = = =« -« - 209,01 g,

The Of 80mMple = = = = = = =« = = = = = - = - = - -~ 183,00 g
Difference in Yv't. - e en m en m em s e @ @ = e e e = e 5.51 g.

Fercent cof moisture absorption = __ 35,61 = 1,68 %
03401
5 15 percent of sawduet and 5 percent of silica dust:-

“te of samrle and sbsorbed vater = = = = = = = = = 178.00 g
Wte Of samrle — = = = = = @ - = = & - & = - - - -~ 176,20 g
Difference inwty, = = = = =« = = = = = = = = =~ = o - 1,50 g.
Percent of meisture ebsorption = _ 1, = Co84 %
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nt of ravwduet and 10 reorcent of sillica durt:=-

Wte of sample arnd abrorbed wator = = = = - - - - - - -

012.4\ 3.

e CP 8aMIlE = = ¢ = = = & & e - e .- - - - -

Tifference in v, = = = = = = = = = = = = =@ = = - -~ - CeS2 Ee
Tercent ¢f meisture absorrtion = __F,€0 = 1,72 %
Zlidedd

7¢ 15 percent of sawdust end 1C percent of zilica dust:=

Wwte of samrle and zbrorded vieter = = = = = = = = = = - 132,7C &,
Jite ef garmyle = = = = = = = = = - - . - .- e - a= - X705
Tifference in vty = = @ = = = = @ =& = @ = = = = = = = 1.54;_:.
Fercent of mclsture atscrption - 1,01 = C,77 <
= 1.f.73
€e 20 jercent of sawdust and 1C yercent of cand ;=

Tte ¢f pamyle and abrortzd veter = - = = = = = = - -~ = 275,50 g,

wE. of sanple = = = = = = & - . . . . - - ... .- M L,ED o~

Tifference In wty = = = = = = = = = = = = = = = =« ~- - 4401 g
Fercent of molsture sbsorytion - d,Cl = 1,78 %
- é..-J P 60

9+ 15 percent of savdust and 10 percent of sand:-

nte of sample arnd ahsorbed water = = = = = = = =« = @ = 774,92 £,

Wte of Bamrle = = = - = = - - - - - - - - - - - = 220,50 Ee
Tifference inwty = = = = = = = = = = = = = = = = - = 1.12 g

Fercent of moisture sbscrption 2 ~ D49 8%

- 1.2
T oanra.s2
After the samples had been weighed the second time, they were al-

lowed to stand under room temperature for 48 hours in crder %o evaporate

all moisture., A% the end of this rericd each sam;le was given cne ccin=

Lreselon test and allowed to exjund for Z4 hewrs, The tenperature varied
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Yrom B0 degreee To to 82 degrees Fo dumiug thia test,

Reccrd of comprecsion testi-

Sample Iregscsure Contractlon Zrpansion
Yo. 1 20,000 1lts, 134" .QIQ"
Toe 2 25,C0C 1lus, o156" LM
Moe 3 20,000 1bse, J101" oC235H
7o, 4 20,092 1te, .121" 19"
No. 5 20,00C 1ve, 104" o C23"
10 6 18,C00C 1us, .CoC" J0id"
Yoo 7 20,C0C 1ts, «105M e T1D"
IToe 8 22y UCC 1t s, 0145 «C15"
Noe 9 20,000 1bs, o 121" «CIE"

Ths last teet to be nule vwors a tencile test to determine the bind-

ing quality of the martle material ito the concretc.
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™o & inch concrete cylinders about 8 1n
gether ty meang cf the mogtls meterial, The material used conzisted of
20 percent gawdust srd 10 rercent send, The materlal after being mixed
wag reated to 140 degrecs T, ond placed on the end of the cylincer, The
seccnd oy linder wee then placed on the flret and nresred dovwn firmly. Af-
ter the mastic muterial hed set for 24 hours the cendinatisn was suspended
from a supported stecl tur by means ¢f & wire vrarred around the top cy-
lincers Tielghts were sucrended from the lewer cylinder until the cylin-
ders were pulled arart, The welght necescseory to yull the cylinders arsrt

was found to be 89 rounles, IHowever, very little cf the materiasl stuck



~o, the erd of tre cylinder vhich wae illed lonre,
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Asrhelt msy e elessad as an elartic material
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I Lave run demcnstrate that there is very little elasticlty te it vlen
ced in expancion jéint material, Ioth the commercial JSoiute an? the
soints whrich I made showed very litile expancicn after crice dbeing cor

ressed,

Lot

Kewever, there 1g an a?vartags in uring the nastizc rateriel vlich I
have mode, If enyone c¢f tl.e nine rampleés were uged as a Jelint matorial,
the neteriel weuld 1ind itself to the concrete ard wonld evrond and ceon=-
tract alorg withh the elab die tc this ‘:im’.i‘ng gquality, This ceems to be
the cnly way in vkich bPitunineme expanelon mrteriacl mar te mede to ex-

rand.
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