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Fig. 27A. Moisture Cell Assembly ~ 

Fig. 28. Detail Sketch of Moisture Cell and Thermocouple 
Assemblies for Special Studies 
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SUBGRADE BEARING CAPACITY. During 

the construction o£ the project and prior to the 

placing of the pavement, subgrade bearing tests 

were conducted to determine the Modulus of Sub

grade Reaction "k", which is employed in Wester

gaards formulae4 for the computation of thickness 

of concrete pavements. 

Bearing tests were made .on 3 sizes of circular 

bearing plates, 10, 50 and 100 square inches in area. 

Static load was applied to the bearing plates by 

means of a hydraulic jack mounted under a loaded 

truck. 

To simulate conditions which might exist 

under a slab, the tests were conducted with and 

without a surcharge on the subgrade around the 

bearing plates. The resisting load was determined 

by a ring dynamometer with 1/10,000 inch dial. 

The penetration of the plates was measured by 

averaging the readings of three 1/1,000 inch dials, 

spaced equally around the edge of the plate. The 

equipment and test set up are shown in figure 33. 

In connection with the subgrade bearing 

tests, undisturbed soil samples were obtained by 

penetrating a 16 ounce metal sample can into the 

L _· 

subgrade. Soil samples were taken directly under ' ' 

the bearing plate after the completion of each 

test and also at a short distance away from the plate. 

The soil samples were sealed in the cans and sub- ' • 

mitted to the laboratory for moisture and natural 

density tests. Finally all of the samples from a 

bearing test station were combined into one com-

posite sample for further study with respect to 

gradation and compaction characteristics. The 

(')-See Appendix IV.) 
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later test consisted of compacting the soil on a 

vibrating table to its maximum density at the 

natural moisture content for the purpose of obtain· 

ing the porosity, percentage of voids (loose and 

compacted), and percentage of consolidation. 

It has been pointed out that the subgrade 

bearing tests were conducted on the subgrade 

prior to construction of the slab. Eventually, at the 

same location of the bearing tests, the pavement 

slab will be subjected to loadings and the deflections 

determined. By means of Westergaards formulae 

the modulus of subgrade reaction "k" will be com

puted. The purpose of this work is an attempt to 

correlate these determinations ofsubgrade modulus 

with actual subgrade bearing tests in the field. 

METEOROLOGICAL DATA. Throughout the 

construction of the test road, meteorological data 

was obtained including, temperature, relative hu

midity, precipitation, evaporation, and wind move

ment. The weather observation station has been 

permanently established and the gathering of this 

information will be continued for the entire period 

o£ the Test Road investigation. The meteorological 

equipment is illustrated in figure 34. 

TRAFFIC COUNTER. An Intern a tiona 1 

Traffic Recorder has been installed near the center 

of the Test Road for the purpose of studying traffic 

conditions relative to the project. A record of total 

traffic flow will be maintained throughout the 

duration of the test project and the record will be 

tabulated in such a manner as to have available a 

~ Fig. 2~B. Thermocouple Assembly 

Fig. 29. Detail Sketch of Moisture Cell and Thermocouple 
Assemblies for Regular Installations 
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FIG. 30. EQUIPMENT FOR MEASURING STRESS IN PAVEMENT SLAB 

1. Electric Strain Gage Assembly Ready for Installation 
2. Electric Strain Gage 
3. Electric Bridge used with strain gage 

FIG. 31. METHOD OF MEASURING SURFACE STRAIN 
1. Strain Gage Reference Point Lay-Out 
2. Berry Strain Gage in Operation 

FIG. 33. METHOD OF MEASURING SUBGRADE MODULUS 

1. Installation of Bearing Plate 
2. View of Test Set-Up 
3. Equipment in Position Prior to Conducting Test 
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traffic summary including, hourly, daily, weekly, 

monthly and yearly vehicle count. Also, periodic

ally the total traffic will be sampled to obtain the 

various percentages of different types of traffic in

cluded in the count of the traffic recorder. The 

purpose of the traffic study is to obtain a knowledge 

of the loads being imposed upon the various slab 

sections. 

In connection with the studies on joints, pave

ment cross section and reinforcements previously 

described, a number o£ incidental studies pertinent 

to pavement design and construction were included 

in the design project. 

CIDE l STUDIES 

A few incidental studies were introduced into 

the Michigan Test Road which were of particular 

interest to the Michigan State Highway Depart

ment and pertinent to the improvement of concrete 

slab construction. These sub-investigations com· 

prised a study of various construction methods 

including: the stress curing o£ concrete, mechanical 

spreading o£ concrete, the use of various joint 

sealers and the mechanical tamping of forms. 

STRESS CURING. Eighteen hundred feet of 

concrete pavement was placed by the stress curing 

method of construction which eliminates steel 

reinforcement and transverse joints other than 

expansion. The purpose of the experiment was to 

determine the economic and physical value of 

stress curing. The slabs were laid in 100 foot lengths 

and the prestressing of the concrete accomplished 

by use of canvas covered rubber hose pressure cells 

inserted in the joint openings. These were expanded 

to exert pressures based on results of tests on rep

resentative specimens 7 by 9 by 14 inches cast 

throughout the period of construction of the stress 

curing section (figure 35). The pressures were in

creased at a rate controlled by determinations of 

strength increase in specimens up to a maximum 

of 200 pounds per square inch. This pressure was 

maintained until the standard modulus of rupture 

beam tests reached the 7 day specification strength 

requirement of 550 pounds per square inch. The 

stress curing experiment is illustrated in figure 36. 

Fig. 32. Detail Sketch of Strain Gage and Moisture Cell Assembly 

Fig. 34-1. Evaporation Pan with Measuring Device 
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FIG, 34. METEOROLOGICAL EQUIPMENT 

2. Rain Gauge 
3. Wind Direction Indicator 
4. Sling Hygrometer 

Another phase of highway construction 

considered important enough for trial and study 

is the mechanical handling of concrete on the 

subgrade, 

MECHANICAL CONCRETE SPREADER. With 

the exception of 600 lineal feet, the concrete on the 

design project of the test road was placed and 

consolidated by means of a mechanical concrete 

5. Recording Thermometer 
6. Wind Anemometer 
7. Automatic Wind Direction Recorder 

spreader. The purpose of this study was to compare 

the relative merits of mechanical spreading versus 

hand spreading of concrete. Comparative observa

tions were made on the uniformity o£ distribution 

and placing of the concrete, its strength character

istics, the segregation of aggregates, relative water 

content and effect on finishing operations. 



The mechanical concrete spreader is a power

driven four-wheel frame with suitable forward and 

reverse speeds, on which is mounted a reversible 

14 inch spiral screw which manipulates the concrete 

to one side or the other at the will of the operator. 

The screw may be quickly adjusted vertically so 

that the strike-off plate, which is located behind 

the screw, may be used to obtain the desired height 

of concrete on the subgrade. The spreader was de

signed to handle the concrete for the full 22-foot 

width of the slab and to operate on the pavement 

forms. The pictures in figure 37 illustrate the unit 

in operation on the design project. 

Fig. 35A. Pressure Cell in Place in Joint Opening 
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Fig. 36B. Detail Sketch of Stress Curing Test Section 

Occurring with the studies of stress curing 

and the mechanical handling of concrete is the 

study of joint seals. The problem of adequately 

sealing a pavement joint was considered important 

enough to be included as one of the incidental 

studies in the design project. 

JOINT SEALERS. Over a period of years the 

Michigan State Highway Department has given 

considerable attention to the study of various kinds 

of joint sealers. Several joint sealers having desirable 

characteristics were included in the design project 

for comparative study. The various joint sealers 

used are herein described and the location of each 

type is shown in the "Summary of Design Project", 

table 1. 

ASPHALTIC OIL- LATEX SEAL, Type I. 
This material consists of a mixture of 70 parts of 

asphaltic oil SC-6A, 30 parts of normal rubber 

latex and 2 parts of hydrated lime. The materials 

are mixed together under controlled conditions 

prior to pouring into the joint. Two types of asphal· 

tic oil-latex seal were included for comparative 

study. Type No. 1 contained the regular commercial 

grade o£ rubber latex, and type No. 2 contained a 

vulcanized latex known as Vultex, (figure 38). 

ASPHALT-LATEX EXPANSION JOINT, Type 

3. Several installations were made employing 

asphalt latex as a seal material at top, bottom and 

sides of the expansion joint. The joint was designed 

in such a manner as to provide a combination air 

and escape chamber throughout the central por

tion of the joint. The chamber provides a space for 

excess seal material caused by movement of the 

slabs. The joint was developed by the Michigan 

State Highway Department, and is illustrated in 
figure 39. 

PREMOLDED RUBBER, Type 4. In connec

tion with the construction of the stress curing 

section, the expansion joints were designed to use a 

~ Fig. 3SB. Adjusting Air Cells to Test Specimen 

32 

,' r i 

' t ' 



I 

r 

premolded rubber expansion joint filler, (figure 40). 

In addition, the bottom inch of the joint was sealed 

with asphalt latex sealing compound. The joint is 

illustrated in figure 41. 

RAI-SEAL, Type 5. Rai-Seal is a hot poured 

type rubber compound material, furnished in 

block form which upon heating to 450°F. trans

forms to a liquid which can be easily handled and 

poured into the prepared joints (figure 42). 

CONTRACTION JOINT FILLER. The majority 

of the contraction joints were sealed with the 

regular standard .J4 inch by 2Yz inch premolded 

, 1 bituminous strip. Several of the contraction joints 

were constructed with the 2Yz inch groove in which 

asphaltic oil-latex material was poured to seal 

I 
i 

I , 

the joint. 

Periodic observations will be made to deter

mine the effectiveness of the various types of seals. 

On account of the unusual heavy equipment 

used on the design project, it was essential that 

the sandy subgrade should be firmly tamped under 

the forms. In order to accomplish this purpose a 

mechanical tamper was employed on the design 

project. 

MECHANICAL TAMPING OF FORMS. A 

mechanical form tamper was specified for use on 

the design project for comparative study of me

chanical versus hand methods of tamping forms on 

sandy subgrades. In conjunction with the tamping 

of the subgrade under the forms the tamper applied 

a coating of oil to the inside surface of the forms as 

it moved along them (figure 43). 

In Part II, this report has summarized the 

various details of the design section of the Michigan 

Test Road. The durability phase of the Test Road 

will be described in Part III. 

Fig. 38. Sealing Joint with Asphaltic Oil-Latex Material ~ 
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Fig. 37A. View of Mechanical Concrete Spreader 

Fig. 37B. View of Mechanical Concrete Spreader 
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FIG. 40. PREMOLDED RUBBER EXPANSION JOINT FILLER IN PLACE 

FIG. 42. SEALING JOINT WITH RAI-SEAL 

FIG. 43. MECHANICAL FORM TAMPER 

FIG. 44. VIBRATING CONCRETE AT FORMS AND JOINTS 
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PART Ill 

THE DU RABIUTY PROJECT 

A preliminary survey study of all concrete pavements in Michigan shows that ap
proximately 10 percent of the surface is scaled in varying degrees. This condition has 
become more apparent as the use of chemical salts has increased for the removal of 
ice from pavements. However, the use of concrete for pavements during the last thirty 
years has indicated its many desirable properties as paving material. At the present 
time, scaling has not become a serious problem leading to definite failures. Scaling 
has been common in most parts of the state, but on a whole the concrete is predom
inantly good. But, even so, the unsightliness of scaled areas and subsequent mainte
nance and the added possibility of further deterioration is of immediate concern to the 
highway engineer. 

The performance of concrete under the severity of service cannot be predicated 
upon laboratory studies. Although laboratory studies will aid in the discovery of factors 
affecting the deterioration and scaling of concrete pavements, the combined physical, 
chemical and mechanical action as experienced in actual use cannot be predicted. 

In order to make observations under service conditions on controlled factors 
which have" been determined to be of importance in the durability of concrete, a portion 
of the Michigan Test Road was constructed to this end. The purpose in constructing 
this section was not only to make observations under service conditions, but to afford 
a field laboratory to obtain accelerated action of chloride salts or ice on concrete pave~ 
ments and the study of resultant action. 

The durability project includes an evaluation of the effect of variation of factors 
relative to the construction and materials used in concrete pave:tnents. Embodied in 
these considerations" are; the proportioning and grading of aggregates with definite 
recognition of the material passing 200 mesh; the comparative effect of various types 
of additives including physical and chemical varieties as well as cement blends and 
cements produced with grinding aids. Consideration has been given to crushed lime~ 
stone aggregates with special attention to the finer fractions. The effect of various 
curing methods is being studied including the use of asphaltic curing agents. In connec~ 
tion with the study of these phases of the problem, it was necessary to obtain certain 
pertinent incidental data on construction for proper evaluation of each variable factor. 
Also, it was necessary, in order to obtain quick and reliable information regarding the 
value of these means in controlling scaling, to set up a special scaling study for this 
purpose. 

In planning the durability project an effort was made in all phases of the work 
to have only one factor varied at a time. In order to do this the project was divided into 
a number of test areas, in the manner of the design project. Each test area is designated 
as a series. A series has been further divided into divisions and sections appropriately 
marked with letters and numerals respectively. On the durability project there are 
eight series, each series being devoted to a study of one particular durability factor. A 
description of the various test areas will be found in table II, entitled "Summary of 
Test Areas on Durability Project". In addition to table II, a "Schematic Diagram of 
the Durability Project" has been prepared to further illustrate the various test areas 
with respect to the entire durability project. This diagram is presented in figure 45. 

In the construction of the durability project, no special consideration was given 
to the design or construction features of the project, except only in those cases expressly 
mentioned in the description of the durability project. All work was done in accordance 
with Michigan State Highway Department standard practice. 



The expansion joints throughout the dura
bility project were constructed 1 inch wide and 
spaced 120 feet apart in accordance with the stand
ard practice of the Michigan State Highway Depart
ment. In series 7D and 7E of the durability project, 
all contraction and dummy joints were omitted and 
the expansion joints were spaced at 90, 120, 380 and 
600 foot intervals to he studied in conjunction 
with the design project as explained in ''Summary 
of Durability Project", table II. The Translode 
Angle-Unit with continuous base was used as load 
transfer device at expansion joints throughout the 
durability project. The joint filler consisted of 1 
inch Flexcell fiber filler sealed with asphalt joint 
seal material SOA. 

The con traction joints were constructed in 
accordance with standard practice, consisting of % 
inch by IS inch dowel bars, spaced IS inches center 
to center, and held in place by an approved installing 
device. This is the same type of contraction joint as 
used on the design project and illustrated in figures 
13 and 14 under design project, part II. 

The "dummy" plane of weakness joints were 
constructed in accordance with standard practice. 

Steel reinforcement was used throughout the 
durability project in accordance with standard 
practice. 

Prior to the construction of the durability 
project of the Michigan Test Road, it was necessary 
to make preliminary studies of proper proportion
ing and grading of aggregates to comply with the 
characteristic requirements of each material added. 
In the final concrete mixtures used in the test sec
tions of the durability project, natural fine sand and 
mineral fillers were incorporated in the mixture to 
improve the grading. 

PROPORTIONING AND 
GRADING OF AGGREGATES 

Poorly graded aggregates are inducive to poor 
workability, segregation, diffiCult finishing, bleed
ing and laitance. These· properties are contributory 
in a certain degree to inferior concrete with sub
sequent scaling and disintegration of the surface 
of pavements. 

Mix designs used on the Michigan Test Road 
included the regular proportioning as provided 
for in the Michigan State Highway Department 
material specifications and determined by the 
mortar void desig!'l. method. The standard design 
method was supplemented by incorporating fines 
with the fine aggregates. These fines were added to 
increase the density and workability of the mix and 
a possible resultant reduction of scaling. The fines 
included natural sand and mineral fillers. 

· MODIFIED SAND. In this connection, one 
phase of the durability study was to design a prac
tical and economical dense concrete mix that 
would show improvement in resistance to scaling. 
In the grading of the sand and coarse aggregate, it 
was attempted to approach an ideal gradation and 
still be conservative as to cost. A study of the general 
characteristics of available concrete aggregates 
meeting Michigan State Highway Department 1940 
specifications, showed that it was desirable to im
prove the gradation of the fine aggregate 2NS, par
ticularly the material passing the No. SO, 100 and 
200 sieves. Consequently, in series 7E of the durabil
ity project, 175 pounds of special fine sand, obtained 
from a local natural deposit, was blended with one 
cubic yard of concrete. The grading of the respective 
materials is given in appendix II, tables 8 and 9. 
The combined mixture of fine aggregates is desig
nated as Modified Sand 2NS. 

MINERAL FILLERS. Another phase of the 
study of grading improvement, series 7A, 7C and 
SA, included two types of mineral fillers which were 
added to the concrete to provide additional fines. 
These materials were silica dust and limestone 
dust meeting Michigan State Highway Department 
grad a "!;ion requirements for Mineral Filler 3MF. See 
appendix II, table 10. 

The mineral filler was added to each batch 
in the amOunt of 85 pounds per cubic yard of con
crete. The quantity of mineral filler to be added to 
the concrete mixture was determined from labor
atory analysis, taking into consideration the amount 
of fines in the fine aggregate, the fineness of the 
Portland cement and the gradation of the mineral 
filler. 

The natural sand and mineral filler admix
tures are iil.ert and act wholly as a physical addition 
to produce a workable and anticipated durable 
concrete. To obtain the same end, concrete mixes 
were designed incorporating chemical addit-ives. 

EVALUATION OF ADDITIVES 
IN CONCRETE MIXTURES 

Incidental to the construction of the durabil
ity project, a preliminary laboratory investigation 
was necessary in order to evaluate the various addi
tives for the purpose of determining the most bene
ficial materials and the affect these additives would 
have upon the design and physical characteristics 
of their respective con,crete mixtures. 

The proprietary additives selected for use on 
the durability project were of the powder and liquid 
types which included Pozzolith, Plastiment, Orvus, 
Vinsol Resin and Calcium Chloride. A blend of 
natural cement was also included which was ground 
with and without the use of calcium stearate. 
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FIG. 45. SCHEMATIC DIAGRAM OF DURABILITY SECTION 

Using the mortar-void principle of concrete mix 
design, various quantities of sand, cement, water 
and additives were combined in varying amounts to 
determine the most desirable mortar from the 
standpoint of density and consequently the most 
desirable amount of admixture to use. In all cases, 
the quantity of sand and cement were kept constant 
in accordance with standard practice but the quan
tity of admixture varied. The liquid admixtures 
were added to the predesigned mortars in varying 
amounts to determine the most desirable quan
tities to use from the standpoint of physical charac
teristics of the mortar and concrete such as work
ability, density and durability. 

The additives used for study in the test road 
are described as follows: 

POZZOLITH. Pozzolith is a patented plas
ticizing agent containing ferric alumina silicate and 
other ingredients. Two pounds of Pozzolith per sack 
of cement were added to the dry batch at the mixer 
as recommended by the manufacturer. P~zzolith 
was used in series 4B of the durability project. 

PLASTIMENT. Plastiment is another type 
of plasticizing agent in which an organic oxy-acid 
is the active agent. This organic oxy-acid is incor
porated with an inert filler to insure even distribu
tion of the acid throughout the concrete. 

Plastiment was added to the dry batch at 
the mixer in the amount of one pound per sack 
of cement as recommended by the manufacturer 
and was used in series 4D of the durability project. 

ORVUS, W. A. PASTE. Orvus is a patented 
wetting agent manufactured for industrial use. It 
is a sulphated fatty alcohol containing sodium 
lauryl sulfate as the active ingredient. Orvus may 
be obtained in flake or paste form. Sufficient Orvus 
was added to the mix to produce a drop in weight 
of 4 to 6 pounds per cubic foot of concrete of a 
specified consistency and cement ,content as com
pared with concrete of the same consistency and 
cement content without the addition of Orvus. 
Since this requirement will vary in accordance with 
materials used, the approximate quantity of Orvus 
will be between 0.02 and 0.10 pound per barrel of 
cement. It was found that for the particular mate
rials used on this project that 0.06 pound of Orvus 
per barrel of cement gave a reduction in weight of 
approximately 5 pounds per cubic foot. 

The Orvus Paste was dissolved in water to 
form a solution of known concentration. The re
quired amount of the solution per batch of concrete 
was added to the dry materials at the skip. Orvus 
was used in series 4F and 4H of the durability project. 

VINSOL RESIN PORTLAND CEMENT. This 
cement consists of standard Portland cement 
ground with Vinsol Resin. Vinsol Resin is an im~ 

L: 
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TABLE II. 

SUMMARY OF TEST AREAS ON DURABILITY PROJECTS 

STATION Nomoncla-
Dl- Typo ol Standard b/b. lure Seolinn 

Sarles vision Beginning End Length Finish Curing Portland Cemont Admixture Markers 

I A 858+50 370+50 1200• Burlap Wetled Straw Brand No.1 Nono 0.76 lA • 370+60 382+50 1200• Broom Wetted Straw Brand No.1 None 0.76 1Aj1B 

2 A 382+60 394+50 1200' Broom Asph. Emulsion Brand No.1 None 0.76 1B/2A 

3 A-1 394+50 395+70 120' Burlap Asph. Emulsion 
•Initial curing Brand No.1 None 0.76 2Aj3A 

A-2 396+70 396+90 120• Burlap Welled Straw Brand No.1 None 0.76 
A-3 396+90 398+10 120' Burlap Paper with Initial 

curing Brand No.1 None 0.76 
A-4 398+10 399+30 120• Burlap Wetlod Earth Brand No.1 None 0.76 
A-5 399+30 400+50 120' Burlap Pending Brand No.1 None 0.76 
A-6 400+60 401+70 120' Burlap Double Burlap Brand No.1 None 0.76 
A·l 401+70 402+90 120' Burlap Pa11ar Brand No.1 None 0.76 
A-8 402+90 404+10 120' Burlap 2% CaCI, Ad· 

mixture Brand No.1 None 0.76 
A-9 404+10 405+30 120' Burlap Rlteoure Brand No.1 None 0.76 

' A 405+30 412+50 720' Burlap Wotted Earth Brand No.1 None 0.76 3A/4A 
A-1 412+60 413+70 120' Burlap 2% CaCI, Admix. Brand No.1 None 0.76 4A-1 
A 413+70 416+09 239' Burlap Wetted Straw Brand No.1 None 0.76 • 416+09 422+07 598' Burlap Wetted Straw Brand No.1 Pouallth 0.76 4A/4B • 422+07 428+80 673' Burlap Wetted Straw Brand No.1 Pmollth 0.80 
c 428+80 440+10 1130• Burlap Wetted Straw Brand No.1 Non& 0.76 4Bj4C 
0 440+10 446+10 600' Burlap Wetted Straw Brand No.1 Plastiment 0.76 4C/4D 
D 446+10 452+10 - 600' Burlap Welted Straw Brand No.1 Plastlment 0.80 
E 452+10 464+10 1200• Burlap Welled Straw Brand No.1 None 0.76 4D/4E 
F 464+10 466+50 240' Burlap Wetted Straw Brand No.1 Orvus 0.76 4E/4F 

F-1 466+50 467+70 120' Burlap 1% CaCI, Admix, Brand No.1 Orvus 0.76 4F-1 
F 467+70 470+28 258' Burlap Wetted Straw Brand No.1 Orvus 0,76 • 470+28 476+10 582' Burlap Wotted Straw Brand No.1 Orvus 0.80 
G 476+10 488+10 1200' Burlap Wetted Straw Brand No.1 None 0.76 4Fj4G 
H 488+10 494+10 600' Burlap Welted Straw Brand No.2 Onus 0.76 4G/4H 
H 494+10 499+55 "'' Burlap Welled Straw Brand No.2 Orvus 0.80 
I 499+55 511+83 1228' Burlap Wetted Straw Brand No.2 None 0.76 4H/41 

5 A 511+83 531 +45 1962' Burlap Wetted Straw Brand No.1 •Vinsel Resin 0.76 41/5A 
A 531+45 532+50 105' Burlap Wolted Straw Brand No.1 'VInsol Resin 0.80 

A-1 532+50 533+70 120' Burlap 1% CaCI, Admix. Brand No.1 •Vinsol Resin 0.80 5A-1 
A 633+70 536+65 295' Burlap Wetted Straw Brand No.1 •Vinsol Resin 0.80 • 536+65 548+00 1135' Burlap Wetted Straw Brand Na. 1 None 0.76 5A/5B 
c 548+00 566+09 1809' Burlap Welled Straw Brand No.2 •VInsol Resin 0.76 5Bj5C 
c 566+09 572+58 649' Burlap Wetted Straw Brand No.2 Vinsol Resin O>O 
D 572+58 584+80 1222' Burlap Wetted Straw Brand No.2 None Ql6 6C/5D 

' A 584+80 590+75 595' Burlap Wetted Straw 'Brand No.1 No grind. aid 0.76 5Dj6A 
A 590+75 596+35 560' Burlap Wolled Straw blended nat. in nat. nem. 0.80 

cement 
B 596+35 599+15 280' Burlap Wetted Straw Brand No.1 None 0.76 6Aj6B 
B 599+15 608+ 10 895' Burlap Welted Earth Brand No.1 None 0.76 
c 608+10 614+00 590' Burlap Welted Earth >Brand No.1 •Beef tallow 0.76 6B/6C c 614+00 619+80 580' Burlap Wetlod Earth blended nat. n natural cement 0.80 

cement 

2 B 619+80 624+90 510' Broom Cut-batk Asph. Brand No.1 Nona 0.76 6Cj2B 
1B-1 624+90 &32+40 750• Braam Wetted Earth Brand No.1 None 0.76 2B/1B·1 

1 A 632+40 644+10 1170• Burlap Wetted Earth Brand No.1 Silica Dust 0.76 1B-1/7A 
A 644+10 645+58 148' Burlap Welled Earth Brand No.1 Silica DUst 0.80 
A 645+58 655+85 1027• Burlap Welted Straw Brand No.1 Silica Dust 0.80 
B 655+85 668+04 1219' Burlap Welted Straw Brand No.1 None 0.76 7Aj7B 
c 668+04 680+06 1202' Burlap Wetted Straw Brand No, 1 Limestono Dust 0.76 7Bj7C 
c 680+06 691 +75 1169' Burlap Welled Straw Brand No.1 Limestone Dust 0>0 

*D-11A 691+75 692+10 35' Burlap Wettod Straw Brand No.1 None 0.76 7Cj7D 
7C/11A 

D-11A 692+10 693+00 90' Burlap Wolted Straw Brand No.1 None 0.76 
D-11B 693+00 694+20 12~ Burlap Wetted Straw Brand No.1 None 0.76 11A/11B 
D·R.S. 694+20 694+30 10' Burlap Welled Straw Brand No.1 None 0.76 
D-11C 694+30 697+92 362' Burlap Wellod Straw Brand No.1 None 0.76 11B/11C 
D-R.S. 697+92 698+00 8' Burlap Weltod Straw Brand No.1 None 0.76 
0·110 698+00 704+00 600' Bnrlap Wetted Straw Brand No.1 Nono 0.76 11C/11D 
D·R.S. 104t00 704+18 18' Burlap Wetted Straw Brand No.1 None 0.76 • 704 18 721 +75 1757' Burlap Welted Straw Brand No.1 Modified Sand 0.76 11D/7E 

E 721 +75 728+10 635• Burlap Wetted Straw Brand No.1 Modified Sand 
7D/7E 

0.80 

F-12A 728+10 728+28 18' Burlap Wetted Straw Brand No.1 Modified Sand 0.80 7E/7F 
7Ej12A 

F-12A 728+28 729+00 72' Burlap Wetted Straw Brand No.1 None 0.76 
F-128 729+00 730+20 120' Burlap Wetted Straw Brand No.1 None 0.76 12A/12B 
F-R.S. 730+20 730+30 10' Burlap Welted Straw Brand No.1 None 0,76 
f·12C 730+30 733+90 360' Bnrlap Wetted Straw Brand No.1 None 0.76 12B/12C 
f·R.S. 733+90 734+00 "' Burlap Walled Straw Brand No.1 None 0.76 
F-120 734+00 736+42 242' Burlap Wetted Straw Brand No.1 Nona 0.76 12C/12D 
F-R.S. 736+42 736+52 10' Burlop Wettod Straw Brand No.1 Nono 0.76 
F-12E 736+52 742+52 500' Burlap Wetted Straw Brand No.1 None 0,76 12D/12E 
F-R.S. 742+52 742+62 10' Burlap Wetted Straw Brand No.1 •Limestone Dust 0.76 

8 A 742+62 753+46 1004' Burlap Wellod Straw Brand No.1 •Limestone Dust 0.76 12E/8A 

B 753+46 764+00 
764+00 

1054' Burlap Wotlod Straw Brand No.1 None 0.76 
7F'/8A 
BA/BB 
8B/S 

NOTES: 'Initial cnrlng pertains to damp burlap placed on concrete altar finishing and removed following morning ~trior to final curing operations. 
'As grinding ald. 
~one sack of natural cement was substituted for one sack of Portland eement par 6-bag batch. 
'Limestone fine and eoarse aggregates. 
R.S.=Expansion relief section. 
*Divisions D-11A to D-11 D and F-12A to F-12E In Serlas 7 designate additional design studies incorporated In durability project 
because of Insufficient spane on design project. See Table 11er details. 
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pure abietic acid in fine powder form. When the acid 
comes in contact with Portland cement and water 
it forms a calcium salt of abietic acid which has the 
characteristic properties of soap, and, as such, 
favors the entrainment of air during the mixing of 
the concrete. The Vinsol Resin Portland cement 
must confrom to the requirements of the current 
specifications for Portland cementA.S. T .M. Designa~ 
tion C9 with the following exceptions and additions : 
The cement shall be ground with 0.15 pound ( ±20 
percent) of pulverized Vinsol Resin per barrel, which 
shall be uniformly added to the clinker at time of 
grinding. The specific surface as determined in 
accordance with A.S. T .M. C 115-38T shall not be 
less than 1760 nor more than 2100 square centi~ 
meters per gram. The Vinsol Resin requirements 
are given in appendix II, table 11. Two brands of 
Portland cement were used on the durability proj~ 
ect. The two brands of Vinsol Resin Portland 
cement were milled: of the same clinker used in the 
manufacture of the standard Portland cement used 
in the durability ·project. Specifications required 
the manufacturers of these cements to furnish 
acceptable evidence that they had had previous 
experience in the production of Vinsol Resin Port
land cement in quantity and that the standard 
and special cements to be furnished would be uni
form in quality, fineness and chemical composition. 

NATURAL CEMENTS. Two types of natural 
cementswereusedon the durability project. One type 
manufactured without grinding aid was used in series 
6A, the other type in which grinding aid was em
ployed was included in series 60. Both natural 
cements were of the same brand and furnished 
in sacks containing 75 pounds each, net. 

The natural cement without grinding aid 
was manufactured in accordance with Standard 
Specification for Natural Cement, A.S. T .M. Designa
tion C 10-37. 

The natural cement with grinding aid was 
manufactured under the same requirements except 
beef tallow was used as a grinding aid. No require
ments were placed upon the grinding aid itself 
because the natural cement with grinding aid has 
been a standard product with the manufacturers. 

The Portland natural cement blend was made 
on the basis of a six sack batch comprising one 
sack (75 pounds) o£ natural cement and five sacks 
of Portland cement. The cement content, includ
ing both Portland and natural cement was 5.6 
sacks (1.376 barrels) per cubic yard of concrete as 
specifi~d for the entire project. 

CALCIUM CHLORIDE ADMIXTURE. Cal· 
cium chl9ride was added to the concrete mixtures 
in series 4A, 4F and SA for a distance of 120 feet. The 
purpose of adding calcium chloride was primarily 
to determine its effect as a curing agent, However, 
a study was made of its effect upon the physical 
characteristics of regular concrete and of concrete 

containing such additives as Plastiment, Orvus, 
and Vinsol Resin. The calcium chloride in flake 
form was added to the dry batch at the mixer skip 
in the amo~nts shown in the "Schematic Diagram 
of Durability Project", figure 46. 

In addition to the studies on aggregates and 
additives previously described, a portion of the 
durability project has been set aside for the study 
of limestone aggregates with and without added 
fines. 

LIMESTONE AGGREGATES 
The use of manufacture·d limestone sand: 

as a fine aggregate in concrete Construction has 
been in disfavor not only in Michigan, but also in 
some other states where this material is available. 
The main objections to its use in concrete is reduced 
workability, excessive bleeding, difficult finishing 
and its tendency to excessive scaling of pavement 
surfaces in which it is used. 

On the durability project of the Michigan 
Test Road there were included two test areas com
prised entirely of crushed stone aggregates. These 
two test areas were constructed for the express 
purpose of studying the stone sand problem under 
con trolled conditions·. 

One test area, section SA, is 1084 feeft in 
length and contains limestone coarse aggregate and 
stone sand with limestone dust admixture added 
as a possible method to improve the characteristics 
of the mixtures. The limestone dust mineral filler 
was added to the concrete mixture at t.he rate of 
86 pounds per cubic yard of concrete. 

For comparative study a second test area, 
section BB, 1064 feet in length was established 
adjacent- to test section area BA and contains a 
standard limestone aggregate mixture with stone 
sand but no limestone dust added. Both sections 
were constructed and cured under similar condi~ 
tiona. 

The limestone aggregates and limestone dust 
mineral filler conformed to Michigan State Highway 
Department requirements for coarse aggregates 4A, 
lOA, stone sand 2SS, and mineral filler 3MF, respec
tively. The grading of the ·various rt:~-aterials is 
shown in appendix II, table 12. 

During the construction of the limestone 
test areas, visual observations were made of the 
concrete mixture including its characteristics and 
appearance during mixing, placing and finishing 
operations. 

The formation of laitance on the surface of 
concrete pavements during construction is con 9 

sidered as being one of the factors contributing to 
scaling. Methods to prevent the formation of lai~ 
tance such as proper grading of aggregates and by 
the use of additives have been included for study in 
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the durability project. Another method to over
come the effect of laitance is to remove it from the 
surface of the fresh concrete by means of special 
brooms. The use of brooms for final finishing of 
concrete pavements introduces other factors which 
affect the characteristics of the finished concrete. 
In order to obtain more information concerning 
brooming of concrete surfaces, a test area of the 
durability project has been provided for a com
parative study of finishing methods. 

FINISHING STUDIES 
The brooming of concrete surfaces with stiff 

brooms as a final finishing operation has been used 
by some highway engineers to reduce the amount 
of fine superficial material. However, some engineers 
have contended that this method prov-ided grooves 
for concentration of salt solutions and a resultant 
unsatisfactory condition of aggravated scaling. 
Therefore, it was felt that a comparative study 
should be made between burlap finish and brooming 
to obtain comparative data relative to the two 
methods. 

Brooming was included on certain sections of 
bituminous curing, since in the past, this method 
of curing provided a rather slippery pavement for 
some time after construction and, it was hoped 
that a trial section of brooming would show how to 
overcome this difficulty if bituminous curing were 
allowed in standard specifications. 

Therefore, in series lA and lB, 2A and 2B of 
the durability project, a comparative study is being 
made of burlap finish versus broom finishing, both 
with and without wetted straw and bituminous 
membrane curing. Special consideration will be 
given to such factors as, scaling of the surface, ice 
formation, ice removal and skidding properties. 

BURLAP FINISHING VERSUS BROOMING, 
STANDARD CURING. The burlap finish method 
consists of dragging a strip of damp burlap longi
tudinally over the full width of the pavement at a 
time when the excess moisture has disappeared and 
while it is still possible to produce a uniform sur
face of gritty texture. 

Brooming operations, as illustrated in figure 
46, ·were performed during a period after belting 
when the excess water and laitance had arisen to 
the surface, and before the concrete had reached 
a condition such that it would not be unduly rough
ened or torn. The brooms were of an approved 
push broom type not less than 18 inches in width 
and constructed of bass or bassine fibre not more 
than 5 inches long. Each brush was equipped with 
a handle at least one foot longer than one-half the 
width of the pavement slab. It was required that 
the brooms be washed and dried at frequent inter
vals and that a sufficient number of brooms be 
provided to permit interchanging. 

41 

Fig. 46. Views of Brooming Operations 
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The brooms were drawn across the surface from 
the center line to each edge with not more than one 
stroke per width of broom. Each stroke slightly 
overlapped the adjacent stroke. The brooming 
operation produced corrugations in the surface of 
the pavement, uniform in appearance and not more 
than Ys inch in depth. 

The curing method consisted of 24 hours wet 
burlap followed by 6 days of wetted straw. 

BURLAP FINISHING VERSUS BROOMING 
WITH BITUMINOUS CURING. Immediately after 
completion of bur lap finishing or brooming operations 
as previously described, a coat of asphalt emulsion 
was applied to the finished surface at the rate of not 
less than 1/15 gallon per square yard. The type of 
emulsion and method of application is described 
fully under Curing Studies. 

Studies of this· subject will give special con
sideration to such factors as, the relative skidding 
properties of each surface with bituminous treat
ment both dry and wet, effect of bituminous treat
ment in curing and scaling, effect of bituminous 
treatment on ice formation and ice removal. Also, 
a comparative study will be made of bituminous 
emulsion versus cut-back asphalt as a curing agent, 
as well as other types of curing. 

CONCRETE CURING STUDY 
In general, it is the theory that the function 

of curing is to keep the concrete from drying out 
until the maximum proportions of the total water 
originally used in the mixture have combined with 
the cement. To produce this condition several 
different types of curing methods have been em
ployed for this purpose. During the last fifteen 
years, intensive researches have been conducted by 
the Public Roads Administration7 , the Portland 
Cement Association\ and various state highway de
partmentsu to determine the relative merit of the 
various curing methods with respect to strength, 
temperature, volume change, checking and crack
ing, surface defects and moisture content during 
curing period. 

The relative merit of the various curing 
methods have been based, in general, on laboratory 
strength tests. Very little information is available 
on the subject of curing methods in relation to 
durability of concrete. Therefore, a study of curing 

· methods under actual field conditions were included 
in the durability project. Embodied in the curing 
study are such factors as moisture movement in 
the slab, relative thermo insulation value of various 
curing methods, membrane ~u-z'ing versus wetted 
coverings and relative durability of the slab surface. 

Series 3, of the durability project, was set up 
for the curing study. The various curing methods 
studied are asphalt emulsion, cut-back asphalt, wet
ted straw, paper curing with and without initial cur-

n. (")and (~)-See Appendix IV.) 

ing, wetted earth, pending, double burlap, calcium 
chloride integral mixed, and a transparent mem
brane called Rite-Cure. The various curing methods 
are illustrated in figure 47. A slab 120 feet in length 
was devoted to each type of curing. In order to study 
temperature and moisture conditions a unit con
sisting of three moisture cells and three thermo
couples were installed in the center of each 120 foot 
test area as illustrated in figure 28. Readings were 
taken at six hour intervals throughout the entire 
curing period of seven days. A moisture and tem
perature reading was obtained at the top, center 
and bottom of the slab for the purpose of studying 
moisture movement and temperature under various 
curing methods and climatic conditions. 

Further studies pertaining to the desirability 
of the differently cured .concrete surfaces were 
carried on in conjunction with the incidental 
scaling study conducted during the winter of 1940 
and described under Subsequent Studies, part IV. 

In most cases curing may be divided into 
two phases, specifically initial curing and final 
curing. Initial curing which is referred to fre
quently in the discussion of curing methods is 
described as follows: After finishing operations and 
when the surface has hardened sufficiently to pre
vent marring, strips of burlap are laid on the surface 
to overlap not less than 3 inches and shall be kept 
thoroughly wet until removed. The burlap must 
remain at least 6 hours after concrete is placed but 
not later than 10 a. m. on the day following the 
placing of the concrete. Upon removal of the bur
lap, the surface is thoroughly wetted and the regular 
curing method applied. On the durability project 
initial curing was used in connection with the 
curing described below with the exceptions noted. 

ASPHALT EMULSION CURING. Test area 
series 3A consists o£ initial curing with wet burlap 
followed by an application of asphalt emulsion 
AE-lA. lmmed,iately_ after finishing operation, wet 
burlap was applied, after which the burlap was re
moved and the surface coated and sealed with a 
uniform layer of asphalt emulsion. The emulsion 
was applied at the rate of not less than 1/20 gallon 
per square yard by means of a suitable pressure out
fit. It was applied as illustrated in figure 47 in a fine 
spray from ·a nozzle adapted for this particular 
work. The characteristics of the asphalt emulsion 
are given in appendix II, table 13. 

CUT-BACK ASPHALT CURING. In connec
tion with the study of brooming versus burlap 
finishing with and without bih.iininous curing, 
previously discussed under ''Finishing Studies'', 
cut-back asphalt was included for comparative 
study with asphalt emulsion as a curing agent in 
series 2B. The cut-back asphalt was applied im~ 
mediately after finishing operations in the same 
manner as for the asphalt emulsion except the rate 
of application was not less than l/15 gallon per 
square ·yard. The application of cut-back asphalt 



FIG. 47. CURING METHODS 
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on a concrete surface immediately after finishing 
is a patented method. The characteristics of the 
cut~back asphalt is described in table 14, appendix 
II. 

WETTED STRAW. 'l'he wetted straw method 
used in series 3B consists of spreading hay or straw 
over the entire surface immediately upon removal 
of the burlap at the end of the initial curing period. 
The hay or straw is applied at the rate of not less 
than 4 pounds per square yard. The material is 
thoroughly wetted as soon as placed and kept 
saturated for 6 days. 

PAPER CURING WITH AND WITHOUT 
INITIAL CURING. In series 3C, the concrete rem 
ceived an initial curing of wet burlap. After the 
burlap was removed, the surface was wetted and 
immediately covered with an impermeable paper 
covering for final cure. The paper blankets were 
composed of an approved moisture-proof paper of 
sufficient strength and thoroughness to permit 
handling without becoming unfit to provide a 
sealed covering during the entire curing section. 
The paper blankets were of sufficient width to 
cover the top and edges of the slab to within 2 inches 
of the bottom with adequate provision for shrinkage. 

In series 3G, the paper was applied to the 
surface immediately after finishing operations 
omitting the initial curing period with wet burlap. 
The paper and method of application was the same 
as for series 3C. 

WETTED EARTH. The wetted earth method 
as used in series 3D consisted of covering the entire 
surface of the pavement with earth to a minimum 
depth of 2 inches after the initial curing period. 
The earth covering was thoroughly wetted after 
it was placed and kept saturated for a period of 6 
days. 

PONDING. After initial curing in series 3E, 
the entire surface of the pavement was flooded with 
water which was held in place by a system of trans· 
verse and longitudinal dykes of earth. The surface 
was completely submerged for a period of 6 days. 

DOUBLE BURLAP. After initial curing, an 
additional layer of burlap was added to the surface 
in series 3F and the double layer of burlap was kept 
saturated for a period of 6 days. 

CALCIUM CHLORIDE INTEGRAL MIXED. 
In series 3H, the calcium chloride in flake form was 
added to the dry materials in the skip at the rate of 
2 pounds of calcium chloride per sack of cement. 
Immediately after finishing, the concrete was 
covered with a single thickness of wet burlap. No 
subsequent curing treatment was applied to the 
surface after removal of burlap the following morn· 
ing. 

TRANSPARENT MEMBRANE- RITE-CURE. 
In series 31, immediately after finishing operations, 
Rite-Cure a patented transparent membrane curing 

agent was applied to the surface of the pavement 
by the method described for asphalt emulsion ex· 
cept that the rate of application was 1/20 gallon 
per square yard. 

In conjunction with the five durability 
studies including grading, and proportioning of 
aggregates, the evaluation of additives, limestone 
aggregates, finishing studi~s and concrete curing 
studies, it was necessary to make special observa
tions. These observations are described under 
incidental studies. 

INCIDENTAL STUDIES 
The incidental studies were essentially a 

visual and physical evaluation of the physical 
characteristics of the various concrete mixtures. 

PHYSICAL CHARACTERISTICS 

The following factors were considered with 
respect to each concrete mixture. 

SUBGRADE CONDITION, including surface 
grade, soil type and condition of compaction. 

GENERAL APPEARANCE OF CONCRETE, 
such as consistency of mixture and workability 
when deposited on the subgrade, when manipulated 
by workmen and when struck off by the finishing 
machine. 

WORKABILITY of the various concrete 
mixtures containing admixtures as compared with 
standard concrete mixtures. 

SEGREGATION, the ability of the various 
concrete mixtures to resist segregation of the coarse 
from fine aggregates. 

CONSISTENCY of concrete mixtures as de~ 
termined by the slump cone method. 

BLEEDING. The free water appearing upon 
the surface was noted as to time of appearance, 
duration,· apparent quantity and amount of fines 
remaining on the surface of the concrete. 

FINISHING. Particular attention was paid 
to the number of passes of the finishing machine, 
the ease of hand floating and surface appearance of 
finished concrete. Also, the time interval between 
mixing and finishing observations were observed 
as well as the amount of mortar present during 
this period. 

LAITANCE. The various concrete mixtures 
were carefully watched for the formation of laitance 
and the location Of such areas were recorded by 
stations. 

CURING. General observations were made on 
curing operations and any irregularities noted. 

JOINTS. Irregularities in joint installation 
and final finishing were recorded by stations, in~ 

eluding assembly, alignmen( placing of concrete 
adjacent to joints, finishing and edging, the filling 
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of low areas adjacent to joints with fine mortar 
and laitance. From time to time the position o£ 
dowels were checked after finishing operations. 

FORMS. After removal of forms, the condi
tion of the concrete was observed and recorded. 

TIME-TEMPERATURE OF PLACING CON
CRETE. Time and temperature readings were 
taken each time the batch quantities were changed. 
Also, observations were made during the day at 
maximum and minimum temperature conditions. 

MECHANICAL ANALYSIS 
OF CONCRETE 

To determine the effectiveness of the various 
admixtures to prevent segregation of the aggregates 
during placement of the concrete, representative 
samples were taken from the top, center and bottom 
of the slab and analysed by Dunagans' "Method for 
Determining Constitutents of Fresh Concrete'' 10 • 

SETTING TIME OF CONCRETE 

At cex•tain locations throughout the dura
bility project, a comparative study was made of 
setting rates o£ concrete with and without calcium 
chloride, particularly in those sections containing 
it as an admixture. The test procedure consists of 
a series of time-penetrations and load observations 
on a one-pound sample of fresh concrete mortar 
obtained by removing all material retained on a 
No. 4 sieve. The tests were conducted under similar 
climatic conditions. The test equipment and pro
cedure were designed and developed by Mr. F. 
Burggraf. The test equipment is illustrated in 
figure 48. 

CONCRETE TEST SPECIMENS 

Concrete test specimens were molded in 
accordance with current standard practice and 
cured adjacent to the pavement in the same manner 
as the structure. See figure 49. For each type of 
mixture, sufficient 6 by 12 inch cylinders and 6 by 
8 by 24 inch beams were prepared for 7 and 28 day 
compression and flexural tests respectively. 

Also, 3 by 6 by 15 inch beams and 4 by 16 inch 
cylinders were prepared for laboratory freezing and 
thawing tests and modulus of elasticity determina
tion in relation to durability. This determination 
being made by the sonic method illustrated in 
figure 50. 

Six inch concrete cores have been obtained 
from the entire project for further laboratory study 
relative to durability of concrete. 

During the actual service life of the pavement 
and for a period of 3 to 5 years, it is planned to study 
or observe certain sections of the project under the 
action of ice and salts in accelerated manner. This 
study is discussed in Part IV under Special Scaling 
Studies. 

(")-See Appendix IV.) 

Fig. 498. Molds for Casting, Freezing and Thawing ~ 
Specimens and Compression Cylinders ,. 
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Fig. 48. Burggraf Test Equipment for Measuring Time of 
Set of Concrete 

Fig. 49A. Molding Modulus of Rupture Specimens 
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Fig. 50. Sonic Apparatus for Determining Modulus of Elasticity bf 
Concrete Test Specimens 

Upper-Concrete Specimen in Position for Test 

Lower-Sonic Apparatus 
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PART IV 

SUBSEQUENT STUDIES 

The relative value of the various factors studied in the design and durability projects 

may be prophesied by laboratory tests and observations durihg construction, but the 

ultimate conclusions must be determined by obServations made under actual service 

conditions. Therefore, it is planned to make periodic visual examinations together 

with measurement of physical conditions as discussed in this bulletin. These observa~ 

tions throughout both project~ will include continuation of measurements of moisture 

content, slab temperature, slab movement, joint width, joint elevation, concrete 

stresses and surface condition surveys. Special consideration will be given to a study 

of surface scaling due to accelerated weathering tests with calcium chloride and ice. 

SUBSEQUENT OBSERVATIONS 

A survey of the general condition of the pavement will be made twice a year, 

spring and fall. In addition to the regular condition survey, general observations will 

be made by the Research Division personnel during measureme11t observations. The 

condition survey will include such factors as the appearance and locatidn of cracking, 

condition of joints, condition of pavement surface and the occurrence of any irregulari~ 

ties pertinent to the design and durability studies. 

PAVEMENT MEASUREMENTS 

Measurement observations will be conducted four times a year during the winter 

(January or February), spring (April or May), summer (July or August) and fall (October 

or November). 

Measurements will be made of daily changes in the width of joints on selected 

days at each of the four seasons of the year. A set of measurements will be made at 

various joints selected for studying the permanent changes in joint width. 

Elevation measurements at joints will be made one year after construction of 

pavement and thereafter at two year intervals. 

SPECIAL SCALING STUDY 

During the actual serVice life of the pavement and for a period of 3 to 5 years, it 

is planned to study or observe certain sections of the dUrability project under the 

action of ice and salts in an accelerated manner. 

The correlation of the observations made during construction and actual 

service together with the test information of the special scaling study should 

enable the Michigan State Highway Department Research Division to evaluate the 

many factors and determine their relative importance under the conditions imposed. 
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Constructing Dykes Dyked Area Under Winter Conditions 

FIG. 51. DYKED AREAS FOR SCALING STUDY 

.'i 

Dyked Area Showing Slight Scale 

FIG. 52. SUBSEQUENT RESULTS OF SCALING STUDY 

In conducting the scaling study, definite 
pavement sections 120 feet in length were chosen 
with respect to the various concrete mixtures and 

surface treatments involved in the construction 
of the pavement. In each section two areas were 
dyked off, each area being 3 feet wide and 12 feet 
long. The dyked areas were established along the 
east edge of the pavement and parallel to it. The 
dyked areas are illustrat~d in figures 51 and 52. 
Safety precautions were maintained day and night 
to warn traffic of the presence of the test areas and 
to prevent accidents. 

Two different types of accelerated test 
methods were employed. In test area "A", a 10 
percent solution of calcium chloride of .\4 inch 
minimum depth was applied and allowed to remain 
in place 5 days. At the end of this period, the solution 
was removed, the panel flushed and water applied 
to a depth of .\4 inch. After the water had frozen, it 
remained in this condition over the week end 
weather permitting. The ice was melted by an 
application o£ 5 pounds of flake calcium chloride 
per test area. When tll.e ice was decomposed, it 
was removed from the test area, the surface was 
flushed and the next cycle started. 
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Test area "B", adjacent to test area "A", 
received a different type of treatment. Water was 
applied to the test area and allowed to freeze over 
night. The following morning the ice was melted 
by distributing calcium chloride over the area at the 
rate of 5 pounds per test area. When the ice was 
decomposed, it was removed from the test area 
and the surface was flushed. Fresh water was ap
plied to the test area and the freezing and thawing 
cycle repeated. On the basis of the quantity of 
water resulting from the melted ice in each test 
area, it was calculated that S pounds of flake cal
cium chloride would be sufficient to pro~uce a 
10 percent solution. 

It is proposed to carry on these tests for 
several years, on certain sections, to determine what 

effect age has on the ability of the various con~ 
cretes to resist freezing, thawing and calcium 
chloride treatments. To this end, no calcium 
chloride has been applied to the durability project 
of the Test Road, except in the test areas. Each 
winter the test areas on certain sections will be 
established adjacent to the previous test areas. 

It is hoped that the correlation of the observa
tions made during construction and actual service 
together with the test information of the special 
scaling study should enable the Michigan State 
Highway Department to evaluate the many factors 
and determine their relative importance under the 
conditions imposed. 

CONCLUSIONS 

As soon as definite conclusions are obtained they will be transmitted to the various 

divisions of the Michigan State Highway Department who are concerned and, if feasible, 

will be incorporated in the specifications. In some cases, it will be necessary to construct 

only a few projects including these changes to obtain further substantiating data as to 

the effectiveness of the newer practice. It is hoped that the facts and relationships 

finally obtained from both the design and durability projects will assist in obtaining the 

whole answer to many controversial issues and will serve to aid the highway industry 

in the development and improvement of concrete pavements. 
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APPENDIX No. I 

PUBLIC ROADS ADMINISTRATION OUTLINE 
OF PROPOSED EXPERIMENTAL CONCRETE' 

PAVEMENT CONSTRUCTION 

OBJECT 

The purpose of this proposed experimental work is to study the desirable spacing 

of transverse expansion joints in concrete pavements and the amount of expansion 

space required per unit of pavement length, and to study the efficiency of dummy 

contraction joints with and without dowels or other devices for the transfer of load. 

PROCEDURE 

The investigation divides itself naturally into two parts as follows: 

1. EFFICIENCY OF DUMMY CONTRACTION JOINTS 

(A) It has been shown by previous investigations of the Public Roads Adminis~ 

tration that the efficiency of tranverse joints, from the standpoint of stress reduction, 

cannot be determined by measurements of maximum deflections under load. For 

example, when a load is applied on one side of a joint the maximum deflections of the 

two joint edges may be identical but the maximum stress in the loaded edge may be 

more than twice as great as in the unoaded edge (see figure 32, PUBLIC ROADS, October 

1936). The efficiency of joints in pavements can be determined only by accurate and 

time-consuming measurements of stress deformations in the concrete and it is not 

praQticable to make such observations on pavements under traffic. Therefore, it is 

proposed to study the action of tranverse dummy joints in full-size pavement slabs 

that will not be subjected to traffic. 

This study will be carried on at the laboratories of the Public Roads Administra

tion. The test slabs will be constructed so that the width of joint opening can be con

trolled and so that the joints can be closed and the slabs subjected to direct compres

sive stress, thus simulating the condition of a pavement subjected to compressive 

stress due to expansion. Observations will be made of the efficiency of the joints as 

affected by the following variables : 

(a) Width of joint opening. 

(b) Restraint due to direct compressive. 

stress in the slab. 

(c) Type of aggregate. 

(d) Maximum size of aggregate. 

(e) Doweled vs. undoweled joints. 

(B) In addition to this laboratory study, periodic condition surveys will be made 

of the actual performance of doweled and undoweled dummy joints in the experi

mental pavements that are hereinafter described. 
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2. SPACING OF EXPANSION JOINTS 

A study of the required expansion space and the desirable spacing of expansion 

joints can be made only in relatively long sections of pavement and therefore it is 

proposed to enlist the cooperation of interested State Highway Departments in includ

ing the desired experimental sections in new projects that are to be built in the near 

future. 

The details of the proposed experiment are as follows: 

SELECTION OF PROJECT. The project selected should have no steep grades, 

a minimum of curvature, and the subgrade and drainage conditions should be as nearly 

uniform as possible throughout its length. 

CROSS SECTION. With the exception of section 7, the pavement is to be of the 

thickened-edge type and the cross section is to be the standard of the State in which 

the project is built. 

CONCRETE. The mix Shall be the standard of the State in which the project is 

built and shall be made from coarse aggregate having a maximum size of not less than 

1 Yz inches. 

EXPANSION JOINTS. All expansion joints are to be % inch wide with a nonM 

extruding filler and, except in section 7, are to be provided with approved load transfer 

devices. 

CONTRACTION JOINTS. Contraction joints are to be of the grooved-dummy 

type and the spacing in the unreinforced sections is to be 15, 20 or 25 feet, depending 

on the type of aggregate and other local conditions. 

REINFORCEMENT; With the exception of section 6, the pavement is not to be 

reinforced. 

DESCRIPTION OF SECTIONS. 

Section 1. 

(a) 

(b) 

Length- approximately 1 mile. 

No expansion joints. 

(c) Contraction joints without dowels. 

Section 2. 

(a) Length- approximately Yz mile. 

(b) Expansion joints at intervals of appro¥imately 800 feet. 

(c) Contraction joints without dowels. 

Section 3. 

(a) Length- approximately Yz mile. 

(h) Expansion joints at intervals of approximately 400 feet. 

(c) Contraction joints without dowels. 



Section 4. 

(a) Length- approximately 74 mile. 

(h) Expansion joints at intervals of 120 or 125 feet, depending on spacing 

of contraction joints. 

(c) Contraction joints without dowels. 

Section 5. 

(a) Length- approximately }i mile. 

(h) Expansion joints at intervals of 120 or 125 feet depending on the spacing 

of contraction joints. 

(c) Contraction joints with dowels. 

Section 6. 

(a) Length- approximately % mile. 

(h) Expansion joints at intervals of 120 feet. 

(c) One contraction joint with dowels midway between each pair of ex~ 

pansion joints. 

(d) Reinforcement. The amount of reinforcement will depend on the 

thickness of the slab, hut, if of wire fabric, it will weigh approximately 

70 pounds per 100 square foot. 

Section 7. 

(a) Length- approximately 7\{ mile. 

(b) Expansion joints without dowels at intervals of 120 or 125 feet, dea 

pending on the spacing of contraction joints. 

(c) Contraction joints without dowels. 

(d) Cross~section- uniform thickness. The thickness is to be such that, with 

respect to maximum computed_stresses, the slabs will be approximately comparable 

with the thickened-edge slabs used in the other sections. 

NUMBER OF SECTIONS. Each experimental project will have only one section 

but preferably there should be at least two each of the other sections, and two 

sections that are alike should be separated from each other by an appreciable dis

tance. For example, the sections might be arranged in the order 7-6-5-4-3-2-1-2-3-

4~5-6-7. This number of sections would occupy a total length of approximately 5 miles. 

OBSERVATIONS. Careful observations will be made during construction so that 

a complete history of the project will be available. Periodic inspections will be made 

subsequently to determine behavior in service, particularly with respect to cracking 

that may develop. 

Measurements of pavement temperature and the longitudinal movement at 

expansion and contraction joints will be made at a number of selected points on the 

project. These measurements will be sufficiently comprehensive to establish the range 

of the daily and annual cycle of temperature change and slab movement. 
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HISTORY 

Since early in 1934 the Public Roads Administration has placed a limitation on 

the maximum spacing of expansion joints (originally 100 feet, now 120 feet) and has 

required the use of load transfer devices in both expansion and contraction joints in 

thickenedMedge pavements. This limit on the spacing of expansion joints and the re

quired use of dowels in transverse dummy contraction joints, irrespective of other 

design details, have been questioned by a number of State Highway Departments and 

by the Portland Cement Association. 

These criticisms are based on theoretical analysis and experience in certain 

localities, both of which indicate that 

1. Little or no provision for expansion is required in concrete pavements that 

have normal expansion characteristics provided that contraction joints are so spaced 

as to control cracking and are so maintained as to prevent the infiltration of solid 

materials. 

2. When expansion joints are used it is not necessary to proVide enough expan~ 

sian space to effect complete relief of restraint but, on the contrary, it is desirable from 

a structural standpoint to provide only enough space to keep compressive stresses 

within safe limits. 

3. In dummy~groove contraction joints, so spaced as to control cracking, it is 

unnecessary to use dowels or other load transfer devices, particularly when expansion 

joints are omitted or used only at long spacings. 

Recently the Portland Cement Association has presented a brief on the subject 

of jointing to the Public Roads Administration. As a result of study and discussion of 

this brief, the Public Roads Administration feels that further experimental work is 

needed to study some of the questions at issue. 

The Public Roads Administration is of the opinion that its past experimental 

work has amply demonstrated the need for efficient load transfer devices in dummy 

contraction joints in thickened-edge slabs if these joints are not to be a source of paten~ 

tial weakness (see PUBLIC ROADS, October 1936). However, it is not averse to conduct~ 

ing a more comprehensive study of this subject than it has done previously. 

It will be generally agreed by highway engineers that it would be advantageous 

to omit expansion joints entirt!lY in concrete pavements if this could be done without 

detriment to the pavement. However, the desirability of this practice, or the proper 

spacing of joints if they are used, are still moot questions and further experimental 

work is required before they can be answered definitely. Additional information should 

be developed by the program of experimental construction that has been described. 
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APPENDIX No. II 

CHARACTERISTICS OF MATERIALS USED 
IN MICHIGAN TEST ROAD 

TABLE No. 3 

Characteristics of Portland Cement Used on Design Project 

Surface area, specific surface, square centimeters per 
gram........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1800 

Specific gravity .... 

Normal consistency, percent ... 

Initial setting time ....... . 

Final setting time ....... . 

Passing 100 mesh, percent .. 

Passing 200 mesh, percent .. 

Loss on ignition, percent . .. 

Insoluble matter, percent . ........................ . 

Sulphuric anhydride (S03), percent .............. . 

Silica (Si02), percent ......... . 

Ferric oxide (Fe20 3), percent .... 

Aluminum oxide (Al 20 3), percent ...................... . 

Lime (CaO), percent .................................. . 

Magnesia (MgO), percent ............................. . 

3.13 

27.4 

4 hours 

6 hours 

100 

98 

1.06 

0.20 

1.65 

22.67 

2.09 

4.68 

64.52 

3.16 
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TABU No. 4 

Characteristics o£ Coarse Aggregates Used on Design Project 

Material 4A 

Passing 2.}i" sieve. . . . . . . . . . . . . . . . . . . . ... percent 

Passing 2" sieve . . . . . . . . . . . . . . . . . . . . . percent 100 

Passing 1 )A.l" sieve. . . . . . . . . . . . . . . . . . . . . .. percent 74 

Passing 11
' sieve. . . . . . . . . . . . ........ . . .. percent 

P . lL" . ass1ng 72 s1eve . . _, . . . . . . . . . . . . . percent 

Passing %" sieve. . . . . . ... .percent 

Passing No. 4 sieve. . . . ....... . percent 

Loss by washing . . . . . . . . . . . .percent 

I. Soft and non-durable particles. . . . . . . . .... . percent 

20 

0.1 

0.1 

0.7 

2. Chert particles . . . . . . . . . . . . . .. percent 2 . 6 

3. Hard absorbent sandstone...... . . . . . . . .... percent 0.0 

Sumo£ 1, 2 and 3. . . . . . . . . . . . . . . . . . . . . . . . ... percent 

Thin elongated particles. . . . . . . . . . . . . . . . . . . ...... percent 

Incrusted particles (greater than 1/3 surface area) ..... percent 

Incrusted particles (1/3 surface area or less)...... . . . . percent 

Crushed material in abrasion. . . . . . . . . . . . . . . . . . . .. percent 

Percent of wear modified "B" abrasion. . . . . . . . . . . . . . . . 

Specific gravity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Absorption. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . percent 

3.3 

3.4 

1.7 

15.7 

33.5 

3.5 

2.65 

1.40 

lOA 

100 

50 

29 

3.1 

0.1 

1.1 

5.8 

1.1 

8.0 

0.8 

0.7 

6.5 
l: 

.... 

.... 

2.59 

2.32 

l:; 



TABU No. S 

Typical Grading of Fine Aggregate Used on Design Project 

-··-

Material 2NS 

Passing ~-f' sieve ............... percent 100 

Passing No.4 sieve ............. percent 99 

Passing No. 8 sieve . ........ · .... percent 66 

Passing No. 16 sieve ............ percent 37 

Passing No. 30 sieve ............ percent 22 

Passing No. 50 sieve ............ percent 7 

Passing No. 100 sieve ........... percent 1.6 

Loss by washing ............... percent 0.7 
I 

Fineness modulus . ............ percent 3.67 I 
' Organic matter ........................ Plate No.2 

Specific gravity ........................ 2.60 

Absorption .................... percent 1.78 
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Laboratory No ................. 

Size of specimen, inches . ....... 

Yield point, lbs. per sq. in ...... 

Tensile strength, lbs. per sq. in. 

Elongation, percent . ........... 

Diameter of pin, inches . ....... 

Angle, degrees ................. 

Quantity represented, lbs ....... 

Grade of steel. ................. 

Cold bend test ................. 

/// ... , 

Tie Bars 

40A-1919 St. 40A-1920 St. 

72 Rd. De£. 72 Rd. De£. 

49,650 51,600 

75,650 77,950 

23.78 21.85 

172 172 

180 180 

40,474 . . . . . . . . 

Intermediate Intermediate 

OK OK 

' _ __:___ _____ , ____ _ 

TABU No. 6 

Characteristics of Steel Reinforcing Bars Used on Design Project 

Dowel Bars 

40A-1921 St. 40A-1922 St. 40A-2170 St. 40A-217l St. 

%:Rd. De£. %:Rd. Pl. 1 Rd. Plain l7i Rd. Pl. 

44,950 52,450 45,000 45,800 

76,300 89,200 72,250 80,400 

21.4 18.0 21.0 26.9 

27i 27i 2 272 

90 90 90 90 

131 5,633 4,926 510 

Intermediate Intermediate Intermediate Intermediate 

OK OK OK OK 



TABU No, 7 

Characteristics of Portland Cement Used on Durability Project 

" 

Portland Cement 

Characteristics Standard With Vinsol Resin 

1-~~-,~~---- _" ________ _ 

Surface area, specific surface square centi-
meters, per gram . ......................... . 

Specific gravity. . . . . . . . . . . . . . . . . . . .......... . 

Normal consistency. . . . . . . . . . . . . . . . ........ . 

Initial setting time . ......................... . 

I Final setting time ............................ 1 

Passing No. 100 sieve, percent ............... . 

Passing No. 200 sieve, percent . ............... . 

1 Vinsol Resin, percent . ...................... · · 

Loss on ignition, percent . ................... . 

Insoluble matter, percent .................... . 

Sulphuric anhydride (S03), percent ........... . 

Silica (Si02), percent ......................... . 

Ferric oxide (Fe20 3), percent .................. . 

Aluminum oxide (Al 20 3), percent ............. . 

Lime (CaO), percent ......................... . 

Magnesia (MgO), percent .................... . 

Brand 
No. 1 

1,650 

3.12 

24.8 

3-40 

5-40 

100 

95 

...... 

1.25 

0.19 

1.74 

20.88 

2.70 

6.62 

62.83 

3.17 

Brand 
No.2 

1,800 

3.07 

27.4 

3-35 

5-20 

. . 

100 

98 

. ... 

1.06 

0.20 

1.65 

22.67 

2.09 

4.68 

64.52 

3.16 

Brand 
No. 1 

1,745 

3.13 

26.4 

4-10 

6-40 

100 

96 

.050 

1.30 

0.22 

1.80 

21.11 

2.68 

6.71 

63.01 

3.00 
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TABU No. 8 

Characteristics of Coarse Aggregates Used on Durability Project 

Material 4A lOA 

Passing 27,!" sieve ................................. percent .... . ... 

Passing 2 1
' sieve .......................... , ........ percent 100 .... 

P ' JlL" ' t asstng 72 s1eve . ................................ percen 84 .... 

Passing 11
' sieve . .................................. percent 23 100 

P . lL" . t ass1ng 72 s1eve .................................. percen .... 55 

Passing %" sieve . ............................... · .. percent 1.7 25 

Passing No. 4 sieve . .............................. percent .. '. 1.1 

Loss by washing .................................. percent 0.2 0.1 

l. Soft and non-durable particles ................ percent 1.2 0.6 

2. Chert particles, percent ....................... percent 0.7 9.0 

3. Hard absorbent sandstone .................... percent 1.8 0.7 

Sum of 1, 2 and 3 ............................ i ... . percent 3.7 10.3 

Thin elongated particles .......................... percent 0.7 0.5 

Incrusted particles (greater than 1/3 surface ar.ea) percent 1.4 0.3 

Incrusted particles (1/3 surface area or less) ....... percent 1.7 1.8 

Crushed material in abrasion ................. ' .... percent 29.1 .... 

Percent of wear modified uA" abrasion ............ percent 3.7 .... 

Specific gravity .......................................... . 2.65 2.62 

Absorption .................................. .' .... percent 1.09 1.73 
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TABU No. 9 

Typical Grading of Fine Aggregates Used on Durability Project 

,_ 

Nat. 
Sand Blend 
2NS Sand 

I 

Passing%" sieve ................ percent 100 .... 

Passing No. 4 sieve . ............ percent 98 99 

Passing No. 10 sieve ............ percent 75 .. '. 

Passing No. 20 sieve ............ percent 45 .... 

i' Passing No. 40, sieve, ........... percent .... 99 

Passing No. SO sieve ............ percent 16 .... 

Passing No. 100 sieve . . . . . . . . . .. percent 3 69 

Passing No. 200 sieve ........... percent .... 51 

Silt and clay (0.005 mm.) ....... percent .... 40 

Clay (0.001 mrn.). , ............. percent .... 5 

Orgahic matter. ................... · ... Plate 2 

-
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TABU No. 10 

Grading Characteristics of Mineral Fillers Used on Durability Project 

- --···-

MSHD Silica Limestone 
Spec. Dust Dust 

Passing No. 40 sieve, percent 100 100 100 

Passing No. 80 sieve, percent .... 98.8 99.4 

Passing No. 100 sieve, percent .... 98.4 99.2 

Passing No. 200 sieve, percent 75+ 78.4 89.8 

·- -

TABU No. 11 

Specifications for Vinsol Resin Admixture 

Maximum Minimum 

Melting Point, Hercules Drop Method ..... 125°0 110°0 

Acid Number ............................. 105°0 85°0 

Gasoline Insoluble ............... .percent .... 85 

Toluene Insoluble ................ .percent 30 15 

Acetone Insoluble ................ .percent 2 .... 

Ash ............................... percent 0.3 .... 
Passing No. 30 sieve . . . . . . . . . . . . . . .percent .... 100 

Passing No. 80 sieve . ........ . . . . . .percent 100 90 

Passing No. 200 sieve ............. .percent 80 60 
-
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TABU No. 12 

Characteristics of Limestone Materials Used on Durability Project 

Coarse Aggregate Fine 
Aggregate 

4A lOA 2SS 

Passing 2" sieve .................. percent 100 .... . ... 

p . 172" . t ass1ng 2 s1eve ................ percen 67 .... . ... 

Passing 1" sieve ................... percent . 13 100 .... 

p . 72' . t ass1ng 2 s1eve . _, ............... percen .... 53 . ... 

p . %' . t ass1ng s s1eve ................. percen 1.1 37 100 

Passing No. 4 sieve ............... percent .... 7.3 99 

Passing No.8 sieve ............... percent .... . ... 88 

Passing No. 16 sieve .............. percent .... . ... 52 

Passing No. 30 sieve .............. percent .... . ... 28 
I 

Passing No. 50 sieve .............. percent .... . ... 13 I 

Passing No. 80 sieve .............. percent .... . ... . ... 

Passing No. 100 sieve ............. percent .... . ... 4.3 

Passing No. 200 sieve ............. percent .... . . . . . ... 

Loss by washing ................. percent 0.3 0.7 2.0 

Soft and non-durable particles ... percent 0.0 0.0 .... 

Thin elongated particles ......... percent . . . . 7.7 .... 

Crushed material. ............... percent 100 . . . . .... 

Percent of wear modified "AI1 
abrasion . . ~ .................... percent 11.9 . . . . .... 

Absorption ....................... percent 0.58 0.66 1.47 

Specific gravity ............................ 2.66 2.66 2.62 
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TABU No. 13 

Asphalt Emulsion Characteristics 
Michigan State Highway Department Specification AE-1-A 

. 

Viscosity, Say bolt Furol at 25"0, sec .. 

*Test for break on fresh concrete. 

Distillation at 500"F. (250"0.) 

Total distillate, percent .. 

Oil distillate, percent ... 

Asphaltic residue from distillation 

Penetration at 25"C., 100 g., 5 sec ..... . 

Ductility at 25"0., ern ... 

Solubility in CS2 , percent .......... . 

Specific gravity, 25" /25"0. 

Ash content, percent. 
..... 

20 

Passes 

46.0 

Trace 

161 

110+ 

99.43 

1.008 

0.55 

*The asphalt emulsion shall commence to break in not less than 15 
seconds and not more than 5 minutes after applied to fresh concrete. 

f 



TABU No. 14 

Cut-Back Asphalt Characteristics 

Specific Gravity, 15.5°C./15.6°C ................ . 

Water, percent volume ......... .............. . 

Flash point, Tagliabue, open cup ............. . 

Viscosity, Say bolt Furol, sec. 38°C ............ . 

Viscosity, Saybolt Furol, sec. ZS°C ............ . 

Distillation Test, percent by volume 

0.901 

Trace 

34.4°C 

59 

97 

To 190°C.................................... 39.0 

To Z25°C.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47.5 

To 315.5°C.................................. 52.5 

To 360°C....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54.5 

Tests on distillation residue 

Specific gravity 25° /Z5°C...... . . . . . . . . . . . . . . . 1.043 

Penetration at 25°C./100 g., 5 sec.. . . . . . . . . . . 5 

Ductility at 25°C., em.. . . . . . . . . . . . . . . . . . . . . . 1 

Solubility in CCI., percent.................. 99.83 

Oliensis spot test. . . . . . . . . . . . . . . . . . . . . . . . . . . Negative 

Fixed carbon, percent....................... 20.7 
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APPENDIX No. Ill 
MISCELLANEOUS INFORMATION 

TABU No. 1S 
Average Traffic Record of Michigan Test Road 1941 

Period 

Month WeekDay 

Low High Aver. 

March ..... 262 876 584 

April ....... 539 1367 789 

May ....... 565 1286 839 

June ....... 642 1610 980 

July ....... 918 2514 1398 

August .... 1088 2544 1811 

September 698 1481 1089 

October ... 645 1225 935 

TABU No. 16 
Classification o£ Traffic on Michigan Test Road 
Average Summer Daily Traffic 

Low 

702 

1064 

1412 

1389 

1885 

2607 

1641 

1626 

Sunday 

High 

1062 

1637 

1907 

1885 

2526 

3347 

2456 

1772 

I 
Amount 

Total traffic ................................... 1590 

Passenger cars . ................................ 1361 

Passenger cars with trailers . ................... 76 

Total passenger cars . .......................... 1437 

Light trucks,(%: ton and under) ............... 43 

Medium trucks, (1 to 271! tons) ................. 26 

Heavy trucks, (3 tons and over) ................. 43 

Trailer combinations . ......................... 41 

Busses ......................................... 0 

Total commercial. ........................... 153 

r:· 

Aver. 

925 

1292 

1698 

1705 

2205 

2977 

2048 

1699 

Percent 

100 

85.6 

4.8 

90.4 

2.7 

1.6 

2.7 

2.6 

0.0 

9.6 
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