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In May, 1940, the administration of the Michigan State Highway Department au-
thorized the construction of an investigational concrete pavement project under
regular contract and construction procedure using the Department’s 1940 plans and
specifications with necessary supplementals. The specific purpose of this experi-
mental project was twofold; first, to evaluate and establish certain fundamental
design principles and second, to determine under field conditions the effect of certain
factors on the durability of concrete, particularly in refation to scaling. These ob-
jectives are included in the primary objective of the Department which is continually
to improve the serviceability and extend the economic life of concrete pavements
in Michigan.

This experimental project, now generally known as the Michigan Test Road, was
constructed in cooperation with the Bureau of Public Roads and is one of a group
of six such Test Roads built throughout the United States, the others being in
California, Kentucky, Minnesota, Missouri, and Oregon. The Michigon Test Road,
consisting of 17.8 miles of 22-foot concrete pavement, was constructed on M-115
between US-10 end M-66 in Clare ond Oscecle Counties. See Figure 1, The Test
Rood is divided into two experimental sections, One section, designated the Design
Project, is 10.1 miles in length and coincides in a general way with the Bureau of Pub-
lic Roads plans and procedure for the construction of experimental roads which
were submitted to various state highway orgenizations in 1940, (1 ™ but is more com-
prehensive in its scope. The Design Project is further identified as State Projects
F 18-20, C4 and F 67-37, C6 or Federal Aid Projects 337-E (2) and 337-F (4) re-
spectively. The other experimental section, called the Durability Project, is 7.7
miles in length and wes included by the Department in the construction of the Test
Road s a supplementary investigation to laboratory studies on the durability of con-
crete, especially in regard to scaling, This section is also identified as State Project
F 18-20, C3 or Federal Aid Project 337-D (2).

*Nuymbers in parentheses refer to bibiiography appended to this report.




nd scope of the research program embodied in the Michigan Test

_ en 6 e_fore repetition of basic information has
‘been avoided in subsequent eports ‘as.much as is practical, In some instances repe-
tition has been necessary for the'sake of a better understanding of the work, as a con-
nection between publications, and for convenience to those readers who have not
had access to the first bulletin or are becoming acquainted with the experimental
project for the first time.

During the construction of the Michigan Test Road in 1940 and subsequent to it,
many observational and special studies have been made in addition to carrying out the
program of seasonal and daily physical measurements which was set up in the original
outline, When the experimental project was established it was anticipated that it
would require a long period of time to make a complete analysis of all factors in-
volved, including the necessary subsequent investigations, and that progress reports
would be forthcoming as the work progressed.

The Test Road has been in existence now for 9 years and during this period there
has been collected and analyzed o considerable amount of data, This deta has been
sufficient to show several significent trends in slab and joint behavior as well as other
interesting disclosures whick are believed to be of sufficient interest in relation to
present design and construction problems to warrant the publication of a compre-
hensive progress report af this time,

The value of the work is clearly reflected in the Department's new standards for the
design and construction of postwar concrete pavements, The most outstending con-
tributions emaneting from the Test Road studies fo date have been: first, the use of
air-entrained concrete for scale prevention; second, the use of bituminous-rubber
joint seal materials; third, the change to long slabs with heavier steel and no inter-
mediate plane of weakness joints; and finally, the elimination of expansion joints,
except at designated locations.




Two complete Bulletins have been prepared which are an account of all the vari-
ous research activities carried on in the Design and Durability Projects of the Mich-
igan Test Road, respectively, for the first 9 years subsequent to construction. These

Bulletins are being published separately under the titles “Design Project” and “Dura-
bility Project”.

This report on the “Design Project” contains miscellaneous project information per-
taining to soil, concrete, and traffic conditions, and includes also a discussion of the

general behavior of joints, slab movement and several incidental studies associgted
with the Project.
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The Design Project of the Michigan Test Road is devoted to o study of several im-
portant principles end factors incidental to the design and construction of modern
concrete pevements. The important design studies included in this project are joint
spaciing, joint design, pavement cross section, steel reinforcement, uniform thickness
versus balanced cross section, stress curing, and relation of pavement cross section to
subgrade supporting volue. In addition, such construction features as mechanical
spreading of concrete, mechanical tamping of forms, and joint sealing compounds
were included for observatioral study.

In order to evaluate the design features previously mentioned under controlled
conditions it was necessary to divide the project into 12 test areas. The test areas,
“designated as Series 1 to 12, are described in Table | entitled, “Summary of Test Areas
of Design Project”. The table includes importent informetion pertinent to each test
area. - To facilitate the study of a particular design feature each series has been

- further subdivided into divisions and sections designated by letters and numerals,
respectively. In addition to Table |, o schematic diagram of the Design Project is
presented in Figure 2 which shows the relative location of the verious test sections
in the project, and a profile sketch is given in Figure 3.

Important factual information resulting from the various vistel observetions and
field measurements associated with the Design Project ave discussed under the head-
ings of miscelloneous project informetion, concrete pevement design studies, and
incidenta! studies.
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During the construction of the pavement surfece and subsequent to if, certain
important factual data have been procured which are directly or indirectly associated
with the general behavior of the pavement slabs, Such mformation includes genercl
soil conditions and subbase construction opergtions, concrete mix design, physicel
properties of the concrete, traffic conditions, ond climatological date teken at the
site of the project.

GENERAL SOIL CONDITE

The subgrade materials are composed primarily of weli-drained sandy or gravelly
soils with the exception of two areas, Stations 88+ 00 to 129+ 00 and Stations
170 + 00 to 225 + 06, where it was necessary to construct a 12-inch sand subbase or
cushion on the existing subgrode maoterial. The physical properties of the soil im-
mediately under the concrete pavement at four representetive locations where a sand
cushion was not required are given in Table Hi. The extent and relative location of
soil types and earth work operations for the Dasign Project are illustrated in Figure 4.

SUBGRADE RESISTANCE: Laboratory and field studies were made to determine
a probable value for the cocfficient of friction between the granular subbase meterial
end the pavement slab, Friction studies were made in the laboratory on soil imported
from the Test Road site which was representative of subgrade conditions, A congrete
slab 4 feet square and 6 inches thick was placed on a prepared subbase 12 inches
thick. The force necessary to cause horizontal movement and the magnitude of
the displacement caused by the thrust were measured from the beginning of test
until movement of the slab took place. The procedure was repeated several times
both ik a forwerd and backward direction. Studiss were made with the soil wet and
dry and the bottom surface of the sleb smooth and corrugated fo simulate possible
field conditions,

Subgrade friction values of the following order were obtained:

Subgrade wet, slab smooth Average Value 1.00
Subgrade dry, slab smooth Average Value 0.75
Subgrade wet, slab corrugated Average Value 1.33

fn the field ¢ 100-foot continuous slab located in Series 9-A was moved back and
forth in situ by inflating air cells which were inserted in the expension joint openings
at each end of the slab. An average friction coefficient of 1.67 was obtained from
this work. It is to be expected that the load transfer devices at the joints and un-
desirabie subgrade conditions would influence the friction measurements which are
slightly higher than those obtained under ideal conditions in the laboratory.

Taking ail factors into consideration, the coefficient values determined from these
studies would indicate the horizontal resistance of the subgrade te slab movement
to be fow as compared to values which are known fo exist on the heavy or clay
type ‘subgrades,




I

DENSITY: Natural soil densities-of tt the subbqse at a point approximately 9 inches
below the surface were determified immediately prior to the placing of the concrete
slab, The density values gbfained ranged from 103 to 113 pounds per cubic foot. The
moisture content of the subbase during the measurements varied from 4.2 to 7.6 per
cent of the dry we ght of soil. =

CONCRETE MIX DESIGN

The coptrete mixture was designed gyéggiidunce with the mortar-void principle
which h éP been used by the Depar ?ﬁt for a great many years. Specification re-
qu:remﬁeﬁts stipulated Class A copérete having a minimum compressive-stigigth of
2500 pbunds per square inch at 28 days and flexural strengths.of 550 and 650 pounds
per s,quure inch at 7 days /ghd 28 days, respectively. ‘ement factor was 1,375
burre!s per cubic yard. Basic concrete mix portions pef sack of cement were:

T

s

g,

j Cement ‘f 94  pounds
] Water ¢ 52.5 pounds
Fine Ag iigote ) 228 pounds T —n
Coarse Aggregate 10-A /fy 190.5 po‘iﬁiyﬁw T
%’%

lfﬁ‘{lpou nds

Coarseﬂnggregate 4-A ji
/ ,f

ISICAL PROPERTIES OF CONCRI

Cermm phys:cul? properties of i‘hq concrete such’as weight per cubic foot, con-
sssi‘ency, compressive and flexural $trength, modulus of elasticity, ond coefficient
of thermal expuns:bn are given in Tg;ble il

T,

MODULUS OF éLASTICITY T;‘he modulus o e!ashc#ty values presented in Table
HI yere determmafd from stress- stram measurements on 6- by 12-inch compression
cyimders cask at different stahonsguiong the road during pouring operations.

COEFFIC!ENT Qf THERMAL

p —

%X?ANSION": In determining i‘he coefficient of

thermal expansion, measurements yere made on% 3- by 6- by 15-inch concrete speci-

tnens :n both the so{wrai'ed and oven dry condiﬁons

$ilk, percem m?u ed,ON)S [
Clay, pee’cent retnlnad 000!

llqmd lismie 0000
Plasticity index ..
Specific grovity . . |
Shrinkage limit, % .
Less on ignitien, 95
Grganic conienl’,"_%
Capiliary rise, inches -
Field moisture equivalent, %
Peisture, bottom inch of rise, %
Moisture, top inch of rise, %
Coefficient of pwmenblhiy, feei ]
per day .., .05
Weight en sumples, Ibs
sguure meh
Voids, %

This was done to differentiate

e

——
RO
e
st

?%

!
i
)
g
1
i

Table &

3 3
1] £ 1 ]
1o 19 26 18 PHYSICAL PROPERTIES
(| Non-plestic |Mom-plasiic |Non-plastic | Mon-plastic
2.62 2.62 2.65 2.63 OF SOIL AT
.| Mo shrinkage |Ne shrinkage |Me shrinkage| Ne shrinkuge
0.67 - 0.80 1.99 6.61 MOISTURE CELL
0.62 0.64 1.36 0.45%
F 12.0 1] 8.5
4 = 1o . STATIONS
24.9 23.9 23.0 20.2
6.7 4.7 5.4 5.0
26 52 38 40
0.6 o6 0.8 6.6
N 32,0
ja
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volume changes due to temperature and moisture. Change in fength measurements
were made by means of a gage constructed especially to fit the specimens, one end
of which had e fixed contact point, the other consisting of a Federal dial reading
directly to .0001 inch. Bross targets V2 inch in diameter were instelled in the ends
of the specimens te serve as gage confact points. Thermocouples were embedded in
the center of the specimens to determine temperaturs,

Coefficients derived from these tests with specimens in o saturated condition for
the temperature range between 32° and 130° F. averaged 0.0000053. !In a saturated
condition the specimens contained approximately 4.1 per cent of absorbed moisture.
The®concrete in an oven-dry state gave a lower veiue of 0.0000049 for the coefficient
of expansion.

On the basis of these dote it was determined thot for a temperature of 72° F. the
average change in length of the specimens from a dry fo a saturated state was
0.000246 inck per inch of length. This velue is equivalent to @ change in fempera-
ture of about 46° F. Assuming the same relative linear contraction of the specimen
in all directions, the change in volume from seturated to dry state was 0.075 per
cent which agrees closely with the results of Davis (2 for concrete with gravel
aggregate. According to Davis, subsequent saturation produces an increase in volume
of only about one-tenth of the original contraction for this type of concrete.

TRAEFIC CHARACTERISTICS

Autematic recording equipment wds instalied on the Test Road to obtain a continu-
ous daily record of traffic flow. In addition to the daily traffic counts, classification
surveys are made quarterly—April, July, October, and December—covering & six-hour
period per day for five days. The six-hour periods are rotated around the clock in
order that data representative of o 24-hour day for the different seasons may be
obtained at the end of the year. During these surveys the axie loads, axle spacings,
and frequency of the various types of commercial vehicles are recorded. Wheel loads
are obtained by means of portable loadometars frem which axle loads may be de-
termined. See Figure 5. From this work it is possible to estimate quite closely, for
any period of time, the frequency of wheel loads which werrant consideration of their
effect on the future behavior of the pavement slabs. In this category it is customary
to consider wheel loads in excess of 4000 pounds.

Table 1
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The monthly traffic record presented graphically in Figure 6 illustrates quite clearly
the total traffic characteristics of the Test Road for the years 1941 to May 1949,
inclusive. |t is interesting to see how the influence of wartime conditions caused an
appreciable drop in passenger car traffic with o corresponding increase in commercial
vehicles,

Values representing the percentages of different types of vehicles traveling the
Test Road based on an average annual day for the years 1941 to 1949 inclusive are
given in Table IV. -Annual average wheel load distribution values by direction of
travel are presented in Table V. '

In order to evaluate certain structural failures in relation to traffic conditions, a
load factor will be established for the Test Road based on the data obtained in these
surveys, . ‘ ‘

Figure §

- CONDUCTING
LOADOMETER SURVEY
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CLIMATOLOGICAL DATA

Complete records of temperature and precipitation at the Test Road covering the
first 9 years of the project are presented in Figures 7 and 8,

The graph in Figure 7 shows that the aversge temperature in winter is approx-
imately 25° F. while in summer it is 70° F., making an average temperature difference
of about 45° E. It may be observed also that daily temperature fluctuations in
winter are about 16 degrees F. less than those occurring during the summer.

Figure 8 gives the precipitation by months as well as the total vaiue for each year.

The three main design studies under consideration are the spacing and design of
transverse joints, pavement cross section, and steel reinforcement,

The evaluation of the several features included in these three major design studies
is based upon the behavior of the respective concrete slabs under service conditions,
taking into account performance, physical irregularities, and vertical alignment. ‘ S

In order to evaluate the elements of design considered in the project, periodic
examinations fogether with measurement of displacements and physical conditions
have been made during its life, The schedule of observations established at the be-

TOTAL FOR YEAR =-17.47 - 8——TOTAL FOR YEAR = 30.37

B
4:

TOTAL FOR YEAR a 31.03

! NCHES

TOTAL FCR YEAR = 28.9]

]

TOTAL FOR YEAR = Z28.48

TOTAL FOR YEAR = 21.66

PRECIPITATIOGN

TOTAL FOR YIAR = 37.39
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ginning of the project has been followed closely. In brief, the program consists
of the following observetions:

1. Seasonal and daily measurements. of joint widths, slab movements, strain,
temperature, and moisture of the concrete and subbase,

Periodic measurements of vertical displacement of the slabs.
Biannual condition survey of pavement.
Continuous record of air temperature and precipitation.

Continuous daily traffic recard with quarterly traffic classification surveys
each year.

Bl o

Factual information obtained from the various observations and measurements is
presented under the headings of joint spacing and pavement movement, joint design,
pavement cross section, reinforcement, and continuous slab versus hinged slob
construction, . !

JOINT SPACING AND PAVEMENT MOVEMENT

Although joint spacing is considered throughout the entire Design Project, it has
received special emphasis in Series 1, 2, 3, and 4. In these four series expansion joints
have been spaced to give sections of 120, 240, 480, 900, 1800, and 2700 fost lengths,
and contraction joints have been spaced ot 10, 20, 30, and 60 foot intervals. Dummy,
or so-called warping, joints are included in the sections containing 60 and 30 foot
contraction joint spacing. Contraction joints are plane of weakness joints with or
without slip dowels or other types of load transfer devices, whereas dummy joints
are constructed in the same manner except that they do not contain load transfer
devices and the pavement reinforcement is continuous through the joint.

Initial measurements of joint width and slab position were made immediately upon
completion of each series in the summer and fall of 1940, and the readings have been
. used as a reference in determining subsequent displocements. Seasonal and daily
readings were foken as nearly as possible at the same time of day dusing all periods
of observation. Since the time required to make all measurements for the entire
project covers g period of three to four weeks, fluctuations in climatic conditions from
day to day will naturally influence the seasonal measurements between series to a
certain extent. Joint width readings are undoubtedly affected to some extent by the
curling of the slabs also. The effect of these day to day changes in slab conditions
during the observation period has not been considered in the presentation and in-
terpretation of the dota in this report,

The joint width movements of the different test sections have been reduced to
average curves which represent the average seasonal movement for ali joints under
observation in any given section, This has been necessary because of the vast amount
of data accumulated over the past 9 years. ‘

The results from these joint studies will be discussed under seasonal changes in
joint widths, daily changes in joint widths, and pavement movement.

17
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SEASONAL CHANGES IN JOINT WIDTHS

iIn presenting the data on seasonal changes in joint widths, each type of jeint
under study will be discussed separately. The joints given major consideration in
this investigation include individual expansion joints, and relief .sections composed
of two or more one-inch expansion joints, contraction joints, and dummy or plane of

weakness joints.

EXPANSION JOINTS: Seasonal changes in expansion joint width for the several
sections, together with their progressive or permanent change, are presented graphi-
cally in Figure 9 for the years 1941 to 1949 inclusive, These grophs also show the
relationship between change in joint width and fength of section between expansion
joints, Unless otherwise stated, only those expansion joints separating sections of
equal length were considered in plotting the graph. Where relief sections are in-

volved, consisting of two or more expansion
joints separated by small slabs of concrete,
the individual expansion joint movements were
combined algebraically to form a single value
representative of one joint or equivalent width.

The velues shown in Figure 9 represent
actual measurements taken at the time with-
out any adjustment for volume changes due
to temperature, moisture, or age. The period
of toking measurements wos dependent to
large extent upon weather conditions. In
generol, the spring readings were taken during
the latter part of April ond the first part of
May, summer measurements include those
taken in July end August, foll readings were
usually token in Qctober and November, and
winter readings any time from January to
March, Winter readings were token when
tempergtures were seasonable end the pave-
ment surface was sufficiently free of snow and
ice fo permit measurements,

Figure 10 presents the joint width move-
ment of certein expansion joints in relation
to length of section after the joint width read-
ings had been adjusted to an average summer
temperature of 75° F. and an average winter
temperature of 25° F., using coefficients de-
rived from doily movements,

Figure 13
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Several significant facts are revealed by the graphs in Figures 9 and 10.  Firsi,
in most cases the sections contracted sufficiently during the first winter season fo
cause o slight widening of the expansion joints in excess of the one-inch width orig-
inally provided. Second, without exception all of the sections experienced their
greatest movement during the first year after construction. Third, the annual ampli-
tude of joint width movement diminishes with time. Fourth, oll expansion joints show
@ progressive, permanent change in joint width resulting in o gradual closing of the
joints, to the extent that after 9 years the sections have absorbed opproximately 60
to 80 per cent of the expansion space provided. There is no doubt thot the progress
of these residual displacements will diminish rapidly in the future, since the jeint
. filler will eventually reach a stage of compaction sufficient to resist practically all
further movement of the slabs adjacent to the joint. Fifth, as one would expect, the
~ longer sections produced the greatest changes in joint width the first year, although
the amplitude of annual joint width movement after the first year is comparable to
that of the shorter sections. Sixth, the amplitude of yearly movement waes the leost
for the sections composed of 10-foot contraction joints and greatest for the sections
with 60-foot contraction joints, This phenomenon would indicate that a considerable
amount of section movement is absorbed by the greater number of contraction joints
existing in a section containing 10-foot contraction joints.

CONTRACTION JOINTS: The octual changes in controction joint widths for dif-
ferent seasons of the year and for variable expansion and contraction joint spacings
are shown graphically in Figure 11. The graphs show the maximum and minimum
joint width movements as well as the average value.

The bar graphs in Figure 12 show the relation between seasonal contraction joint
width movement and contraction joint spacing based on g five year averege and

{ AT WINTER AVERAGE....
TEMPERATURE OF 25 F.

AT SUMMER AVERAGE-.‘
TEMPERATURE GF 75 F. H

SERIES e — t 23 4}

CORTRACTION JGINT__:LBO'SU'ZOWO';
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Figure 12

adjusted for an averege summer and winter temperature cond:hon of 75° F. and
25° F. respectively.

The relative change in contraction joint width for three particular joint spacings—
60, 20, and 10 feet—atre graphically presented in Figure 13. In addition to showing
the effect of joint spacing upon joint width changes, these grophs show the residual
apening of the joints with time end that the joints closest to the expansion joinfs open
more than the joints near the center portion of the section. This same phenomenon
may be observed on all of the test sections.

The following significant facts are disclosed by the graphs in Figures 11, 12, and
13: first, that under similar conditions of expansion joint spacing the movement of
the -60-foot contraction joints is ot least four times as great as those spaced at
10 feet; second, the changes in width of contraction joints vary with the section length,
the shorter the section length the greeter the contraction joint movement; third, in
the long sections the movement of the contraction joints near the exponsion joints is
slightly greater than that of the joints near the center of the section; fourth, the
contraction joints show an annual amplitude of joint width change which apparently
decreases with time, the amplitude being greater in the longer slabs and diminishing
with decrease in slab length; and fifrh, with few exceptions, all contraction joints
experienced o gradual progressive increase in width during the first 5 years, ond
very little increase in residuc! opening thereafter. The seasonal variation in joint
width is still very pronounced, however, under certain design conditions,

- DUMMY JOINTS: In Series 1 and 2, 60-pound and 37-pound per 100 square feet

mesh reinforcement respectively was laid continuously through the dummy joints,
Measurements have been teken at several joint locations throughout Series 1 and 2
to study the effect of the reinforcement upon joint behavior. The seasonal changes in
joint width are shown by graphs in Figure 14, Maxlmum minimum and average
movement is shown, :

-
AT WINTER AVERAGE .
TEMPERATURE OF 25 F.
AT SUMMER AVERAGE wouuj
TEMPERATURE OF 75 F.
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The graphs show that in practically all cases the maximum opening of joints does
not exceed 0.05 inches. As in the case of controction joints, the movement of the
dummy joints near the center of the long sections is less than that of joints near the
ends. The graphs also indicate that the dummy joints react in the same manner as
contraction joints but to a much smaller degree, in that they fluctuate slightly with
seasonol changes and seem to acquire a smali, gradually increasing residuel open-
ing with time. Mo relotion is apparent between joint width chenge and weight of
steel reinforcement. In the eighth end ninth years, however, several dummy joints in _ ol
Sections B and E of jightly reinforced Series 2 have opened excessively during the B
winter, indicating a break in the steel at those poinks.

DAILY CHANGES IN JOINT WIDTHS

In conjunction with the seasonal joint width measurements certain joints were R
selected for daily observations. Readings on the same joints were taken early in the Lk
morning while the pevement wes cool and then in the mid-efternoon when the pave-
ment would be normally at its maximum temperature. The
relationships for the daily joint width movements for all
series are expressed in comparable terms, such as change in
joint width in inches per degree Fahrenheit versus length of
section and spacing of joints.

Figure 15
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EXPANSION JOINTS: The average daily changes in expansion joint widths by
years and seasons are represented by bar graphs in Figure 15. Included in the graphs
are measurements from selected joints in all ten sections of the Design Project. In
general, the data disclose several significent facts. First, daily joint width move-
‘ment is influenced to o certain extent by the degree of pavement restraint which
normally increass with age due to depletion of expansion space and residual volume
changes in the concrete. Second, intermediate contraction joint spacing has a de-
cided effect upen daily joint width movement as may be observed by comparing
graphs of Series 1 with those of Series 4 in Figure 18, Third, in general, the movement
is greatest during the spring ond least in the fall seasons, while summer and winter
seasonal readings are about comparable. It is believed that this greater movement
in the spring than in the fall may be due to the relatively greater freedom of the
slab resulting from winter opening of the joints combined with a wider temperature
range induced by the radiant heat of the sun, which is maximum at the summer soi-
stice (June 21). Fourth, no definite relationship is discernible between daily- joint
width movement and certain construction features such as weight of reinforcement,
cross section, thickness, or joint design,

In Figure 16 there is presented the average daily expansion joint width movement
for joints in Series 1, 2, 3, and 4 based on a 5-year period irrespective of seasons,
The bar grophs in general bear out the statements mode ebove. |t is believed that the
exceptionaliy high daily movements for alf series in section lengths greater than 240
feet are due to the foct that greater expansion space was provided in those cases.
Two one-inch joints were used for the 480 and 900 foot sections, and three one-inch
joints for afl sections 1800 feet and 2700 fect in length.

Figure 16

AVERAGE DAILY
EXPANSION JOINT
WIDTH MOVEMENTY
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Figure 17

* SERIES ¢ HAS NO CONTRACTION JOINTS

DAILY MOVEMENT OF CONTRACTION JOINTS
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CONTRACTION JOINTS: In e similar manner the average daily contraction
joint width movements have been presented in Figures 17 and 18. The data pre-
sented in these two figures show in general that the contraction joints behave in the
same manner as the expansion joints. Because of the greater number of joints
involved in the case of contraction joints, the relationships between joint width
movement and joint spacing are more pronounced.

DUMMY JOINTS: Duaily observations have been mede on certain dummy joints
in Series 1 and 2. Data from these observations are presented graphically in Figure
19. The graphs serve to show that the joints function in the manner of other joints
but to a lesser degree, and that the magnitude of the daily movement is in general
under 0,001 of an inch per degree F,

PAVEMENT MOVEMENT

In certain sections of Series 1, 2, 3, and 4 reference monuments were established
to measure the relative movement of different parts of the sections with respect to
fixed points in the subgrade. Monuments were placed at the center, quarter points
and ends of Sections 1A, 1F, and 4F and at the ends and midpoints of Sections 3A,
4A, 1C, 4C, 1D, 3D, 2F, and 3F. The curves in Figures 20 to 23 inclusive show the
relative behavior of the different parts of each section, in respect both to seasonal
movement and to the distance of the monument from the center of the section.

The data indicate that for long sections of pavement the greatest movement is at
the ends and rapidly diminishes until a point is reached gt which practically no longi-
tudinal movement tekes place. This is clearly shown by graphs presented in Figure
24, For the two 2700-foot sections—Series T and Series 4—the point of zero lfongi-
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tudinal movement was, in 1941, approximately 700 to 800 feet from the ends of the
sections but in 1949 the same point had retreated slightly to 1000 and 1100 feet
from the ends. It is also noted in Figure 24 that the two sections have acquired o
considerable increase in residual displecement during the 9-year interim. The sub-
stantially greater movement of the north end of Section 4F is due to the presence of
five 1-inch expansion joints at the relief end instead of the usual three expansion
joints because of the abutting Muskegon River bridge. Thus, there exists in the
central part of the 2700-foot sections in Series 1, 2, 3, and 4, portions of pavement
more than 500 feet long which ot elevated temperatures are under restraint similar

Figure 18
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Figure 23
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