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THE MUSKEGOR EXPERIMENTAL PROJECT

AFTER SEVEN YEARS IN SERVICE

During the summer of 1938, the Department comstructed 1.387 miles
of experimental concrete pavement on M-126 in Muskegon Heighte, from
Peck Street southeast to Getity Avenue. The construeiion project is
M-61-27, C5 and will be referred to as the Muskegon Experimentsl Project.
The localtion of the project ig shown in Figure 1.

Embodied in the construction of the project are seversl experi-
mental features for the purpose of determining methods for eliminating
scale and also to evaluate current practices concerning the spacing and
construction of transverse joints. 1In addition, the concrete was vibrated
during placement to obtaln more information on this type of pavement con-
gtruction. The work was divided into several sevarate invesltigations
which are defined below:

Project 36 B-2 Vibrated Concrete Pavement

Project 38 B-7 Curing of Concrete Pavement

Project 28 B-8 Use of Pozzelith Admixture and Portlsnd Natural
Cement Blend in Ceonecrete Pavement

Project 38 B-9 Final Finishing of Conecrete Pavement by Brooming

Project 38 F-5 Iinvestigating of Dowel Bar Load Transfer Devices
: in Conerete Pavements '

Project 36 G-/ Investigation of Expansion Joint Fillers
Turing the Construction of the Muskegon Project observations were

nade as the work progressed and at the completion of the project several
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reports were prepared hy Homer Cash (1) (2) (3) (4) (5) who was in charge
of the experimental work on the project.

On October 4, 1945, a2 condition survey was made of the Muskegon
Experimental Project with the view of correlating the physical condition
of the pavement with the factors under study to determine if any develop-

mentg have occcurred during the interim which weulid be of value to the

Department in setiing up recuirements for future congtruetion. This
report has been prepared with that pﬁrpose in ming. It &ill include a
brief summary of original construction information of interest to the
reader snd will explain in detail the happenings on the project with

respect. to the principal features under Investigation.

CONSTRUCTION IRFORMATION

The congstruciion details of the Michigan Fxperimental project are
scattersd throughout the routine congliruction records and in the interim
reports by ¥r. Cash. Therefore, it wass believed desgirable to include at
this polnt a briel summary of the imporiani construetion detalls in order
that the reader would have a betisr wnderstanding of the nsture of the
work in relation to the subgequent behavicr of the project. A summary

of pertinent construetion iInformabticon will be found in Table I.

. {1) Chronological Disry on Congtruction and Experimental Work on Project

¥-61-27, C5, Homer Casgh, Sept. 30, 1938, Departmental Report.

(2) Curing Concrete Pavement by Application of Agphalt Emulsion Immediately
after Finishing, Homer Cash, October 14, 1938, Depsrtmental Report.

(3) Final Finishing of Concrete Pavement by Brooming, Homer Cash, Uctober
194 1938, Departmental Report.

(4) The Use of Portland Natural Cement Blends and Pozzolith Admixture in
Concrete Pavementis, Homer Cash, October 28, 1938, Deparitmental Report.

(5} Vibrated: Concrete Pavement, Homer Cash, November 1939, Deparitwental
Report. '



TABLE I, SUMMARY OF CONSTRUCTION INFORWATION

{leneral Information:

Contractor
Contract Let
Work Began
Completion Date
Contract Frice
Project Fngineer

Construction Data:

Length

Width

Cross Section

Reinforcement

Fxpension Joint Spacing

Load Trensfer at
Expansion Joints

Plane of Weakness Joinit Spacing

Load Tranefer st Plane of
Weakness Joints
Vibrating Equipment

Curing

FPinishing
Suhgrade

Materials:

Cement

Aggregates, fine
Aggregates, coarse
Natural Cement
Pozzolith

Concrete ¥Mix Design:

Cement Content

b/bo ratio

*Relative Water Content
Nztural Cement Blend

Pozzolith Admixture

Amos Baker

duly 25, 1938
July 25, 1938
Sept. 15, 1938
42,736,284

W. &. Theeringer

1,387miles

20 feel

9-7-9

None

126 feet

Hone on major portion of project
/40 x 15M Dowels where used -
20 oot and 20 foot

3/4" x 15" dowels ,

20 foot Internal type vibrating
tube furnished by Jackson Vibrating
Equdpment Co. ludington, Mich.
Agphalt Emulsion, AE-1 and

Cotton Mats

Brooming

Lake Michigan Dune Sand

Huron Cement from Muskegon Storage
Grand Rapids Gravel Co., Plant 4.
Grand Rapids Gravel Cc., Flant 4.
Tmxment, Utica, Illincis

Master Builders Co., Cleveland, Ohlo

5.5 sacks per cubic yard

0.80

1.20

5 saocks Portland Cement and 1 sack
Natural Cement per cubic yard

2 lbs. of Pemzmolith per sack

of cement



VIBRATED CONCRETE PAVEMENT

The experimental work in conned¢tion with the vibratory placement
of the concrete éavement was carried on in conjunction with several other

projects on which the concrete had been vibrated. The principal objectives
of the vibration study on the Muskegon project were (1) to detsrmine whether
a standard finishing machine would have enough power and traction to push
the vibrating unit and properly finish a two-lane pavement and (2) to ob-
serve 1f the plane of weakness center joint could bé properly ingtalled in
vibrated concrete with the standard equipment then in use.

A complete account of the vibration investigation associated with
the Muskeé@n Fxperimental Project may be fownd in a raport enbilled
"Yibrated Concrete Pavement™ by H. C. Cash, dated November, 1939, to which

the reader is vreferred for a descripition of this phase of the work.

SCALE PREVENTION STUDY

In the attempt to eliminate gealing from concrebe pavements geveral
congbruction features were considered in the Muskegon projeet, These fea—
tures are described below:

1. The application of a bitumihous membrane material

to the surface for the purposs of curiang and at

the same time seal the surface against penetration

of chloride salt solutions which influence sealing.

2. The use of proprietary admixtures such as Pozzolith .

to produce a more durable concrete pavement.



3. The blending of natural cement with portland cement
to reduce gurface laltance and coﬁsequently scaling.
4+ By brooming the surface to remove the excegs mortsr
snd laitance coat which forms on the surface of the
pavement cue to manipulation of the fresh concrete.

The results from.the recent conditi¢én survey of the Muskegon project,
ag ghown in Flgures 2 and 3, as well ag ihe reéults from other subsequent
experimént work conducted by the Depariment and embodying the same features,
clesrly indieste thet none of the methods outlined above will prevent geal-
ing of coﬁcrete pavemenis.

In Figures 2 and 3, it may be observed that congiderable scaling hasg
occurred on both laneg between Stationg CH00 and 19400, dnd from 31300 to
36+50; on the east lane only between Stations 51400 and 54400 and from
66+00 to 68+00; and égaiﬂ over hoth lenes frem Station 71400 to the end
of the project at Getiy Avemue.  The worst scaling hés occurred between
Peck Street and Leshy Avenue, Stations 0+00 to 19400. This ig probably
due to the fact that frequent and heavy chloride-send applications are .
neceéSary'because of the many interseétions in thet psrticular area. The
same condition prevails at the Getty Avenue end of the project. Scaling
in the other aresg was obgerved to be gporadic and of no geriouns consequence
at the present time. No scaling wag noted on the area containing Pézzoliﬁh,
but that test section 1s go short that it is of no wvelue in establishing a
criterion in this resvect and, therefore, must be discounted. The use of
bitumincons membranes, as well as the brooming procegs didé not prevent scal-
ing of concrete pavement surfaces. Views Illustrating character of scaling

are ghown in Figure 4.
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Scaliﬁg Betweeﬂ'éiatioﬂs
0+00 to 19400

TYPICAL SCALING
ON

MUSKEGON PROJECT

fypical Edge Scaling Statlons
51400 to 54+00 and 66+00 to 68+00

Scaling Bet&eeh Staﬁidhs
0+00 to 19400

Typical Scaling at Getty Avenue .

Figure 4



TRANSVERSE JOINT INVESTIGATION

The gtructural festures included in the transverge joint invegtiga-
tion ares

1. The spacing of plane of weakness Jolnts at 20 and
30 foot intervals for comparaitive study in slab
behavior.

2. The installation of caatéd and uncosted 3/4“ x 151
dowel barg at plene of weaknessg joints to determine
the practicabliiity of such treaiment.

3. The omisgion of load trénsfer devices at expansion
joints to determine the necessity of such devices
on sandy subgrades.

4o The ingtallation of three special asphalt-latex
poured type expangion jolnts lo determine thelr
practicabllity in comparison with other methods
of expangion Joint construction.

5. The installation of three expansion joints with .
wood fillers for comparative study with other

types of expansion joint filler material.

6. The sesling of several expansion jointe with
asphalt-latex joint sealing compound to deter-
wine the merits of this type of compound as a
joint seal in comparison with materisls in cur-
rent use, and to study ways and means of ingtall-
ing the compound in joints sstigfactory to the

contractor.



The locationsof the joint features described on the preceding page
have been presented in Figure 5 with respect to their relative pogition
with one another snd to the prdject as & whole. The various features
will be discussed in the order given.

Spaecing of Plane of Wesknegs Joints

With reference to the 20 and 30 foot plane of wealness joint spacings
as illustrated in Figure 5, there are a total of 155 individual slabs 30
feet long and a total of 126 Sl&bé;_20 feet in length. The recenl survey
revealed that, of the tobtal of 155 slabs 30 feet in lengih, 13 slabs or
8.4 percent conteined full transverse cracks and 4 slabs had onhe-half
trangverse cracks. Whereas in the caze of the 20 foot slabs, 120 in number,
2 or l.6 percent had full transverse eracks and only 3 slabs had one-half

transverse cracks.

Palnted and Unpsainted Dowelg

During the condition survey each plane of weakness joint was carefully
examined to determine whether or not the joint had been functioning in a
normel manner; that is, opening end closing with temperature veriailons.

In addition, the expsnsion joints were algo observed especizlly for fault-
ing since they were constructed without dowels. The present status of
the joiﬁts has been noted by letters in Figure 5. As a help in studyiﬁg

the data, Table II has been prepared.
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TAELE II. COMPARISON OF PLANE OF WEAKNESS JOINTS
WITH PATNTED AND UNPAINTED DOWELS

CONDITION OF JOINTS

Condition Total (pen Closed Taulted
of Dowels Joints Vo. Percent No. FPercemt No. Percent
Coated with 77 61 72 16 21 2 2.6
AF-1 Bituminous

Foulsion

Coated with 7 5 71 2 29 0 0
Greage

Uncoated 115 41 36 T4 64, 3 2.6

8ince no method for detefmining the true joint width movement was
provided on the project for this study, the data in Table II is based on
what would be apparent to the eye and, therefore, must be considered in
that light. However, it was readily discernible that many of the jointe
were locked because, in a greal meny cases where the dowels in the joints
midwéy between the expension joinis were coated with grease or aaphalt,
there appeared unusually wide openings, as much as 1/72 inch snd even 3/4
inches in certain instances. See Figure 6. On the other hand, joints
with uncoated dowels, especlally those located adjacent to the expansion
jolnts, have apparently not been opening and closing in a normal manner.
Obvicualy many of the plane of weskness jointe which seem to be locked |
are operating in a manner similar to_tbgt of dummy joints in which the
mesh is continuwous through the joints, as in the case of current construc—
tion practice.

The locking of the joints méy be caused, in some cases, by the mig-
aliginment of the dowel bars during the pouring operation.

The method for holding -tiae dowel bars in slignment is shown in

Figure . It may readily be seen in Figure & that the method employed on

.8 -



Typleal Condition of Closed Transverse Plane of
Weakness Joints. Station 14+92, Dowels Uncoated,

Typical Condition of Open Transverse Plane of
Weakness Joints, Opening 3/4 inch. Station
31408, Dowels Greasged.

Open Transverse Plane of Weskness Joint at
Stetion 55+12, Opening 3/4 inch, Dowels Coated
with AE-1 Bituminous Emilsion,

Figure 6




thig project did not provide enough rigidity te insure positive align-
ment of the dowels.

Txpansion Joints Without Load Transfer Devices

With the exception of 4 expansion joints between Stationg 31400 and
36+00, and 3 between Stations 68+00 and 71400, all of the expansion joinis
on the project were constructed without load transfer devices. The pre-
sent statvg of the jéints with respeet to faulting is given in Table III.

TABLE ITTI. ZEXPANSION JOINTS WITH AND WITHOUT LOAD TRANSFER

Condition .
Factor Totel Ho. No?ﬁgz%g}cent No%zﬂé%gggint
No dowels 43 24, 56 19 4,
Dowels 4 3 75 1 25

The faulting of the joints amounted to as much as 1/2 to 1 inch
at the ocutside corners. Most of the favlting occurred in the west lane
carrying gouthbound traffiec out of Muskegon. Corner cracks which might
he expected to develop from this type of faulting were not observed dur-
ing this survey.

Poured Type Exvansion Jointe

Three asphalt-latex poured type expsnsion jointe developed by the
Department were installed at stations 68480, 69+80 and 71+00. An asphalb-
latex jolnt gealing compound alsc developed by the Department was used to
seal the joints.

Since this particular type of expansion joint congtructien has not
been described in previous reports on the Muskegon test project, a few of
ity egsentisl details have been presented in Figure 7. In Figure 8, there

sre several views showing how the joint wes instelled in the pavement.

-9 -
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: - ; L N " e - o
Installation of Joink ' View of Finished Joint Prior Pulling Tes Irons Prior to

Agsenbly Prior to Plaeing te Pulling Tee Irong Removing Collapsible Joint
Conerete Forms.,

Removing Collapsible Forms in
Sectlons

1

Pouring Asphalt Latex Joint
Sealing Compound into Open
Joint.

- CONSTRUGTION OF SPECIAL ASPHALT-LATEX EXPANSION JOTNT

Figure 8



The survey revealed that the expansion joints at Stations 68+80
and 69480 have been funciioning in a normal menner. The present condition
of the two joints is illustrated in Figure 9. A blow up hag occurred at
the third specizl joint located at Station 71+00. The slab edges at the
joint have heaved approximately two inches causing the slabg to crack
several feet back from the joint. The present condition of the jJoint is
shown in Figure 9.

Wood Filler Material

it Stationg 67470, 72+21 and 73+10, white pine boards speclally
prepared were ingtalled in the expansion joints as a subgtitute for the
common bituminous fiber board type of filler. The boards were cut in
sections 10 feet long and installed with the grain horizentally. The
physical condition of the joints at the present time are illustrated in
Figure 10. Certaln Sectipns of the wood bosrd in joints at Statlions
6TH70 and 72421 have been displaced by Lraffic. fThis condition would not
oceur if the grain of the wood ran vertically. With the exception of
this one incident both joints are apparently in good conﬁition° The joints
ghoulid be sealed, however.

Aavhalt-Latex Joint Seal

The asphalt-latex jolnt seal coﬁ?ound used in the three poured type
expangion joints was still in place ot the time of condition survey and
the material ?ossassad a conglderable amount of plasticlty and adhesion.
The condltion of the material may be observed in Figure 9. The material
had a broﬁnish granular sppesrance, the typlcal effect of weathering.
The asphalt-latex material and method of zpplicaticn heve been congidersbly
improved since thig experiment. It has nob been necessary to service these

joints during thelr sevem years in service.

- 10 -



Typical Condition of Speclal Asphalt Latex Expan-—
sion Joints at Station 88+80. Age 7 years.

Blowup Has Occurred at Third Special Asphalt Latex
Expansion Joint at Statioa 71400,

- ' Figure 9




at Station 67+70

i
et

Close View of Jolnt at 67+70 Showlng Fallure of
Viood Installed with Grain Horizontal.

View of Expanslon Joint with Wood Filler at
Station 72421

View of Expansion Joint
Station 73+10

with Wood ¥iller at

Figure 10




1.

REVIER OF OBSERVATIONS

The results from the Muskegon project furbher sub-
stantiate the fact that such treatments as brooming,
applying bituminous wewbranes and using naturel cement
blends withoﬁt sir-entraining agente are not sucecess-
ful in preventing scalé on concrete pavements.

The greatest amount of transverse cracking occurred in
the 30 foot slabs. Thils 1 to be expected since maxi-
mun werping stresses are known to develop in slabs of
approximately this length.

Results in connection with the load transfer study

indicate that dowel bars, if not properly coated or

aligned, will tend to lock the abutting slabe at the
joint thus causing the joint Widﬁh movenent to be
much greatsr at some joints than at otheré instead of
being properly dlstributed equally among all the
jointe as intended for this type of construction.
Dowel bars must be adequately coated with & suitable
material and properly allgned when installed to in-
gure normal functioniang of each Joint.

Faulting had occurred at éérpercent of the undoweled
expangion joints. Pavements constructed on well-
drained sendy subgrades arve not lmmune to faulting
and, conseguently, adeyuate load transfer and sub-

grade support must be provided under such conditionsg.
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5. Wood filler material in order to give satisfactory
service should be placed in the joint with the grain
vertical. This is now recognized sz the proper pro-
cedure for wood filler material.

6. The asphaltic-oil latex joint sesl still possessed
remarkable 1ife and tenacliy afler seven years. These
results further substantialte the fact that ssphalt-
rubber jolnt seal compounds are the best materials
which ﬁave been developed for this purpose up to the

present time.




