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o SYNOPSIS

In the Fall of 1956 the-Pennsylvénia Deéartmenﬁ‘of High-
wayé constructea tﬁe first_of two experimental continuously~fein«
fofced concrete pavementg. This paper is a preliminary‘reportvon
the construction procedures and investiéétory details of these

research pavements.

The first 6f these projects is on Route ill, near Ybrk.
In thig préjéct, measurements Are being made of tﬁe strain in thé
bﬁrwmﬁt rgihforcing steél in a uniform 9?inch pavetﬁenta In-addi;
tion, studies are‘being conducted of the crack frequeﬁcy, the

‘erack width, and the slab temperature.

This paper describes a theory governing the behavior,
the details of comstruction and instrumentation, and the results

obtained during the first two months of the life of the pavement,

The secon& project willvbétoh‘Route'ZZ, near Hamburg,
lin which the pavement thickness will be varied to include sgctions
of 7,8, arnd 9-inch thickness. The'reinforcing will be bat—mat;
with the exéeption of 1000 feet of welded Wife fabric, 1In addi%
ﬁion to strain measurements, studies of temperature distribution,
pavement warping, longitudinal movement, crack width, and crack
fregquency will be made. This paper describes only the p}ans for

this impending research projeck..



B. INTRODUCTION

The trends in pavement design have moved slowly towards
the use of longer pavement slabs. Historically, the first concrete
pavement in the United States,'at,Beliefontaime, Ohio, consigtéd‘
of plain concrete blocks five to six feet square and six inches
thick., Under the influences of experience and research in the
field, reinforced pavement slabs have increased in size to encom-
pass l2-foot lane widths, iengths of from 30 to 100 feet, and
thicknesses of from 6 to 10 inches or more, The use of steel re-
inforcement has been added as a means of tieing cracks in the
pavement together, and to give the ‘pavement slabs some additional

flexural strength.

The design of éonventioﬁal reinforced highway slabs,
with load-transfer joints every 30 to 100 feet, is based on the
assumption that minor thermal cracking will occur between the
joints, and that all deformations wiil be mobilized at the load-
transfer joints. This form of construction, though quite success-
ful in the context of previous experience, is not the optimum
condition that can be accomplished with reinforced éoncfete

pavements.

For many years, highway engineers have given thought
~to the design and construction of reinforced concrete pavements,
based on the principle that if cracks that form are held tightly
together, there is no reason why the pavement cracking cannot be
permitted to occur at any natural interval. The mere existence

of cracks does no :damage; the damage occurs when the cracks be-
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come of such widith as to permit pavement pumping and extreme strains
in the steel due to vehicle loads. Thus we have a continuously.
reinforced concrete pavement where the reinforcement is of such

size as to hold the cracks to non-objectionable width.

The logical emphasis thus would be taken away from stress
considerations and be placed on the relation between the strain

in the steel and the width of crack opening.

| Such pavements have been constructed as experimental '
projects in New Jersey (1), California (2), Illinois (3), Indiana

(4), Texas (5), and now in Pennsylvania..

Fundamentally, the behavior of a given continuousl§ Te-
. inforced concrete pavement is dependent on at least three factors:
the shrinkage of the concrete; expansion and contraction caused

by temperature; and strains induced by imposed external wheel loads.

The initial behavior 6f»concrete>is sﬁch'as to initiate
internal capillary forces which attempt to contraét the concrete
by what is genetally referred to as "shrinkage'. In reinforced
pavements, the restraints'offered,by the bonding of the concrete 4
"to the steél,aﬁd the.sﬁbgrade.will establish net tensile fofces;
When this tensile force is of the magnitude of the-ruptﬁre strength

of the concrete, a shrinkage crack will form.

The temperéture mechanism of cracking, for continuously-
reinforcad pavements, is quite similar. For a given temperature
drop, there will be less total displacement than for a slab unre-

striined by a subgrade. The magnitude of horizontal movement will



=4
_ be dependent upon the restraining horizontal shear stresses mobi-
.liééd between the subgrade and pavement. The effect within the
pavement will be to establish a net temsile force, restraining
moveﬁénto The magnitude of thesé forces, atvany point, will de-
_pend on the temperature drop and the resultant net movement. The
distribution of forces will start from zero at the free end, and
build up to full restraint at some distance from the free end.

At some point, relatively close to the free end, the temsile
ggrength,of the concrete will be reached, and the slab will

crack.

Once the first crack develops, the steel will form a
bonded dowel at the crack and will maintain the continuity of the

pavement.

.Under this conception of temperature deformations only,
the restraint stresses will build up to a point of complete re-
straint throughout the central portions of the slab, Subsequently,
in theory, the frgquency of the initial temperature cracking will
increase towards the centei section of the pavement. 1In the sub-
sequent temperature cycles, the inelastic deformation of-the sub-
gfadeawill play a very considerable part in the partially restrained
portion. At . the end of the initial temperature drop, the slab,
except for the free ends will be in a state of tension. When the
t;mperature reverses, there will be a tendency for the cracks to
_close as the temsile strains are relieved. Since the closiné}of
the cracks depends on'the ability of the pavement, in the partially
restrained areas, to move over the subgrade9 and since the movement

- 1s not completely reversible, the pavement will not, for the same
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‘temperature change, return.to.ite unrestrained;condition,-'Thus
.,>residuelvtension_strains will be established, and these etrains
iwill become cumulative near the ends where relatively large move-
ments can occur, and almost zero in the;central.portions of the
:slab nhere-therevis little or no movement. .After several cycles

of build-up of residual straine, the end portions of‘the;slab

will be .strained in tension,such.that they willpcrack,,end thusv

a high frequency of cracking will occur at some nominal distance.
froh the free end. This procees will:continue until.the eubgrade
soil is so strain-conditioned as to reach a state of force-defor- -
mation_reversibility, .After a period of several years, excluding
load efforts on the pavement;‘the total range of temperature
‘variations will be achieved, and the.crack pattern will_stabilize..'

. This type of crack pattern was observed in Illinois (3b),

It is certain that the_mechanisms of capillary shrinkage
end temperature expansion and contraction_are in operation'tov
.varying degrees of.magnitnde at all time. Initially,_the-shrinkage
concept»is probably the predominant one, while at a later age the
.tempereture.mechanism]villobe.the major one. Initially all cracks
are probably due to shrinkage, and these cracks set the pettern-

of future behavior.

.Tne,effects of wheel loads‘on a continuously reinforced
pavement are snch .as to catagorize the behav1or as no longer rigid,
'ibut semi flexible, with almost complete interaction between the oo
':bonded cracked slabs, provided the aggregate interlock is not broken.

" In addition to other effects, previously. described, there .

: ~
"will exist a ten&EHEy for the pavement to warp under the. influence



of unequal temperature~distributions.'

‘The objectives of the study being made at Lehigh University
are primarily of a factual nature for a highway under servicevcbndi;
tions, .On .the hypothesis that the previously mentioned mechanisms
are correct approximations of the actual behavior of.the pavement,
certain measurements are basic to the proof of validity of the be-
havior mechanism. .In the first instance, it is necessary to meas-
ure behavior at a crack to determine the crack width opening and
4the-strains in the steel;.tln actuality, the strains in the steel
.are only of importance when they are of such magnitude-as‘to per-
vmit a crack to open to objection31 widths° The basic-study being
made is to dete;mine the crack width and steel strain as a function

of the thermal oscillations,



'C. YORK FROJECT..

-1, GENERAL DESCRIPTION

The first study to be made of continuous pavements in

APennsylvaqié is being made near York on Route 111.

The experimental section of.Route 111 is six miles
nérth.of,York, and is a part of the main north-south highway in
.Pennsylvania, linking:Harrisburg with Baltimore, Maryland, ;Thié
highway ié a dual-lane road with two 12-foot lanes in each traffic

direction.

The totai.length of:the continuously reinforced secticn‘
.is 11,559 feet. The pavement is uniformly 9 inches in thickness,
resting onia 6-inch granular base course. The 0.48 percentage of .
' 1ongitudiﬁa1'reinforcemeﬁt is provided by bar-mats 16‘feét léﬁg,'

- as shown in Figure 1.

The pévement design was set by the Pennsylvania Depart-
ment of Highways and called for the reinforcement to be placed at

the pavement mid-thickness.

The:south.end of the continuously reiﬁforced.concrete
pavement joins the standard pavement by-means of a fingér-type ;
bridge expansion joint. The locééion of‘this joiﬁt is.at_station
.é?l*JO, Ihe nnfﬁh,gnd.of.the experimental pévement joins ;he
étaﬁdé&d pavemegﬁ Byvmeans.of four standard expansion joints, the
.,fixéﬁAone being at station 1087+29. The expansion.joints-we;e o

gpaced 61.5 feet,apar; in the standard pavement.
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At the end of a day's pour, the construction joiﬁt was
formed by a-bulkhead;.With_continuous reinforcement.running through

the bulkhead a minimmm distance of'S feet. Table 1 shows a. tabu1a=.f'

 tion of the location of the daily construction joints, the date

paved and the air temperature variations during the day° It should
. be noted that the south end of the job was bulkheaded at station
'972+99 without the plactng of the ﬁinger type joimt. This Juint .

.-will be installed in the Spring of 1957

- The pavement was poured in 12-foot lanes. The juncturé
between lanes was accomplished by use of a keyed joint and 1/2-

- inqhiround.hqok bolts, spaced 5 feet on centers.

2. SUBSURFACE _SOIL _CONDITIONS

. The subgrade constructlom of this highway was accomplish=
“ed in accordance with the usual procedures of the Pennsylvania
“-Depa:tment of Highways. . The normal procedure was to place all .
.fiilé'iﬁ SmiméhAlooée lifts, and to compact with a rolier until
_the satisfactory compaction is achieved. Sacisfnctor§ conpaction
islévidenced by non-movement of the soil.béneath_theerollez, In _'
- gemeral, subg;adg;compactiqn was:achieved.by.use'pg a sheepsﬁdot 
, ,foi1ef amd/br-a flatvﬁheel roller; while the base .course was com=

pacted by a flat wheel roller.

‘A record of the subgrade soil conditions, in regard to
the soil size and plasticity characteristics, are presented in
‘Table 2 for typical soil groups.. These samples were taken af ;hé

.elevation;of the'finished'grade°



Several in- place density determinations by sand cone
v“nethod were made in the area of the top lift of the fill sections.
The resuits of thesevdeterminations, as expressed in terms of the
. pef cent~of a stendard‘Proctor compaction test, are presented in

' Table 3.

'_Theﬂresidual soil mantle was derived from the underlying
‘ Brunswick‘Red Shale. In general terms, this dep031t is a tr1331c
. deposit with up to 5 feet of soil mantle overlying 10 to 20 feet

of weethe;ed rock.

The SOll samples were taken at 1ntervals of 200 to 400 )
feet along the entire length of highway The maximum depth of-l

’nsample was 3 feet below subgrade elevatlon. A

inltetms of the‘AASHD.soil.classificetion system, the

_genenei ron-ofﬂthe'subgrede.soiis was in thebgtOupiclassification
l_of;A;a; nithie makinud group index of 8. There were a few sampies
‘fof'gtoﬁp claaeificetion A-2-4, and of A-6. The.liquid'iimit mois- i
:;,ture content for most of the subgradebsoils waS'between 23‘and'28.'
. with a few between 28 and 35 The plasticity index for the major-t
7»1ity af the soils was. under 10 with a few exceptions, in which |
'%icesevthe-PI was limited to a maximum of 18. The per cent finer
-then the Noﬁ~200 sieve_varied from 27 to 84 per cent, with the

majority of the samples in the vicinity of 50 per cent passing

the No. 200 sieve.

In terms of ratlng the soils as to potential performance

.’_as a highway subgrade (6), the high percentage of ailty and clay-
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80ils would indicate .that the potentialities for frostsheaving
,:”’would be moderate to objectioﬁableffor;ggound”water conditions
withiﬂ 6 feet of»the pavement. The subgurface drainage of ehese
soils would be poor, and they would exhibit a potential capillary
..*iae of from 7 to 20 feet.  The overalluexpected maximug dry
densities would range fron_llO to 120 poundsiper cubie'fOof; ‘Itv
is to be expected that the subgrade soil would have normal cap-
_illefy saturation of about 100 per cent of optimum moisture, »
which ranges from lO.to'1‘4.per'cei1t.b}"'weight° Tﬁese soils arei'
'feusoeﬁiible to pumping?' The .above performaoce ratinge'indieete
that .the permanence of the compacted fill, in terms of its ree;~i"
lative euoportiné:ability, is fair to poorcl These soils ere'i S

.subjeet to considerable loss of support due to climatic vafiatioﬁe;' '

lhe.ﬁeasured in-place demsities varied from 94 to 105
per cent.of optimum Proctor density. Ihe~densities-defe.§aked :
from an exposedfeﬁrface:that had beenisubjected to_several weeks
of_heavy';reffic, and,thevstteggthening effect oflcapille;y

evaporation.‘

" Under the local climatic conditions the free- draining
6~ inch compacted base course should alleviate most of the potential v
' ftost=heav1ng, pumping, and drainage conditions. In addition,Athe

base course,will act as a loadadistributing mechanism to spread the
' N

i

"-.,traffic load over the subgrade, and thus tend to alleVLate the o

upotential loss of supportu

Ih Ordef to determine the fluctuations of the groond

water level, seven peizometers are being placed in key locations



in the experimental sectionm..

3. PAVEMENT CONSTRUCTION MATERIALS AND PROCEDURES

The 9-inch experimental pavement was constructed as a
portion_of the regular contract for the,entire nighway sectien;
The contract specifications and plans call for the Pennsylvania
conventional 10- inch pavement to be inatalled at either end of
the experimental_pavementn Thevsouthern sectronvofﬂthe standard h
' pevement was installed in the Fall 5£ léSén THe'IO~inch pavement
"on the northern end will be_instailed in tne Spring of 1957, in

.anticipation of opening the highway to traffic in July 1957,

Air-entraining cement was uaed for a design mix of 1
11.79 3 3.5, and 5 gellons of water per sack of cement The per-

centage of entrained air, on a volumetric measure, varied from 2.2

to 3.3. The slump of the concrete varied from 1-3/8 inChes e .

2-5/8 1nches. The design slump was 1 3/4 inches.

Structural properties of the concrete were determined

by the Pennsylvania Bepartment of Highways in the course of their o ;ﬂf;%'5”

routine highway testing. The tests performed were on plain con- .f
crete beams, one being poured'on each day of paving, and standard
~concrete cylinders taken sporadicelly along the highway. The

results of these tests are presented in Table 4.

Six concrete cylinders, taken from the test-panel area,4
were sent to tbe Fritz Engineering Laboratory of Lehigh Unlverﬂlty.
- Two cyllnders were tested on the 49th day after the pour, The

~ average stress-strain results of these tests are shown in Figure 2.
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The remaining cylinders will be tested at various time-intervals ;'

in the first year of life of the pavement.

.The reinforcing steel confofmed to ASTM Specifiéatibﬁ
Al15-54T fof hard-grade steel, and A305-54T for deformations. Basedv_.
on mill reports, the steel yield point had.a féngé_&f ft&ﬁl6b;800u
to 90,400 psi, with an averageléf'77;800 pSi,‘ The tensilg.stpéngth
ranged Sétwéen:92,000 and 134,700 psi, and averégéd 118,500 psi.
TheAelongation in anvééinch,gage length varied from 10 to l4_per.'_ A

cent, with an average of 11.3 per cent.

A stress-strain curve, bésed §n tests'at F}itz Laborétsfy;
of‘two.randémly-seleéted bars gaged,ﬁith.a 2-inch.gxtensometer,-isiz»
shown in Figure 3, This_curve.waé &sed as é calibratioﬁ_tp §on%'” ;j‘
o vert strain readings in_thé paVéﬁent reiﬁfbrtingféééei:fo'ét;éssgé :.

in the steel.

In general, the construction followed the usual pro-
cedures used in Pennsylvania; the variation heing siight in the

wvicinity 6f‘thé‘gaged area.

The concrete from the mixer Qas'droppe& in.ffdn£-6f a
acrew-type mechaﬁical-spreadér. ,The concrete was gtruck off.at.
. 4f1/2 inches and was vibrgted directly bghind_the.sp:ea&ég;haiéngn
the edges of tﬁe‘idne{1fThe reiﬁeréing stée1, f;bfiéated,ingo'a
Vbar-ﬁats,~was placed immédiatglyVEeHindjthe\spre#der:';Two 6=f§§t ”'
"_-wide mat§ were ihen ﬁlaced and lapféd.longitudinally a full 12
inches to provide continuity dfbsteei, as shown in_Figuré 4. After
several lengths of ;einfo:cementvweré placéd, the spreédef'wbﬁld

" ‘move back and complete the remaining 4-1/2 inches of ﬁavement;:v.




At this time the finishing,eduipment:would move immediately be~
hind the:apreader° The pavement was cured by usinglcuring paper

-which remained on,theipavement a minimum of 72-honrs after ponring:

At .the end of a day's pour, a split-header board bulk-
headtwas'constructed, with reinforcing steel running continuously

. through the joint.

\At,the test section, where the strain and temperature
-instrunentation was installed, a slightly modified procedure:was

‘ followed. .In this area, an instrumented har-mat was 1nstalled on

. .chairs, well. in advance of the pavement and was 50 placed that it

.ﬂiwould be in the middle of a day 8 pour, as shown in Figure -5, The
ofirst lift of concrete .was placed up to the instrumented. mat. Con-ﬁ
. Crete was omitted over this area, and then placed several mat lengtns
lin_advance of.the.test area. The;regular steelfwas'then placed,

:f,working back-from the test rods a distance of 75 feet.

After the steel was fully placed both behind and in
front of the test area, the spreader was moved back and pro-i~:f:””
ceeded to complete the | second lift° when the spreader reached
"the ‘test area, a full 9 inches of concrete was poured very care-:
'fully to avoid disturbing the instrumentation No vibration was
permitted in‘this area. 'In it's stead the concrete was carefully

rodded to avoid;honeycombing This procedure is shown in Figure

“13{j6{ Examination of the pavement edge, after stripping the forms,

indicated that at least in the examlned area,_the honeycombing

-was kept to a minimum. Once the concrete waa placed,‘the-finish-,_';] B T

{7:ing5procedure.followed the normal pattern.



. 4. TEST SECTION

A single instrﬁmemted.test‘sectidn §a$-ihStalled in §hé‘
York project. It was atfthis.teét'panel thatvthé'direétvﬁeasufea
_ﬁéﬁta of strains in the steel and comcréte;wexe mad¢° _The test
4sectidﬁ was lécated at station 1051450, a distance of 3569 feet
from the north end, and 7980 feet from the SOuth end of the ex- '

perimental pavement, in the outside northbound lane.

The purpose of estéblishing the test paqel was to create
a crack, in as natural a manner as possible, and to instrument the
steel at, and in the viéinity of the;crgck; in qxder to measurel:
the.stréins at -the crack. In addition, it'was-desired_to measure
tﬁé“crack opening;.the températufe distribution in the concrete,
andvthe.straims in,the concrete itself, in the vicinity of the
crack, These studies are to be supplemented by an_ovefail crackF

' frequency study and a road-roughness study, to be made by others.

,A.sirip of éogrugated shee‘t.steel3 4 inches high, waé
iﬁstailed to cause a controlled cracko Corrugated sheet.wag used
' in plaée éf'straight.metal as a méans of simuiéfing, as closely
as possible, the effects of a jagged crack, or what is sometiﬁés

referred to as aggregate interlock.

The general pattern of the instruméntation is shown in
Figure 7. Thé baaié,ins;rumemﬁation consists of bakeliﬁe:SR»4
strain gages mounted on the reinforcing steel. Thésé'gaéés:arel
§f the AB-3 type with a nominai 13/16=1nch.1ength° Out of 20
ha?s, a total of 6 were gaged. ‘The bars at the.crack.were.

dwublemgaged to average out the bending strains, wh@lé the gages
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away from the crack were placed on the side of the bar for the same
practical purpose., The gages away from the crack werefplaCed-atv
distances of 2 feet and 4 feet from the crack, as a means of
méasuring the bond development. In erder to break ﬁhe'hond at
.the‘céack, ail nen-instrumented bars were wrapped with rubber
t#pe at the crack-former. The length of the taped area was 2
inches, this being the length in which the bond of the inétru- .

mented bars was broken.

The ihstéllation'p#oced@re_was to place on chairs,
the imstfmmgntéd bg#é_im the test area, The lead wires were .
pulled through a flexiblelconduit which.led undéfground,_ftom 
the edge of the pavemeht to a cbntx&L‘baxfat theAédge of th;
"' fightwof§way§ When the instruménted rods were placed; a bar-
mat with spécessfor thé instrﬁmented bars, was dropped over
the loose bars; these bars were then tied to the mat to form
a standard bar-mat. A photqgraph of_a seqtiqn of the inétrﬁ$ 

mented steel at the erack is shown in Figure 8.

Five tem?erature gages were installed in the. pave-
ment and base course. At the edges of the lane these gages - -
were placed in the center of the pavement depth. At the

‘center of the lane three gages were placed; the bottom one,

.- one inch into the base course, the second, one inch up from

the bottom of the slab, and the third, one inch belew the

‘top of the pavement.

The temperature gages were constructed of a 36-inch

length of insulated"nickél wire wound around itself to develop

9
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17 ohﬁs of resistance in ﬁhe coil. The gages were constfucted_in
sﬁéh_;’manner\that.by proper ca1rilbr‘a.n:ion3 temperatufé.reéofdings
' 'ﬁerelmade B&hﬁlaéingﬁtheféempératu:e gage across the active_leg
of an SR~4 strain indicator, while u31ng a £ixed 120~ohm preciolon‘_
'resistance as the compensatlng leg In effect the temperature
‘: gages are read 1n the same manner as the straim gages. A photo=
"'graph of the temperature gago and one of the SR«4 gages two feet

away from the crack, is shown in Figure 9.

In order to detefmlne the width of the crack as related
“to étfalns 1n steel at the crack two sets of Hhittemore gage. plugs
were use§, Plugs were placed 10 inches apart, spanning the ex-~ .
pjected‘-craek° ,Two,se&s of plugs-wera placed;'onevnear the shoulder,
. the other near the longi tudinal jointn The:brass'plugé to be ia:_i

- stalled were temporatily hridged by a thin sheet of brass, to;;'

L  which the plugs were lightly soldered The entire assembly was :

ingerted in the wet concrete, After the iuitial set, the brass
strip was removed and the initial readings taken. At eééh reading, '
the Whittemore gage was calibrated agalnst a mild steel standardo,-i
,For extreme computed effects of temperature change and differencel?
. in the thermal expansion coefficien&svof;concrgte and mild steel,

.any_errors due to calibration would be outside the normal reading
accuracy ﬁf.the instrument, Thus it.waé decided théﬁ aéﬁitionaI '

precision was unnecessary.

An attempt is being made to determine the strains in the-
concrgte itself, at a known distance away from the crack. To ac-
complish this end, a strainometer was developed. The Strainometers_

described here are only ome bf(two_tyﬁes‘bEing developed-at.Fritz
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Laboratory, and do not neceséarily represéﬁt the‘finéi ﬁhinking.
,of‘the authors on this subject., fAB shown in Eigureulgglﬁhe stra£n;
’ :ometer itself is machined from Reyno]ds aluminum alloy 6063~T5 stock

3/4-inch wide and 1/8-inch thick. As shown, the center portion |
l,is reduqed\in width to 3/8°inchn_ The instrument ltself ‘has a
total ienéth of 8 incﬁés. In o?der to aid in the bond develop-
mgﬁtgltwo 1/4éinch.round.élumimum.pins, 1 inch long, were PIAQBd o
by being forced throug&,the stock at each end. The location of :

.the end pln was 1/2-inch from the end, and the plns were placed

"-¢ 1 lncg apart. The tocal length of the reduced section was 2-1/2

inches. On this frame were placed two:AB-3 gages, and the entive - '

assembly waterpradfed in,the-maga&r~ﬁsual to this project. The

- strainometers, as installed, axe.éhnwn,iﬁi?igﬁxe,llg.nuevto the'_fk
dévelopmental naturévbf thése strainometers,:they are at the
present .time undergoing an,axtremﬁly rigorous series of labofatory.
tests. Aithéugh.all indications to date are of excellent perfarm-
ance; further details of the behavior of the stralnomater will .

,have to’wait until all the tests have been exhausted.

T&e reiﬁfofcingzroﬁs were prepared for strain.ggge$ by
reducing their nominal .5/8-inch diameter to a'trqe diameter of
9/16-inch in a lathe. vThe»length.of.the reduéed secﬁion.ﬁés,z
inchés, with suitable fillets, to Fedﬁce the.effécté of_étress
concéntiations° The.réductipn in area, effected a total reductiqn'
in .steel percentage at ﬁhe preforﬁed_crackvfrom 0048.toﬁd,45493r .
.cent. The 'SR-4 gages were-attachéd to .the bar with‘békelite
' cement, and then kept under heat and pressure to ‘ensure a godd

bond. After the.bonding was completed, a thin coating of Arm-



-18
'vstiong'piastig'cement;was applied direct1y over the gage, include-' 
ing 1/4-inch of fhe metal bar. Omly the gage leads were left ex-v‘
. posed, and these were soldered to. two conductor shielded cables

;ijwhich Eormed ‘the 1ead wire. The lead wires were No. 18 polythelene

inSulated shielded coppex wire cable. Atlthis stage, thev;ead.}

wires were.soldered.to_the gage and thg wites loopéd;ove::thg B

“L”tigégé,{-Tﬁé wiresAweré.then:heid.in piace'by glass fiber thréad

,tiéd.afodnd'the Sar;_ After tying down the wires, the gage -and

wires were givenfanother,coating of plastic cement. At ‘the end

.of this operation, the gage under normal cond;tiqnsalédﬁld.be e

;completely water—proofed B;causé of £he‘a$ﬁofmA1it1es t; be.

-expected 1n this usage of strain gages, an additional water-  ‘

proofing was applied by coating the area with a self-vulcanizing

neoprene compound. In order to prqtect pthgages frqm:the sur-
rounding'ééncrete;'éﬁraison;résistaﬁt viﬁ&l'tépe wﬁs wrappé&:

over the entire area.

As a final protectién, the gaged axea‘waa‘coated with -
',Glyptal immedlately prior to: the placing of the concrete° The |
installation was made on October.log 1956. The latest set of
.dﬁta being“reported he;e'was t;ken on December 5, 1956, almost
two months after the installétion° All 24_strain gages Qére in
good operating-condition f;om the start qf.the test until the
end of November 1956. The Decemﬁér 5,v1956 readings showed

‘that one of the gages at -the crack'indicated an open_qi;cuitg

It is the authors; opinion that the most probable reason for

this éage féilure.was the fatiguing of the small lead wires undegi
the high sﬁrains, and:strain"reverséls, leadihg_to a fﬁpﬁﬁrétéf.

the wire. In.no case has there been any indication, to date, of



gage failures due to poor waterproofing.

-As was mentioned earlier in this paper, the lead wires
extended under the base course aund shoulder to a water~proof ter-
minal box located at the edge of the right-of-wavy, The terminal
|  box was mounted in a protected steel housing for securi*yo .Each
lead wire was commseted to female jack commections on a terminél
‘board, as shown in Figure 12. Readings were takeﬁ by use of an
SR-4 indicator that could be arbitrarily plugged into the female
.connections by means of radio "bemnamna" plugs,vas showﬁ in Figure

13.

.Wherevaf possible, checks were placed in the ;ystem so

: ;that barr1ng gage failures, the system would record as true an

Lndicatlon of strain as possible. All SR-4 gages were compen-

sated for temperature by compensating plates cast into the pave=- ,;:»~'?'

ment. Although.ouefcompansating.gage and plate are required for -
'.ﬁhe steel and one for the &lumlnwm‘ ea¢h womoensaflwg plate was
double- gaged 8 safety measure against a t&iluxa ef eman

‘
.-

In order to determiée-the deift ofvtha;igdicatox box
zero position from one set of observatiems to the nek;l fwé pre~
eiéion resistances were mounted in the *ermﬁmé? boxov By completlng
,the bridge CLI@M&& with th@ee resiatar&, and motimg the stability
of the reading, a correction can be applied for any drift in the
instrument. Im addition, the éompensatimg gages can Be_checkad
for gage drift by using both gages.as the active and coﬁpenséﬁing-

: legs éf the bridge. Ome of the biggest 1mponderab1es in the lomg- :
time use of SR-=4 gages is, the change in the relation between in-

ddeated resistance of the active gages and the strain. At the pre~ .
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senf.time there 1s no method known of determining,the_?drfft" of 4;::
‘an SR-4 gaee under strain, in an exéct<or absoluee.manner. " However,
by faking the elementary precautions of using the most stable ‘type
of gages available, the authors were able to deduce, from. the rate

5

of straining of adjacent. rodé and the very small prebnbility that

o all gages were drifting equally, that the total gage drift to date

was small.. ‘Based on the above reasonlng, the authors belleve thae
,the results reportﬁi in the ‘next aection of this report are agcu- -
. rate within.one per_cent.of.the iud;cated”straln readlngs over .
.a short éeriod.of.time,;and not - a great-deal_more over a longer

'pericdo

- EARLY BEHAVIOR

The test sectien ﬁes youredket 1?10 P.M., on.Octdbee 10,
_ 1956. .The Air'temperatureerecorded at a nearby weather station
- was 50 F, the sun temperature recorded. at the site was 60 F. Tha
_!1tﬂt cln uigmta subsequent to the pour were umuamally cold with
the air temperature down to 25°F. Between 6:00 and .a;oo_A,.n,,, on
'zectober-lzl'a crackldeveloped by_shxinkage,‘difectiy over fheeeﬁr- 3
rugated crack- forler Hheras the maximum strain prior to the crack-
’ ing ranged between a tension of 80 micro inches per inch and a com-
presnian of ‘180 micro»inches per inch, the first reading aftet o
.cracking indicated that the ssrain developed te 675 mlcto-inchan
per inch . of tension st the shculder edge.. This was an increase

in tensile. strain in the bax of 541 u&cro-inches per ineh The -

erack width initially was 8.8053-inch. ‘While the‘euring,paper wvas

on the pavement, the strains fluctuated between zero and temsile
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strains only siightly.highar'thanlthe initiaiﬂrecording_at the
crack., The:air temperature dhring this.pe£iod Waé in a wérming
~cycle, with an 8=degree_riéevin,minimum'temperatures énd a-19-
,;agg;eé'fiséVin maximum temperature; Within 50 miéréjinchééréér
.inch,-the étr;iﬁé at the pavemenﬁ edge reméined ig a constanﬁ
daiiy cyclé, dropping.to_zerovin the afternoon, and inéreasiug
.tdﬁabbut 700 microwiqches pér inch iﬁ_earlyvmorningﬂ-‘The‘meés=v
urements of the crack-openiné showed‘similar behavior, with a
iﬁaximum opening of»030087miﬁch and a minimum opening of zero.
‘The constancy of ﬁheselfluct@aﬁiéﬁs indicate that ﬁhe insu-
iating effects‘dﬁ the paper iﬁfluence ﬁhe*cﬁring?'and thus tﬁé.
‘.cqoling of the concrete was ﬁacéhed with increésévin air ﬁemm

perature.

The .curing paper was remnvé& fiye da?s after the pour.
- Simul taneously and coincidentally,‘thé’airxteﬁperatﬁre dufiqg
Jthat»day imcféaséﬂvz degrees, and the sun_teﬁperatuxe i@éteaéed,
abdhf lb éégrees above'the previous day. As a result of the |
.shrinkageb the rémge of sﬁraining in the.sﬁeel;showed a net
 iﬁcfease'of.250 ﬁicros inhtenéionAat night and decreased,é;ring>:

the day to.a total of 150.mi¢roé'in compression.

;Considering,the mechanism for behavior.oé»coﬁtinudugly
,reinforcéd pavéments;:un@er the influence éf temperatuie,andL
_ shrinkage; the above observed.béhavior does mnot indicate ény
contradiction. Three rélated phenomena aré,ocCurring at ;he '
same time. The general.iise in,tempera&ure is_greater-thaﬂ'bef,’

fore; the curing is increasing the bond properties, and the
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':éaQemgnt-is tending to Vshrink" a greaterﬂamountAby,c#pillary-drfé"
ing than before, The effect of tem?efatu;é':ise is to'imﬁoge net
compressive strains iﬁ‘thé steel, previously tensipned. The in-
crease in bond tends to transfer greater strains to the steel in
general, and the .tensile shrinkage stresses are also greater than

before.

| During the hot,_sﬁnny days that occurred, just subsequent
-to téﬁoving the paper, ihe-net effec£ of'thé’hea£ and shrinkage
wés a relatively small compression which was larger ig maguni tude
thaﬁ breviousiy recofded; Aﬁ night the shrinkage.stresses be -
' came sméller; the curing rate slowed down, and the temperature
~decfea§é&n Siace thé pavement wés.no lohger insulated, tﬁé tem-
perature }ows, in the warmer period, remained”the samé as during
the colder period when insulated. Thus the net effects due to -
.the‘higher.shrinkage stresses and bondgpropertieé, was to increase

the net tensile strain in the steel.

A comparison between the slab temperatures and the
strain in the steel shows.thét-when the temperature flqctuatidng
reversed ﬁhemselves, and thélslab temperature ;eturned to its
.starting temperature in a given 24-hour éeriod, the‘sﬁrains show-
e& a similar reversal. Since the position of the tesf section
was within the area of complete restraint, this i§ as it should
be. Unfortunately, it is not possible,.in this experiment, to
prove -the concept of.strain,residuals qﬁant;itétively° _When the
data on:the-crack-survey,and.che;érack-width,survey have been

analyzed, this tentative hypothesis can be checked.
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FPigure 14 presents a complete'stréin'temperatufelrecord
for the shoulder edge bar on the 28th and éﬂth,dajg after pour.
It should be noted that .equal slab temperature gradients resulﬁ
in equal.straihs over an intermediate period of timev‘ This
should»not Be shrpxising, except that with complete analysis, it
.shéuld be.possible to establishAquantitétive.strain mechaﬁisms
based on the temperature gradients. Thus the design‘of‘these
pavements can be keyed.to the expécted temperature fluctuatioms

in a given geographical regioun,

_.Figure 15 indicates the strain fluctuations of the
shoﬁlder_edge bar‘as compared Qith.ﬁhe,mean,airntemperatures
takeq at.;-néarby weatheilstatioﬁs and siab temperaturés; Since
-this air temperature récord is the on1y continuous‘témperature
Tecord available, it is presented as a géneral indication of
overall behavior. The tem?erature over the reported period,
although averaging mormal, accordimg to U.S. Weather Bureaﬁlréﬁ
‘cords, has shown some of the widest variations inwﬁeather Buréau
history. Thus it can be said that this éavement underwent, in

its early life;, a very severe test indeed.

Béﬁween 40 and §6>days of.agég the pévement ;teei
.reéched“such.strains,as‘to»be ;n the yield range. Immediately-'
after the 40th day observation, the.temperatﬁfe dropped suddeni?
and m;rkedly, as shown in Figure 15. This temperature drop,
although‘abnormal, was not ofvsuch,mﬁgnitude as to be statiSfically
vbf #emote pOSsibilitye The increase in.thenfestra&mt forces'werg'

.then such as to exceed the yield point of the steel at the crack.
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~During the observatioms taken on;the»ﬁbth.day, the éxaﬁk.
'iwidéﬁ.Véried between 0.0157-inch énd 0.0190-inch, while on the 56th

"day, the crack width vaxiation fluctuated between 0 0142 inch and
0.0216~ incw, The nearest crack to the preformed wrack on bo;h.oc='
'icasioqs, was 17 feet to the north and 12 feet to the south, The
eetzain,awgy ﬁrom_;he.crask has never exceededwloﬁ micros,'to date.
The~txansvérsgﬂdis§rib;tiqn.of'stfain is sﬁown i; Eigﬁfe
| iﬁa Priornﬁo tﬁe formation o.fithelcracksS the.strains’bui;tAup o
in suck a manﬁef that the second instrumented bar from the shou;def
developed the hlghest stxéiﬁsg. Ihis:strain dévelogmﬁnt was aoticé~ i

A able immediately after the pour, at the fxrst set of readlngs taken.

'" ‘.$he strain’&istribution,betoxa and after . the crack formation is

similar. With aging and temperature effects on the pavements
developing, this relati?e1y~highlyfstrained'bar teﬂds to pick wp
- more strain and also relieves the edge bar of strain. By the 40th

day, the second interior bar had-exceeded its yield point and now

was showing great strain differences. On the basis of a weakest- ~ °

link theory, this highly-strained bar initiated the ?rocéss by

- wbiek all the other bars exceeded the yield peint of the steel.

.Once yield started the strain péttefn éompletely re- .
adjusted itself thhkn Lhe hqldxng power of the tie-bar and the

»yield point of the indivxdual bax:n

The appafent.effect of the tieabar is to hold the pave-
ment together and thus reduce the stxaln in the bars at the long-.

ftudinal Joimto This phenomenon is reflected im the crack wwdth

' '_;"mpdsurements by the fact that Lme ouLSid@ cra&k opening is 0. 001*



inch wider than the inmside crack opening.

The strain indicated, Whea_coﬁsideréd over the entire
section, is a direct measure of éhalﬁaxse raguired to maintain
.complete restraint, In order to adjust the deformation conditions
and- to make them~compatibfe with the force conditions, there will
ke individudl bar strain readjustments to conform with the boundary
conditions dnd the material propertlies of individual bars. Thus,
the result is-the apparently erratic stvain pattern shown in Fig-
ure 16. These bars are in the vicinity of the yiald point, and
will show relatively large strain vaviations in the readjustments
of deformations resultinmg from the constraints put on the system
by the tie~bars, and the metallurgy of iﬁdividgal bars. This is 
.pxobably‘a transient fhencmenon thch Qill diSsipAte with addi-

tional straining.

Iz is difficult to predict the future, especially_sihce.
one must postulate the climare, but extrapolating other e{periences
to this circumstance, there is every reason to believe th;E this
pavement will perform satisfactorily despite the high strains
being wmeasured. Once beyond Fha yield point, the cyclic nature
of the bhenomenom is going to introduce, to an uanknown degree,A
the influence of strain hardening of the steel, Aay such influencé
can only affect the‘pavement in a favorable mamner, by increasing

the yield point and thus limiting the crack opening.



©.D. HAMBURG PROJECT

A second project on continuously reinforced pavements: is

~scheduled for paving in the .Spring of .1957, and is-located omn =~ -

1“*;Rou;e 22{_near_Hamburg, Pennsylvania.

fhis project;willAbé-oﬁe'in which fhé pavement-thickness 
is varied to include thicknesses of 7,8, and 9 inches; the base
course will be varied to include a 3-inch,£$ick~base.course and
" a 6~inch:base. A‘schemAtic layout of the proposed highway'is
'fshbwﬁ iﬁ Figu%e~17m' At about th§~midpoint.s§aciening;of.each
Section of pavement1thicknesé éhange, and‘inlthe section COnﬁgining'
l Vire mesh, an instruﬁented ﬁest panel;cons;éting,of a preformed

créck'will be established. It is at ;hgse preformed cracks that

' measurements will be made of the strains'iﬁ-the steel at the

;crack, and in the immedia;e vicinify of the crack. The feinforcf"

 ing bars in all cases, will be No. 5 longitudinal-barsvand,No..j

‘transverse bars. The steg; will.be hérdwgrade steei.. One |

'thousand.feét of paveﬁent, as‘shcwn, will be reinforced with

:. »welded»wire fabric, using 1/2=inch,iongitudina1 wires._:Thé stéel
"pe;centage forlihe.entirewjob will be comstant at_approxima;e;y 

0.5 per cent of the pavement cross-sectional area.

In érder to detefﬁiﬁe the magnitude .and distribution of
.horizontél movement qf the Hamburg pavemént, surface plugs 100
.feet apart, will be installed in thé:east-bound-lane;wand_the rglf
.éttﬁé“ movement of these_plugs will be measured. Absoluté motion

will be ascertained by ugé of reference monuments 4ff.the'shou1der.
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The study of warping effectslof the pavement will consist.
of three phases. The first will determine the temperatﬁre distri~
bution as a function of time and climatic conditions in the pavement,
base_@ourse3 and subgrade. This will be accomplished by the.caré:
ful placing of resistance-type temperature gages in the pavement-~
base-subgrade system, at such locations as to develop the vertical
and transverse temperature distxibutiono In the same area that |
the temperature gages are placed, the pavement surface will be
spotted with.transQérse plugs, so that the relative profile can .
' be meésured, In addition, the transverse Nof 3 bars in this area'

will be instrumented to determine the warping strains in the steel.

in éadition to the above-mentioned studies, there will
.be a crack survey in which the average crack widths, at selected
stations, will be measured in addition to a.total crack count.
As .a means of quantitatively measuring the riding qualities of
the continuously reinforced pavement, it is anticipated that a

8

.road-roughness survey will be conducted.

o
In order to measure the dynamic effects of traffic on
pavement performance, an overall traffic count will be made. In
"addition to this general information, specific .information will
be dbéainéd with regard to the sfrain behavior of the steel :.
under the influence of moving loads, by means of strip chart

recorders, and trucks of known weight.



.E. CONCLUSION

Ehis particular study,of_continuously reinforced con-
cretevpavements is as yet in its infamcy, and as a result, no
absolute monclusions cam be drawﬁ. One_fact is apparent; within

~ the-xegiom.of_comparable data, a close parallel exists between
A-_the fofk,:Penﬁgylvamia;_amd the Illinois pavements, both being
..poured.in.the,same period of the year, and both showing high
_étraima @t an early age. .It_will.be.intgresting to see .the
difference ibr pavements édnétxucted,in warm weathe{, such as

will occur at Hawmburg. .

The :study to date has indicated that the hypothesis of
areas of complete restraint is valid. Possibly the crack survey
will bear out the.remaimder of the hypothesis as to residual

‘strains in the end areas. The importance of eatly behavior be-
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ing the key to net performance seems to be borne out by the anal- )

ysis of strain development.

One factor, which was not covered by this report
should not be ignored. This is the part that the bond area of
the steel pleys in the total picture. The project at Lehigh

'iUniversity is committed to the use of a fixed size and percentage

“of reinforcipg bar, based on standard designs. It is the opinien’

._éf.the.authors that the magnitude of the crack width, crack
frequency, and the strains in the .steel, are directly felatable
to the b@nd.surface.&vailable in the steel. It .is hoped. that .
other investigations in this field will consider this fact, so 8

th&;fit¢Willab&’opemed to.experimental_verification;
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In addition, the authors hope that other future investi-
- gations in this area open_tﬁe door to studies of the effect of
-traffic vibratiﬁns on,paveﬁent.behavior, and in particular, to the
repetitive action on the shearing strength mobilizationAbetween

- the pavement and subgrade.
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TABLE 1
STATIONING OF DALLY CONSTRUCTION JOINIS

Températufe
{degrees F)

-Date Beginning End Feeat
Paved ' of .Pour of Pouyr

Nor thbound Imside Lane

110-19-56

2226 . 50 -

- 1071 + 81

1547.5 45

9-18-56 1087 + 29 1065 + 03
9-19-56 . 1065 + 03 1043 +91 2112 . 42 - 66
9-20-56 1043 + 91 1024 4 46 . 1945 40 -39
9.21-56 1024 + 46 998 +52 2384 32 - 57
9-25-56 998 +.52 - 972 +.99 2553 44 - 62
.Southbound Imside Lane
9-26-56 1087 + 29 1064 + 15 - 2314 43 - 55
9-27-56 1064 .4+ 15 - 1043 + 05 2110 = 45 - 53
10- 1-56 1043 4 05 1018 .+ 93.5 2411.5 50 - 68
10- 2-56 1018 + 93.5 991 + 3¢ = 2763.5 50 - 70
10- 3-56 991 +.30 972 +99 1831 55 - 72
Northhound.@utsideuhﬁne
10~ 9-56 1087 4+ 29 . 1063 + 22.7 2406.7 42 .- 64
10-10-56 1063 + 22.7 1035 4 09.2 2513.2 38 - 36
10-11-56 10354 09.2 1010 + 85 2726 30 - 59
. 10-12-56 1010 + 85 981 + 76 2911 .34 - 61
10-15-56 981 + 74 972 + 98 - 876 41 - 83
,Southpound Outside Lane
10-15-56 972 + 98 984 #.53 1156 _ 41 - 83
10-16-56 . 984453 1013 +35  2882.57 43 - 55
10-17-56 1013 4+ 35 . 1043 ¢+ 78  3042.33. 54 - 83
10-18-56 1043 4+ 78 - 1071 .4 81 = 2803 - S4 - 76
1087 + 29 'Y



TABLE 2 = A

"IDENTIFICATION‘.CHARACTERISTICS OF SUBGRADE AND BASE ‘COURSE _..SOILS

971470 984+50 998+50 1012+50
Location to to to to.
R 984+50 998+50 1012450 1028+50

. |
% Finer than:

1-1/2" Sieve 100 100 100 1100
3/4" Sieve 97-100 100 98-100 100
No. 4 Sieve  91-100 93-100 94-100 93-99
" No. 10 Sieve  88- 99  89- 99 90- 97 88-97
_No. 20. Sieve 85- 98 83- 98  82- 95 86-96
No. 40 Sieve 64- 95 72- 94 67~ 89 79-92
No. 60 .Sieve 46- 92 61- 90 49- 82 66-81
No.100 Sieve 37- 89 51- 86 ~37- 76 66-73

' No.200 Sieve 29- 84 41- 81 29- 69 42-69
0.005mm. 23- 49 27- 57 22- 42 26-40
Liquid Limit 23- 35  24- 38 23- 33 22-28

Plasticity Index 3- 14 2- 18 - 2-13 2-9
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TABLE 2 - B

"IDENTIFICATION CHARACTERISTICS OF SUBGRADE AND BASE COURSE:SOILS

1028+50 1042450 1054+50 1070+50

_Ldéation to to to . to .Base
3 1042450 1054450  1070+50 1087427 Course
% Finer than:
1-1/2" Sieve 100 100 100 100 100
/4% Sieve 100 100 77-100 100 87
No. 4 Sieve  96-100 98-99 71-97 87-97 53
No. 10.Sieve  92-100 94-98 67-95 80-92 29
No. 20 Sieve  86-100 92-98 6593 78-87 27
No. 40 Sieve - 69- 99 88-97 59-92 72-85 - 20
‘No. 60 Sieve 55 99 79-96 50-90 64-81 15
No.100.Sieve  47- 97 67-94 46-87 54-78 _" 12
1No°ZOO,Sieve 36- 88 48-82 31-80 4075 B
0.005 mm. 28- 40 25-34 21-29 25-32 0 —e
Liquid Ldmit  24- 31 23-27 23-29 24-29 e
Plasticity 4o 8 2.5 0-10 2-8 ft=} _

Index



SUBGRADE .SURFACE COMPACTED DENSITIES

TABLE. 3

Location

975400
979400
982400
987+00
990400
993400
996400
999400
1002400
1005400
1008+00
1011400
1014400
1017400
1027+00
1037400
1042400
1047400
1057400
1067+00
1077400

1087+00

Per Cent
Compaction

99.0-101.7
.95°7=10007
96.8= 97;5
96.3-101.6
100.3-100.9
94.1-100.6
97.9- 99.1
99.9-102.5
98,2~ 99.2

100.0-102.C

102.0-102.4°

103.0-104.0

101.7-102.3

101.3
100.0
100.4
95.8- 98,2
101.3-105.3
102,0
95.4-100.3
99.8-100.1

105.0

=38



. TABLE 4

'STRUCTURAL PROPERTIES OF CONCRETE

(Pemsylvani‘a» Department of Highways Tests)

. Test 7 Age No. of’ “Results (psi)
(days) ‘Samples Min. Avg. Max.~-
-...Beam 10 7 590 660 710
Beam 11 4 630 660 685
Beam 12 2 610 660 70
Beam 13 1 - 690 -
Cylinder 3 6 1970 2210 - 2450
Cylinder 7 2 3110 3275 3440
‘Cylinder 10 8 2770 3260 3720
‘Cylinder 28 5 3770 4200 4840
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Figure 2 Compression Stress-Strain Curve For Concrete Cylinders
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Figure 3 Tension Stress-Strain Curve — Reinforcing Bars
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Figure 5 Instrumented Bar-Mat Prior to Pouring of Concrete

Figure 4 Placement of Bar-Mat Reinforcement in

Continuously Reinforced Pavement

Figure 6 Pouring Concrete in Instrumented Test Area
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Figure 7 Instrumentation Plan—York Project
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Figure 8 Installed Instrumented Bar-Mat Showing Instrumented Bars,
Uninstrumented Bars, and Crack-Former in Place

A ) g

% S

.

Figure 9 Bar Instrumented Two Feet Away from Crack, and Temperature Gage

Figure 10 Concrete Strainometers, as Fabricated, and with SR-4 Gages Applied
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Figure 12

Figure Il Placing of Concrete Strainometer in Test Panel

-
PEWNEY Lvania DE ARIEE Nl
OF HIGHWAYS - PHE

Terminal Board Showing Lead Wire Connections

RSN

Figure 13 Terminal Board Ready for Gage Reading, Showing
Indicator Box and Jack Plugs Inserted into Board
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Figure 14 Short-Term Strain-Temperature Record for Instrumented Bar
Nearest Shoulder at Preformed Crack




T T HH EESaE] siagsasane R ReRRREREaanasas IRASIEREs
_i‘ H % ﬁ 1 ﬁ EassasaRsasnEan .:_, tH _ HHHHHH .
HHH FH H R EEaaEaaaaass Baas dadaa tes, ES58IaRR00RS85RRREH RORRRRREEE SukD
Hrr u 88 SuNNENEESE RS RS H T IEEENENSNS SN ESERE FEEERES, THIH
EmEsEEE TTT . T i snm! a EREES SEEERBE! T B
,L HHHHHHH M w SEEsssunE s H HHHHHH H HEEHH EEEdE %
H 1 HEEE ISEE EREn 44 15k 4 T I + + R R Tt
- ] B & T T T ISEE EENNAREEES H I} INEEEBREE 11 HHE 11 H anEs
anas T T T TR I R HH H O T + D
CHH H 3 888 AEBEE AEEEE RGNS AR ! T gEussus; 38 nER T naL )
, H
T HEHH | * H 1 My 1 I 50 - BSERs 88 M
| i iRkl M‘ A EESRHECEEHcE thecaEmatt
! TH EEEENSEEE SENEEEENEE A T T T
I T IsseEEEE inm iSue 5 I B T H it
m HHHH HHHH HEHEHHHT . 58 HHH
am| I IBES B H 111 4 I8 I = 4
+HH T B IREE B8 B A SRR IS IEBNERREES 8 L
mEE T T i s & sRSEEEEEERE
iEated . E fesiEes : 5 dsEdsgRR R et
THHHH T H HH tHHH # 88 I ?r; ;
BEEE JaEa=ISaNE b F ! @il g ] 355 gmmmasREn T S81 SEvv SHssesmas
- HH +H H H 1L HHH -
H +H IS 18 1] o =
EEEEaEaass & T “ 1 suE ? HHH 8l T msaaasn
SaEEmmas sun T HHHH T R Rmmal ; H
imEEEd inga EEEE SRR IEESE IEBEESEAnE b ESS Seamssanas 187 28t | 8 sEgEnum
HH £ T T 1 3 Baas ie. 25! 888 H .
I i
44 Ll - R
fEESHH T HHH S L HEE R S e
EEmsEEEEE T T EERS SRS n = smms fﬁ T 18
manaus SaRdREREREEaE 8 & Rinn amas T .
HHHHHH T FH i T HH T HHH HH
T o b 1T T 1 SEEES SEL. 08 T e T
<ELEEELE I I u 18 T 1 T ) 1] HH
HHH A ? Sisssgsass HH +HH [ESHE Sessaianty Seanets gaafsesasanss
M Al - H f% f .%Mﬂ»:i H R e ﬁﬁ.ﬁ HHHH
junaasamas gus SEERENS aE HH 28 8 H SEssEsus sEsEsEsaus i <> & u as
IESEESEnes tuN R T e T aaE 1888, SsEsERsESEs 4
IBERSESERS 28 e T T+ T T T ] 3! a8 T
inSmaanan in HHH I t H
RamaREEE bu x@; 1t muus subuanmns §e - n EsEsanE H
safisas: it EiEasisaRidRdsinansacas gt siin i i aRasa e :
Sasaasss ioe T FHHHHT : SRERER I HHHE T
S H H : HHH i~ : g
BEEEssams IS 58 i * EESSsssssgns RamuEs § upguRs § oa . mEEEEEEs
ey - .y .u\. - '3 _ “.l
me > = T T s Enm s SEE e I T T =
0 18 1 5 Y Jn T 8 i d il 0 b 6 O O O 15 15 i i B L mi
-t + bt bt + 44 2 L
B B RS R R 2 ' R b4
EEEEEEE SRt SNSEEESENE IRREN S s ] a8
FH i sfsfagaiss casases Busesose HH
RammuuE oo H g = ; :
maEEEEEEE SRESI Bl SRR H T H THT 1A
fesasaaas fanasRaast Ins A HHH 1 HHH
HHHHH L“L m I SEESSNESasasssEusSussssassssuss<gsssss HHH HiH
T ﬁh H HHHHHHH B 2 H HHH 1+
SEEEEEE EEEEE ;- V0 NN HH I HHT i asmaEasduE S Samsas:
f++ b e 4 ISSEEanal 4 +14+ . 44 . o -
. TRt -+ Erttrttt HH 1111 1 ~1
111 Bl T T SEE 8 == 0 S+
g uas s aunl ] H ,
e T Eﬂg ] saas HH FOT
HHHH i Hh Sasasasad & HHHHER HHHH
BEEE S a8 E BEE SRS 4 i ES H llu,l a8
ok T nEmEEEE M T INBENENESE RENEE B EEEN
L mm 1] T DEnDun J=LIEL n i D m ]
1 i S ISEE St A Y I R I B
mn HHH e 1 1 T wa: ~+
Ij AlDne - H T H
i H 1 ] b R
T T T ™ ] SEmemEmEE: 2 e =
L 1] 1 13 o 8 2 e A1 wﬁvx? ]

H aas 1N 8 — | § | H F
EEaE 1 s A - GREasaaEs: 5 M
HH H i H T 1
SEmssEEds IEESaEaEas SRS HHHHH : HH damasas s
- RS < 4 - +HHH SEESEN
B EEEES SE8 e T H H ]
- i i0Es T : H 1 3 ;

; t%# HH LAJ g Ml N T — g 8e SERRRmmmmmus
B 5 ) T } o e EEREERNEE U0 s o 1] ™ | HENEEEE
HHH mms sus, T T T sam s asss e
T e P e T 8 HEEEIRGUSEEEASE IRGGE AREEE ERE: MO
I M A 1 igsEREs 4 JEE = i aag 2 u
SR o 5 s : o . manm maE i
= = {1 E+ 4 4
H NS ERESE EENEE . L i H I ] HH ]
! _ B 8 B8 = 8 mem !
HEHETR 5 iitaisate i il e e T L
I 4
SN EE NS ENEEE NN SRS i 8 EEn H a muE RN : an BEnE T EEEEBEm
HH IBEBEEE SRS 1 ! { ] i + 1 ) +
HHHHHHH ‘ ﬁ : HH _ HH R HHHHHH
Siasassssasisizi fal HEHH HHHT HHE EiREtasaasenstanss desunsansy snsansans

48

Figure 15 Strain-Temperature Record for First Fifty-Six Days of Pavement Life

for Instrumented Bar Nearest Shoulder, at Preformed Crack
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Figure 16 Transverse Distribution of Local Maximum Strains Across Pavement
at Preformed Crack
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