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PREFACE

.~ This report represents a summary and condensation of data
secured during an investigation of the causes for displacement,
movement and mud pumping at the joints in concrete pavements,

It was originally intended that the investigation should
be conducted by a committee representing the principal Head-
quarters Departments concerned. As originally formed, the
committee was composed of Mr. E. Withycombe, Construction De-
partment, Mr. Clarence Woodin, Maintenance Department, and
¥r. F. N. Hveem, Materials and Research Department. Later,
Mr. John Meyer was designated by ¥r. A. M. Nash to represent

the Design Department.

The field work was undertaken in close coopsration with
the Public Roads Administration and Mr. George ¥Williams was
designated by Dr. Hewes to represent the PRA. Ir. Williams
accompanied the field crews and participated actively in the
field observations, in the taking of samples, et cetera, for
a major part of the field study. Nr., Williams also assisted
in the preparation of the first progress report.

‘Close contact was also maintained with the west coast
representatives of the Portland Cement Association and most
of the findings and conclusions have been discussed with Mr.
Hugh Barnes or his assistants.

As stated above it was originally intended that the final
report would be a joint effort but the shifts in Headquarters
Personnel and the fasct that the actual details have all been
carried out by the Materials and Research Department has led
to a change in this procedure., Therefore, the following re-
port as written embodies the viewpoints and conclusions of
the undersigned and while most of the significant points and
factors have been discussed with the other members of the ori-
ginal committee they may or may not be prepared to concur in
all of the conclusions drawn. Therefore, each member cf the
comnittee should express his personal copcurrence or disagreement
with the report as written. It is not believed that there can
be any question over the factual data submitted with this report.
There may, however, be some difference of opinion concerning the
interpretation and the significance of the various items of

evidence presented.

It did not seem feasible to include in a single report all
of the dats accumulated. The original records and work sheets
are available for inspection by anyone interested in further

details.
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SYNOPSIS

The data produced in this investigation of the
causes leading to distress at the joilnts in concrete
pavements warrant the following conclusions. .

The basic cause and origin of all joint
troubles, including mud pumping and faulting is the
volume change of concrete arising from variations
in molsture and temperature.

Concrete will expand with an increase in
moisture or temperature and these two factors or
conditions are rarely uniform throughout a pavement
slab., As & result, the slab is curled or warped a
great portion of the time so that there is non-
uniformity of contact and support. At such times
the =l1ab is free to move with reference to the sub-
grade,

The lack of "team work" between the pavement
and the subgrade soll is g factor but the prinecipal
adverse effect is the alteration of the subgrade
support caused by the pounding of the warped slabs
flexing or rocking under the passing wheel loads.

The vertical movement or "pumping action" of
the slabs may cause uneven compactlion or settlement
of relatively dry cohesionless sands or more
frequently will cause the loss of subgrade material
by erosion due to "pumping" when free water accumu-
lates beneath the ends of a slab.

Gross fallures in the form of break up or
"punching through” of a concrete pavement are not a
common occurrence on Celifornia Highways. Scattered
examples have been observed where there is a combina-
tion of very poor soil-with slabs five inches or less
in thickness that are subjected to heavy truck
traffic., In genersl, structural weakness has not
been a primary factor in producing failure or
distress in Portland cement concrete pavements
constructed in Californlas since 1927.

]
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POSSIBLE REMEDIES

-

A. If slab movement can be prevented, no trouble of
the type mentioned will develop.

(a) Detrimental movement” could not take place
if all joints could be eliminated.

(b) Detrimental movement will not occur if the
slabs remain at all times in uniform con-
tact with the subgrade.

(¢) If volume change of concrete 1s prevented
or inhiblted, then jolnts are unnecessary
and the pavement will protect the subgrade.

B. If thé movement of the slabs cannot be prevented,
then the subgrade must be treated so as to "withstand the

'beatin’.g " -
' Ay

,

‘ STEPS TO BE TAKEN

1. As an interim expedient--zll subgrades should be
treated to prevent expansion, shifting, compaction and
erosion. (This has been done for the past three years.)

2. Studles should be continued on a laboratory
'scale to develop ways and means to reduce the volume
change propensities of Portland cement concrete.

_ " 3, Experimental pavements should be constructed on
"highways subjected to heavy traffiic. Experimental pave-

" ments should not be confined to varlants of the stereo-
 typed designs now in use. A .definlte seriles of types

" should be placed under traffic with sufficient changes
and departures from current practice in order to offer
some possibility of a satisfactory solution.

4
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REPORT OF INVESTIGATION TO DETERMINE CAUSES FOR JOINT
TROUBLES IN TORTLAND CIXENT CCONCRETE PAVELINTS IN
CATLIFORNIA

A. RESUME

In 1944, an investigetion was authorized and@ funds provided
under Work Order 13NN4 in order to ascertain the reasons for
the inereasing frequency of mud pumping and fzulting at the ex-
pansion and contraction joints in concrete pavements.

Joint troubles in concrete pavements have develcped in every
state and have been reported from most foreign countries wherever
traffic has reached a substantial volume. Extensive investiga-
tions have been cerried out and revorted in the Proceedings of
the Highway Research Board and in independent reports issued by
the Poriland Cement Association and by several agencies in indi-
vidual States.

A preliminary report was rendered in 194k after a visual
inspection and survey of Californla pavements, followed by an ex-

- tensive investigation in the field and in the laboratory. A pro-

gress report was furnished July 16, 1945, Most of the tentative
conclusions put forth in that report have been substantiated by
further study.

Based upon the evidence available in 1945, the following re-
commendation was made:

(a) For the Subgrade: The subgrade must be solidified
by achieving as much compaction as feasible and
undcubtedly in meny cases it will be desirable to
add either granular material or artificlal binders
such as Portlaznd cement or asphalt in order to
create g transition zone between the concrete and
the underlying soil. Such a zone is visualized as
being somewhat less rigid than the present concrete
pavement but more solid and less resilient than the
cormon subsoil., This proposed treatment 1s be-
lieved necessary to prevent shifting and movement
of the subgrade under the pumping action of pave-
ment slsbs. It is further indicated that the sub-
grade should be constructed or treated in a manner
to prevent erosion by fhe action of water beneath
the pavement. (For an example, an asphaltic seal
on a hardened, well cemented subgrade would be one

www fastio.com
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means for accomplishing this end.) It is not
i expected that an improved subgrade alone will
} " eliminate all roughening or faulting of con-

- crete pavements or even water pumping but such
improvement should prevent mud pumping with
its attendant loss of subgrade material, and
should appreciably reduce the frequency and
magnitude of faulting.

It was further 1ndlcated that the subgrade treatment would be
’unnecessary if it were possible to prevent the concrete pavement
from warping or changing its shape as a result of differential

* temperature and moisture conditions. The followlng brief analysis
of concrete pavement behavior was presented in 1G45:

There is unlimited proof that concrete pave-
ments warp and curl under the influence of mois-
ture and temperature. Since there is no positive
bond between the slab and the subgrade end since
there is a marked contrast between the deflection
characteristics of a rigid slab and thav of a more
or less resilient soll, it follows that slab de-
Tormations must create temporary or even permanent
spaces or openings between the:concrete slab.and
the subgrade. This difference in movement and eleva-
tion between the under side of the pavement slab and
the subgrade means that there is a constant threat
that free water mey accumulate beneath the slab and
when the slabs are subjected to the action of traffic,
the effect is to create a pumping machine in which
the concrete slab serves as a movable diaphragm.
The present specifications for concrete pavements are
inadequate in the following respects:. .

(a) They do not or cannot provide positive means
for preventing the entrance of water between
the pavement sand the subgrade.

(b} They do not include design features that pre-
vent the forceful movement of surging water
beneath the pavement.

(¢) They do not include design features which
will prevent the moving water from having
-destructive effeetso ,

Four conditions are always found to exist where
mud pumping is in evidence

1. A rigid type of pavement divided into separate
slabs.

=D
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2. The accumulation of free water between
- the under side of the slab and the top
of the subgrade.

. ' 3. A considerable volume of traffic
P= having axle loads heavier than those
- of passenger cars.,

“ 4, An erosive type of subgrade solil which
readily softens, loses cohesion and
vhich can be washed away by the action
of moving water.

Since the foregoing conclusions were submltted, a large
mass of data has been assembled and studled in order to deter-
mine whether there is any consistent relationship between the
properties of the subgrade solls and the uliimate performance
of the pavement or whether variations In the design of the
pavement and character of the concrete could be shown to have
a consistent effect on the performance of the pavement joints.

' Since 1945, virtually 21l concrete pavements in
California have been placed on treated subgrades as a result
-of the preliminary study.

s, . The completed study does not indlcate any useful relation-
= ship between the type of soll and the pavement performance,
with the exception that & subgrade soll which is easlly eroded
will definitely lead to trouble at the joints. The data do not
indicate that any of the conventional slab designs have been
consistently free from joint deterloration with the exceptlion
that there is less evidence of trouble in pavements having a
long slad length as compared to sections built with 20 ft. or
less between joints,

There are definite indications that the condition, i.e.
degree of compactlon, abillity to stand erosion and saturation,
of the subgrade is a primary factor affecting the performance
of the pavement. : ‘

It appears that, where 21l conditions are satisfactory,
there 1s no reasonable Jimit to the amount of highway traffic
that can be carried by a concrete pavement. Conversely where

s unfavorable conditions exist, concrete pavements have shown
marked distress within seven years or less under moderate

trafflc loads.
¥ In preparing a report covering observatlons made on
inspection trips and during field investigations, 1t beconmes

desirable that a few terms should be defined. Throughout
this report, the following terms are used as indicated below:

==
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Pumping Aetion Displacement of alr, water or mud
- which is in place between the re-
latively firm portion of subgrade
and underside of pavement. Action

suused by vertical movement oY
sizbs when subjected to traffic.

Faulting The permanent vertical displacement
of a paving slab with reference to
an abutting or adjoining slab (fre-
quently called ®step-off"}.

Gﬁrling The tendency of concrete pavement
ST : +0 bend or warp, usually develop-

ing high Jjoints.

Cracking Refers o cracks or breaks in the
j slabs at points other than planned
weekened plane or expansion joints.

B. TYPICAL LIFE HISTORY OF A CONCRETE PAVEMENT TEAT HAS DEVELOPED
JOINT TROUBLE

The mass of data secured as a result of this investigation,
together with the reports of similar studies in other States, pre~
sents a somewhat difficult problem in compiling a concise and, at A@y
the seme time, a comprehensive report. Therefore, in order to con- -
vey an over-all picture, the data have been analyzed and used to re~-
construet a typical sequence of events or changes which take place
during the life of a concrete pavement. An attempt is made to des-
cribe the steps by which a typically faulted pavement has become
altered from a smooth-riding satisfactory surface as indicated by
the originel comstructed profile, until it becomes rough with
marked faulting at the joints, often but not always accompanied by
evidence of mud pumping.

The typical pavement constructed by the California Division
of Highweys during the years 1927 to 1937 was placed upon a sub-
grade constructed of soil materimls having the following average

sieve;analysis:,

Tﬁgical Grading of Subgrade Material
(Average sieve analysis of 217 samp €S. )

" Screen Size % Passing
in 06
#h 87
10 82
L0 62
200 31
270 . 28 .
5 microns 10 7

-l
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A study of both goed and bad sections throughout the State does
not indicate any consistent relationship between performance of
a Portland cement concrete pavement and the subgrade soil
characteristics. (29, 30, 31) The compaction of the subgrade
soil was found to be generally good ranging from a low of 75%
to a high of 112%, with an average for all locations studied

of 91% of standard maximum density at optimum molsture. The
pavements generally were constructed with a fairly smooth pro-
file and with a few exceptions the riding qualities of the new

vavement were good.

Shortly after construction however ~ probably within a
period ranging from 30 to 60 days - certainly within the Tirst
vear - the individual pavement slabs began to underge a daily
alteration in shape. This daily change is clearly indicated
by Profilograph records taken over a number .of pavements (7, 8)
and indicates that the pavement departs from the planned sur-
face profile of the slabs by curling upward at the edges and at
the corners, resulting in an elevation of the pavement at the

expansion and weaskened plene joints,

It is evident that the upward curling of the slab ends is
most marked in the early morning, usually between five and seven
otclock, and may vary, depending upon the recent weather and
climatie conditions,: This upward curling at the joints is pro-
bably most pronounced during the hot Weather in late spring or
early summer and becomes least pronounced during the winter
nonths of January, February and March.

The contour of the curled slabs has béen studied both by
means of the Profilograph and by the use of a piano wire stretched
to form a datum line from which direct measurements could be made
{6}, From a study of the curling characteristics of the slabs of
various lengths, it becomes evident that each end of the slab de-
parts from the original plane. These portions range from four to
seven feet in length with an average of about sixz feet, (1, 6) and
the shape of the curled slab is indicated in the sketches on
Reference No. 1. There are some indications that this warping or
curling of the slabs does not become manifest until a certain de-

gree of strength is attained. (7)

In any event, it is quite certain that shortly after construc-
tion the individual slabs of the concreté pavement tend to curl
and warp, and, as this movement follows & definite cycle throughout
the 24 hours, it is obvious that the immeédiate cause is variation

(The numbers in parentheses are reference numbers identifying
tabulations, charts, graphs or photographs in the attached
Appendices containing the detailed data.)

-5m
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in temperature., However, the Profilographic studies further indi-
cate that the warping is rarely reversed; that is, the daily cycle
does not often produce a perceptlible depression at the joints and
there is little indication that slabs are often convex upward or
lifted off the subgrade in the center, Such shapes have been
observed but the condition appears to be relatively uncommon, at
least in California. In fact, the only time when most pavement
slabs are flat, or restored to a profile contour similar to the
original construction, is in the middle of a warm afternoon when
the surface of the concrete is at a higher temperature than is

the underside in contact with the subgrade. This indicates that
concrete pavement slabs in. a state of uniform temperature
throughout must be normally curled, presumably from the expansive
effects ‘of moisture on the underside of the slab. (10)

: Therefore, it would appear to be & sound generalization to
state that the warping in the slab induced by temperature on a
hot day is, in the majority of cases, approximately equal to that
caused by moisture alone and on & hot day the profile may revert
to the same plene as constructed. (7) This comparative magni-
tude of ‘expansion due to-moisture and temperature has been
demonstrated by measurement in the laboratory. (24, 25} When the
surface of the pavement is cooler than the underside, then the
curting ‘due to temperature differential is added to that caused by
moisture, and at such times the warping of the slabs becomes most

pronounced,

The existence of expansive forces in concrete pavements has
long been recognized and the widespread adoption of expansion
joints, contraction joints, load transfer devices, etc., stemmed
from the desire on the part of engineers to reduce the stresses
in the concrete and to discipline the inevitable cracking into
straight’ 1ines with an orderly uniform spacing. In order to pre-
vent troubles at the expansion joints, load transfer devices were

soon provided, B

In spite of such devices and precautions, concrete pavements
have given a great deal of trouble and it appears that the princip-
les governing the performance of rigid pavements have not been
too well understood. For example, it may be pointed out that both
moisture and temperature are prone to vary throughout the depth
of the-slsb and it is inevitable that the expansion or shrinkage
of a concrete pavement will rarely be confined to simple horizontal
movement alone; i.e., in & direction parallel to the surface of the:
pavement. It is almost certain that the expansion or contraction
will be greater either on the surface or on the underside of the
slab with the result that any over-ell expansion is invarisbly
accompanied by warping or curling of the slabs.

b
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As proven by Profilograph records, direct measurements

5 from a steel wire, and by deflection measurements taken at

i various times of the day (6,7,8,17,18) the pavement slabs are,

b during a great portion of the 24 hours, curled upward at the

: ' ends and when the slabs are relatively short the inevitable
result is that the slab takes on the shape and characteristics

i of a rocker. The evidence is clear-cut and incontrovertible
that the length of slab that departs from the plane of the pave-
ment ranges from 4 £t. to 7 ft. in length. This means that the
elastic yield of the average concrete will not sustain a load
in éxcess of the moment created by a cantilever approximately
7 ft. in length. Therefore, pavement slabs 20 ft. in length
may have no more than 6 f£t. of the center section resting upon
the subgrade when the slabs are curled to the greatest extent,
A 15 5, slab may have no "flat" section in the center and
therefore it has the least mechanical stability against rock-

ing nmovement.

For a considerable portion of the day, concrete pavement
glabs represent a series of more or less flexible "rockers” and
the motion of these slabs becomes a somewhat complex matter
under the rapid passage of multiple axle trucks. (2} The
continual working of these slabs under traffic and the constant
differential movement at the joints has made it virtually im-
possible to maintain any sort of joint seal by means of the
usual asphalt £illing material. The slabs develop the greatest
movement when the upper surface is cold apd under these con-
ditions en espnalt is hard and brittle and least able to with-
stand any movement whatsoever. '

An inspeetion of California pavements points to the conclusion
that when the movement at the joints is prevented, then even a
hard esphalt filling material will last indefinitely., {12 - V-llon-
2-a) On the other hand, the conclusion is inescapable that is has
never been possible to seal the cracks in the average concrete
pavement with air or steam refined asphalt for more than a few weeks
at a time sSo long as there was any movement of the slabs due to a
curled or warped. condition. Furthermore. even though the joints
can be tightly sealed, it is still virtually impossible to prevent
water from entering from the shoulders. A tight seal between a
concrete slab and the adjacent shoulder material is extremely 4iffi-
cult to achieve and to maintain. Also, as the ends of the slabs
1 alternately depress under the wheel loads and spring back to thelr
slightly elevated position, a suction will be created which tends
to draw water into the space beneath the slab. Sooner or later the
subgrade beneath the ends of the pavement slabs becomes saturated
either by capillary moisture, by moisture from condensation, or by
water entering through the joints in the pavement or from openings
along the edges. Inasmuch as the pavement slabs are lifted off the

-7-
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subgrade over an area represented by the full width of the pavement
and for a distance of 4 ft. to 7 £t., on either side of the jolnts,
it is clear that the unloaded subgrade soil is free to expand to

the greatest possible extent and, having thus expanded, the capacity
for water is correspondingly increased. Therefore, there is noth-
ing to prevent an expansive soil from reaching the limits of swell:
characteristic of the unrestrained state and if water is avallable,
sooner or later the soil will reach a moisture content represent-
ing complete saturation in this expanded condition, '

When the slabs are forced into contact with the subgrade during

the passage of heavy vehicles or when the upward curling is re-
-vérsed during the middle of a hot day, pressure on the subgrade

ClihPDF - v

will not be sufficient to compact the soil while in & saturated
state. ‘Instead, the continual movement of the slabs tends to

churn up and plasticize the surface of the subgrade. The slabs

will continue to work with greater facility with the passage of

time because of the inevitable reduction of resistance at the joints,
either caused by the grinding up of the concrete or by the deterio-
ration and breakdown of the load transfer devices, (1, 20 a,b,c,d)

It is not possible to illustrate the rapid sequence of the forces
which are brought to bear upon a concrete pavement slab during the
passing of a heavily loaded truck and traller unit. Sketches {(2)
illustrate typical joint spacing and the relative spacing of the axies
of one of the most fregquently used truck trailer units. TFrom the
viewpoint of an observer standing on the roadside with traffic pro-
ceeding from left to right, it is evident that when the front wheels
of a truck have reached the right hand end of a given slab, the rear
wheels of most trucks are aslready upon the left or receiving end of
the same slab., Therefore, the depression of the ends or rocking of
the slab is somewhat inhibited by the fact that at this particular
instant the truck load is fairly well distributed over the slab,
However, when the front wheels pass from one slab to the next, the
left end of the slab receiving the front wheels is free to depress
with the least amount of restraint, while, at the same moment, the
right end eof the adjacent slab just abandoned is free to rebound
when relieved of the load. This rebound is partly due to the
elasticity of the conecrete and probably is facilitated by the welght
of the rear truck wheels which are usually beyond the center point
or near the left end of the slab, Therefore, at the monent the front
wheels of & truck have crossed a Jolnt in the pavement, the tendency
is for any water to be expelled violently from beneath the forward
end of the slab anpd this. expulsion occurs at the moment when the
end of the adjacent slab is springing upward, thus creating a suction
and inviting the transfer of muddy water.

It is, therefore, evident that the combination of forces and se-
guence of movements tends to cause the violent movement of any water

8-
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beneath ,the slab with the consequent erosion of the subgrade mate-
rial when sufficient water is available. The hydraulic pressure
forces the water, with the suspended soil, upward through the
joints in the pavement and at times along the edges adjacent to
the shoulder. While the bulk of the eroded material is washed out
on the surface of the pavement, a certein amount is probably trans-
ported across the joint and redeposited beneath the adjoining slab.
This deposition would tend to occur only with the coarser sand
grains and during the pavement investigation the presence of a
layer of coarse sand was noted in several instances and always on
the "high" side of a fauvlted joint,

After a sufficient amount of the material has been pumped
from beneath the pavement slab, the unsupported slab ends can
be deflected sufficiently under wheel loads to cause a trans-
verse break, usually occurring from 6 to 7 ft. from the joint. The
end. of the slab then drops down into the depression creating a
marked fault at the joint. (1) In some cases slabs may be broken
on either side of the joint resulting in a dip at each planned

joint in the pavement. (13)

As indicated by the foregoing statements and deductions sup-
ported by evidence set forth in the attached appendices, it seems
clear that the origin of all joint troubles in concrete pavements
lies in the propensity of the concrete to expand or contract in a
non~uniform manner, resulting in the warping or curling of the
individual slabs. The curled slesbs with the unsupported ends re~
present a structure that will move or flex under the action of
traffic and with the consistent repetition of slight movements
which may be described as a sort of pumping action, the condition
and shape of the subgrade is definitely altered in the course of

time.

Examples of concrete pavements which are breaking through or
showing definite evidence of insufficient strength or thickness
required to carry the loads, even over poor subgrade soils, are
comparatively rare. In fact, it can be stated that with the ex-
ception of internal destruction or of alkali attack, all concrete
pavements which are giving an unsatisfactory appearance have
reached this condition only after a prolonged period of moving,
warping and deflecting under traffic loads. I joint froubles
are absent there are few evidences of weakness or of "breaking
through" .even over unquestionably poor subgrades.

The accompanying sketch {1) shows diagrammatically the develop-
ment or progression of typical "joint troubles"™ occurring in
Portland cement concrete pavements,
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In“heavily doweled pavements, type 1 faulting usueslly occurs.

As the pavement curls, the joint and a section of pavement on

gither side of it are lifted clear of the subgrade. A heavy
external load, such as a loaded truck, tends to force the pave-

ment back down on the subgrade. The heavily doweled joints are
generally more than adequate to keep the adjacent slabs in alignment;

- gonsequently when the stresses set up in the slabs by the load ex-

ceed the strength of the concrete, the slab will crack at a point
approximately midway between the joints, Further repetition of

heavy wheel loads will often cause the pavement to "fault™ at the
transverse crack, particulaerly if the subgrade soil is saturated.

Type 2 faulting is a progressive type and generally occurs
when the joint has only a few dowels or none at all. Heavy ex-
ternal loads on the curled pavement joints act to foree the
pavement down, bending and eventually breaking the few dowels.
{(2) When the ends of the slab are repeatedly forced down on a
subgrade that is saturated with water, a gradual loss of material
will result. As soon as the dowels are broken, the action of the
slab ends is much more severe under each passing truck load,

In the course of this investigation, pavements in various
stages .of this progressive faulting were encountered. To adequately
1dent1fy and classify the stages, the designation as shown on the
sketeh (1) were adopted. On this sketch designations are made by
letters as shown helow: -

"Sﬂ indicates the orlglnal slab 1ength
nLr ‘indicates the distance from the joint to the first: crack
to the left of the joint

"Rr  indicates the distance from the joint to the first crack
- to the right of the joint

ngn  refers to faulting at a planned joint

"F1" refers to the faulting of the first crack to the left of.
~  the joint .-

nFpm" refers to the faultlng of the first crack to the right

. % of the joint

nat refers to the space beneath the slab on the left side of
* the joint .

npn refers to the space beneath the slab on the right side of
. the joint.

Detailéa field measurements of these items are given in the appendix

* tabulation headed "Pavement Details®, {26).

~10-
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The abaémpanyiﬁékéééwiﬁg (2) is a diagrammatic sketch
showing the progress of a 3-3 truck and trailer unit
across a series of curled P.C.C. pavement slabs, each

’ 20 ft. in length. Axle spacings are to scale for one
of the manycombinations encountered on California highways.

The rapid progress of such a truck and trailer unit
across each slab from left to right produces many very
complicated stresses and reaction in the slab. This sub-
jeet is considered in detail in the preceding text.

;f‘fi"%
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REMEDY

There seems to be little, if any, evidence to sustain an
opinion that concrete pavement troubles are ordinarily due to
a lack of strength or to a lack of thickness. The question
of remedy for troubles at the joilnts would seem to subdivide
into two phases. First, if the concrete pavement can be pre-
vented from undergoing any change in shape which would pre-
vent an intimate contact with the subgrade, then it 1s d4iffi-
cult to see how the present type of joint trouble could
develop. Secondly, if it is not possible-to prevent the
concrete from expanding and contracting, a second remedy
would be the construction of a subgrade which would resist
the erosive action and which could not expand or swell, even
when unprotected by the direct contact of the pavement and
would, therefore, never permlit an amount of deflection
sufficlent to break the pavement slabs., The feasibility of
this latter solution is indicated by numerous bits of evl-
dence that concrete pavements constructed directly over cld
traveled ways, whether of bituminous mixtures, macadam or old
concrete pavements have given excellent performsnces for a
great many years.

It, therefore, seems that the simplest definition of an
adequate subgrade for the modern concrete pavement 1s "one
which has undergone any process or treatment which renders it
capable of serving as an all-weather road for llght traffic.”
The subgrade for a concrete pavement apparently need not
possess high unit supporting power but mst be so treated as
to resist erosion under the action of rapidly moving streams
of water.

In the light of the foregoing analysis of the causes and
results of "jolnt troubles", the followlng recommendations .
are made: ‘

1. As an interim expedient--all subgrades should be
treated to prevent expansion, shifting, compactlion and
erosion.

2., Studies should be continued on a laboratory scale to
develop ways and means to reduce the volume change propensi-
ties of Portland cement concrete,

3. Experimental pavements should be constructed and
subjected to heavy traffic. Experimental pavements should
not be confined to variants of the stereotyped designs now
in use. A definite series of types should be placed under
traffic with sufficient changes and departures from current
practice in order to offer some possibility of a satlsfactory
solution.
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The Analysis Chart (3) is an attempt to classify the (ﬁ
most important causes and factors which contribute to
joint failures in concrete pavements. This chart is
dsveloped on the principle of subdividing each major
item into its primary factors indicating the secondary

- and tertiary elements or variables that are involved.
This chart indicates that for a satisfactory concrete
pevement, the following items ought to be limited or
controlled by the engineer. These items, marked on
the chart by asterisks; are as follows:

1. YVolume change of the concrete

2. ZErosion and loss of Subgrade Materisl :

3. . Consolidation or Settlement in Localized Areas
- : L. Resilience of the Underlyling Soil

r e
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PERTINENT OBSERVATIONS

The foregoing reconstruction of the sequence of events which
eccompany or characterize the development of joint troubles in
concrete pavements leads to certain conclusions. Also the ex-
amination of the pavements in the f£ield and the laboratory test
data warrant a series of definite statements which may assist in

bringing the picture intc proper focus.

1. Concrete pavements arse in existence which have glven
excellent service with moderate maintenance costs and which have
not required resurfacing until a period of more than twenty years
has elapsed. These examples prove that it is possible to develop
a combination of adequate subgrade together with characteristics
in the design of the pavement which will give little or no trouble

under heavy traffic.

_ 2. No type of soil or imported borrow meterial was found
which was consistently assoclated with freedom from Jjoint troubles
in the concrete pavements. In other words, a wide variety of
soils was found to exist under pavements giving marked evidence of
joint trouble and a very similsr range has been found under pave-
ments giving little or no trouble. (29,30,31) '

3. Faulting and misalignment'of the joints may occur without
evidence of mud pumping and mud pumping has occurred at Jjolnts
which have given no evidence of faulting.

4. There is no evidence that lncreasing slab thickness up
to ten and eleven inches for example, will eliminate either joint
troubles or intermediaste cracks in the slabs. (&,9) The Pennsyl-
vania Turnpike seetion is 11lr-9n-1ilm and is showing extensive mud
pumping after eight years service. :

5. Individual projects where the pavement is known to be grow-
ing or expanding for any reason are virtually free from the common
joint troubles. (12) This same observation has been made in areas

outside of California.

6., Steel dowels placed at 15" centers or less have been effec-
. tive in preventing faulting or "stepping off" at the joints. How-
ever, this construction has not prevented large intermediate cracks
in the slabs and in many cases the intermediate cracks have developed
faulting and give evidence of mud pumping. New Jersey has devoted

* intensive effort toward experimentation withmany types of metal load
transfer devices--so far none have proved to remedy or prevent joint
troubles.

-) 7. There is consistent evidencée both in Californias and else-

where which shows that pavements constructed over subgrades which
had carried traffic before the concrete was placed are almost

-1l-
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universally in good condition compared to adjoining sections con-
structed over new subgrade. dJoint troubles are not common where

the subgrade consists of ©ld bituminous macadam, bituminous sur-

face treatments or old Portland cement concrete. (11)

8. There is no evidence that high "bearing value™, stability
or supporting power of the subgrade soil is essential for the
sucecessful performance of a modern concrete pavement and there is
no reason to believe that any of the prevalent joint troubles can
be ascribed to a basic lack of supporting power 1in the subgrade
(29,30,31) or to lack of strength and slab thickness in the pave-

meat . (26,28)

9. It appears that the volume change characteristics of
concrete show a greater veriation with respect to the effects of
nmoisture than to changes in temperature. However, it also appears
that the magnitude of expansion or contraction of California
concrete under field conditions is approximetely the same for
temperature as compared to moisture considering the normal range
in both cases. (25) The Corps of Engineers reports that ex-
pansion of concrete due to moisture may be three times the ex-

pansion from temperature.

10, The general beneficial results of esphalt subsealing is ]
proof that preventing the erosion of subgrade materisl is an 58
important factor and furthermore demonstrates that low bearing -
capacity or stability of the material beneath the pavement is a
minor consideration in view of the fact that asphalts have
practically zero "bearing powerm or "stability" as the term is
ordinarily construed. Further evidence on the beneficial resulis
of subsealing is given in the report by the Corps of Engineers
published in Civil Engineering in June, 1948.°

www.fastio.com
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APPENDIX A-~-GENERAL

(1) Extent of Investigation

T Before any field sampling work was begun, an inspection
of concrete pavements throughout the State was carried out by
Materials & Research Department personnel, accompanied whenever

“ possible by Distriet Maintenance and Construction Engineers in
the respective distriets. This inspection trip covered approxi-
mately 2,130 miles of P.C.C. pavements representing some 385
separate projects built prior to 1940. These pavements were
classified, by inspection, into six groups taking into account
their appearance smoothness, frequency and severity of joint
faulting, and evidence of mud pumping.

The percentage distribution among the six groups was
as follows: . :

Poor 104 Good 299
Fair 16% Very Good  15%

Fairly Good  22% Excellent 8%

Careful study of all inspection reports subseguent to the
inspection trip narrowed the choice of projects to be covered by a
£ detalled field investigation to the accompanying tabulation. (4)
R It will be noted that many of the "projects" include more than one
contract. In many cases a significant difference in performance
was noted between adjacent or adjoining contracts and it was thought

desirable to investigate some of the most outstanding cases.

As noted on the tabulation, field investigations covered
20 projects designated in this report by letters of the alphabet,
These projects in turn included 66 separate contracts. - A total of
119 locations were sampled, 380 cores and 2,811 soil samples being
taken., All tables of data, faulting classification, ete., in this
report are based on the projects listed. '

(2) Field Tnvestigation

For each project listed the entire area included within
the limits of the contracts specified was evaluated and representa-
tive areas for sampling were decided upon.

Field investigations consisted of cutting cores, sampl-
ing subgrade materials for density and molsture (generally in 6"
layers) to a total depth of 24" below the underside of the pavement,
‘obtaining profilograph records of stretches of pavement representa-
tive of the project, measuring and drawing sketches of the slabs
near the sampled area, showing faulting, cracking and other

pertinent data.
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In cutting coresg, both diamond set and calyx bits were used.
Chilled steel shot was used as a cutting medium with the calyx bits.

Profilograph records were. obtained covering long stretches
of the pavement in each project, using the Profilograph designed
and constructed in the Materials & Research Department.

‘ Faulting at individual joints was measured. by a straight
edge and steel scale graduated in 100ths of an inch.

Sketches were drawn of each ares sampled to show' the
pattern of cracking, Jjoint spacing, direction of traffic, and
joint and crack faulting as well as the type of subgrade material
encountered under the pavement.

More detailed description of sampling and testing methods
are given in the sections devoted to pavement, subgrade, etc.

(3) Office Work, Records and Tabulation of Data.

(a) As field work got well under way and samples
arrived . at the Laboratory, test data began to accumulate in con-
gsiderable quantity. . : :

Standard Soll Survey sheels were adopted as the most’
expedient way of tabulating test data from each core hole sampled,
At first, location sketches showing joints, c¢racks, core holes,
ete, were drawn directly on the Soil Survey sheets but after a
short time location sketches were made up in the field and later
were attached to the Soil Survey sheets.

Test data recorded for each layer of subgrade soil
included CBR tests, both at optimum and at field conditions,-
expansion during soaking, field moisture and denslty figures,
liquid 1imit, plasticity index, specific gravity of fine and
coarse fractions., Water capacity, percent saturation and re-
lative compaction of subgrade material in place were calculated
from recorded data and entered on the sheets.

Field density and moisture in place, water capacity
of soil, percent saturation in place, plasticity index, opti~-
munm density and relative compaction were also shown graphically.
Grading curves were drawn for each layer of soil and were attached

to the Soll Survey sheets,

The data on the Soil Survey sheets were transferred
to record cards made up to cover all locations sampled. At each
location sampled where the results of tests of the subgrade soil
from several sample holes indicated the materials to be the
same or similer, the sample holes were grouped toghether on one
record card. Test results that were characteristic of the material

-17-

www . fastio.com


http://www.fastio.com/

were listed for the group. When the results of tests of subgrade
soils from one or more of the sample holes at the same location
indicated the material to be considerably different than mate-
rial from adjacent holes, a separate grouping was made and a
separate record card made up. Consequently, for any particular
section of pavement sampled, there may be two or more record
cards in the series.

7 {b) With field investigations progressing towards
completion, great masses of notes, sample sheets and test re-
sults began to accumulate and the need for some system of classi-

fication became pressing.

. Several conferéﬁces were held and various ideas con-
sidered. It was agreed that a system of classification based

on total goint faulting, measured in inches, per mile of pavement,
would best serve e purposes of the investigation.

In arriving at figures indicating total accumulated
faulting per mile, the profilograph records were reviewed and
a 300! section of pavement, which appeared typical of the area
sampled, was .selected for detailed study. In nearly all cases
the section selected had been cored and sampled in the course of

the fié;d investigations. In a few instances, however, the 300! .
sggti?g was ad;acent to e sampled area. . .

_ In analyzing each 300t section of pavement, the fault-
ing in:100ths of an inch at each joint was scaled from the pro-
filograph record and a total of the faulting for the section
summarized. Also, & count was made of all cracks appearing in
the section. If any of these cracks were faulted, the amount of
faulting was scaled and noted. The general condition of the
pavement in the section was noted as to appearance, riding
quality and whether curling was or was not evident.

) The total number of joints and cracks and the total
faulting figures, both for joints and cracks were then projected
to a per mile basis., - '

The faulting at joints and cracks was tabulated for all
lanes of pavement in the.300' section analyzed. However, in the
tabulating and classification process, the faulting at the planned

N joints in inches per mile, for the lene sampled was the figure used
%0 determine the relative position of a given section of pavement
in t he tabulated results,

. As explained previously, for any particular section of
pavement, there may be two or more record cards and each of these
will have the seme classification, so far as joint faulting is con-
cerned, When several card representing the same magnitude of joint ‘)

~18-
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faulting were encountered, they were classiflied in the order series
by other pavement characteristics, such as appearance and curling.

on each record card of the series, field test results
and laboratory test results on subgrade soils, laboratory test re-
sults on the concrete, construction details of pavement cross
section, reimforeing, joint spacing, number and size of dowels,
cumber of lanes and construction date, data on total traffic
carried and joint and crack faulting date were listed.

The entire card series - a total of 274 - was then
arranged in order of increasing joint faulting in inches per mile
and & seguence number assigned to each card. '

A1l data listed on the record cards were tabulated on
Sunmary Sheets. This tabulation was then separated into groups
by order of increasing joint faulting, group number 1 having the
lgast joint faulting and group number 9 having the greatest
igint faulting. Joint faulting limits for each group are listed
below:

Group Joint Faulting, inches per mile
Number Minimum Maximum
1 .00 1.00
2 1.00 , 2.00
3 2,00 4.00
4 4L.00 g.00
5 8.00 16.00
6 16.00 32,00
7 32.00 64,00
8 64.00 100.00

Q9 100.00+

It will be noted that the limits on group No. & do not

- follow the same pattern as do the groups preceding it. It seemed

advisable to break the upper limit at a totel Jjoint faulting

of 100.00 inches per mile and establish a ninth group to cover
the last two tabulated results, joint faulting of which were s0
extreme as to demand special classification.

~1G-
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APPENDIX B ~ TRAFFIC

The smount of traffiec of various classes, particularly
. truck traffic, that a pavement has carried from the time it was
_ constructed until it was investigated must obviously be one of the
primary factors to be considered in evaluating the performance of
N any section cf pavement, Traffic loads must also be a primary
factor considered in comparing any one section of pavement with
other sections throughout the State.

iy -

Many of the projects studied in the investigation were
carrying traffic several years prior to the dates when the practice
of taken regular traffic counts was established throughout the:
State. In estimating total traffic volumes for these projects, it
was necessary to make many assumptions. The methods outlined below
were used for all projects covered in the investigation.

Before undertaking to develop figures representing the re-
lative amount of traffic carried by the various sections, a classi-
fication system was set up to tabulate traffic in three groups;
nemely, passenger cars {axle loads up to 2000#), light trucks
(axle loads of from 2000# to 5000#) and heavy trucks (axle loads
over 5000#). This classification corresponds in some degree to
the system formerly used by the State in making traffic counts.

i Traffic census statlons selected were those which were.
located nearest to the sections sampled. Regular traffiec census
figures were obtained for all years shown on the records of the
Plenning Survey. The Maintenance Department and other sources
furnished additional census figures for a number of stations
covering several years prior to the records of the Planning
Survey. On many of the projects it was necessary to take avail-
able figures and make interpolations and extrapolations for the
years previous to those in which counts were made, or in some
cases Tor intervening years where records were incomplete. The
Flenning Survey furnished factors for converting the Sunday and
Monday counts to a daily and yearly basis.

The Planning Survey, State Railroad Commission and other
sources furnished information from which azxle count tables were
compiled. Using these tables, an average number of axles per
truck and trailer unit for different locations was computed., In
gll cases, buses and passenger cars were considered as two axle

. vehicles, For those years prior to the start of actual counts,
an approximate figure was obtained by decreasing the last count

o a small amount for each intervening year so as to arrive at a

) figure representing the number of axles per vehicle for the year

required. From the tabulated traffic census and the average

-20-
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number of axles per vehicle, the total axle count at each census

station was computed and entered on a disgrammatic sketch of the
project concerned. A weighted average was then calculated for
each sampled section, the respective distances from adjacent
census stations and the incidence of any major side roads being
takén into consideration. Percentages of total traffic volume
for each lane in the sampled sectlion was then calculated from
the ‘weighted figures above. Using factors furnished by the
Design Department and the total axle count for each lane, the
traffic load was converted to equivalent 5000# wheel loads.

? The percéntages used for various lanes on each project
are. shown in the accompanying tabulation. (5) This division
is, of necessity, & purely arbitrary one but has been based

upon best available evidence,

. Considering all pavements studied; there is no consistent
correlation between the amount of traffic carrled and the degree
of faulting or other evidence of displacement at the joints
(26,31). However, on individual sectioms it is quite evident that
there are differences depending on the amount of traffic., For
example, on a four or three lane pavement the outer lanes generally
show more evidience of faulting than the inner lanes (16).

’iHowever;'ih spite of the fact that heavy wheel loads are un-

doubtedly one of the factors it is true that some of the best
pavements have also been subjected to the heaviesi traffic.

‘-21-
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Materials & Kesearch Department P.C.C. Joint Investigation

Research No. 00204 Reference No.__5 {a)
ASSUMED
\ TRAFFIC DISTRIBUTION BY LANES
Project Type Traffic & percent of total
0, Portlon | Dateiw |trarfic used in computing traffic
2 : o | volumes and EWL Figures
L 5 |Designation of of | § & Type L — Lane
' 3 . “wil  or Left [Left [Right[Rizht
Project |Const. Traffic|Outer {Inner [Inner [Outer
) Aj X-801~-7-B All 1932 | 2 | Mixed 50% 50%
. 1929 2 Mixed 50 50
Bl IV-Mrn-1-A All
, 1,1839] 3 | Mixed 40% | 20 40
All 1919 :
C | X-58J-4-C,D - 1930 2 | Hixed 50 50
t 1937 | -
IV-8M-68-A |S.F. to So. | 1831~ Heavy 40 10 10 40
D San Franclsco | 1933 4 Light 30 20 20 30
IV-SC1-68- {Palo Alto 1932~ Heavy 40 10 10 40
B.,O to San Jose | 1936 4 Light 35 15 15 [6Ys]
{ g | Iv-Ala-5014 +318& Lt.[Center] Rt.
5-C,A All 1928 3 Mixed 45 10 45
A [Salinas to | 1828 3 Mixed 50 S0
¢ | v-mon-2-J |Sante Rita [1043 | 3 | Mixed Lo 310 | 30 | 40
L J {Santa Rita | 1932 | 2 | Mixed 50 50 .
g to Co, Line
' G| V-8B-2-C, [|Las Alamos 1932 2 | Mixed 50 50
L,M to 1-1/2 Mi. ' Note: .
So. of . Traffic counts 'north on
Santa Maria SB-2-M! increased by 10%
for town of Los Alamos
as indicated by 1944,
1945 traffic count
H Vi-Fre-4- All 1937 3 Mixed |Left |Center] Rizht
C _ 45 10 45
VII~-LA~-4- All 1933 3 Mixed |Left |Centerj Right
I11,J 40 | 20 | 40
2- Lt. 157" Pt. ht. 15 Pt.
1
VII-LA-26- [fest of e E&i:g *Widenso% T
A,El.H Valley Blvd. 1937 4 Stri Strip
K 554 | asq| 35%| 857
VII-LA-26- [East of Left |[CenterRight '
B,C . [Valley Blvd.| 1833 3 Mixed 45 10 45
v 1837 4 Mixed 40 10 10 40
Irvine to 1922 2 Mixed 20 50
Culver's : Left [Center] Rl1ght}
- VII-QOra- Corner 1933 3 Mixed 45 10 45
W 2-C Culver's ;
" |Corner to Left [CenterRight
| _g)' Tustin 1933 | 3 | Mixed | 45 10 45
[ - Note: Heavy truck count
in West (left) lane in-
creased by 10%_ of aver-
age count for 1942, '43
and 1/2 for 1944 due to
construction trucking in-|
to El Toro Marine Base

=y

ClihPDF - www .fastio.com



http://www.fastio.com/

C

NPDF -



http://www.fastio.com/

n_lﬁi: ‘

ClibhPDF -

aterials & Kesearch Department
Hesearch No. (0204

P.C.C. Joint Investigzation
Heference No._5 _ ( :

ASSUMED
THAFFIC DISTRIBUTION BY LANES

Project .Portion Date Type Traffic & percent of total
'y ' “ | Fraffic used in computing traffie
e of of o volumes .and EWL Figures
3 |[Pesignation g g Type 1 ane
3 Project Constr|& = of Left |Left |Right [Right
: Traffliec |Outer |Inner |Inner |Quter
C |Dana Point Left |Center|kignt
to So. C/L | 1933 3 Mixed 45 10 45
E|VII-0Ora~60~|Laguna Beach
Lga in .
Beh |Liaguna Beach| 1935])] 4 Mixed 35 15 15 35
All 1929 '
0|XI-8D-12-C to - ,
D,E,F,G 19331 2 Mixed 50 50
P|VIII-Riv-
26-G A1 18331 2 Mixed 50 50
‘ All 1830
R |V-8B-2-D,E to Mixed 50 50
) 19401 2
VII-Ora-171% -
5 A All 1937| 2 Mixed 50 50
VII-0Ora-1844 i
A All - 19201 2 Mixed 50 50
1833
T VIII-SBd- . 1934 2 Mixed 50 50
26-D All 19381 3 Mixed Left |[CenteriRight
: 45 10 45
Dominguez 1923 | 2 Mixed 50 50
5t. to So.
City Limits Fot Not
of Compton 1935| 4 Mixed Used| 35 35 Used
North Citywy 1921} 2 Mixed Not Hot 50 50
V|VII-LA- Limits of Used! Used
Alameda St.|Compton to _ Not Not
South City 192643 3 Mixed Usedj Used 35 50
Limits of 1943} 4 /| Mixed Not ¥ot 20 . 40
Los Angeles Used| Used

www . fastio.com
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"APPENDIX C. EVIDENCES OF SLAB MOVEMENT

As previously noted, the system adopted for comparatlve
evaluation of P. C. C. pavement performance was based on the
magriitude of joint faulting, expressed in inches per mile of
pavement, as scaled from profilograph records.

' The profilograph was built by the Laboratory some years
ago and 1s believed to be by far the most accurate and econom-
fcal means for comparing various sectlons of pavement through-
out an entire Highway System. However, & correlation between
the profilograph records and some other means of measurement
of pavement surfaces appeared desirable in order %o furnish
evidence as to the accuracy of thé record obtained by use of
the machine. ‘ '

The first of the accompanying sketches, (6), was made
up of profiles of several sections of pavement as translated
directly from the profilograph records and also as measured
by scaling from a straight edge in the fleld.

 In making the field scale measurements, a plano wire
was stretched over several slabs and subjected to considerable
tension. The wire was blocked up at each joint with a short

"piece of steel plpe to eliminate any sag insofar as possible.

Measurements from the wire to the pavement surface were made
at one foot intervals by means of a steel scale rule. Pro-
filograph records of the same sectlons of pavenent were made
just before or soon after the scale readings were made.

ﬁ The profilograph records were laild off as accurately
as possible at one foot intervals and measurements from a
base line were scaled to the profile.

" Results have been plotted and superimposed in the
accompanying drawing (6). Due to limitations that are
inherent in the profilograph as built, some deviation in
pavement surfaces between joints 1s apparent. However, 1t
ig felt that the two methods show a satlisfactory degree of
correlation and that the ilmportant and significant effects
of faulting and curling are accurately reproduced by the
profilograph. .
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The following sketches are -tracings of several of the
numerous pavement profilograph records obtained during the
course of the investigation.

.The first of -these tracings (7), represents several
profiles of the same section of concrete pavement. The
first profiles were obtained the day that the concrete
was placed, the second was run 24 hours after pouring and
the third was run one week after pouring. The succeeding
profiles were taken at intervals of 1 month, 2 months, 1
"YJear and 2 years from the date of pouring of the pavement.,
In each case, a profile was taken in the early morning and
another in the middle of the afternoon. These proflles \
demonstrate very clearly the almost immediate appearance
of curling movement in the pavement. Even at the end of
one week a small amount of curl 1s notlceable in the '
morning profile, and this increases as the pavement ages.
Also, even though with increasing age an increase in
surface roughness is apparent in both morning and after-
noon profiles, the pavement loses most of its curl and
virtually reverts to its orlglinal contour in the hot

. afternoon. ' _ T ' -
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: The second of the- profile sheets (8}, was made up
of profiles taken over diffecrent test sections of pave-
ment constructed in 1941 on the Piru Experimental Pave-

"ment, ViI-Ven-79~C. The first profile was secured at

the 'age of 8 months and the second after 4 years. This
experimantal pavement was constructed primarily to

compare different expanslon and weakened plane Joint spacw~
ing-although varying pavement cross sections were also
used,

- It 1s of Interest to note that by the time the
pavement was 8 months 0ld as much curl was in evidence
in the early mornincr as was recorded later at the age
of 4 years.

ﬁ Also of interest is the evident fact that the
spacing or eliminatlon of exparision jolnts alone is not
the controlling factor in the amount of curl but that
curling also occurs at the weakened plane joints. The
three profiles from sections with weakened plane joints
spaced at 15 feet intervals all show about the same
amount of curl per jolnt regardless of expansion joint
spacing. On the other hand the section with expansion
joints spaced 120 feet apart with only one weakened
plane jolnt between expansion joints giving a slab
length of 60 feet shows about the same curl per joint
but the total roughness is less on account of the
Tewer joints.
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The condltions noted previously for the second
profile sheet are further borne out by the third sheet (9).
The sectlions which have 15 feet and 20 feet spacing bet-
ween weakened plane joints show curl at every jolnt re-

- gardless of expansion joint spacing. The pavement with
longer spacing between jolnts (30 feet to 60 feet) show
curl at each joint and also at most cracks but the spac~
ing of expanslion joints seems to have little effect. As
noted above, the longer slab length results in a pavement
that 1s smoother over all than is the case with the
shorter joint spacing.

It should be further noted that, so far as smooth-
ness or lneldence of cracking 1s concerned, the thick-
ness of a concrete pavement slab seems to have little,
if any, direct effect.
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" The fourth profile sheet {10), was made up from records
of pavement which have curled to a greater extent than any of
the other sections observed. Apparently, most of these pave-
ment slabs have under gone some form of permanent change for
they do not smooth out completely in the afternoon.

© At the time it was constructed and finished (1937), the
pavement on VII-Ora-l171-A was considered to be the smoothest
_pavement that had been constructed in the State for that year.
During the following winter (1937-38) the surrounding country
was completely flooded. The pavement curl became noticeable
shortly thereafter and the first section of pavement has not
smoothed out since. A section of this pavement is also used
in the first tracing of this series (6), on the exaggerated
scale. This drawing was made to illustrate other relationships
but shows the extreme curl very clearly. The section illustrated
between Station 24+00 and 30+00 is laid on a low £ill of silty,
clayey sand over low-lying, more or less swampy ground. On the
other hand, the section illustrated between Station 117+00 and
Station 123+00 is on higher, better drained ground. Note that
this latter section smooths out and becomes practically flat
in a:'hot afternoon., '

. "The second pavement shown, VI-Ora-~-184-A, was built by
Orange County in 1928-29 and according to the Orange County
Engineer's Office became curled the first winter after con-
struction. It has a somewhat higher elevation than VII-Ora-
171-A and it is laid over black adobe soil. ’

‘The third pavement shown, VII-Ora-60-C, is between Laguna
Beach and Dana Point. All profiles were run in the afternoon
and all three lanes show considerable curl. The west lane
shows heavy faulting at some joints and the curling is not so
general as in the other two lanes. Causes for the permanent
curl in this pavement are not readily apparent. Subgrade
soil in this area is a dark sandy clay material and the soil
in place had a moisture content ranging from 85 to 95% of its
theoretical moisture capacity.

‘The fourth pavement on this sheet is included to show the
wide variation in curling observed within a reldtively short
distance. The two sections shown are only 700 feet apart but
there is considerable difference in the curling. It should
also be noted that in one section, joint spacing is 30 feet
while in the other it is only 20 feet. The shorter slab lengths
are obviously the rougher of the two sections.,
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“The fifth sheet of profiles (11), is made up entirely
of ‘pavements which show practically no evidence of dally
change in their surfaces in the form of warping or curling
Surfaces on all projects illustrated with the exception of
XI-SD-12~G are comparatively rough but little, if any, curl
is apparent in any of them. The pavement on VII-LA-Alsmeda
Street 1s in excellent condi tion considering the age snd
amount. of traffic that 1t has carried since construction.
This pavement was lald over 6% of D. G. which was placed,
0il treated and maintained under traffic for a year before
the concrete was placed. At time of sampling, the 24 year
old pavement was in much better condition than some of the
newer pavement widening that has been placed along side of
it'. .

The section at Hermosa Beach, VII-LA-60-LA, was not
cored or sampled during the investigation so construection
or material detalls are not known.

The third pavement on this sheet, from X-SJ-4-D, 1is
one of considerable interest. The original 5", 15' mono-
lithic slab (8ta. 59+00 to 65+00) was of a 5 inch unlform
cross section, and the only Joints were placed at the end
of the morning and afternoon runs. Thils pavement was
placed directly over the old "dirt rcad” which had been
traveled for many years previously. While the pavement
has some transverse cracks and 1s comparatively rough judged
by modern standards, it was in good condltion when sampled.
Flush concrete widening strips were added in 1920 to bring
the width to 20 ft. and subgrade soll under these widening
strips 1s apparently the same ags under the old pavement.
However, the field notes at time of sampling mentlon the
fact that subgrade under the widening strips was not nearly
so compact as that under the old pavement. The 1831 sec-
tion of the pavement, Lodl to Houston School, Sta. 20+00 to
26+00, was placed wlth weakened plane Joints 20! apart and
expansion joints 60! apart. Subgrade soil is practically
ldentical to that found under the older section. The heavy
faulting of expansion joints and lesser faulting at wesakened
plane joints developed several years ago. Whlle the 1931
pavement has a cross’ section of 9"-7".g", it has requlred
mach greater maintenance ezpenditure than the older pave-
ment of thinner section constructed 12 years before.

© "The fourth pavement shown, XI-SD-12-G, iIs in a sec-
tion of the State that ls zenerally fairly dry and is on
a D. G. subgrade. There is no significant change in
profilograph record between morning and afternoon. The
traffic 18 not heavy on this route
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ﬂtrve" aggregates. One éxception to the gbove was
:included to illustrate the difference in profiles between
"8ections which show "reactive“'aggregates and sections

in the. same area which do not show reactions. Thig

éaggregates are seen the joints are invariably in good
.condi tion angd very tight,

. Profiles from V-Mon-2-A,J represent the lanes of
the road which until 1943, carried the entire traffic
load. Thig load, plus evidences of considerable mols-
ture in the subgrade, probably acgounts for the com-
parative roughness of this section,

L The other two sections are in Tairly dry regions
of the State ang in the cage or XI-SD-12-G, the traffic
load is quite light. )
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The seventh sheet of pavement profiles (13), was
Included because of the rather marked difference noted
in"second story P.C.C. pavement through the State.

The three sectlons of pavement 1llustrated from
XT-Riv-26-G were taken from a job which improved an old
typical concrete paved desert road that was constructed
with numerous "dips" at water courses. The new pavement
was placed as "second story" over the old pavement but
with gravel fills in the depressions. A course of imported
material consisting of coarse sand and gravel was placed
through the "low spots™" or dips. A 3" to 4" blanket of
“"cushion material®™ was placed over the old P.C.C. pave-
ment and the new pavement placed over the "cushion'. The
cushion course material was of two distinet types, on the
neortherly portion a sllty sand was used and on the souther-
ly a clean coarse sand. The profilograph records, after
twelve years of trafflc over this pavement, show a marked
contrast in conditlon of the pavement over the two types
of “cushion materlial. In every case it is evident that
the pavement 1s in much worse condition over the silty
sand cushion and it 1s easy to distinguish the points
where the coarse sand and gravel material ended and the
silt cushion began and vice versa., Where coarse sandy
gravel was used there are no appreciable differences
between the construction over new subgrade and the second
story construction.

* The pavement section on XI-SD-12~C is laid on a 4"
to :5" cushion course of disintegrated granite over an old
P.C.C. pavement. The new pavement has not cracked but is

~fairly rough and shows no better performance than the

adjolning pavement which 1s not second story. This sec-
tion shows somewhat more surface roughness than do most of
the sections to the eastward on Route 12. However, it
compares favorably with the state average.

IV-Mrn-l-A was included in the study primarily be- .
cause there was a contrast between the newer lane constructed
in 1938 and the older second story concrete placed in 1928,
While ‘faulting or other evidence of joint displacement was
not evident on either portion the newer lane shows exten-
sive cracking compared to the older second story section.
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» The next two sheets of profile tracings (14 &l5),
represent some marked contrasts between pavements on the
same section lald over -different types of subgrade soils
and' in some cases over subgrades with a wide variation
in degree of saturation.

The examples from VII-LA-26-B,C (14) are all taken
from the same lane of traffiec, at various locations, over
various types of subgrade material. All subgrade material
in place on this particular section was comparatively dry
but there was a variation in molsture content within the
limlts of the section. The clean sand subgrade in the
first section (Sta. 32400 to Sta. 38+00) contained only

- 14-1/2%, the clayey silt subgrade (Sta. 223+00 to 230+00)
contained 55% and the clayey silt subgrade (Sta. 63+00 to
70+00) contalned 69% of the theoretical amount of moisture
necessary for saturation. This variation may account for
the marked faultling in the last section as compared to
second. However, in the first section the sand subgrade
was very loose and apparently has compacted under the
vibration of traffic wlith the result that faulting at the
Joints is quite evident,

The two sections of pavement on VII-Ora-2-C are
both over the same type of soil. The west lane is bor-
dered by a heavy planting of eucalyptus trees south of
Station 156 whereas on the sectiqn north of Station 156 and
along the east lane there are no trees planted close to the
roadway. The difference in degree of saturation in the
subgrade soll between the strip bordered by itrees and the
adjolning section that has no tregs 1s noted on the profilo-
graph sheet. Thls difference in moisture content possibly -
accounts for the difference in pavement appearance between
the: two sectlons for no differences appear in character of
the subgrade so0il itself. '

The three sections of pavement on XI-8D-12-C,F are
over disintegrated granite subgrade but as shown, there are
differences In surface smoothness., The section on XI-SD-
12«F (near Tecate Divide) and the section on XI-SD~-12-C
(3-1/2 miles west of Alpine) have subgrade material that
1s considerably more granular than the third section. How-
ever, the pavement subgrade in section "F" has 68%, in the
sectlon west of Alpine has 48% and in the section east of
El Cajon has 60% of the theoretical amount of molsture
necessary for saturatlon. Traffic loads increase from

"east to west on this route so that the Tecate Divide sec-~
tion has the least traffic and the section east of El1
Cajon has the most,
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" The two sections of concrete pavement on IV-Ala-5-C
and one IV-3Cl-5-C (15) are both on very similar imported
borrow subgrade material -over adobe basement soil. How-
ever, the amount of moisture varies widely, the Alameda
County section having 05% and the Santa Clara County
sectlion averaging 77% of the theoretical amount of mois-
ture necessary for saturation. It will be noted that the
Santa Clara sectlon is in the better condition.

Subgrade material under X-80l-7-B is the same for
both lanes shown - a tufa material. The amount of mois-
ture in the subgrade varied from 90% - 100% of the

- theoretical amount required for saturation. However, the
portion illustrated did not show the degree of Tfaulting
end mud pumping that was evident farther eastward on this
route.

Profiles from V-Mon-2-J are over two sections of
pavement laid on very similar subgrade material. In
one sectlon, subgrade soil in place contained 524 and in
the other section contained from 90-100% of the theoreti-
cal amount of molsture necessary for saturation. As all
conditions including type of subgrade materials are quite
simllar on the two sections, it 1s evident that the
character of subgrade soill alone does not decide pavemsnt
performance.

The subgrade materfal under the pavement on V-SB-
2-L 1s a cohesionless loose sand and contained approxi-
mately 25% of the ‘theoretical amount of moisture necessary
for saturation. This section shows definite faulting.
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~ The profiles on the tenth and last sheet (16) were
selected to 1llustrate the part played by traffic in
causing faulting of P.C.0. pavements where all other
conditions are similar,

The first profiles from VII-Ora-680-C show the two
outside lanes of pavement with the joinis heavily faulted
In:the normal manner (the end of the slab that ig first
loaded by vehicle wheels being one that become depressed.)
The center lane, on the other hand, which carried fewer
heavy axle loads and in which traffic moves in both direc-
tions shows definite curl but né serious faulting. This
lndicates that curling is a precursor to faulting, and
faulting develops only when traffic reaches a certain
magnitude. : :

The proflles from VII-LA-4-D {Ridge Route) are
further evidence of the effect of heavy traffic on the
jolnts of P.C.C. pavement., The two outside lanes which
carry practlcally all of the large number of heavy trucks
on this section of highway are badly faulted. The center
lane, generally speaking, carries only a small percentage
of the heavy truck load and the center lane is subjected
to traffic moving in elther direction. This 1s also one
of the very few sections of California pavement in which
a "reverse" curl has been noted.

Profiles on VII-LA-26-B, east of El Monte, not only
1llustrate the effect of heavy trafflc in producing faulted
Joints and cracks but show rather clearly the tilting effect
on entire slabs. This effect 1s noticeable in profiles of
VII-Ora-60-C but is much more pronounced in these profiles.
Agaln, the absence of faulting in the inner lanes is
apparent, '

© The profile from VII-LA-26-C, at West Covina, further
11lustrates the contrasting effects of light and heavy
traffic on joints in P.C.C, pavement. Considerable differ-
ence In dlsplacement is evident, however, between this sec-
tion and the section on VII-LA-20-B, east of El Monte, (14).
Little or no "tilting" of the slabs which was so evident
east of El Monte 1s apparent on the West Covina section.
Inner lane profiles are alsoc considerably smoother at West
Covina than the inner lane on the previous section,
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_COMPARISON'OF DEFIECTION MEASUREMLMNTS AND PROFILOGRAPH RECORDS

The accompanying aketches (17 & 18) were made from
records on two experimental projects. Deflection measure-
ments under static load were made at the ends, gquarter
point and midpoint of the slab, by means of electric
gauges, both 1n the morning and afternoon. Morning and
afternoon profilograph records were made at the same
time deflections were measured. These records for the
particular weakened plane jolnt involved have been ex-
panded to a scale equivalent to twice the scale used
‘iniplotting the deflectlons.

© The curled pavement slab is clearly indicated by
the morning profiles, with the ends lifted off the sub-
grade and the approximate center section remaining in
poslition on the subgrade. .

© A very definite correlation between the amount
of curling and the magnitude of the measured deflec-
tion is readily apparent in both the morning and
afternoon records. In the morning, when the curling
isigreatest, the deflection at the end is greatest,
and decreases towards the quarter polnt, where the
amount of curling (and hence the amount of "11ift" off
the subgrade) is definitely less than at the ends of
the slab. At the midpoint of the slab the deflection
and curl are both negligible. '

The afternoon records show only & slight amount
of -curl in the slab, but the deflection measurements
follow the same pattern as the morning to a lesser
degree. The greatest amount of deflection occurs at
the end of the slab which i1s slightly curled. The
magnitude of the deflections decreases progresaively
towards the mid-point of the slab.
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Measurement of extent of opening under ends of
a pavement slab

The sketch which appears opposite (19) is a graphic
representation of an attempt to measure the arsa of
opening under the slabs, adjacent to a faunlted weakened
plane jolnt.

As noted, plaster of paris of quite thin consis-
‘tency was Introduced into core hole E-35. By means of
tight fitting wooden dlscs, pressure was applied to
this material at hole K-35, forclng it into any open.
space under the ends of the two slaebs. After the
plaster had hardened several addlitlional cores were
cut as indicated on the sketch,; to check the extent
of' the flow of the plaster.

'Results are noted for each core hole on the sketch
and from these notes, the approximate extent of the
opening 1s estimated to be as shown.

34~
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Materials & Research Dept. P.C.C. Joint Investigation
‘Research No. 00204 . Reference.No.__19

SKETCH SHOWING THE APPROXIMATE EXTENT OF VOID SPACE
EENEATH A PAVEMENT SLAB A5 INDICATED BY PLASTER OF PARIG
PUMPED UNDER THE SIAB AT A CORE HOLE

Projeet 'XK', VII-LA-26-B ' weakened Plane Joint
Worth QOuter lLane .
Sta. 226+12 . Cross hatched ares ~

corresponds to Space
filled by plaster

. _K-L2

- ' E-41

PLAN Kei3
]
A

K-35

N
Traffic—  p

¥. P. Joint

SECTION A-A

R 2P R P LR R ST,
C 2 ot P, S Tn o B RS

.
S AF R dd e

Probable area

Scale: 1nm = 5t
) filled by plaster

Core No., Remarks
K-35 1t from joint. 1/16" to 1/4" opening all around

hole. 1/4™ on side towards joint. Plaster
forced under slab from here.

- E-41 33" ¢. to ¢, from K-35. Plaster was from 3/16"

to 5/16" thick here.

| K-42 48" from joint to center of ‘hole. No trace of

. plaster.

K-43 .. 36" from joint, 28" c¢. to ¢. from K-35. Thin
plaster on one side of hole and on bottom of
core. Approximetely 34" from joint, plaster
was 1/32" to 1/16" thick.

K-44 28" east of joint. No plaster.

K~-45 26" from K-35. Thin layer of plaster on 1/2 of
core next to joint.. Plaster extends 14" to 15"
from joint. ' '
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" KPPEN'DIX D

Pavement Deslegn, Construction Details Including
Characteristics of Concrete

-y r——— -

(1) Field Work

' 11 ooring of pavement was done with & Concore .
drill machine, using both calyx bits with chilled steel shot
and dlamond set bits. At all locations at which samples of
the subgrade were to be taken, cores were 8" in diameter.
Generally, several additlonal cecres 5" in dismester were also
taken. Cores were labdled for ldentification and forwarded
to Secramento for testing. : ,

(2) Laboratory Work

All 5% diameter concrete cores were tested in
Sacramento for determination of weight’ per cu, ft., modulus
of elasticity, end compressive strength. The table "Test
-- Results on Concrete Core Specimen" (28) is a summary of test
data on all pavements sampledo

Certaln of the 8" diameter cores were used to
obtain additional 5" diameter cores for testing. These
5" dlameter cores were cut from the original B"™ diameter
cores at the Iaboratory in Sacramento.

Some of the 8" diameter cores were cut through
cracked sections of pavement or at.faulted joints and,
of course, could be used only for observation and photo-
grqphs. (20 - a, b, c, d)

From most of the remainder of the sound, 8"
di ameter cores, thin discs were cut, (R2'~- a, b, c, d)
using a dlamond saw. These discs veried from 3/16" to
5/16” in thickness and were used in measuring expansion
oaused by molsture and temperature varlaetions,

. Pictures of one of two "spiders™ used in
making the thermal and molsture expansion tests are
included with core and disc photographs (21). One
spider was made of brass and the other of invar steel.
It will be noted that the two gauges are so located
that readings were obtained simultansously 2t two points
on the circumference 90° apart,

=35~
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All discs were dried in an oven maintained at 140°F;
for several days prior to testing for expansion due to
absorption of molsture., -

In the actual test for expansiocn due to absorption
of moisture, the disc to be tested was placed in the bronze
spider, firmly seated, and the 2 Ames dlals were read. The
spider and disc were then placed iIn a water bath in which the
water was at room temperature. The disc was completely im-
mersed with the upper arms of the splder and the Ames dials
being above the water level. The readings were lmmediately
checked so as to be sure that the disc had not been disturbed.

It was discovered soon after starting the tests
that the greatest expansion takes place in the first two or
three hours after the concrete comes in contact with molsture
{(24). Accordingly readings were taken every 5 minutes for
the first 30 minute=, then every 30 minutes for the flrat 4
hours, the every hour for the next 4 hours. After the first
7-1/2 or 8 hours, readings were taken each morning, noon and
evening for a total perlod of 7 days,

The disc was then removed and placed in‘a sdaking
tank prior to belng tested for thermal expansion.

The invar steel spider was used in measuring ther-
mael expansion. Discs were saturated before being tested.
After placing the disc in the splder, it was immersed in a
controlled temperature water bath. The starting temperature
in thia bath was 40%F. The disc was placed in bath and
allowed to come to the temperature of the bath before read-
ing. The disc was then left at starting temperature for 4 hours
and the readings sgsin made. Temperature of the bath was then
advanced to 50%F.; readings were taken and temperature main-
tained at 50%F, for 4 hours. This process was continued,
while stepping up the temperature in ten degree increments;
untlil the disc had been held at 130°%F. for four hours.

~36=
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Core NO.

A-2
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'Reférencé No. 20 - & Cores cut through joints

Remarks

From X-8481-7-R, Contract No. 410CN2, con-
structed in 1932, Core was cut from an ex-
pension joint that was faulted 3/16"™. Joint
flller was In good condition with most of
the top 2" still in place. BRelow 2", only
a thin coat of filler was left. The dowel
was sheared off about 3/4" from joint in
high side. Dowel was origlnally 3/4" but
had corroded and worn down to 5/8" at
sheared end. Sheared end of dowel showed
evidence of vertlical movement. In the

high side of core; hole left by dowel has
been wern into an oval shape, approxi-
mately 1-1/4" in vertical measurement.

In the second photograph there is an
apparent worn place on the face of the
core, which i1s actually a place at which
the filler material has eroded away complete-
ly. Mertar from mud jacking operations is
adhering to the bottom of the core on the
high side of the joint,

From X-Sol-7-B, Contract No. 410CN2, con-
gtructed In 1932.. Core was cut from same
joint as A=27dhove, 5! from A-2. Top £

‘of filler was in good condition; below

2" there was only a very thin coating which
had many sand gralns in 1t. This core was

.offset in order %o avold transverse steel,

80 that the jolint was not in the center,

A section of the dowel "chair™ was encoun-
tered however. Mudjack mortar is plainly
evident in all three photographs of this
core. The smaller sectlion of core broke at
the dowel whils the core was being removed
from the slab., This section contained the
dowel sleeve in which the dowel was solidly
"frozen" by rust and corrosion. Originally
a 3/4" dowel, pitting, wear and corrosion
had reduced it to 9/16" at the sheared end.
The projecting section of dowel 7/8" long
shows a definite upward bending and the
hole opposite to it has heen worn oval
shaped (with the vertical measurement

being 1-1/4"),
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Materials & Research Dept. P.C.C. Joint Investigation

Research No. 00204 . Reference No. 20 (a)
. CONDITIONS OF DOWELS AND JOINT ALIGNMENT

: AS_INDICATED EY .CORE SPRECIMENS
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Reference No. 20 - Db Cores cut through joints

CSfe No. _ Remarks
ﬁ-lB From IV-SM-68-A, Contract No. 44TC8, con-

. structed in 1933. This core was cut from
an expanslon joint that was faulted 3/16",
Pavement was constructed with gravel drain
under the joints and some of this rock is

o evident In the first two photographs. The

= dowel was Intact and free in the sleeve.

) The dowel 1tself was slightlv bent but
showed small evidence of wear. It was
remarkably free of rust, although the lower
part was pltted and somewhat eroded at the
joint itself. The sleeve was very rusty
and the lower section was rusted completely
away. The third photograph is a close-up
of the sleeve and the dowel hole on the
outer surface of the core. Note that the
lower right hand section of the sleeve is
completely gone. This is probably due to
corrosion and rust, since the dowel did
not bear on this section of the sleeve at
the time the core was cut. Flller mate-
rial was in good rcndltion.

In the first two photographs, there is
some honeycomb showing in the upper sec-
tion of the core. However, most of the
evenly space horizontal lines which appear
to be defects in the pavement are actually
grooves cut in the core surface by the
Calyx blt and chilled steel shot,
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Meterials & Research Dept.
Research No, 0020,

CONDITIONS OF DOWELS AND JOINT ALIGNMENT

?.C.C. Joint Investigation
Reference No. 20 (D)

_ _AS INDICATED BY CORE SPECIMENS . _
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Core No.

E-3

R, Y
i ©ode

@

‘Reference No. 20 - ¢ Cores cut through joints

Remarks

From IV-SC1-5~A, Contract No. 94EGC3 constructed
in 1928, the core was cut from an expansion
Joint that was faulted 1/8". The dowel was
cut In the edge of the core and was intact,

_~The sleeve was badly rusted and many amall

www . fastio.com

pleces had broken away and fallen down around
the dowel. The dowel 1tself was rusted and
pltted, partlicularly close to the Jjoint face,
Filler material was quite hard and about

1/8" thick and had been extruded about 1V
into the subgrade. There was considerable
sand and small gravel in the filler material,

From IV-SCl-5-A, Contract No. 94EC3 constructed
in 1928, This core was cut from an expansion
Joint that had faulted 1/8" and was 60 ft.
from joint of which E~3 was cut. There was

& horizontal crack in the concrete at the
dowel on the side opposite to the sleeve,

The dowel was badly corroded and pitted on

the tower side near the joint but the balance
was in good condition. Rust stains are
evident for approximately 3/4" into concrete
on the side opposite to sleeve in the third
photograph. The dowel is rusted into the
sleeve side of core for 1/4". Piller material
was in fairly good condition but contained
many sand grains and small gravel particles.
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Materials & Research Dept. P.C.C. Joint investiation

Research No. 00204 : Reference No, 20 (o)
CONDITIONS OF DOWELS AND JOINT ALIGNMENT

AS TNDICATED BY CORE SPRCIMENS
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" ‘Reference No. 20 - d Cores cut through joints

[ﬁzfeNoo Remarks
f . 7 . Aoy
E-10 Prom IV-Ala-5-C, Contract No. 94EC3, constructed

1928. Expansion joint that had faulted 3/16".
The dowel was.intact and loose in its sleeve
which was on the high side of the joint. Both
sleeve and dowel were corroded, the lower half
of the slesve being entirely gone. At time
core was taken, the dowel was tight against
the reslidue from the sleeve, in the bottom
of the hole, with a space of 1/8" above the
dowel. Hole in. concrete formed by sleeve and
dowel had become oval ‘shaped, as shown in
the second photograph and some evidence of

. movement of the dowel was noted. Pitting and
corrosion were worst on lower side of dowel
and aleeve, and extended into the concrete
for 3/8". There was very little filler
material left in the joint. Considerable
foreign material was found in the filler
material that remained,- as indicated by the
large sand grains visible In the third photo-
graph,

G-25 From V-SBE-2-L, Contract Mn. 45082, construcited
: 1952, Expansion joint that had practically
no faulting. The dewel is intact and solid
in the sleeve. 8evere hammering produced
no movement of the dowel, This jolnt is in
excellent condition. Filler material tight
in place. :

-l O
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Materlals & Research Dept. P.C.C, Joint Investigation
Research No. 00204 Reference No., 20 (4)
- CONDITIONS OF DOWELS AND JOINT ALIGNMENT

AS INDICATED BY CORE SPECIMENS
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Materials & Research Dept. ' P.C.C. J‘oint-Investigation
Research No. 00204 Reference No., 21
_ "SPIDER" USED IN MEASURING THERMAL
AND MOISTURE EXPANSION OF CONCRETE

[ e )

ClihPDF - www .fastio.com


http://www.fastio.com/

. Core No.

ChhPD

i

70-13 From X-8J-4-C

Contract No. 256-Completed 1919

Coarse-aggregate from Falr
Qaks, fine aggregaete was
Marysville muck sand. Propor-
tioned: 55% coarse, 45% fine.
Note the apparent absence of
any pea gravel. Pavement was
poured without joints, except
at end of morning and aefterncon
runs. -0Occasional cracking was
noted; .but no faulting. Pave-
ment was in good condition,
although rough due to hand
finishing. Sti1ll carrylng
traffic in 1944.

Core No. R-2 From V-SP-2-D

Contract No. 279-Completed
1922, -

Coarse aggregates from Gates,
Slsquoc¢ and Dougherty, San
Tuis Obispo. Fine aggregates
from Gates, Sisquoc. Pavement
in fair condltion. Placed
with jolnts only at end of
morning and afiernocon runs.
Fairly 'heavy cracking with
faulted construcwvion jolnts,

Core Noo‘F—z From V-Mon-2-A .

Contract No. 95SEC2-Completed
1928, - |

Coarse and fine aggregates
from Granite Rock, Logan.
Pavement in this area has much
crazed cracking but no faulting
Concrete shows definite
"erowth" due to reactive
aggregates. All jolints are
tight and well sealed., Pave-
ment is in good conditlon and
has carried a heavy traffic
load. Classified in Joint

‘Faulting Group No. 4.

R
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" Core No. C-4 From X-SJ-4-C

Contract No. 010TC3 =
Completed 1938,

Coarse and fine aggregates
from Kaiser, Rudum. Pavement
is cracked in many places and
joints are faulted. Pavement
is breaking up and quite
rough, Classified in Joint
Paulting Group No. 4.

Core No. A-1 From X-Sol=7-B

“Contract 410CN2 -~ Completed

September 1932,

Coarse aggregate from
Thomasson-Cordelia guarry.

Fine aggregate from Basalt
Rock, Healdsburg. Pavement in
this area shows definite mud
vumping and joints are slightly
faulted (3/16"+). Pavement has
been mudjacked, Some cracking
observed. Pavement classified
in Faulting Group No. 4.

Core No. F=9 Frdm V=-Mon=2=-A

Contract Wo. 45TC2-Completed
1943,

Carse aggregate from Granite:
Rock, Logan. Fline aggregate
from Kaiser, Olympia. Pave=-
ment less than two years old
when sampled, with no cracking
or faulting. Pavement placed
to convert 1928 pavement to

4 lane divided highway,
Clasgified in Joint Paulting
Group No. 4.
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Core No.

M-8 From VII-Ora-2-C

Contract No. 370(M20)
Completed September 1922,

Coarae and fine aggregates
from Yaeger Rock and Sand and
Orange ‘Co. Sand and Gravel.
Second story pavement over
1914 base, placed with no .
Joints.” Pavement shows heavy
frequent cracking but no
faulting.

Core No. B-6 From IV-Mrn-l-A

Contract No. 94EC7-Completed
April, 1942.

Coarse and fine aggregates
from Grant Rock, Healdsburg.
Second story pavement over -
1915 pavement.
faulting in slab from which
this core was cut.

Pavement classified in
Faulting Group No. 5

Core Noo‘$¥15‘From VII-Ora-184-A

No cracking or

Core No. V-1 From VII-LA-
Alameda St.

Built by LvoCOn in 19230

Source of materials not known.
Pavement was placed over D.G.
subgrade that had been oiled &
malntained under traffic for a
year previous to paving. There
are no weakened plane joints &
expansion jolnts are not regu-
larly spaced. Very moderate
Joint faulting, and a few cracks
noted. Has carried the heaviest
traffic load of any pavement
investigated. In excellent
condition. Classified in Joint
Faulting Group No. 2.

Core No. N-20 From VII-Ora-60-
' Lgao BCho

Lontract No. 47VC24
Completed June, 1935,

Coarse and fine aggregate
from So. Coast Rock Co., San
Juan Capistrano, Pavement is
in good condition but shows
slight faulting at the joints.
Classified in Joint Faulting
Group No. 4.

Core No. S-3 From VII-QOra-171-A

Built b} Orange County in 1928«

-]

Coarse and fine aggregates from
Olive. ‘Pavement was considered
quite good at time it was
constructed, but curled during
the flrst winter after
construction. Now has heavy
permanent curl but otherwise

is in good condition. Some
joint faulting.

Classified in Joint Faulting'
Group No. 4.

Contract No. 07XC3-Completed
November 1937,

Coarse and fine aggregates

- from Graham, Orange Co. &

- Consolidated, Qrange Co. This
pavement was considered the
smoothest lald in California
In 1937. Area was flooded
during winter of 1937-38 and
pavement curled soon after.
Now has very severe permanent
curl. (6,10) Pavement in good
condltion otherwise with very
little faulting. Classified in
Joint Paulting Group No. 2.

-2~
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" Goré oo M-9 From VII-Ora-2-C

Contraét No. 370(M20)
Completed fepiember 1922,

. Coarse and fine aggregates
from Yaeger Rock & Sand, and
Orange :Co. Sand & Gravel,
Second story pavement over
1914 base, placed with no
joints. Pavement shows heavy,
frequent cracking but no
faulting.

Core No. -B-4 From IV-Mrn-l-A

Contract No. 94ECT
Completed April, 1929.

Coarse-and fine aggregates
from Grant Rock, Healdsburg.
Second .story pavement over
1915 pavement. No cracking

or faulting in slab from which
core was cut.

Pavement classified in Feultin
Group No. 5.

Core No.:héll From V-SB-2-E

Contract No. 25FC5
Completed July, 1931.

Coarse aggregate from Honda,
fine aggregate from Saticoy
Rock Co. Pavement in very
poor condition, with heavy
cracking and joint faulting.
Classified in Joint Faulting
Group No. 7.

R

ClihPDF - www fastio.com

Core No. C-8 From X-SJ-4-D

Contract No. 210EC3
Completed 1930,

Coarse and fine aggregates from
Atlas Rock, Oakdale. (Core cut
from widening strip which was
placed along 1919 pavement.
Therg are no joints in this
widening strip but it is

badly cracked and quite rough.

Core No. B-3 From IV-¥rn-1-4A

1915 pavement.

Contract No. 94EQY
Completed April, 1929,

Coarse and fine aggregates
from Grant Rock, Healdsburg.
Second story pavement over
No cracking
or faulting in the slab from
which this core was cut.
Pavement in this area
classified in Faulting

Group No. 4,

Core No. S~4 From VII-QOra-171-A

Contract No. 07XC3

.Completed November, 18937,

Coarse and fine aggregates

from @Graham, Orange Co. &
Consorldated, Orange Co.
Pavement was considered the
smoothest laid in State in 1937,
Area was flooded during winter
of 1937-38 and pavement curled
soon after. Now has very
severe permanent curl (6,10).
Pavement in good condlition
otherwise with very little joint
faulting. Classified in Joint
Faulting Group No. 2.
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‘Core No.

'6-11 From V-SB-2-1,

Contract No. 45CSl
Completed July, 1932.

Coarse and fine aggregates from
Gates, Sisquoc. Pavement is
cracked and there 1s conslder-
able joint faulting.

Pavement classified in Joint
Faulting Group No. 6,

Core No. K-11 From VII-LA-26-R

Contract No. 47XC3
Completed April, 1933,

Coarse ‘and fine aggregates
from San Gabriel Wash, 25%
Graham Bros., 25% Blue Diamond,
50% Consolidated, Irwindale,
Pavement shows very little
cracking but joints are -
faulted. There is notliceahle
movement at the jolnts under
traffic action.

Clagsified in Joint Faulting
Group No. 6.

wivw.laslio.com

Core No, ‘P-2 From XI-Riv=26-G

Contract No. 48CS2
Completed January, 1933,

Coarse and fine aggregates
from lcocal plts 600. ft. right
of center line. Pavement is
in fair condition. There 1s
slight joint faulting and
occasienal cracking. .
Classified in Joint Faulting
Group No., 6.

Core ﬁo. 0-5 From XI-SDh=-12-03

Contract 47CsS4
Completed October, 1932,

Coarse and fine aggregates
from Imperial Rock Co., Ralney
Pit, local., Pavement is in
good condi tion, although there
is some cracking. No jJoints

. are faulted,

Core Nco.

Classified in Jeint Faulting
Group No. 2.

0-2 From XI-3D-12-F

Core No.

27VCll
1931,

Contract No.
Completed July,

Coarse and fine aggregates

from Fenton Materials, Otay
Plant. Pavement is in good
condition, with no cracking.

There is an occasional weakened

plant joint that has faulted.
Classified in Joint Faulting
Group No. 4.

0=-33 From XI1-8D-12-D

=

Contract Wo. 47C3510
Completed August, 1933,

Coarse aggregate from Takeslde,
San Diego River. Fine
aggregate from Fenton Materials,
Otay Plant., Pavement is in
good condition, with no
cracking. There is some

slight joint faulting.
Classified in Joint Faulting
Group No., 5.


http://www.fastio.com/

Materlials & Research Dept. P.C.C. Jolint Investigatlion
Research No., 00204 Reference No. 22 {4)

CROSS SECTIONS OF CONCRETE CORES

ClihPDF - www .fastio.com


http://www.fastio.com/

C

IhPDF -



http://www.fastio.com/

- Reference Nos 23, 24, and 25 are graphlc representations
of scme of the thermal and molsture expansion test results
obtained. Note that 1n Reference 25 with the exception of

-8 very few cases, the expansion due to temperature and that
due to molsture are approximately egqual. This fact would
seem to substantiate the observed conditions of "curled" pave-
ment; namely that the greatest curl occurs in the early
morning when expansion due to moisture (lower part of slab)
is greatest and expansion due to temperature (upper surface)
is least. Conversely, the pavement becomes smoothest in mid-
afternoon when the expansion of the upper surface due to
temperature 1s approximately egual to the expansion of the
uncer side due to moisture - the pavement tends to return to
the "normal® contour with surfaces again straight.

25T,
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PAVEMENT DETAILS

The accompanying tabulation (26) was made in order
to compare design details, traffic loads carried, present
{at time of sampling) condlition of the pavement and
certain standard soll data.

Attention 1g dilrected to the lack of correlation
Yetween the amount of faulting in each group, the
traffic loads carried and the soll test data.

As 1llustrated on the first page of thilis tabula=-
tion the letters used in the variocus column headings
refer to the same measurements as those used in
Reference No. 1. The "Type of Faulting" column refers
to the various types whiuvh are detalled in Reference 1,
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TYPES AND SOURCES OF CONSTRUCTION MATERIALS

A tabulation of the various materials used in
manufacturing and curing concrete pavements was made
as a part of the study (27). In accumulating this
data, the various brands of cement, aggregates and
curlng compounds and the sources of all materials
were listed.

The tabulatlion cannot be regarded as complete
for it was impossible to obtzain some of the data on
the oldest contracts, some of which date back to
1914. However, the tabulation is as complete as
possible and 1t lists the sources of concrete materials
used in various parts of the State.

There 1s no apparent tie-in, however, between
types or sources of cement, aggregate, water, or
curing methods, so far as performance of pavement joints
1ls concerned. In some cases, pevements that are
considered to have given excellent service were con-
structed of materiasls that were from the same sources
as used on other pavements which are classed as rela-
tively poor from the standpoint of service.
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P.C.C. Joint lzvestimtiom
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10 & 11} Stm. 3433 to 22328 Heradan Herndon, anod 80" Lert Sta.
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T [VIT1-8B¢-Zio-h |68ity 1.k GlerTe Avse. t0 Rlverside AvelColton A |Trizogle Eook Trisngle Kook Foutaoa Tater Co.|Burlap,
1936 ta. 007+78.1% to B04+87.6 Sen Bsrssrdinc |Sso berasrdise then wet
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* PAVEMENT STRENGTH

All concrete cores tested for compressive strength
x gave very "satisfactory" results. The lowest values
were found in cores from & section of concrete made
with light weight Haydite aggregates on the Bayshore
Highway, IV-SM-68-~A, which ranged from 3800 to 4400
1b/sq.in. However, these slabs and jolnts were in
as good condition as many other sections of standard
concrete exceeding 8000 lbs. compressive strength (28).
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APPENDIX E - Subgrade Soils. Test Data and Soil Clasgification

(1) Procedure in Field Work

At each location where 8" cores were cut, the drill
was stopped from 1/2" to 1" abaove the bottom of pavement and all
sludge was washed from the hole., As much water as possible was
removed and the remalnder of the hole was cut with no water being
added. In most cases, the small amount of water left in the hole
was dried up by the heat from the bit and the hole was completed
with no moisture from the drilling process entering the subgrade.
When a core was being cut close to a joint or crack through
which it appeared probable that drilling water might enter the
subgrade, the joints or cracks were sealed off with plaster of

paris before actually starting work.

Density of subgrade material in place immediately under
the pavement was determlined by the sand volume technigque which was-
employed to a depth of 6" or until a definite change in material
occured if at less than 6™ in depth. The major portion of the
standard sand used in measuring the volume of the hole was re-
moved and saved. The remainder of sand was removed anddiscarded
and the sides of hole were trimmed to remove any partially dried
material. Representative moisture samples were taken -and sealed
in tared glass jars. A 50-75 1b. sample of material in each
layer was obtained by cutting back under the pavement with bars.
Soil sampling by 6" layers was continued to a total depth of
2L" below the bottom of the pavement. Similar procedure was
followed for each 6" layer. In many cases the density determina-
tion was carried only to a depth of 18" and the lowest layer
(=181 to =-24") was sampled for moisture only.

A station wagon was fitted out with scales, drying oven
and other equipment, so that many of the field density tests were
completed in the fleld. The remainder of the field density samples,
the moisture samples and the sample taken for soil tests were
forwarded to Headquarters Laboratory for complete tests..

Although procedure varied according to the conditions
found on each section, in general, several cores were cut on both
sides of faulted joints and in some cases in the middle of the slabs

adjacent to the joints,

(2} Laboratory Tests

In general, all subgrade materials were subjected to
standard routine tests. Wash grading analysis, weight per cu.ft.,
moisture content, specific gravity, Atterberg limits and California
Bearing Ratio tests at "Standard Compaction®™ were run on each type
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- of sd%grade soil epcountered on a section. In addition to the
above, a Califoraila Bearing Ratlo test was run on each type,
using’ the moisture and density typlecal of the material in place

under. the pavement.

) From results of field and laboratory tests, data were
compiled for each section sampled on each project considered.
Using the soils test data, relative compaction and the theoreti-
cal moisture content at saturation were calculated. From this
latter figure, the relative degree of saturation found in the
subgrade sampled at each core hole was computed.

) All soils were classified according to the Highway
Research Board System, using their Table No. 2.
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Reference Nos. 29, 30, 31

Immediately following is a summary tabulation (29)
of all the pertinent soil test data collected for the 67 sub-
grade soil layer immediately underlying the pavements investi-
gation. Thisg tabulation is made on a project basis and in-
cludes the faulting group in which the particular section of
pavement fell. 1In addition, the subgrade soil was clasasified
by the Highway Research Board System of clagsification as noted

above. (33)

Following the summary tabulation, is a graphic sum-
mary of some of the more pertinent soil data, recorded both
from tests in the laboratory end conditions encountered in the
field, (30). The charts were plotted after all test data had
been summarized and limits of the faulting groups established.
It was anticipated that some "trend" in test results would
appear on plotting the data, but such was not the case. There
is little apparent correlation between test results data and
joint faulting, for it will be noted that within every faulting
group from #1 through #9, there is a wide variation of test re-
sults. The only test results in which there appears to be
any definite trend is in the ®"Plasticity Index" and "Percent
Sgturation in Place” charts, and these trends are not marked.

The tabulation of rAverage and Extreme Value of
Traffic and Soil Test Data" (31) represents the essence of all
accumulated data as to joint faulting, traffic load, soil condi-
tions in place, and test results on the subgrade soils,

The tabulation is arranged according to faulting groups
and covers the minimum, maximum and average figures for each
group as well as for the entire investigation.

The lack of correlation between "good" or "bad" sub-
grade soils, judged by test results, and "good™ or "poor" pave-
ment conditions, as judged by joint faulting, is readily apparent,
Also, the traffic loads carried show no correlation. Faulting
Group No. 2, which represents the second best pavements has
carried the highest traffic locad of any group. -

The slight "trends™ which appeared in plotting test
results (30) in the "Percent Saturation in Place" and the
npPlasticity Index" columns are again apparent but again are not

very definite.
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The group of grading curves (32) which immediately
follows are representative of the many subgrade soll samples
taken during the lnvestigation.

' The grading curves are further illustrations of the
lack of correlation between the type of subgrade soil and the
performance of the pavement. The notes on pavement condition
were made in the field at the time of sampling. In some cases,
the grading curves indicate what is commonly considered an
excellent type of subgrade soil but reference to the accompany-
ing note classifies the pavement as being in poor condition,
Conversely, in some cases, the curves indicate a subgrade soil
that is considered very poor but the notes classify the pave=-

‘ment as being in good condltion.

j Two pavements: that are worth special attention are
those on the 'C' and 'V' projects. Both pavements are quite
old, but both are in goecd condition.

; The 'C' project, X=-8J-4-C,D, was constructed, in
part, in 1919 and the pavement placed directly over the old
ndirt road" that had served as a traveled way for many years.
Adjoining pavements placed in 1931 and 1938 over new subgrade
are showing considerably more distress than the 1919 pavement.
Comparison of the grading curves would classify the subgrade
under the 1919 pavement as the most adverse of the three.

: The 'V'! project, VII-LA-Alameda ‘Street, was con-
gstructed in part in 1921 - 1923 and pavement was placed over a
subgrade whi ch had been oil treated and maintained under traffic
for a year previous to paving. The grading curves of the sub-
grade material indicate that the material was "good"™ subgrade soll.
However, adjoining pavements put down much later than this pavement
over a new subgrade of similar soll are showing more distress than

the old pavement.
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CLASSIFICATION OF SUBGRADE SOILS |

- All subgrade soils encountered in the jolnt
jnvestigation were classified according to the method
proposed by the subcommittee, representing the Highway
Engineers, of the Highway Ressarch Board "Committee on
Classification of Material for Subgrades and Granular

Type Roads.™

The report of the subcommittee, D, J. Steele,
Chairman, was presented at the 1945 Annual MNeeting of
the Highwey Research Board. The proposed method retained
the symbols A--1 to A--7 series, established by the
Public Roads Administration some 16 years previous to the
date of the report, with certain changes in test limits

being specified.

All subgrade soils classifications in the
investigation are based on the subcommittee's proposed
Table No. 2, as published on page 377 of the Proceedings
of the Twenty Fifth Annual Meeting of the Highway Re-

seach Board (33).
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COMPARTISON OF DENSITY OF SURGEADE AT DIFFERENT POINTS
ENEATH A SLAB. '

A limited number of samples indicates that
the subgrade compaction as indicated by density is
greater under the center of the slab than at the end
of the slabs when cochesive types of soils are involved.

The data also show that the reverse condi-
tion is typical of cohssionless sand subgrades in that
the density is greaber near the joints and that the
gand tends to settle leaving the end of the slabs
unsupported. This condition 1s referred to in New
Jersey as "Turtle Backing".

The accompanying sketeh (34) is a dia-
gremmatic drawing showlng the relatlive positions of sub-
srade soll samples taken and a tabulation of densities
encountered in various types of soil.
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