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SINOPSIS

The pumping committee has completed three major projects during
1945:¢ 1. The preparation of recommendations on the design of rig-
id pavements as requested by the Project Committee on Rigid Pavement

Design. 2. A survey of the pumping of concrete pavements in North
Carolina; and 3. A survey of the pumping of concrete pavements in
Kansas.

The North Carolina and Kansas surveys were made on a cooperative
basis by the respective State highway departments and the Portland
Cement Associ tlon. These reports which supplement the reports is-
sued in 19451 are herein published. The conclusions presented in
these reports are those of the authors and do not necessarily rep-
resent those of the committee.

L)

/1 - "Special Papers on the Pumping Action of Concrete Pavements,"
Research Reports No. 1-D, Highway Research Board, 1945.




2'

The following recommendations for pavement design as based upon the re-
sults of studies made by the Pumping Committee were transmitted to the Committee
of the Highway Research Board on Design of Rigid Pavements:

That the road be designed with a high level profile, adequate side ditch-
es and slopes. Such design will aid in snow control, facilitate snow removal,
and provide rapid run-off of surface waters.

That adequate subsurface drainage be provided for areas where it is nec-
essary to lower the ground water table or to intercept ground waters.

That soil surveys be made to establish the soil type, its condition and
drainage as a basis for determining the need for treatment to prevent pumping
on new construction.

Studies by the Committee have shown that under normal conditions of
drainage, pumping has not been found on subgrade soils having approximately 55
per cent or more material retained on the No. 270 sieve. Pumping has been found
on some fine-grained sandy soils under conditions of very poor drainage where the
soils were kept in a saturated state.

The Committee recommends that on primary roads, subbases be constructed
on all subgrades composed of fine~grained soils. Such subbases should be con-
structed to the full roadway width or given adequate drainage if they are con-
structed of drainable materials. Subbases composed of densely-graded non-draining
material built in widths 2 or 3 ft. greater than the width of the pavement are
under observation and at the time of the last report were giving satisfactory re-
sults.

Experience of the Committee to date on the thickness of subbases is as
follows:

Ohio has used classified embankment for depths up to 2 ft. The most
widely used depth of subbase has been 12 in.,

New Jersey has used bases of bank run sand, gravel or cinders of 8 to
12-in. compacted thickness. A major portion of the installations are of 8-in.
compacted thickness.

Illinois experience is with thicknesses ranging from 6 in. to 12 in. A
major portion of the subbases are of 6-in. compacted thickness.

Tennessee has used sand admixtures with existing soils. Depths of treat-
ment have ranged from L to 8 in.

North Carolina uses selected nonplastic sands and sandy loams of 3 to 6-
in. compacted thickness.

Indiana's experience has been largely with 6-in. compacted depth but sub-
bases have ranged from 3 in. to 9 in. in thickness.

‘

Kansas has used subbases of 4-in. to 15-in. compacted thickness.
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A major portion of the installations have been of gradings which were not
of the free draining type. All thicknesses,including the 3-in, thickness of sta-
bilized stone used in Indiana and the 3-in, nonplastic sands and sandy loams used
in North Carolina, have been successful when constructed of suitable materials.
Materials found unsuitable for subgrades have likewise been found unsuitable for
subbases.

The committee further recommends that shoulders,be constructed of low vol-
ume change soil or granular materials to a minimum width of 1} ft. The gramular
materials should be covered with a nonerodable surface such as bituminous penetra-
tion, bituminous mat or hot mix. Vhere economy permits, the entire width of
shoulder may be constructed of low volume change materials which give good support.
Shoulders so constructed should be protected against erosion by turf or other suit-
able covering.

The Committee recommends that a study be made by the Committee on Design
of Rigid Pavements to determine the relations between traffic, pavement cross
section, the cross section of the subbase, and the nature of the:subbase materials.

The Committee has found that pumping has occurred on all thicknesses and
cross sections of pavements used generally in highway construction, when soils
and traffic conditions were conductive to pumping.

Load transfer devices have not in themselves completely prevented the oc-
currence of pumping. In New Jersey, pumping has been held to a very small amount
by the use of heavy channel type dowels. Therefore, it is suggested that a com-
prehensive study be made of load transfer devices for both expansion and contrac-
tion joints, and that research be undertaken to develop satisfactory load trans-
fer devices.

Joint fillers of the plastic type have failed to exclude water or other
materials. Wood shows some promise as a good joint filler. It is suggested that
research be continued in an effort to develop a satisfactory material.

The Committee recommends that expansion joints be omitted from concrete
pavements or be spaced at the maximum distance necessary for keeping compressive
stresses within critical limits.

The Committee has found that pumping has developed at both expansion and
contraction joints on pavements built with the expansion provisions commonly used,
where soil and traffic conditions are conducive to pumping. Under similar con-
ditions, pavements built with little or no provision for expansion, or that have
otherwise been held in restraint, have developed much less or no pumping.

If no expansion joints are used, the spacing of contraction joints should
be the maximum, for the materials and proportions used, which is consistent with
good crack control and small contraction joint opening. In order to reduce pump-
ing to a minimum, it is the recommendation of this Committee that extensive re-
search be undertaken to determine the best contraction joint spacing, as related
to aggregates, cements, proportions, reinforcing and climatic and soil conditions.

It has been observed by this committee that in most instances the crack
interval is directly related to the type of aggregates used in pavements built
without joints.
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The Committee also desires to make the following recommendations per-
taining to needed investigations:

1. That research be undertaken to determine the limits of grain sizes
which prevent intrusion of fine-grained soils into subbases.

2. That research be undertaken to determine the permeability, drainage,
and compaction (rolling) characteristics of various subbase materials as they
are related to pumping.



PUMPING OF CONCRETE PAVEMENTS IN NORTH CARCLIWA

A Cooperative Study
by
North Carolina State Highway and Public Works Commission
and
Portland Cement Association
With Soil Tests by the
Public Roads Administration

SYNOPSIS

Approximately 300 miles of concrete pavements on main traffic
routes connecting principal cities in North Carolina were surveyed
to determine the extent and nature of pumping and its relation to
traffic pavement design features and subgrade soils.

The survey consisted of (1) Classifying and counting pumping
Joints and cracks on each project to determine location and extent
of pumping and its stage of progress in terms of damage to the pave-
ment. (2) Detail examination of short sections of pumping and non-
pumping slavs, and (3) Sampling and testing of soils from under
punping and non-pumping slabs. Traffic date, construction records,
and data on pavement design features were assembled for each project
and correlated with pumping. The survey included a study of some
pavement widening projects.

Pumping occurred at expansion joints, contraction joints and at
transverse cracks. The most severe pumping occurred at transverse
cracks., Very little difference was found either in the amount or
severity of pumping at expansion joints compared to pumping at con-
traction joints. The older pavements built without expansion joints
on subgrade soils conducive to pumping showed less pumping than did
the newer pavements built on similar soils and having expansion
joints at 90 or 120 ft. intervals and intermediate contraction joints
at 30 ft. intervals. Both types of joints were equipped with load
transfer devices.

Considerably more pumping occurred on pavement widening built with
expansion joints than on the original pavements which were built
without expansion joints.

Traffic in terms of number of trucks per day was greatest on the
projects on which pumping was found. However, the number of trucks
per day was as great as on some of the projects on which the most
severe pumping was found.

All soils sampled from under pumping slabs were of a plastic na-
ture and contained less than 50 per cent sand and gravel (retained
on the No. 270 sieve) in the total soil. No pumping was found on
soils having more than 50 per cent sand and gravel in the total
soil.,

5.
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This report gives the results of a cooperative study made during the spring
of 1944 by the North Carolina State Highway and Public Works Commission and the
Portland Cement Association to determine the extent and nature of pumping on the
principal highways of the Coastal Plains and the Piedmont Region of North Carolina,
the types of subgrade soils associated with pumping and the effectiveness of se-
lected soil subbases in preventing pumping. The Public Roads Adminxstration coop-
erated to the extent of making tests of soil samples taken during the survey.

Prior to the survey, pumping had developed at or near transverse joints
and cracks of pavements on the more heavily traveled routes in North Carolina. It
is reported that the advent of pumping had coincided with large increases in the
number and weight of heavy trucks using the highways.

The field studies described in this report were limited to observations
and tests of pavement slabs and subgrades where traffic was causing mud to be
ejected at slab ends and edges.

NATURE AND SCOPE OF STUDIES

Before field observations were begun, design and construction data were
assembled for a major portion of the concrete pavement projects on the most
heavily traveled east-west and some ncrth-south traffic routes. The traffic
routes selected for study and the projects on which data were assembled are in-
dicated on the map shown in Fig. 1.

Reconnaissance Survey of Pumping

The reconnaissance survey of pumping was divided into two parts. One ob-
server recorded all expansion joints, contraction joints, cracks, corner breaks
and settled and damaged areas. A second observer classified and recorded pumping
at expansion jdints, contraction joints and cracks. All pumping at the pavement
edge and at the longitudinal center joint was credited to the transverse crack or
joint near which it was found. All observations made during the reconnatssance
survey were made from an auto driven slowly over the project.

Pumping was classified into three classes according to the progressive
stages of its development. From the data thus obtained it was possible not only
to obtain a description of the amount and severity of pumping, but also to assess
the damage which it had caused to the pavement. The three stages of development
into which pumping joints and cracks were grouped were as follows:

Class 1. Pumping at joints and cracks without noticeable
faulting at slab ends or breaking of slabs as a
result of pumping.

Class 2. Pumping accompanied by faulting with no evidence
of breaking of slabs as a result of pumping.

Class 3. Pumping and faulting accompanied by breaking of
the pavement as a result of loss of subgrade sup-
port due to pumping.
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Detail Examination and Sampling of Selected Sections

During the reconnaissance study of a project, sections which were represent-
ative of pumping on a project, or sections on which no pumping had occurred, were
noted for further study. The sections noted were later inspected carefully for
pumping. Representative samples of subgrade ‘soils, and where used, samples of sub-
base materials, were taken from under pumping or non-pumping transverse joints or
cracks. Some sections were mapped to record the extent and nature of cracking and
pumping. Prior to taking samples in the detail study sections, the existing soils
were classified pedologically into series and type.

Testing of Soils

Soil samples were sent to the Public Roads Administration in Washington,
D. C. for test. The laboratory of the Public Roads Administration conducted Liquid
Limit, Plastic Limit, Field Moisture Equivalent, Shrinkage Limit and Mechanical An-
alysis tests on the samples.

ANALYSIS OF OBSERVATIONS AND DATA

Three major factors which govern the life and behavior of roads were consid-
ered in the studies. They are:

(1) the pavement, its design features and maintenance condition;
(2) subgrade soils and their condition;
(3) traffic, including both weight and number of axles.

Data pertaining to each of these factors were obtained during the survey and
the relationship of these data to the nature and amount of pumping are presented
here in the order indicated above.

Pavement Cross-Section

There was not sufficient variation in pavement thickness without accompany-
ing variations in other pertinent factors such, for example, as spacing of expan-
sion joints, to make it possible to determine the relationship of pavement thickness
to pumping for different conditions of traffic. The only comparisons which can be
made must necessarily include the older pavements built without expansion joints in
one group, compared to the newer pavements built with expansion joints at 90 and 120
foot spacing in ancther group.

Five pumping projects of 8-7-8x18' cross-section and having an average age
of 19 years, a total length of 44 miles and constructed without expansion joints,
showed 2.3 per cent of all cracks pumping.

Five pumping projects of 9-7-9x20' cross-section and having an average age
of 5% years, a total length of 49 miles and constructed with expansion joints at 90
or 120 ft intervals showed 7 per cent of all joints and 3.3 per cent of all cracks

pumping.

Traffic, based only on the total number of trucks per day, was nearly simi-
lar. All ten projects were on soils, a major portion of which were considered to
be conducive to pumping.
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Here the newer, slightly heavier and wider pavements which had a.shorter
crack and joint interval pumped more than did the older pavements. This makes 1t
evident that cross-section 1s of less significance in preventing pumping than are
some other factors in pavement design.

Pumping at Expansion Joints, Contraction Joints and Cracks

Pumping occurred at expansion joints, contraction joints and cracks.
There was little difference in either the amount or the severity of pumping at ex-
pansion joints compared to the pumping at contraction joints. Pumping was more
prevalent and more advanced at cracks than at joints on pavements having expansion
and contraction joints. However, the number of pumping cracks on any project was
1n most 1nstances small because of the small number of cracks which had formed.
Table 1 shows the relative amounts and nature of pumping at expansion joints, con-
traction joints and cracks on 10 projects. A few of the cracks indicated in the
count were open and were believed associated with restricted movement of the slab
at expansion joints due to binding of the dowels.

Effect of Spacing of Expansion Joints

A total of 21 projects built with expansion joints spaced at intervals of
90 and 120 ft. and having a combined length of 118 miles were investigated for
pumping during the survey. No pumping was found on nine projects. Two projects
showed only small traces of pumping. Ten projects, built on soils considered as
being conducive to pumping showed pumping ranging from 0.4 per cent to as much as
20.5 per cent of all joints and cracks pumping. Three of the pumping projects
had expansion joint spacings of 120 feet and seven had expansion joints spaced at
intervals of 90 feet.

Because of the small range in expansion joint spacing, the difference in
age, in traffic, and because of the small number of projects involved, no conclu-
sions can be drawn from the data indicating any difference between the 90 ft. and
120 ft. joint spacing, The data are shown on Table 2.

Pavements which were constructed without expansion joints on subgrade
soils conducive to pumping showed much less pumping (only about one-tenth as much)
than did pavements built on similar soils and having expansion and contraction
joints both with load transfer devices. This 1s true although the pavement built
without expansion joints is much older and carries at least as much traffic. A
summary of the data on pumping projects 1s shown in Table 3.

Evidence was found from observations made during detail examination of sec-
tions that transverse cracks in the older pavements having no expansion joints
were, in some 1nstances, filled with debris and the slabs appeared to be in com-
pression, but there was no evidence of distress as a result of the compression.

Additional data on the relative amount of pumping on concrete slabs with
and without expansion joints are given in later paragraphs on ‘Pumping in Pavement
Widening. "

Pumping in Pavement Widening
Nine projects consisting of old pavements 16 and 18 feet wide and widening

ranging from 4 to 10 feet wide, were studied in the reconnaissance survey. A sum-
mary of the data obtained 1s given 1n Table 4.
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PUMPING AT EXPANSION JOINTS, CONTRACTION JOINTS AND CRACKS
(North Carolina)

(Data for pumping projects only)

Note All projects have expansion joints spaced at 90 or 120 ft. intervals, have load transfer devices at both Expansion Joints and Contrac-
tion Joints and are located on Soils of which a major portion are considered to be conducive to pumping.

Number of Pumping Number of Pumping Number of Pumping
Project Age Length Total Expansion Joints Total Contraction Joints Total Cracks REMARKS ON SUBGRADE
(Yrs.) (Miles) Exp. Class Class Class Total Contr. Class Class Class Total Cracks Class Class Class Total
Joints 1 2 3 Joints 1 2 3 1 2 3

466 6 16. 280 981 92 0 10 102 1,961 126 1 12 139 60 21 0 5 26 Cecil & Mecklenberg Gravelly &
Normal Soils

4601 3 9.787 , 424 36 0 0 36 1,271 57 0 0 57 36 4 0 0 4 Davidson, Georgeville & Durham
. Most pumping on Georgeville

4836 8 11.720 687 36 0 0 36 1,375 20 0 0 2 8 0 0 0 0 Cecil, Durham, Granvalle, Appling
& White Store

5060 2 0.500 21 4 0 0 4 64 8 0 0 8 5 0 0 0 0 Cecil Soils. (Job mudjacked &
French drains installeé)

5254 5 8.830 507 81 3 14 98 1,038 189 1 14 204 69 19 1 9 29 Cecil, Wilkes, Davidson &
Mecklenberg

6151 8 10.748 611 8 0 3 11 1,221 16 0 8 24 29 5 1 3 9 Mostly Cecil  Some Iredell,
Mecklenberg & Durham

6324 9 6. 594 381 43 0 1 44 761 106 0 4 110 18 6 0 0 6 Cecil with heavy B horizon

6582 6 2.540 148 1 0 0 1 296 2 0 0 2 2 2 0 0 2 Cecil with heavy B horizon

7540 8 5.892 345 24 0 2 26 691 19 2 3 24 11 0 0 0 0 Cecal

7541 8 5.945 345 0 0 0 0 691 3 0 1 4 6 0 0 0 0 Cecil C horizon Deep cuts. lhgh
Fills Pumping at Settlements

Totals 78.836 4450 325 3 30 358 9369 540 4 42 592 244 57 2 17 76

Per Cent 7.3 0.1 0.7 8.1 58 01 0.4 6.3 23.4 0.8 70 31.2

Average 6.3 7.884
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The original pavements on seven projects were built without expansion joints
but the more recent widenings were built with expansion joints spaced at intervals of

90 or 120 feet.

The difference 1n design thickness ranging from 6 to & inches and the absence
of expansion joints in the old pavement making equitable comparison between the or-
1ginal pavement and the widening on the basis of pavement cross-section. Likewise
the difference in width and thickness prevents the determination of any direct re-
lationships between pavements with and without expansion joints. Regardless of the
difference 1n cross-section, it may be said that the trend of more pumping in the
newer jointed widening than in the original pavement is in agreement with the rela-
tionship found for full width pavements built with and without expansion joints.

Data were not obtained on soil condition (soil water content and density) or
on the presence of old macadam surfaces under the old pavement or other items com-
pared to the subgrade conditions under the widening. For that reason there may be
additional factors which may have some bearing on the relative amounts of pumping in
the widenings compared to that found in the original pavements.

TRAFFIC AND ITS RELATIONSHIP TO PUMPING

Traffic data, especially as regards breakdown into axle weight groups, were
not available for the period during which the greatest increase in truck traffic oc-

curred. The most complete data available are for the year 1941 which are given in
Table 2 (also in Tables 3, €, and 7).

It may be seen from Table 2 that the total number of trucks per 24 hours was
nearly the same for the three groups of projects built on soils conducive to pumping,
that 1s, pavements built without expansion joints and pavements having expansion
joints at 90 or 120 ft. intervals on soils considered conducive to pumping. It is
also of interest to note that the projects which were built largely on soils consid-
ered not being conducive to pumping, and on which no pumping or very little pumping
occurred had less truck traffic. Average truck traffic for the three groups of ‘pump-
ers’” was 546 and for the three groups of ‘non-pumpers’ it was 306 trucks per day.

It cannot be said, however, that the pumping of the three groups of projects
built on soils conducive to pumping and the lack of pumping in the three groups of
projects built on soils considered not conducive to pumping 1s due to the difference
in traffic. There are many cases of projects in the first three groups which car-
ried less traffic than 1s carried by non-pumping projects in the latter three groups.
Traffic is unquestionably a factor but the data here indicate that the type of soil
1s a more important factor.

SUBGRADE SOILS AND THEIR RELATION TO PUMPING

Soil Series and Horizon

North Carolina is divided into three major physiographic subdivisions. They
are the Coastal Plains, the Piedmont and the Mountain Regions. The approximate di-
viding line between the Coastal Plains region and the Piedmont region is indicated
by hachures in Fig. 1. Each of the regions constitutes a different parent material
group and form two great soil groups as follows: .
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TABLE 2
PUMPING ON PROJECTS BUILT WITH AND WITHOUT EXPANSION JOINTS
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672 8 9.328 52.3 - - - - - - - - - zg % 0 0 o o 0 ¢ 0 918 24 6 10 O 2.6 07 1.1 44 9321 24 6 10 40 2.5 0.6 1.7 4.1 315  Approx. 90% Lufkin, Coxville & Dunbar PSL & 5iL. 10% Kslaia & Morfolk FSL & FS.
1090 16 15,9200 80.5 - - - - - = it - - 54 0 0 0 0 o 0 0 0 5% 12 6 6 2, 2.3 1.1 1ld 4 604 12 (3 € 24 2.0 1.0 1.0 4.0 150  About ‘65% Dunbar & 35% Rustom & Eorfolk.
1400 15  7.606  67.5 - - - - - -T - % 0 o0 o o 3 0 o0 0O 61 17 o 0 17 25 0 0 25 17 7 0 0 17 23 0 0 23 433 largely Iredell, Mhite Store, & Durham.
4350 18 9.643 70.0 - - - - - - - - - e 6 0 0 6 1.8 ] 0 12.8 538 2 0 1 3 0.4 9 0.2 0.6 385 8 0 1 9 1.4 0 0.2 1..é 791  Ceoll, Mecklenberg, Appling, %ilkes, Davidson, Iredell & Durham.
5320 15 5.65% 51.0 - - - - - - - - - 62 0 ] ] 0 0 0 0 o 333 20 0 13 33 6.0 0 3.9 9.9 395 20 0 13 % 5.1 0 33 84 1141  Cecil & Iredall Soils.
6500 17 5.29 70.8 - . - - - - - - - - 100 0 0 0 ) 0 ] ] 0 504 4 0 2 6 0.7 0.0 0.3 1.0 604 4 0 2 6 0.7 0 0.3 1.0 130 Cecdd C.L. & 8.L.
6350 17 8.7M3 76.2 - - - - - i - - 844 9 0 0 9 8587 140 18 36 194 9431 49 18 36 303
Total 167 107.619  828.9 - - - - - - 1.1 o 9 1.1 1.6 0.2 0.4 2.2 .6 0.2 0.4 2.2 549
‘w 13.9 .,9“ 68.7 7.8 0.8 0 0 0.8 79.8 1.3 Ge2 0.3 1.8 87.6 1. 0.2 0.3 1-9
Poy Mile W¥Yn the above group, joints llsted as Contr. PAVEMENTS WITH 3" EXPANSION JOINTS AT 120° & CONTRACTION JOINTS AT 30 FT. (LOAD TRANSFER TEVICES AT ALL JOINTS)
Joints are actually construction joints. (Built Largely On Soils Conducive To Pumping)
. 12N 5T 0 0 57 8.5 0 0 8.5 36 4 0 0 4 0.3 ) 0 0.3 173 97 0 0 9 5.6 o 0 5.6 601  Davideon, Georgeville & Durham (Ho pumping on Durham).
2 9.781 9.9 @ 3% 0 0 % &3 0 0 o8 Y& % o o 8 123 0 o0 125 5 o0 0 o0 © 0 0 0 0 %% 12 0 0 A 333 0 0 13.3 Mo Data Socil sails throughout.
5060 1 0. 22 - & 3 82 98 160 06 28 19.4 1038 189 1 LoomE 82 01 13 1.6 6 B o1 2 #3150 L0 LU B 5 @ oom W9 03 23 D35 60 Ceoll, Mlkes, Davidsn & Kecklenberg.
5254 . . . . 2 2 1 3 5 9 5 k(4 440
Total 19.117 87.1 952 12 3 1, 138 127 0.3 l5 1.5 373 54 10.7 0.6 11.3 20.9 0.9 8.2 30.0 1.6 0. 1.1 1.8 601
Aversge 2.3 6.772 29.4 7 63 0.2 04 7.2 1241 13.3 0.1 0.7 ULl 5.8 1.2 0.5 17 179.7 _ 20.8 0.3 1.9 23.0
Poy lile 49. : : PAVEMENTS WITH §" EXPANSION JOINTS AT 90' & CONTRACTION JOINTS 4T 30 FT. (LOAD TRANSFER DEVICES AT aLL JOINTS)
(Built Largely On Soils Conducive To Pumping)
. 1.0 10.4 1961 126 1 12 1% 6.4 0.1 0.6 7.1 €0 2 2 5 26  35.0 0 8.3 43.3 3002 239 b 27 267 8.0 0 0. 8.9 55 Some Cecil & M-cxlenberg Gravelly loam, tut mostly plastic B horison soils. 95% of pumping
466 3 1.2 s ?éu% ;2 g 18 lgg 2,2 g 3 5.2 137 20 o 0 2 1.5 0 0 1.5 3 G 0 o 0 0 0 0 0 270 56 0 0 % 2.8 ] 3 2.8 20  &ecil, Durhsa, Grravi.llg, Appling & White Stere on laties).
483% 7 R W 611 8 0 3 1 1.3 0 0.5 1.8 122 6 0 8 24 1.3 0 0.7 2.0 29 5 v 3 9 17.3 3.4 103 31.0 a6l 29 2 4 35 3.6 0.1 0.2 1.9 #doData largely Cecil Jr.L. Scus Iredell, Mecklenbers & Durham.
an 7  10.748 30.4 o 0 1 & 1.3 0 0.3 11.6 761 106 0 4 e u.l 0 5.3 .4 18 6 0 0 6 30.0 0 0 30.0 1160 155 0 5 10 15.4 0 0.4 13.8 2059 Cecil Soils throughcut.
6324 8 6.5 30-3 E 2 ° o 1 0.7 0 3 0.7 296 2 © 0 2 0.7 0 0o 0.7 2 2 ) 0 2 100.0 ] 0 100.0 446 5 0 ) P 1 0 0 1.1 496  Ceoil soils.
6582 5 2.540 3007 U5 24 Py 2 26 7.0 . 0 0.6 7.6 91 19 = 3 4 2.8 0.3 0.4 3.5 1 (o] o o v} o 0 o 0 1047 43 2 5 50 41 0.2 0.5 4.8 444  Cecil soils.
7542 7 5 892 29. e 0 0 0 0 0 0 0 b} €01 3 0 b 4 0.5 0 0.1 0.6 6 o 0 0 4] 0 0 0 0 1042 3 ¢ 1 4 G.3 o 0.1 0.4 400 Vgeil C horimom. Deep cuts. High £ills. Pumping on £ills «t settled sress.
7541 7 5.945 29.1 a o 16 220 5.8 0 0.5 6.3 €996 292 3 28 3 134 34 1 8 43 10628 530 5 4& 5m
Total 59.719  207.7 349 442 0.4 4.6 25.4 0.7 6.0 32.1 5.6 T 0.4 5
Aversge 6.6 8.% 29.6 5.6 3.4 - 08 39 117.1 49 0.1 0.5 5.4 2.2 0.6 0.1 0.7 178.0 8.9 0.1 0.7 9.7
Por Mile _ - PAVEMENTS wnug;gogxrmsmu JOINTS
(Built Largely Un Soile Conducive To Pumping)
v _ _ - - - - 33 o o 0 0 Q 0 4} o 178 o} 0 0 o [V} o} 0 o a1 0 0 0 0 (] 0 0 0 33,  Largely A horizen soils. &pproximately 858 Portsmouth & 15% Borfolk FSL.
11% 0  3.650 7.1 - - - - - - - - - o o o ) 0 o ] 0 0 508 0 ] 0 o 0 0 0 0 55 0 0 0 0 0 ] 0 0 269  Horfolk & Portsmouth.
126 o 7.72 73.4 - - - - - - - - - 82 o o0 0 0 0 0 0 0 1045 0 o o 0 0 o o} 0 1z 0 V] b} 0 0 0 0 o 151  Dunbar & Elkston.
17 18 11.74C 53.0 - - - - - - - - - 127 o a 0 ¢ o o 0 0 1997 o o0 0 0 6 o o0 0 4 0 o o o 6 o0 o 0 216-300 About 40i borfolk FSL & LFS. 60% Duncar, Coxville & rlusmer FSL & VPSL.
155 B 19 18.247 45.8 - - - - - - - - 57 6 0 0 o 0 0 0 0 337 o 0 0 0 0 0 0 0 394 ] 0 0 0 0 0 0 0 590  Largely friable sandy solls. 75% Dunbar, Portamcuth & rlusser SL & VFSL. 25% Norfolk SL & FSL.
161 18 6,500 #.2 - - - - - - . - - <t c o o 9 0 o 3 0 403 0o o0 o o 0o 0 o0 0 429 6 o0 o 0 o o o 0 252  Approx. €US Sorfolk FSL & 40% Fortsmouth FSL & 5ik.
187 19  4.330 54+h - - - - - - - - - 35 o o 0 0 0 o 0 0 16«0 o} 0 o o 0 0 0 0 1655 0 o o ] o 0 0 2 234  Over 753 Horfolk & Buston sendy soils.
1993 3 11047 32.4 - - - - - - - - - «8  Siight Pumping No Count 476 Slight Pumping — No Count 504 Slight Fusping bo Count Made 35t (73f Blketon & Borfolk FSL & FS. 25% Fortsmouth largely on 4 horizon.
1751 13 10.463  109.2 - - - N - - - - - 458 o o 0 0 6330 ] 0 0 0 999 ] 0 ) ]
Total® 144 62.366  427.3 - - - i - - - - - ° 0 0 0 0 0 0 0 0 0 0 0 309
;veugo 18 73.9 - - - 7.3 o 0 0 ] 101.5 0 0 0 0 11z.2
or Mile
ect 1751 which showed slight evidence of pumping.
*Totel & Average values do not include project 173 PAVEMENTS FITH {* EXPANSION JOINTS T 120 & GONTRACTION JOINTS AT 30 FI. (LOAD TRaNSFER DEVIGES AP ALL JOINTS)
(Built Largely On SoilB%onducive To Pumping)
0 0 0 o} 345 o o o ) o 0 0 o] 1 0 o] 0 0 a 0 0 0 464, 0 0 0 0 0 (o] 0 0 305 Borfolk soils throughout. 4 B & C horizans. Probably mixed.
1065 3 a9ww 33.4 ll-:g g g g 3 0 0 0 0 540 o o o ¢ o 0 0 0 4 0 0 0 0 0 ) 0 0 726 0 0 0 0 0 0 o 0 208  Selected subgrade over $0f Luficin VFSL & 10% Coxville &« Aufkin 8ik.
1658 3 4.180 30.0 83 0 0 0 0 0 0 0 0 248 0 0 0 d 0 0 0 0 1 0 0 0 0 0 0 0 0 332 0 0 0 0 0 0 0 0 <08 Selected subgrade. Hatural soils not classified. Heavy fill.
1666 3 2.202 33.4 ps P 0 0 0 0 0 0 0 112 0 o 0 ¢ 0 0 o 0 8 0 0 0 0 0 0 0 o 197 0 0 0 0 0 o o] 0 730  thite Store, reported. Lovered with topsoil from project 46QL.
4105 3 1om 28.9 s ° 0 0 0 0 0 0 0 145 o o0 0 (] (-] 0 0 0 1 0 0 0 0 0 0 0 b} 200 0 0 0 0 0 0 0 0 HNo Data Subgrads rainforcement over Bilkes soils.
5323 3 113 1.30-<7> Ky o 0 0 0 0 0 0 ] 1390 o o 0 ° 15 0 0 0 0 1919 o 0 0 0
Total 15 1.432 55. ] 0 0 0 0 0 0 0 0 0 0 363
Average 3 n.L 9 121.6 0 o 0 (") 1.3 0 0 0 0 167.9 -
Per Nile - PAVEMENTS WITH {" EXPANSION JOINTS AT 90' & GONTRACTION JOINTS AT 30 FT. (LOAD TRANSFER DEVICES &7 ALL JOINTS)
(Built Largely On Soil® Conducive To Pumping)
5 5 5 5 5 ° o ) 33 o o 0 o o ) ] 0 9 ) 0 ) 0 ) 0 0 0 53 0 0 [ 0 ) 0 [ 0 260  Horfolk SL & FSL throughout.
1265 4 0.278 1.7 u o 0 0 0 0 0 0 629 0 0 0 1] 0 0 0 0 6 0 0 0 0 0 0 0 0 $49 +] 0 0 0 0 0 0 0 217 approx. 60% borfolk, Dunbar & Ruston 25% Roanocake, Coxville & Alta¥istas Remainder Wickham
1381 7 5.355 29.8 )73 0 S ° 3 0.2 0 0.3 0.5 1179 o o 0 ¢ 0 0 ] 0 6 0 0 o 0 ] 0 o 0 1774 1 0 2 3 T 01 01 0.2 385  borfolk, Coxville, » Dunbar & Fortemouth. & Toxaway).
195 7 10.0(Apxxy30.0 8y 2 5 0 0 o o o o 551 o o0 o b 0 o0 o0 o 2 0o o o0 0 0o o0 o 0 89 o o o 0 o o o 0 178  Selected subgrade. Naturel soils “orfolk, Coxville & lufkin.
1655 6 4.7 30.0- 276 0 0 0 0 0 0 0 0 602 o o0 0 o o0 ) 0 0 0 0 0 0 0 0 0 0 0 908 0 0 0 0 0 0 0 0 19,  Seleoted subgrede. Matursl soils 45% Lufkin VFSL, 35% Coxville S5i* & VFSL 20% Dunbar.
1656 5 5048 30.0 306 0 ° o 0 0 0 0 0 7 o O 0 e 0 0 0 0 2 0 0 0 0 0 0 0 0 408 0 0 0 o 0 o 0 0 430  Subgrede reinforcement. Batursl soils Ehnlte Store & Jurham.
A 6 2,280 9.5 135 g o 2 3 01 0 0.1 0.2 | 3265 o o 0 ¢ 25 0o o o 0 Ha 1 0 2 3
Total 35 27,702 177.0 1631 o o 0 o 0 0 0 0 T 0 T T 218
or Mile = v




Number*
of
Projects
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TABLE 3
RELATIVE PIMPING ON PROJECTS BUILT WITH AND WITHOUT EXPANSIGN JOINTS

(All Projects Have Subgrade Soils Considered Conducive to Pumping)

Per Cent of Total

Total Pumping Joints and Joints and Av.
Length Age Cracks per Mile Cracks Pumping No.**
of (Years) Joints Joints Trucks
Projects and and Per Remarks

(Miles) Range Av. Joints Cracks Cracks Joints Cracks Cracks Day

Pavements Built with no Expansion Joints

107.619 16-20 17.2 0.1 1.3 1.4 1.1 1.7 16 549

11.

Pumping at Joints -

all Class 1
Pumping (Class
at Cracks (Class

(Class

Pavements Built With Expansion Joints at Intervals of 90' & 120' & ¥%' Dowels at 12" or 15" Centers

8

67.588 1-8 5.6 13.4 1.0 14.4 1.6 31.9 8.0 542

Nunber of projects based on those with traffic data avarlable

*® 1941 Traffic Survey

Number
of
Projects

Table 4

PUMPING ON PAVEMENT WIDENING

Total
Joints Pumping Joints and Cracks Pumping Joints and Cracks
and (Per Mile) (Per Cent of Total)
Cracks Class Class Class Total Class Class Class Total
(Per Mile) 1 2 3 1 2 3
Pumping on Original 16 and 18 ft. Pavements
69.9 1.3 0.1 0.4 1.8 1.9 0.1 0.6 2.6
Pumping on 4, 6 and 10 ft. Widening (on above projects)
152.1 4.4 0.3 3.0 7.7 2.9 0.2 2.0 5.1
Pumping on 10 ft. Widening
77.8 2.2 0.1 0.5 2.8 2.8 0.1 0.7 3.6

Pumping (Class
at Joints (Class
(Class
Pumping (Class
at Cracks (Class
(Class

Remarks

Pavements have no
expansion joints

Pavements have
expansion joints at
90, 100 or 120 f¢.
intervals

Pavements have no
expansion joints

o
1]

14%
13%
13%

[ -]
noa

1=091%
2= 2%
3= 7%
1=15%
2= 3%
3=122%



12.

Physiographic Parent Material Great Soil
Subdivisions Groups Groups
Coastal Plains Sands and Clays

gedland Yellow
01
Piedmont Crystalline Rocks S

Sandstones and Shales

G - B
Mountain Sandstones and Shales PZ;Zolicrgzgls

The topography and parent materials which are characteristic of the various
physiographic subdivisions are dominant factors in soil development. Therefore,
they are used as a convenient basis for grouping the various soil series units 1into
groups of soils of the Coastal Plain; soils of the Piedmont; and soils of the Mount-
ains. Eight soil series, each with a characteristic variation in texture of the A
horizon were encountered on projects located in the Coastal Plain. One soil series,
the Norfolk, was 1dentified on 13 of the projects listed in Table 2 as well as on
some additional projects not listed. Other series were encountered on from one to
six of the projects in Table 2. Twelve series were encountered in the Piedmont
region. A few bottom land soils were also encountered. Typical Mountain soils were
not encountered in these studies. ‘

A tabulation of the major soi1l series identified on projects studied, the
number of projects on which each occurred, the horizon sampled and a description of
the pumping soils were i1dentified, are given in Table 5. The approximate western
limit of Coastal Plains materials is indicated on the map in Fig. l.

Pumping was not encountered on soils of the Norfolk or Ruston series in the
Coastal Plain. The two series were identified on a total of 15 projects. Drainage -
is well established in both the Ruston and Norfolk series.

Pumping did or did not occur on the B and C horizons of the Dunbar series
in which drainage is only fairly well established. Pumping occurred on both the
Portsmouth and Plummer series having friable B horizons but having poorly estab-
lished drainage. Likewise pumping occurred on soils of the Lufkin, Elkton and Cox-
ville series also of the Coastal Plain but having plastic B horizons.

Physical Characteristics and Texture of Soils

All soils sampled from under pumping slabs were of a plastic nature. Liquid
limits and plasticity indices ranged from a low of 32 and 17 for a clay loam soil
having 27 per cent clay with 16 per cent colloids and associated with light pumping
to a high of 93 and 64 for a fat clay soil causing severe pumping.

Nine of the 25 samples of soi1l on which no pumping was found and which are
shown i1n Table 6 were of a non-plastic nature. An additional seven samples were mod-
erately plastic having plasticity indices of 15 or less. Eight soils had plasticity
indices in excess of 15, five of these being clay soils with indices of 19, 20, 21,

23 and 30.

No data were obtained which explained why these five clay soils were not
pumping. No so1l densities nor water contents were obtained during the studies which



Table 5

RELATIONSHIP BETWEEN SOIL SERIES AND PUMPING
(8011 Series, Their Occurrence on Projects Studied, and Semples Taken)

S0ILS OF THE COASTAL PLAIRS

From or From er

—04l Sordies Non-pumping  Pumping
Mejor Oceurrence Pavepents Pavenents
Soil (¥o. of Projects Sample No, Sample No. Descriptions of Pumping
Bubdivision Drainage Name Shom in Table 2) & Horison & Horison {at Location Sampled)
Buston 2 - - Hot eampled, Ho | pumping
Vell - ~Snsontered,
Established Horfolk 13 g:l - No pumping encountered.
AB
6-B
13-A-1
13-A=2
13-B
Frisble _ — — 130 _ .
B Horison Fairly Well Dunbar 6 [ =Y 7-C ) Pumping at transverse crack
Established 9-B 9C in old pavement in cut section.
10-A
12-A 10-B ) Trace of pumping in broken
12-B 10-C slab.
Portsaouth 5 %ﬁ 16-B Class 2 pumping at transverse
Reorly — SERCkS, —
Established Plummer 1 - - Not sampled. No pumping observed
on small area of Plummer soils
on _Project 155-B.
Lafikin 4 - 1-B Class 3 pumping in patched
Fairly Well —_— — STOR,
Plastie Establiched Elkton 1 17-A 17-B Class 3 pumping at transverse
B Horlsen oxecks.
Poorly Coxville* [ - 15-B Pumping at transverse crack.
Established

arama——— —
—————— —

]

80ILS OF THE PIETMONT REGION

Crystalline Rock Durham 6 22-A 21-B&C Punping in 4 ft. videning.
Division 2-B 27-B Class 3 pumping at tremeverse
28-C _c;wk.
Acid Appling 4 - 5-C Pumping in 4 ft. widening
Crystalline Cecil 17 19-C 1-C-2 Light pumping on inside of
Group 29-C super elevated curve.
3¢ 18-0 Class 1 pumping at transverse
33-C crocks.
34~C 25-B Some Clase 1 pumping at joints.
- 32-B _Class 1 pumping at joints.
Iredell 4 - - “Hot cempled. Pumping encountered
— _ on Iredell goils,
B Necklenberg 4 - 26-B Pulping in 014 pavement end
sie
cqa:inne 26~C Palpd.ng h old pavement and
p
30-C Pnpﬂng on super elevated
Davidson 3 - 22-C Pupdns at trensverse crack
— - — t resurfecing.
Mixed Acid Helena - &A1 4B Cless 2 pumping at trensverse
end Basio —_ A-A-2 crack.
Group Wilkes 4 - - Hot sampled. Some pumping.
Slate Belt Georgeville 1 - R-AC Pusping of mudjacked slab,
(Slates and Fine Grained
Voloanic Rocks) ——
Granville 1 35-C-3 - Ho pumping encountered.
S8endstones and White Store 3 - 20-B Pumping et expansion and
Shales 20-C contraction joints.

Wadesboro - ﬁ-c - No g encountered.

BOTTOM LAND SOILS

~Experience with bottom land eoils was limited to the Congaree, Joxasay end Wehedkeo silt loams shich
showed traces of light puoping end the Wickham, Alta Vista and Kalaia soils shich showed no pumping where

encountered,

I
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might have shown adequate reason for the non-pumping condition. It is suggested that
a further study of these soils might yield valuable information. Likewise, positive
data were not obtained on all projects on the amount of infiltration of soil into
pavement cracks and joints which might place the pavement in a state of compression,
reducing the entrance of surface water, reducing deflections and preventing the oc-
currence of pumping.

A study of soil texture by means of plotting fractions of the total soil on a
triangular chart (See Fig. 2) gives positive evidence that soils having more than 50
per cent sand and gravel (retained on No. 270 mesh sieve) in the total soil have pre-
vented pumping i1n North Carolina, 1n so far as samples taken in this survey are con-
cerned. Seventeen of 25 samples on which no pumping was found, contain sand in ex-
cess of 50 per cent. Eight of those are plastic soils having plasticity indices rang-
ing from 8 to 27. No soils having more than 50 per cent sand and gravel were found
under pumping slabs.

THE USE OF SUBBASES TO PREVENT PUMPING

Twelve projects constructed with subbases were listed for field study during
the survey. Nine of the twelve projects were visited and joint and crack data obtain-
ed. No pumping was found. Likewise, no pumping, in which subgrade material was
ejected at joints, cracks or pavement edges had been reported by Department Engineers
for the other three projects. A summary of project data, pavement design features,
soils data and joint and crack data 1s given in Table 7.

Subbases examined and sampled were built in trench section of pavement width.
The average thickness ranged from three to four inches.

Pavements were of 8-6-8 and 9-7-9 and 7 inch uniform thickness and were of
20, 22, 36 and 37 ft. width except one widening project which was 6 ft. wide.

All except one of the projects had either 90 ft. or 120 ft. expansion joint
spacing. All had ¥ inch dowels at expansion and contraction joints.

Truck traffic on the various projects ranged from 165 to 730 per 24 hour day,
with an average of 324 per day. This compares with a range of 150 to 1,141 (average
546) for the pumping projects, and a range of 151 to 730 (average 306) for the non-
pumping projects shown in Table 2. Thus the traffic does not permit of a comparison
in pavement behavior under like traffic.

Excepting the 6. ft. widening, which had 18 transverse cracks per mile, the
projects which were constructed with subbases showmed little transverse cracking.

The materials used for subbase construction on the projects sampled consisted
of selected soils of sand, loamy sand and sandy loam texture. The relative percent-
ages of the various sand (and gravel), silt and clay fractions of the total soils
used 1n subbases and also the underlying subgrade soils are listed in Table 7 and
shown in the triangular chart in Fig. 3. With one exception all subbase materials
had combined sand and gravel contents (retained on No. 270 sieve) of 70 per cent or
more. Only three samples had clay contents in excess of 10 per cent.

Grain size curves of three samples which are representative of the range of
subbase materials used are shown in Fig. 4. Subbase soils ranged from well graded



TABLE 6
Table 6
SOILS TEST DATA FROM PROJECTS BUILT WITHOUT SUBBASES
— e
SOILS ON WHICH PUMPING WAS FOUND SOILS ON WHICH NO FUMPING WAS FOUND
- — i Seil Fractions 2, hr. Truck
Soil Fractions 24 hr. Truck
Sample P.R.A. (Per Cent of Total Soil) Textural Tr?ffic Nature of pumping at Sample L CMLE. FLE g.R.i. éﬁ::eient of Total Soil) Textural Triﬁgic
Project  No. Soil Series Hor. L.L. P.I. S.L. C.M.E. F.M.E. Group Gravel Type No. location sampled. Project No. Soil Series Hor. L.L. P.I. S.L. C.M.E. F.M.E. Grou Type .
& Sand Silt Clay Coll. Vehicles) role & Sand Silt Clay Coll. Vehicles)
15 168 Portemouth SL B “ 8 1B B A AT B w3 Clay 334 Class 2 at transverse 115 164  Portsmouth SL A 32 8 20 23 30 a4 33 40 25 1 CL 334
crack.
15 17-B Elkton VFSL B 38 18 17 24 9 A7 28 43 29 13 CL n Class 3 at transverse 115 17-2  Elkton SL A 21 5 - 12 21 A4 40 41 13 6 Loan n
crack.
466 30-C Mecklenberg SL  C A 23 16 <8 29 47 49 19 32 18 Clay 488 Severe Class 3 at joints 347 6-B Norfolk FSL B 2, 12 U4 16 19 a2 56 22 23 13 SCL 151
on inside at Superelev
Closs. SL 250-300
528 27-B Durhem SL B 43 24 1 <7 27 a-7 41 27 3z 18 Cley 723 Class 3 at transverse 155-B  12-4 Dunbar SL A 1 NP - 7 17 A-2 71 21 8 4
cracks. non
. 155-B  12-B L B k7 AR G VA 20 21 A6 45 A 34 25 Clay "o
534 26-B  Mecklenberg L B 82 41 21 45 56 A-7 22 15 63 43 Clay 573 Class 1 at Tr. cracks 155-B  12-C noom ¢ 43 23 11 23 30 Apé 46 17 37 29 g::g .
534 26-C " " C 67 a2 39 5 A7 21 29 44 30 Clay " in old pavement and at  155.B 13-A-1 Norfolk SL a1 NP NP - 6 2 A2 gL 1 8 5
Joints in widening. n 0
155-B 13-a-2 " " A-2 14 NP - 7 16 A-2 70 20 10 5 % " "
1061 14-B  lufkin Sii B 47 <0 21 33 39 A-7 30 28 42 23 Clay 305 Class 3 in broken area. 155.B 13-B " n B 36 20 16 19 28 A-6 57 10 33 26 oo v
) 155-B 13-C " " c 45 27 17 22 31 A-6 66 5 29 25 C
1090 15-B Coxville SiL B 54 30 16 31 36 A-7 18 33 49 37 Clay 313 Class 3 at Tr. crack.
528 28-C Durham SL c 38 16 20 2 33 A-T7-2 60 22 18 13 &L 723
1400 7-C Dunbar SL c 53 32 17 25 37 A-7 48 7 45 39 Clay 150 Cluss 1 at Tr. crack.
1400 9-C " VFSL c 50 28 15 27 31 a7 32 23 45 35 Clay " L 886 33-C  Cecil CL c 45 20 23 26 35  A-7 42 2 30 Clay 241
1495 10-B  Not Classified B 33 16 16 23 25 h-4-T7 45 22 33 24 Clay 385 Trace of pumping. 887 34-C Cecil CL C 48 19 24 28 42 A-7 49 13 38 29 Clay 304
1495 10-C L n c 32 17 15 2 23 B=4-T7 48 <5 27 16 CL " Pumping at interior (H;llly Phaae) 6 o 150
corner breaks. 1400 94 Dunbar VFSL A 16 NP - 7 20 A-2 70 21 9 g 2
1580 1-C-2 Cecil SiL c-2 51 17 37 33 52 a-5 <8 65 7 6 SiL 190 Trace of very light 1400 9B n " B 30 1 16 17 24 A-4 49 2 29 22
Class 1 pumping.
4370 21-BC  Durhem SL Mixed 72 40 14 37 43 A-7 17 33 50 30 Clay 452 Class 2 in widening. 1495 10-4 Probably A NP NP _ 9 17 A-2 56 34 10 8 sL 385
. Bec Dunbar VFSL
4601 22-C  Davidson Sil C 59 3« 18 3z 31 a7 13 34 53 31 Clay 601 At Tr. crack through 1580 2-A Norfolk SL A NP NP - 7 17  A-3 87 5 8 6 Sand 190
resurfacing
22A-C  Georgeville SiL ¢ 69 <9 25 40 45 A7 16 <5 59 41 Clay " Class < at mudjacked jt.
1993 3AB Norfolk Mixed NP NP - 5 17 A-2 86 7 7 5 Sand 234
4731 S-C Appling SL c 78 4e 24 39 52 A-7 35 15 50 43 Clay 478 Class 1 at joint. A&B
4170 21-A Durham SL A Ny NP - 8 16 A-2 83 12 5 - Sand 452
483 18-C Cecil (Hilly | ¢ 39 11 17 22 32 a7 4d 19 37 25 Clay 367 Cless 1 at Tr. crack. 4170 21-B  Durham SL B 29 14 13 21 23 A-2 58 16 26 ¥ @ SGL 452
Phase
836 20 B white Store.SL B 83 50 10 43 50 A7 15 34 51 42 Clay 240 Class 1 at Eﬁp- joints. /833 19C Cecil SL c 33 10 27 19 48  A-2 70 16 1 8 SL 367
4836 2 C n LI c 41 23 1 29 34 . a7 44 28 28 18 CL " " on "
4970 4-A-1 Helena SL A-1 16 KNP 14 10 18 A-2 81 11 8 4 LS 413
4970 4 B  Helena SL B 93 64 12 74 39 A-7 25 17 58 42 Cley 413 Class 2 at Trasv. crack. 4970 4-A-2 n " A-2 20 8 13 13 16 A-1 70 13 17 10 SL n
18
5060 25 B Cecil SL B 71 38 23 37 VA A-7 23 59 40 Clay 601 Class 1 at joint. 6151 29-C Cecil SL c 56 14 29 31 52 A-5-2 56 18 26 21 SCL 495
6324 32 B Cecil SL B 56 30 20 33 36 A-7 28 20 52 34 Clay 698 Class 1 at joint. 6350-2 31-C Cecil CL c 7R 30 30 43 52 A-5-7 8 40 52 28 c 1098
Range 150-698 Range 151-1098

Average 417 Average 345




TABLE 7

DATA FROM PROJECTS CONSTRUCTED WITH SUBBASES

Tatle 9

Traffic | Joint & r
Pavement Design Features Soils Data (No. Crack Cracks
Location Cross Jdoint Spacing | | Sample Ber Cent Pagsing | Sand & Source of {Trucks) | Interval per Pumping Bemarks
dn 1 Section kxp. _f Contr.] Contr. Ho. L.L #10__1#40 Gravel |Silt Semple hr £t Nile
US - 158 :e;:ee‘n Li;:leton 4.79 3 8-6-6-8x20 | 120 30 I3/4" at 15" cc | 3/4% at 15" cc 1 16 ) 9 (79 72 18 10 Subbuge No No Reported | 3" Subgrade Beinforcement. Soils are ef Durham, Appling
ax enoke Rapids 2 13 0 93 |65 82 13 5 Subbase 165 | Count Count not and Cecil Series..
4 16 (0] 90 69 76 19 5 Subbase Made Mad Funping
1655 :3 - 258 North of Woodland 4.70 8-6-8x20 90 30 {3/4"x 15" at 3/4"x 12" at . - R _— — 178 30 0.43 No No soil test data but sclected borrow reported for this
© pton 127 cc project. Only 2 cracks ohbserved on project. Soils are
Lufkin, Coxville & Norfolk. )
1686 :3 - 258 :ich Square N. to 5.148 8-6-8x20 90 30 |3/4"x 15" at 3/4%x 12" at 11-SR 30 100 78 67 15 18 Subbase No No cracks observed. No faulting. 3" Subgrade Reinforce-
orthampton oodland 12" e 11-B 59 100 300 28 22 5 Subgrade 194 30 0.0 ment. Subgrade soils are approximately 45% Lufkin V.F.S.L.
35% Coxville Sil & V.F.S8.L. & 20% Dunbar
2 46 100 99 19 36 45 Subgrade .
1658 o - 258 Rich Square South 4.18 8-6-8x20 120 30 |3/4"x 15" at 3/4"x 18° at 1 22 83 |43 93 3 3 Subbase 208 | 29.9 0.95 No Mixes 94:201 or 193 or 196 Sand: 366 or 368 or 363 Stome
orthampton toward Roanoke 157 ce 3 19 97 70 86 5 9 Subbase 4 cracks in project. No faulting. 3" gubgrade Reinforce-
River 4 24 9 {73 84 4 12 Subbase ment., Approximately 90% Luficirn V.F.S.L. & 10% Coxville
5 22 96 61 8s 6 6 Subbase & Lufkin 5i1.
+ ,
1666 gg&ﬁgm 53:‘;:“3.,“%12’9“ 2.10- 3-7-9- 7-9 | 10 30 [3/4" x 15" at | 3/4" x 12" at - - - |- -- - - 208 | 9.9 0.48 No 1 Crack on project. No fanlting. No soll test data but
1658 J x 20 15% ce selected borrow reported for project. Natural'soils mot
clagsified. Heavy fill.
4105 girl-lazo :;asu::z lt‘:m ve 1.077 9-?—96'1 1«0 30 |3/4" x 15" at 3/4" x 18" at - - - - - - - 730 29.4 1.2 No 8 cracks (across 12' lane) on project. Top soil from
Froject 4601 333 15% cc project 4601 reported to have been used on this project.
Natural subgrade soil of White Store series.
ar giﬂ-la:o uns : 7ot21':,°t' 3.3 7 x 6 120 30 13/4" x 15" at | 3/4" x 13" at - - -— |- - - - No 27.1 18.7 No 63 cracks iz widening. This is a city section. Sub-
i 15% ec Data grade Reinforcement over White Store soils.
Us . 23-B 66 100 93 32 2L Subgrade 430 <9.9 0.88
4321 o v:i[g g::g:ogzt:::n 2.28 9-7-9%20 90 30 |3/4" x 15" at 3/4™ x 127 at 24-B 66 100 97 15 34 Subgra.de No 2 cracks in project. No faulting. 3" subgrade rein-
Oxford 157 ce 1 42 97 |82 52 2 Subgrade forcement of Granville-A horizon goil. KNatural soils
1 51 97 79 47 2 Subgrade largely White Store series.
14 44 95 86 39 22 Subgrade
2 45 98 92 34 39 Subgrade
5 39 100 98 44 40 Subgrade
7 61 96 88 33 28 Subgrade
2 15 96 73 78 hVA 8 Subbase
8 &9 16 64 37 87 8 5 Subbase
10 14 9l 78 73 20 ? Subbase
6 15 98 69 79 13 8 Subbase
7 16 8s 55 86 9 5 Subbage
448 | us - 42 South . _ ) 1 53 96 |88 25 W0 | 35 Subgrade 280 No Fo
Leo Doep River :f.:d;': 0.848 - -- -- 3 8 87 |88 37 3 | 20 Subgrade Count Count Reportec | 3" Subgrede Beinforcement. Hot incluied in survey.
H. of Sanford 4 13 00 {59 o 20 g Subbase Made Made not Underlying natural soiis are Gecil F.S.L. & C.L. &
5 14 99 58 % 18 8 Subbage pumping Appling S.L.
4941 Us -1 Rid . . . 7 17 96 64 82 1z 5 Subbase No No
¥Warren Norﬁ;’:y to 4-01 9-7-9x22 120 30 ;/ “" x 15° at 3/ /;" x 12" at 13 14 99 73 85 11 4 Subbase 359 Count Count No Subgrede Reinforcement. Jhis project was inspected
5" cc 15" cc 1 15 97 81 78 12 10 Subbase Made Made pumping but no count was made ef cracks & joints.
- . 1 6 8 1 S ad
5323 | B, 2::::::::::1&« 1.136 7" x 37° 120 30 13/4" x 15" at | 3/4" x 250 at 3 % % |8 e b | i Suberade Fo | 29.9 0.88
in Greensboro 15" cc 15" ce 8 55 98 196 19 37 4 Subgrade Data No 1 crack observed during survey. Subgrade Reinforce-
9 31 91 }75 66 23 n Subgrade pumping | ment over hite Store series soil.
15 60 93 81 37 <8 35 Subgrede
17 15 93 69 75 17 8 Subbase
18 1 97 79 73 17 10 Subbase
6083 | us - 74 Wadesboro to .8 o 355R 16 100 |99 70 18 12 Subbase
Ansan Polkton 7.857 : ;6?’22 300 75 i/ 4" X 157 at | 3/4" x 12" at 35C-2 38 100 |87 33 o | 18 Subgrade 91 | 7.2 8.17 No 64 cracks on project. 3" to 5" Subgrade Reintorce-
5" ce 15° ce 35C-3 34 100 |94 75 17 8 Subgrade pumping | ment over Wadesboro - Granville & White Store aotils.
36B 8, 100 67 28 20 52 Subgrade
37C 27 100 57 73 12 15 Subgrade
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TApLEL 2 -~ SuMMARY OF PUMPING

Joint

Expansicn
Total And e X Number of Camerciel Axles No.
E;;uggg' Favemant m‘“ 12‘.:' cu”::«rg:n “‘fz.i“‘" P;'.::“ Yoars Length ~ Creck Expansicn Joints Cat, & Comstr. Joints ALl Jointa Cracks —_Total Under Over Over Over ~ Total Base Of of
Rxp. Cont. Cross-Section Filler Transfer Joint Tranafer foroing Built (Miles) Iaterval 1esg=l Class-2 Clags=3 Total Class-l Clage-2 Cless-3 Total Class-l Class-2 Cless-3 Total Class-1 Class-2 Class-) Total Class-l Class-2 Class-3 Total 10,000-1b, 10,000-1b, 14,000-1b. 18,000=1be Camputaticns Projects
Priar to 4.5 4.8 1.1 30.4 13.7 542 12,3 3.2 1019 175 60 [ 1193  All projects (3)
12,047 19.. Unolasaified Wiclansified 76 7.8 2.8 o2 . - ° * * . *
Foze Heue &ufmw m:. llo:.u ua? Houo nm:a , 2;23;‘ vy 937 1;.2 u.mm.a Uaolanattied a2 8.5 28 %.5 16,0 Sedy 12,2 33.6 15.1 5.7 13.6 BUedy 1083 221 'il 8 1303  Pumping projects (2)
)
9-7-4220'LGRP(8) oo A Neme - Mesh 135136 40,353 46,9 13.9 20,1 1.9 379 7.0 6.0 2,0 150 13,3 18.8 3.8 35.9 0 o ° o 6.8 9.7 1.9  18.4 707 %2 69 9 949 ALl projects (9}
9=7-9220"16(1)
mm:%ﬂ . A " - " 135136 32,593 42,3 17.0 2.6 48 bad 17 6.6 2.2 16,5 16.2 2.8 4.6 43.6 o o o 0 7.6  10.8 2.2 20,6 43 282 a n 1025  Pumping projects n
;—_;M:Wl : {i} Ltd, Extr, Rubber A=l one - Mesh '36='37 23062 57.0 15.4 0.9 0.3 166 50 0.8 o 58 145 0.9 0.2 15.6 0 o ° o 9.0 0.6 01 97 (e £ 1y 5 953 ALl projects (6)
;_-g-om:wg; ) » " Al " - » 136137 17.342 523 20.5 1.2 0.3 22.0 6.6 Ll (] 77 19.3 1.2 0.3 20.8 [ o ) [ 10.9 0.7 0.2 1.8 598 190 " 4 787  Pumping projects 3
9=7-9220°LCAP(13)
9-7-9x20'15(1) Alr Core (9) & AL(6) B - Mesh YR
9-7-9m'mu; Ltd, Extr, Bub, (6) Al9) AL(6) None BT s 50.1 1.5 131 2.6 W2 6.2 4l 1.2 W5 137 123 2.5 28,5 ° ° ° ° 5 6.8 L3 156 né 235 61 8 951 ALl projects (15)
9=7-9320'LCAP(8
srpaoncl)  aCere ) amsmen - . 3531 49.935 3 12 166 33 B2 7 8 1 136 12 1 1 8 0
o1-9m22'icap(1) Lbde Extr. Rub. {3 o 45, % N . . 3 4e .5 3. 7. 5¢5 3. 35. 0 o o 8.6 7.7 1.7 18.0 m 261 72 9 972  Punping projects (10)
100'-4"  None - *LO&P! -
g- ;M'wu;ﬂ Ltd. Extr. Rubber Py Noae Mesh 136139 33774 1.5 7.9 1.3 0.1 9.3  12.3 43 ° 16.6 8.3 1.5 0.1 9.9 ] (] 0 (] 5.8 1.1 0.0 6.9 2026 373 107 15 1399 ALl projects (10)
"LCAP(6
:]’M'wu; ) . " " D3 " - " 136=138  33.327 Q.6 8.1 1.3 0.1 9.5 126 hed ° 170 &4 1.6 0. 10,1 ° ° 0 0 5.9 11 0.0 7.0 1045 359 1s 16 liih  Pumping projects (9
9=7-9220*LOXP(12) AL(6)
:-';M:mu{n Ltd, Extr, Rubber mio) Neme - Mesh 136=39 56836 5947 10.9 1.2 0.1 12,2 9.2 2.8 0 12,0 10,8 1.3 0.1 12.2 0 0 0 0 7.1 0.9 0.1 8.1 928 323 87 n 1251 ALl projects (16)
9-7-9x20'LCEP(8) aL(3) 50,669 58,1 12,3 1.3 0.1 13.7 0. .2 [} 13.6 12, 1 0.1
;;m:mwﬁ;n L mg, Hono - ¥eah '36-138 3 43 3 9 5 .5 0 0 ) ¢ 7.8 0.9  0a 8.8 964, 361 103 1 1325  Puping projests  (12)
?,:;M:wwagm Atr Gore (9) Al9) s
7_9m’”°.wm Lsd, Bxtr, Ruh, (16) AL{6), Baze - Mosd 3" gae9 536 12,2 2.9 1.7 2.8 8.3 bl 0.8 132 1.8 8.5 1.6 219 o o ) 0 7.0 5.0 10 3.0 85 293 8 10 1138 ALl projects (25)
9=7-9220'LOPOIA)  p4p gore (7) A7)
' 83,262 50,7 14.1 10, 2,0 26.. R 6 0. 8 1 R 1. 25.
mm'mu:” Lea, Brir, B, 02) A103) " _ . 135-438 3 4 9.3 4 9 3.7 9.9 9 55 ° ° o o 77 56 .0 143 a78 3% 9% 13 1208 Pumping projects  (19)
8'P(2 Poured Bitumi N Nonse - B 1927 8. o 8 . 5 . . R R .
10 B JUINSNG)  Taed Beguem W : = ; o eep gna 33 38 O3 Wl 30 0 0 38 033 & 3 OMS 3 ok 4 ks a4 23 L3 om0 s o 1 3 1A proects (2)
3 . . . . . 3 ping projects (2)
P Ltd, Bxtr, Bit, Piter 1L Str, Met, Plate  P=2 Mesh 19, 4ed58 No Puamping
g agrye KT T - - - - 190 4458 Ho Pumping 745 2% 7 18 1039 433 projeste @
ing projects )]
-9x20' LCAP(1)
3:?,.9@-“3) N 3" dummy groave(3) . E8(3) 1281
B Poured Bitusinous coe 2 dumy groove(1) "® MEB(1) 33 4692 13.7 [} 0 0.2 o 0.2 04 [ 0.1 0 0 0 0 0.1 o o 0.1 ass 306 69 7 1191 AL projects W
9=7-9220"P{1) " » " 3" dwmny groove(l) L] MEB(1) 128-733 2.0 12,8 ] [} [} 0.4 [} [ 19 0.3 [ [} 0.3 o [} [} [} 0,1 o 0 0.1 1054 611 132 15 1665 Punping projects (1)
9=7-9x20'LAP(3) Hong{2) 3" dumy groove(3)
116 29* Premoulded Pelt 1 - Hone BB 130-¢
’ w:wu’ :1: ns::% 1) 2° Bit. Felt(1) 0= 20400 200 4.0 0.9 Ok 5.3 1.8 0.0 0.5 2.3 2.4 0.2 0.5 3.1 4e3 0.2 0.9 5.4 30 0.2 0.6 3.8 & 122 2 2 89 AL projects (4)
9=7-9220'LOLP(2 » " 3% dumy groovel2) * " 130191 16.776 18,9 449 1.1 0.5 6.5 2.2 0.0 0.6 2.8 2.9 0.3 0.5 3.7 0
9-6-9118'L0AR(1) 3 {1) 2 Bit. Palt(n) 43 -2 09 54 3e4 03 0.7 4ot 793 15 36 3 944  Punping projects  (3)
3—}%;%(5) Poured Bit. (4} “"‘"(72_6. ; duamy srgmm 5 2B(7)
~9%20 oane 126 <5, 18, . o. o, 1. 0.0 . R . . . 2, 0.1 0. . . . .
: 8'?:2; Pre, Telt (4) Dosels (1) 2* Bit, Pelt(l) wB(1) n 54092 5 33 7 4 hek 5 0.4 L9 20 0.2 Ok 2.6 7 6 344 2.2 0.2 0.4 2.8 a6 A 49 5 1030 411 projects (8)
9=7=9x20"P(1 Nona($)
7-9m0°Loxp(2) Poured Biv. (1) 10-4x2t6n  I° dumy groove(s)  « (3 18,807 18.0 bk 0.9 0,5 5.8 2.0 0,0 0.6 2.6 2.6 0.3 0.5 3.4 .
?,:6_9113'“(1) Pre, Folt (3) Dowels (1) 2" Bit. Falt(1) ¥=B(1) 30-'31 3.3 0.2 0.7 42 2.9 0.2 0.6 37 858 266 6 n2 Pumping projects (4)
Foured Bit.
9-7-5220"LCAP Pre. Folt. (W Boaae(7) 3 2% cumy groove st  mo 'R~'34 2,715 23.9 0.6 1.2 0.5 2.3 03 0.3 0.1 0.7 0.k 0.5 0uk 1.3 0.1 0.0 0.0 0.1 0.3 0.3 0.2 0.8 667 as 58 882 ALl projects (8)
L Pro, Falt (X) . " . L . 133-'34 14,330 2,0 1.0 2.0 0.8 .8 0. 0.1 o. 1.1 0. 0, . 5 0.1 0.0
- 3 5 5 7 7 0.6 2.0 0.0 0.1 0l Ood 0.3 141 641 253 75 894  Pupiug projecta w
1 AD'=4™  9-7-9220'10:P Pre, Folt (8) Nooe 2° Bit. Felt %;6' mﬂ} 130134 28.416 26.2 &7 [ 2.1 n.2 5.1 0.9 0.2 6.2 5.0. 2.0 0.8 7.8 7.2 2,2 0.3 9.7 547 2.1 0.6 8.4 a7 17 2 3 047 An
.- = 0w » . ) " » - - s » HRB(4) 1324134 18.050 23.9 Tok 6.9 3.3 17.6 8.0 1.3 0.3 9.6 7.8 3.2 1.3 12,3 8.8 2.7 0.4 1.9 8.2 3.0 0.9 12,1 805 172 47 4 977 nmr:zj::; t :::
ecta
Poured Bit, (1) 2* dumy groove(8) ’ HEB(15) 19920
LoAP N -* 32-'3, S51a: 25,2 2, .0 1. . .0 o. o, 5 K . X . o .
9=7-9220 Pro. Telt (15) e :: Bt me(o:“) % Mesi(1) 5. 9 3 4 7.3 3 5 2 3.7 3.0 1.3 0.6 4.9 3.6 1.1 0.1 4e8 3.2 1.2 0.5 49 m 193 50 5 970 AL projects 16)
LI B Premouldoed Pelt (8) . dumny groow LI EXB(8) 1322134 32,380 23.0 heb 4.8 2,2 U6 4.7 0,8 0.4 5.9 &7 2.0 1.0 7.7 45 1.4 0.2 6.1
2" Bit, Felt(4) 4eb 1.8 0,6 7.0 723 212 61 6 935  Pumping projects (8)
100° 50° 9ub9x18'P Toured Bit, Nene Def. Motal Plate  Neue BB 1928 5¢554 34,0 Unclassified Unclassified 1.3 0.6 3.1 5.0 0.5 0.3 14 2,2 0.9 0,5 2.3 347 155 1
. . [ ™ " on . " W . " » 1928 3554 340 Unclassified Unclassified 1.3 0.6 3.1 5.0 0.5 0.3 1.4 2.2 0.9 0.5 23 " Iy 9 53 5 1354  All projects (1)
97-9220'1(2) 7 (2) { - d 3 299 53 5 135, _ Pumping projects (1)
Qw7920 "LOAP(1 ) 1-“‘ Ixtr, Bit, A=l 8tr, Met. Plate n (1) Mash iD= ) 6.727 49.3 1.7 o 0.7 1.9 0 [} 1.9 11.8 o ,0 n.s 0 °
200°-8%2) 50%4%(2) , Fiber ° ¢ . 0 ° 1mé um 33 » 5 sk an
100'~4°0) 50'=2™(1) F-920ULQ) W 4 e e " .. R . "40-141 6721 4943 u.7 ° w7 ug9 ° o 1m9 n.se ° o ue ° projects {31
9-7-9220"LCAR{1) A (1) ° o 1.6 o o 1.6 ua 303 79
o — 5 1454 Punping projects (3)
1.8 g " . . . A2 8tr. Mot, Plate(6) » Mesh(5) ' '
10016%  30'~"  9-7-4mP(s) Lt Bz, B 2 tuny groovelt) -\ m(2) B s wa 29 o5 34 55 87 01 L3 &3 48 01 9.2
9=7-9222'LEAP(1) w o 0 ° 0 42 4“8 01  9a % 487 18 "
. 9-7-9220"P(1) " "~ . Str, Met, Flate(i) Moah(4, "40=* ¢ 1,20 Al progects 7
" fal o B -2 > a ) (s) ™) 40-'42 12.275 47.1 3.0 0.5 3.5 5.5 8.8 01 1k 43 48 0.1 9.2 ° ° ° 0 42 o8 o1 91 - 90 - 15 166 Pt J “
®, ¥ ng projoects 5
10 iy Mot Leg Bxtr, Be. DL oer. Mot, P1ste  * 72 (1) Maah(2) 1940 197 W65 Bo Puxping
-n py -— -— - — -— - - - 739 5 72 10 1014 ALl projects (2)
9=7-9220'1C(2) Pmping projecta (0)
100°=4"(2} 50°'«2"(2) 9-7-9220"LCAP(2) AL(9) 2 (10)
. 144, Bxtr. Bis a2(7 Str, Met. Plate(ld) p (2) Mooh(10)  vio.42 -
1007-8°(10) 50*-4°t0) ;—_;m';g} ver . m(2) 2* &umy groove(l) m (1) Bi(2) 2,029 &7.7 5.5 0.3 58 6.9 5.2 6l 12.2 62 29 0.0 9.1 o 0
~9x22 ' LCAP(1, o o 6.1 2.9 0,0 X
:-;-mo-u:(z; : 50 98 a5 103 12 135 A projects (2)
100*=4"(7) 50'-2°(7) 9-7-9x20'1CaP(1) A(3) Str, Met. Flate(7) F2(7) Mash(7)
1000-6%(01) 50'4*(1) 9-7-9220'P(1) vl A2(3) 2" dumy groove(l)  PA(1) () otk 19002 478 61 0.3 64 77 58 01 136 69 X2 00 a4 0 ° © 68 32 00 1200 95 4%
11 12 191 Punping projeots {8)

9-7-9x22'P{4)

Botes:

Construction joints listed under Contraction joinmte,
Rumbers in parentheses refer to number of projects investigated,

1C = Lip ocurd
P = Plain

KB = Bars st odges and joints.

MEB = Mesh and bars at odges and joints,
HED = Rairpin bare at expansion joints and bars at odges and jointe,.
B = Hairpin bars at expansiocn joints and mesh.
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FIG. 2
TEXTURAL CLASSIFICATION OF
NORTH CAROLINA SOILS

SAMPLED FROM UNDER PUMPING
AND NON-PUMPING SLABS

LeGceND

Soils from under
non-pumping slabs

® Soils from under
pumping slabs
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100 % FIG. 3

Clay  TexrurAL CLASSIFICATION OF TYPICAL
SELECTED SOIL SUBBASES AND THE
NATURAL SOILS ON \WHICH THEY
WERE PLACED

Data from 9 projects in North Carolina
No pumping was observed on 1/e poro/ecrs
where 1he subbasesor 3 1o 4 /n. compacr-

ed gevth were used.
10 L£GEND
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materials to gradings having as much as 50 per cent of the total material between the
No. 20 and 60 sieves. All had little or no volume change and all were densely graded
to the degree that they restricted the downward movement of surface water and thus
served to protect the underlying plastic subgrade soil.

The Use of Selected Top Soil in Shoulder Construction

Some projects constructed with subbase, also included shoulders of a dark gray
dense sandy loam top soil. No samples were taken of the soil nor were data obtained
pertaining to the volume change or pemmeability of the soil. The soil supported the
growth of grass -- and yet appeared to have very little volume change.

Observations showed that even when dry the material maintained close contact
with the edge of the slab. The close contact did not permit water to have free access
to the subgrade in the manner commonly found in shoulders constructed of high volume
change clays which shrink away from the edge of the pavement. While no specific data
were obtained from which its efficiency could be measured, observations were that it
resulted in shoulders which had higher supporting value when wet and which gave better
protection to the subgrade near the pavement edges.

SUMMARY

The most severe pumping occurred on the newer pavements built with expansion
joints at 90 or 120 ft. intervals and intermediate contraction joints at 30 ft. in-
tervals. Considerable pumping was also found on some of the older pavements built
without expansion joints. However, in no instance did the percentage of pumping
slabs on any of the older projects equal the heaviest pumping found on the newer joint-
ed pavements. Average values for 20 projects showed that the per cent of pumping
joints and cracks on jointed pavements was 5 times as great as that for pavements with-
out joints. As there are more joints and cracks on the jointed pavement, the actual
number of pumping joints and cracks per mile of pavement is 10 times as great as on
the unjointed pavement. This is even more outstanding because of the greater age of
the unjointed slab.

Many miles of pavement in good condition and with little or no pumping were
examined during the survey. The non-pumping group included both pavements built wath
expansion joints and those built without joints. These pavements were either con-
structed on granular subbases or on natural soils, the major portion of which are not
conducive to pumping.

The variation in pavement design thickness did not show a significant relation-
ship to pumping.

There was but little difference, either in the amount or severity of pumping
at expansion joints compared to contraction joints. Pumping was more prevalent and
more severe at transverse cracks than at transverse joints on pavements built with ex-
pansion and contraction joints, although the total number of transverse cracks was
smaller on the newer jointed pavements. There was little difference in either the
amount of severity of pumping at cracks and contraction joints in pavement built with
out expansion joints.

Considerably more pumping occurred on the newer jointed pavement widening than
on the original pavements built without expansion joints.
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Traffic, in terms of number of trucks per day was greatest on the projects
on which pumping was found. However, the number of trucks per day was as great on

some non-pumping projects as on some of the projects on which the most severe pump-
ing was observed.

Pumping was found only on plastic soils having more than 50 per cent silt
and clay combined in the total soil. Pumping was not found on natural soils or on

subbases having more than 50 per cent sand and gravel (retained on No. 270 sieve)
in the total soil.

Subbases of 3 to 5 inches compacted depth of densely graded non-plastic
sands, loamy sands and sandy loams and generally having 70 per cent or more retain-
ed on the No. 270 sieve were successful in preventing pumping in North Carolina.



PUMPING OF CONCRETE PAVEMENTS IN KANSAS

A Cooperative Study
by
State Highway Commission of Kansas
and
Portland Cement Association

SYNOPSIS

The study was divided into three phases; reconnaissance, detail-
ed surveys of sections of pumping and non-pumping pavements, and
load deflection studies at various locations selected during the de-
tailed surveys. The reconnaissance was made during one of the wet-
test spring seasons in Kansas.

The reconnaissance survey covered 237.6 miles of concrete pave-
ment on the heaviest traveled routes in Kansas and was made to
assess the degree and extent of pumping on the principal traffic
routes during the spring wet weather season. After the reconnais-
sance survey, a detail study was made on 54 selected sections from
36 projects. Selection was based largely on uniformity of subgrade
soil throughout a length sufficient for observing absence or pres-
ence of pumping, faulting, joint opening, and related items. The
purpose of the detail study was to examine closely all the variables
which may affect pumping., Samples of the subgrade from each section
were taken at two locations. Those for determination of water con-
tent, density, and for routine tests were taken through core holes
drilled through the pavement. Those for determining moisture-density
relations in the compaction tests were taken under the edge of the
slab. Upon completion of the detail studies, load deflection tests
were made at the same transverse joints where soil samples had been
taken.

Traffic data, construction records, and data on pavement design
features were assembled for each project and correlated with pumping.
No significant difference was found in the amount of pumping on

comparable pavements with or without lip curb. 'with about the same
expansion jJoint spacing, pavements shorter slab lengths pumped less
than those with longer slabs. Construction of relatively short slabs
by the use of intermediate contraction joints between expansion
joints at relatively long intervals resulted in reduction of pumping.
Distributed reinforcing which held intermediate cracks together
tightly prevented pumping at such cracks. The number of pumping proj-
ects having poor seals or no seals at expansion joints was almost
three times as great as the number having food or falr seals, This
ratio increases to four to one at contraction joints.

In general, total commercial traffic was about the same on pump-
ing and non-pumping pavements, but the number of axle loads of over
10,000, 14,000, and 18,000 1lb. was substantially greater on the pump-
ing projects.

The most significant single relationship between any feature or
combination of features of pavement design, subgrade soil type, traf-
fic or other factor which may affect pumping lies in the textural
classification of the subgrade soil immediately beneath the pavement.
In no instance was pumping found to occur on subgrade soils having
one or more of the following textural characteristics: l. Less than
15 percent clay, 2. More than 50 per cent sand and gravel (larger
than 0.05mm), or 3. More than 4O per cent retained on the No. 200
sieve.
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Pumping of concrete pavements in the vicinity of transverse
Joints and cracks was first observed in Kansas in the spring of 1935.
Pumping of consequence was then limited to about two miles of highway
on US Route 4O between Wamego and St. George in Pottawatomie County
where the pavement had been constructed on a plastic clay derived from
a rapidly weathering soft clay shale. During the period since 1935,
putping has become more widespread and has been found on residual clay
soils in the eastern half of the State on US Routes 24, 40, 50 and 50-S,
69, 73, 81 and 166. The most severe pumping has occurred in localities
where the traffic includes concentrations of heavy industrial trucks,
gzﬁling products from oil refineries, coal mines and lead and zinc

08, !

This report gives the results of a cooperative study made by
the State Highway Commission of Kansas and the Portland Cement Associ-
ation during the spring and summer of 1945 to determine the extent of
pumping, its causes, and means of preventing its occurrence on new
construction,

PUMPING DEFINED

Pumping of concrete pavements may be defined as the ejection
of a soupy mixture of subgrade soil and water from the joints and
cracks in the pavement when the slab ends are repeatedly depressed by
heavy wheel loads,

Pumping may be observed in any one of several stages, from the
earliest stage of the beginning of ejection of mud to its final stage
of the breaking of the slab. Therefore, in order to make an accurate
assessment of the condition of the pavement, it was necessary to devise
a means of classifying pumping according to its stage of progress.
Accordingly, pumping was classified into three classes as follows:

Class 1. Pumping at slab ends at joints and cracks with no
evidence of faulting at slab ends or breaking of
slabs due to pumping.

Class 2. Pumping accompanied by faulting with no evidence
of breaking of slabs due to pumping.

Class 3. Pumping accompanied by faulting and breaking of
the slab as a result of loss of subgrade support

due to pumping.
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NATURE AND SCOPE OF STUDIES

The studies were divided into three phases. The first phase
consisted of a reconnaissance study to assess the degree and extent of
pumping on the principal traffic routes during the spring wet weather
season when pumping is most widespread, most severe and easiest to de-
tect. Concrete pavement projects representing various designs, various
subgrade construction methods and age groups on 11 of the principal
traffic routes were selected for study. The routes on which pumping
was studied were as follows:

1. US-24 west of Kansas City and east of Topeka
2. US-36 northwest of Troy in Doniphan County
3, US-40 west of Russell in Russell County

4. US-50 and 50-S from Olathe to Newton

5, US-54 west of Wichita in Sedgwick and Kingman Counties
6. US-59 south of Chanute

7. US-69 south of Kansas City to US-66

8, US-73 in Leavenworth County

9. US-81 between Saline and McPherson

10. US-160 east and west of Parsons

11. US-166 in Cherokee County

The second phase consisted of detail surveys of sections of
non-pumping and pumping pavements at locations selected during the re-
connaissance survey. The third phase consisted of load deflection
studies at locations investigated during the detail survey. The loca-
tions of the various projects with respect to traffic routes and prin-
cipal cities is shown in the map of Kansas illustrated in Figure 1.

Reconnaissance Survey of Pumping
Prior to beginning the reconnaissance survey, design and con-
struction data were gathered on the following items for each of the many
projects to be investigated for pumping:

1. County, State route and Federal route number and project
identification

2, Length of project

3. Date constructed

4. Contractor and Resident Engineer

5., Concrete mix, cement factor and water-cement ratio

6. Source.of coarse aggregate, fine aggregate and cement

7. Pavement cross-section



8. Longitudinal joinﬁ apnd tie bar design

9. Transverse expansion joint spacing, width and type of
filler. '

10. Transverse contraction joint spacing, type and depth

11. Load transfer devices at contraction and expansion joints
12. Reinforcing

13. Thickness and width of subbase

14. Miscellaneous data on construction,such as method of
curing, subgrade paper, and other items

Data on the above items were recorded on the "Office Data" side of the
reconnaissance survey data sheet. An example of the data sheet is shown
in Figure 2,

The reconnaissance survey was conducted by a four-man party
¢onsisting of a driver, two observers and a recorder. All observations
were made by two observers seated on the front fenders of an auto
driven at a very slow rate of speed. One observer counted all expansion
joints, contraction joints, transverse cracks, interior and exterior
corner breaks, blow-ups, lineal feet of longitudinal cracks, broken,
patched and replaced areas. The second observer counted and classified
all pumping expansion joints, contraction joints and cracks, and re-
corded the number of joints and cracks which had faulted but were not
pumping at the time of the survey.

In addition to assessing the extent and degree of pumping,
several stops were made on each project to observe pavement condition,
surface drainage and other factors which might yield data of value in
the analysis of data on pumping. Observations were made and recorded
on the following items:

Average and maximum faulting at joints and cracks

width of opening of joints and cracks

Condition of seal at joints and cracks

Drainage condition of shoulders

Road section -~ cut or fill

Soil series and horizon

Condition of the concrete
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An effort was made in. the reconnaissance survey to obtain
data on pumping from which the relative influence of lip curb, cut or
fill section and soil series could be evaluated. For example, several
projects having relatively uniform subgrade soils and light cut and
1light f£ill sections were broken into sections of 1lip curb and no lip
curb during the survey of pumping.

Sections of each project which appeared to be typical of
pumping or of non-pumping portions were noted for further observations
during the detail study. Close attention was given to selecting sections
which were in the same soil horizon and which had relatively uniform
soils throughout.

The reconnaissance survey included 68 projects totaling 237.6
miles of concrete pavement on the heaviest traveled prinecipal traffic
routes. The mileage studied represents approximately 18 per cent of
the total mileage of concrete pavements in Kansas. Excepting three pro-
jects of 6-8-6 cross-section constructed prior to 1925, all pavements
were of thickened edge design; 13.2 per cent of the mileage was of 18-ft.
width; 77.3 per cent of 20-ft. width, and 9.5 per cent of 22-ft. width,
The reconnalsance survey was mede in one of the wettest spring seasons
on record in Kansas.

No effort was spared in obtaining an accurate appraisal of
the amount and the stage of progress of pumping in the reconnaisance
survey. Some projects where pumping was in the early stages and others
which were constructed with subbases were inspected by walking over
portions of projects or, in some instances, the entire project. Occasion-
al measurements were made to determine faulting and joint opening. A
pickax was used frequently to facilitate examination of slab edges at
joints where the surface evidence of pumping was not positive.

In so far as possible, the information obtained was recorded as
numerical data. However, data on items like shoulder drainage, condi-
tion of joint seal, etc., were recorded by word description. Where
possible to classify conditions, the limits of each group were defined
to facilitate gathering and recording data. For example, the following
classes and their definitions were adopted for use in describing the
condition of the joint seal:

Condition good - Filled. Seal appeers relatively watertight.
Condition fair - Filled but effectiveness appears doubtful.
Condition poor - Seal partly gone or appears ineffective.

No seal - Seal completely missing.

Pumping was found to vary in smount and degree with traffic
and subgrade soil type. Heavy clays showed light pumping @n the early
stages but invariably were associated with severe pumping in the more



advanced stages. The lighter textured clay loams, etc., were usually
found associated with light pumping even though it was evident that
pumping had been in progress for some time. These items are dis-
cussed later in this report. The data obtained were recorded on the

"Field Data" side of the reconnaissance survey data sheet (see Fig-
ure 2)

Detail Survey and Sampling of Selected Sections

After completion of the reconnaissance survey, a dstail study
was made of selected sections. A total of 54 sections on 36 projects
were given special study. Selsction was based largely on uniformity of
subgrade soil throughout a length sufficient for observation of ab-
sence or presence of pumping, faulting, joint opening and related items.

The purpose of the detail survey was to permit a closer examin-
ation, on a short section of a project, of all the variables which may
affect pumping. The following observations and measurements were made
and recorded:

A. The pavement and shoulders

1. Location of all jJoints and cracks
2. Presence or absence of lip curb
3., Faulting at joints and cracks
L. Location and stage of progress of pumping
5. Extent and nature of spalling along longi-
tudinal center joint and transverse joints
and cracks
6. Joint and crack openings
7. Roadbed section, cut, grade or fill
8, Condition of joint filler and joint and crack
seal '
9. Condition of maintenence and surface drainage
of shoulders
10. Drilling cores to determine pavement thickness
and, in some instances, the thickness and
condition of joint fillers, apparent restraint
of slabs and other pertinent data.

Considerable time and effort were given in the detail study to
examine joints for pumping. Joint fillers were removed and excavation
made at the edges of the slab to insure that pumping was observed even
though it was in its earliest stages.

B. The subgrade
1. Samples for determination of water content, density,

and for routine tests were taken through care holes
drilled through the pavement.

27.
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2. Samples for determining moisture-density relations
in the compaction test were taken under the edge
of the slab.

Subgrade soils were taken- to various depths below the bottom
of the pavement depending upon the soil types encountered and the thick-
ness of the subbase., Where there was no subbase, the sample included
all soil to an average depth of 8 in. Where a subbase existed, siparate
samples were taken to represent the subbase and the underlying sub-
grade soil,

Testing of Soils

Samples of subgrade removed through core holes at or near
pumping and non-pumping joints were weighed in the field, sacked in new
sacks and, together with large samples taken for standard moisture~density
tests, were submitted to the Central Soils Laboratury of the Kansas High-
way Commission for test. The volume of the test holes to determine the
nin-place" density and moisture content of subgrades was measured by
using a dry sand of lnown weight ver cu. ft. The subgrade samples were
dried to constant weight at 1000 C. and weighed for use in computing
field water content and field density. The following tests were con-
ducted on the samples after drying:

l. Liquid limit

2, Plastic limit

3. Mechanical analysis
L. Specific gravity

Standard compaction and optimum water content determinations
were made on the large samples taken from under the edge of the pavement.

Observations and measurements made on each project during the
study of detail sections, the test data on subgrade samples, and in-
formation obtained during the reconnaissance survey were assembled and
recorded on data sheets for study. Figure 3 illustrates a typical data
sheet for a project or portion of a project.

Load Deflection Studies

Upon completion of the detail studies, load deflection tests
were made at the identical transverse joints where soil samples had been
taken and field density and water content tests of the subgrade had been
made. A four-wheel drive Oshkosh truck shown in Figure L, was loaded
to produce a front axle weight of 8,000 1b, and a rear axle weight of
16,000 1b. Dimensions of tires, wheel base, and other data pertaining
to the truck are given in Figure 5.

Ames dials were used for measuring pavement deflection under
load. They were mounted on a special "T*" bracket which in turn was
supported by a l1-in. round steel pin 3 ft., long driven into the subgrade.
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Fig. 4 Truck as Used in Load-Deflection
Studies

Fig. 6 Mounting of Ames Dials for Deflection
Measurements in Load-Deflection
Studies
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The supporting pin near the intersection of the longitudinal center Jjoint
and transverse joint was driven through a 24-in. hole drilled in the slab.
Similar pins at the edge of the pavement were driven Just clear of the
slab. Each "T% bracket supvorted two Ames dials so thet at each setup
one dial was bearing on each of the four sladb corners of one traffic lame
at a transverse joint. See Figure 6.

One observer was assigned to each of the four dlals. Maximum
deflections were observed at each of the four dial positions at truck
speeds of 20, 10 and 5 mph. The 20 mph speed was the maximm at which
reliable readings could be obtaired by this method of observation.

At each setup, readings were firet taken under moving loads.
Later readings were taken under static loads at each of the four dial
positions with the rear wheels immediately bdack of the joint; with the
wheels centered over the joint; and, with the wheels imwedlately ahead
of the joint as indicated in Figure 7. Following the removal of the
load from wheel position C, a period of one minute was allowed prior to
observing residual deflection. All deflecticr tests were made with the
truck centered in the lane and moving in the direction of traffic for
the lane being tested. An example of the data obtained in the load de-
flection tests is shown on the data sheet of Fligure 3.

Mo eerics of static load deflection testc were made to de-
termine the effect of off-center loading. In Serles 1, the inside rear
wheel was kept two inches from the dials along the center line (dial
positions 3 and 4). In Series 2, the outside rear wheel was kept a
distance of three inches from the outside dlials (a1al positions 1 and 2).
Tesge static load deflection tests were taken in order to determine the
possible effect of off-center loadings in the moving-load~deflection
observations. The data obtained in the two series of tests are shown in
Table 1 below.

TABLE 1

Load deflection Residual Deflection

Inches 10-3 Inches 10-3
Series Wheel Dial Positiors Dial Positions
No. Position 1 2 3 1 2 3
2T 22 19 37
29 25 19 28

20 36 30 10 L 5 9 6
3w 25 13 34
I 31 23 25
23 4 29 11 5 6 11 8

RO el
QWb aw

A study of these data shows that for the most extreme posi-
tions of the wheels in & lane, the disls along the edge of the slad
varied only about .005 in., and the diale along the center Joint varied
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Traffic Studies

The latest comprehensive loadometer survey in Kansae was
made in 1936, while the most recent statewide traffic count was made in
1941. For the purpose of the pumping studies. the 1941 axle loads were
estimated by comparing the 1941 traffic count with the results of the
1936 loadometer survey. The per day volume of commercial traffic only
was considered for this study and this was divided into the following
four axle weight groups: under 10,000 1b., over 10,000 1b., over 14,000
1b., and over 18,000 1b. The load estimates for 1941 were made separ-
ately for each group and at each station whose count affected the pro-
ject under consideration. Single unit and combination vehicles were
considered separately. The calculated weight will not be an accurate
representation of the actual truck traffic because the 1936 weighted
sample was predominately of loaded vehicles and the 1941 traffic count
includes both loaded and empty trucks. The traffic data were recorded
on the data sheete, an example of which is ehown in Figure 3.

Additional traffic data of a detailed and comprehensive nature on
axle weights and number of and speed of units in each weight group for
each traffic lane were obtained for one location included in thie study.
These: data are descrided in more detail later in this report.

ANALYSIS OF DATA AND OBSERVATIONS

The reconnalseance survey was made during May and June, the
detail survey during June and July, and the load-deflection measurements
during July and August, 1945.

A gummary of the reconnaissance data shows that 68 projects
totaling 237.6 miles in length were included in the survey. Of this
total, 24 projects, 58.9 miles in length and equal to 24.& per cent of
the total mileage surveyed, showed no pumping. The 44 projects on which
punping was found had a total of 11.6 per cent of all Joints and cracks
pumping. If all joints and eracks found to be pumping during the sur-
vey occurred consecutively and were epaced at the average Joint and crack
interval of the pumping projects, a total of 20.7 miles of the 237.6
miles surveyed would be involved.

The data from the reconnaissance and detall surveys show the
status of pumping on each project for the traffic, the subgrade condi-
tions and the climatic conditions which prevalled prior to and during
the survey. It was found that pumping occurred on all except one of the
various slab designs used, but not on all subgrade soils. This one slad
design was used on only one project of recent construction and aleo in-
volved the use of joint draine at expansion Jolnts spaced at 353-ft. in-
tervals. There were differences of considerable magnitude in the amount
and degree of pumping on various pavement designs, subdbgrade soils and
subgrade conditions, and for different concentrations of various axle
weights. The relationships between pumping and the various factors of
pavement design, subgrade soll and traffic found from the data are given
in the paragraphe which follow:
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REELATION BETWEEN PAVEMENT DESIGNS AND PUMPING
Pavement Cross-Section - Thickness and Width

Nearly all projects surveyed were built with a 9" - 7" - g¥
cross-section, the transition from the 9" to 7* thickness beiﬁg obtalined
in 4 £t. A large proportion were of 20-ft. width. The number of pro-
jects having a 97-6"-9" and 6"-8"-6" cross-section was insufficient to
obtain a significant comparison of pumping on different croes-sections.
That is also true for pavements duilt with 18 and 22-ft. widths as com-
pared with pavements of 20-ft. width.

Lip Curd Design

Seven projecte having lip curd on hill sections and no 1lip
curb on the flatter grades were studied to determine the influence of
1ip curd on pumping. They were all located on fine grained residual
goils derived from limestones and shales and which are considered "po-
tentially pumping soils". The 1lip curd was 3 in. high at the pavement
edge and sloping inward for a distance of 12 in. The 7 projects total-
ed 21.885 miles in length. The relative amount of pumping on pavement
having lip curd as compared with pavement having no lip curd is shown
in Table 3. There is little difference in the total per cent of pump-
ing joints and cracks on the two designs. There ies a slightly higher
percentage of pumping jointe and cracke on the lip curd section, but
the degree of pumping is less severe than on the section without lip
curdb. This is indicated by the ratio of Class 2 to Class 1 pumpers.
The number of Class 1 and Class 2 pumpers was about equal on the lip
curdb section, while on the pavement without lip curd there were nearly
twice as many Class 2 pumpers as Class 1 pumpers. No edge pumping
occurred on lip curd sections, but it should be kept in mind that 1ip
curb sectione were all on hill sectione which afforded better surface
drainage than on the flatter grades where the sections without 1lip
curd were located. .

Faulting and deflections under load on sections with 1lip
curd and sections without lip curd are discussed later in the report.

Jointing Arrangement and Pumping

Sixty-five projects having & different jointing arrangements
and 3 projects built with only construction joints were covered in the
reconnaissance survey. Expansion joint spacings, with two exceptions,
were very nearly the same, ranging from 100'-U4" to 121'-0". However,
the spacing of contraction Joints resulted in original sladb lengths
ranging from 25'=3" to 100'-U",

0f three projects built prior to 1925 having Joints at con-
struction stops only, two projects showed pumping.
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0f two projects built in 1927 having expansion joints at 150’
and no intermediate contraction joints, both projects showed pumping.

One project built in 1940 having expansion jointe at 353'-9"
and intermediate contraction joints at 25'-3" showed no pumping.

One project built in 1928 having expansion joints at 100' and
contraction joints at 50' showed pumping. This project differed in iesign
from a group of several projects having 100'-4" and 100'-8" expansion
joints and intermediate contraction joints in that it did not have mesh
reinforeing.

A tabulated summary of the pumping on the above mentioned
projects and three other groups, all having about the same expansion
joint gpacing and each containing a number of projects (61 for the four
groups) ie given in Table 4. Because the nse of distributed mesh rein-
forcing appeared to influence pumping considerabdbly, the groups with and
without mesh will be considered separately in discussing the effect of
Jointing arrangement. An inspection of Table 4 will show that for the
two groups with mesh and for the two groups without mesh, expansion joint
spacings being held about the same in both instances, the pavement having
the shorter original slad lengths developed considerably less pumping.

It will be seen that this is true when the amount of pumping is expressed
as a percentage of joints pumping or as the numbder of pumping jointe per
unit length.

Oomparison of Pumping at Contraction Joints and
Expansion Joints

Pumping date for the 20 projects in the major design groups
having both expansion and contraction joints are shown in Table 5. Each
of the first two groups (built without mesh reinforcement) shows abdout
twice as much pumping at expansion joints as at contraction joints on
the basis of the percentage of total number of each type of joint. This
may be due to a greater difficulty of keeping expansion joints effectively
sealed. This relationship on the third group of projecte, which contain-
ed mesh, is reversed; the pumping at contraction joints being about twice
that at the expansion joints. Thie may be the result of the mesh hold-
ing cracke tightly together and cameing the 50-ft. slabs (the longest
original slab length of the three groups) to act as unite. The result-
ing large contraction joint ovenings make it more difficult to maintain
an effective seal and, in turn, allow the entrance of more water through
the joint into the subgrade. (See "Pumping on Pavements with Reinfore-
ing" in a later paragraph.)

Pumping on Different Expansion Joint Fillers

Only one type of expansion joint filler appears to have a
major effect on pumping, the air-core "copper seal® type. This type was
used on 9 projects, 7 of which were pumping. Pumping was from 3 to 5
times more severe on the 7 pumping projects having air-core joints at
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100'-4" and no intermediate contraction joints than on 12 pumping pro-
jects with limited extrusion rubber joints and similar jointing arrange-
ment (See Table 6). Difference between other fillers are leer wmarked
and because jointing arrangement appears to have a major influence, fur-
ther direct and pertinent comparison of types of filler cannot bde drawm
from the data.

Load Tranefer Devices and Pumping

Pumping occurred at joints having all types of load transfer devices
used at both expansion and contraction joints. Data from the reconnals-
gsance survey show (see Teble 7) that in only one instance did the type
of load transfer device have any influence on the amount of pumping or
the gseverity of pumping. The various types of load transfer devices used
are described on page 59.

The data in Table 7 indicate that the expansion joints having
types A and A-1 devices (Translode) and spaced at 100'-4* without inter-
mediate contraction jointe developed unugually heavy pumping. However,
that jointing group includes the use of the copper seal (air-core) fill-
er which has previously been shown to be an inferior joint filler and
seal.

Expansion joints with the A-2 type of load tranefer device
appear to have developed only a emall amount of pumping, but it should
be noted that 6 of the 7 projects on which they were used were built on
gselected soil subbases. The one project vhich did not have selected
soll subbase showed severe pumping (14% of expansion joints, also 50%
of contraction joints having type P-2 load transfer device pumped) .

Several of the older pavemente have no load transfer devices
but eoll was found to be tightly packed in joint space. Imspection dy
cutting out the tightly packed soil and by means of core holes drilled
directly through the joints gave evidence that the slabe were in res-
traint. It seems apparent that this restraint provided some load trans-
ference without the presence of load transfer devices.

A direct comparison can be made in the 100'-lU" expansion
Joint spacing group (with no intermediate contraction joints) between
the projects using dowels and those using type A-l load transfer devicee.
Both groups used limited extrusion rubber fillers. Reference to Table 8,
page 41, will show that the total percentage of pumping expansion joints
having A-1 load transfer devices was about twice as great as for expan-
sion jointe having dowels (D-1 load transfer device).

Pumping on Pavements with Reinforcing

The use of distridbuted mesh reinforcement was found to con-
fine pumping to slabd ends at Jjoints only (no pumping of intermediate
cracks) but it 4id not reduce the total number of joints or cracks pump-
ing per unit length (see Table 9). It will be seen from the table that
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while the number of pumping joints or cracks per mile was the same on
mesh and non-mesh projects, the percentage of pumping was higher on the
mesh projects. This difference becomes even higher if the percentages
are expressed on the basis of joints alone. Thie higher percentage
appears to be due to greater opening at the joints on the longer origin-
al slabs with mesh reinforcing which held all intermediate cracks tightly
closed. This is discussed further in the following paragraph "Joint
Opening and Pumping®.

Size of Joint Opening and Pumping

It has been shown in Table 4 that more pronounced pumping
occurs as the constructed eladb length ie increased. It may be seen from
Table 10 that greater original slab lengths and the use of mesh rein-
forcing increased joint openings. It may also be seen that the amount
and severity of pumping increased as the size of Joint openings increased.
Thie appears to confirm reasons for pumping increasing; (a) with in-
cressed original slab lengths (Table 4) and (b) on long slabe with mesh
reinforcing (Tabdle 9).

Relation Between Age of Pavement and Pumping

Each of the four major pavement deeign groups represented a
certain age. Because of the many variables of design that existed bYe-
tween the different groups, the effecte, if there were any, of pavement
age on pumping could not be determined with the exception that an in-
crease in Class 3 pumping was noted as the pavement age increased (see
Table 4). This may be the result of pumping being present or many of
the older pavements over a longer period of time, for it 18 known that
the severity of pumping increases as pumping continues.

Relation Between Joint Seal and Pumping

As was mentioned earlier in the report, seals were classified
as "Good" if they appeared to be effective in preventing water from enter-
ing the subgrade, as "Fair® if their effectiveness appeared doubtful, and
a8 "Poor” or "Missing" if they appeared to be ineffective or were gone
completely. Table 10-A shows the resulte of the study of joint seal con-
dition made during the reconnaissance survey.
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Table 10-A

SEAL CONDITION AND PUMPING

Seal Condition

Expansion Joints Contraction Joints
Poor or Poor or
Type Good TFair No Seal Good Fair No Seal
No. of
Pumping
Projecte 1 7 23 2 2 16
No. of
Non-Pumping (1) (2)
Projects 8 6 14 1 L 9

(1) At least 7 of these are-non-pumiiig soils
(2) At least 3 of these are non-pumping soils

Reference to Table 10-A shows that the number of pumping pro-
Jects having poor seals or no seals at expansion joints is almost three
times as great as the number having good or fair seals. This ratio in-
cressed to four to one at contraction joints. In contrast to this, for
non-pumping projects, the number having no seals or poor seals at expan-
sion Joints is shown to be about the seme as the number having good or
fair eeals, while the ratio is about two to one at contraction Joints.
Taking into consideration aleo the fact that many of the non-pumping pro-
Jecte having poor seals or no seals have subgrades not conducive to pump-
ing, it becomes even more apparent that sealing of jointe is an important
factor in controlling pumping.

Relation Between Pavement Tightnese and Pumping

Fo statistical data were gathered on pavement tightness, dut
general observations were made when drilling cores at Joints. It was
found that several of the older pavements had soil packed tightly enough
in the jointe to place the slabs in restraint. These pavemente had good
records in regard to pumping and it appears evident that the pavement
restraint and load transference gained through the action of the tightly
packed so0il, together with the sealing quality of the packed soil iteelf,
were factors in preventing or reducing pumping on these pavements.

Joint Drains and Their Effectiveness

Drains have been used under expansion jointe in Kansas at
various times, the earliest installations being made in 1934. Three
types have been used. They are (1) Precast concrete drains im which
the upper portion is cast of porous concrete; (2) Pipe drains consisting
of a four or six inch clay tile or perforated corrugated metal pipe
covered with either crushed stone or gravel, a layer of sand being in
immediate contact with the slab; and (3) French drains consisting of a



Wy,

trench back-filled with crushed stone or gravel. Nearly all installa-
tions were placed only under expansion joints. All drains extended
through the shoulder and, with few exceptions, under the joint for the
full width of the slab.

All three types were encountered in this survey. Four projects
were surveyed which had installations of joint drains. They were as
follows:

Project County Type of Installation
50-S-32-NRH 30 ASK Iyon Porous concrete
50-S-31-NRH 357 F Chase Porous concrete
40-8U~FAP 301 P (1) Russell Corrugated metal pipe

with crushed stone
backfill
50-S-27-NRH 216 A Marion French drains through

shoulders only

No pumping was found on Project 301 F (1) in Russell County.
The drains on that project were functioning well in that the outlets
were relatively clean and there had been no intrusion of subgrade mater-
jal. Thie project was built with the 353'-9" expansion joint spacinge
and the expansion joints had closed from an original opening of 1-3/u4"
to O.4" at the time of the survey. Contraction joints were tight. No
faulting occurred at the expansion but at a major portion of these joints
the abutting slab ends were depressed and cracks had developed in many
instances. These probably were caused by consolidation of the trench
backfill.

There vas evidence that a small amount of pumping (0.2%) hed
occurred in Project 216 A east of Florence in Marion County. This pro-
ject has a selected soil subbase throughout all but a small part of its
length.

Some severe pumping was found at expansion joints on Projecte
30 A & K and 357 F in Iyon and Chase Counties on the heavy alluvial gsoil
in the Cottonwood River flood plain. Two cores were drilled through ex-
pansion joints where pumping was encountered. In the construction of the
joint drains, a depth of approximately 5 in. of concrete sazd was placed
over the porous concrete drain. The top 2 to 2-1/2 in. of this sand wase
found to be saturated with asphaltic materials. It was evident that hot
asphaltic materials used in pouring the joints had penetrated the sand,
making an impervious mat directly under the' joint and making the drain
totally ineffective. Outlets on most of the drains were clean and open.
Teste made after the sand-asphalt material was removed showed the two
drains so tested functioned perfectly. The soile on these two projects
are high volume change clays which shrink away from the pavement edges
during dry seasons permitting water to reach the gubgrade. A major por-
tion of the pumping at expansion jointe was at pavement edges.

In summary, the value of the joint dralns cannot be determined
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from these data: On Project 301 F (1) the jointing arrangement (long
intervals between expansion joints, 353'-9", and the 25'-3" contraction
‘Joint spacing) may be the major factor as indicated by other studies;

the selected soil subbase on Project 216 A is essentially e non-pumping
80il; and the Jjoint drains on 30 A & K and 357 F had been made totally
ineffective. Experience on 301 F (1), depression of abutting slabs at
drains under expansion joints. indicates the necessity of close attention
to consolidation of the granular material used in drain trenches.

The Subgrade and Its Relation to Pumping

Reconnalssance and detail surveys were made in eight major physio-
graphic regions in Kaneas. Two projects investigated on U. S. Route 36
in Doniphan County have subgrades composed of well drained friable silty
soils of the Missouri loess region. No pumping was found on these loess
soils. Projects on U. S. Routes 24 and 73 in Leavenworth and Wyandotte
Counties on glacial till and residual soils covered with selected loam
and clay loam soils derived from sandstones showed light pumping. No
pumping occurred on selected sandy loam soils derived from identical
sources.

Moderate to extremely heavy pumping was encountered on U. S,
Routes 50 and 50-S from Olathe southwest to Elmdale and on U. 8., Route
69 from Louisburg south through Bourbon County acroes the Osage Prairie
region and on U, S, 69 in the Cherokee Lowlands. The soils in these
regions are derived from limestones and silt and clay shales, except
for a minor group derived from a comparatively narrow belt of medium
grained eandstones. Pumping on U, S, Route 50-S across the Flint Hills
Upland and in the Cottonwood River flood plain was heavy.

Moderate to 1light pumping occurred between Salina and Wichita
in the Smoky Hills Upland, on materials derived from Rocky Mountain out-
wash and on alluvial and terrace deposite in the Great Bend Prairie.
U. S. Route 81 across this area carries heavy industrial trucking eman-
ating from refineries, oil fields and manufacturing sources in the Salina,
McPherson and Wichita areas.

Little or no pumping occurred on the more sandy soils of the Red
Hills Upland or on the outwash materials west of Wichita and Kingman.
Observations made during the reconnaiseance survey showed that well
drained soil profiles consisting of solls having a large silt fraction
and soile having large sand fractions were the best performers and were
not found to be associated with pumping.

PRA Soil Groups and Pumping

Pumping was found to occur and not occur on plastic soils of the
A-4  A-6 and A-7 PRA soil groups. In no instance wes pumping found on
soils of the A-1l, A-2 and A-3 groupe nor on the more sandy soils of the
A-l group having low plesticity indices.

*
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Soil Texture and Its Relestion to Pumping

The most significant eingle relationship between any feature or
combination of features of pavement design, subgrade solil type, traffic
or other factors which may affect pumping lies in the texture of the
subgrade soil immediately below the pavement. Pumping was found to occur
and not to occur on solls having less than 50 per cent of material re- °
tained on the No. 270 sieve. However, in no instance was pumping found
to occur on soils having more than 50 per cent of material retained on
the No., 270 sieve in the soils encountered in this survey. The rela-
tionship between soil texture and pumping is 1llustrated in the tri-
angular chert in Figure 8. Solls on which no pumping was found include
the sand, loamy sand and sandy loam textural groups.

Figure 9 shows the relation between the relative frequency of
occurrence of pumping and the per cent of clay (smaller than 0.005 mm.
dismeter); the per cent sand and gravel (retained on the No. 270 sieve);
and the portione of the total soil retained on the No. 200 sieve. These
data show the 1limiting values of clay, sand and gravel and the No. 200
gieve fractions in all so0il eamples taken from the detall study sections.
The fractions shown for sand and gravel, retained on the No. 270 sieve
end for material retained on the No. 200 sieve are per cents of the total
samples and include all plus No. 10 sieve material. The clay fraction
represents the per cent clay in the total sample. A study of Figure 9
ghows that pumping was not found in Kansas on soils having one or more
of the following textural characteristics:

1. Less than 15 per cent cleay.

_2. More than 50 per cent sand and gravel
(material retained on the No. 270 sieve
or having grain diametere larger than
0.05 millimeters).

3. More than U0 per cent retained on the
No. 200 sieve.

Soil Water Content and Density
and Their Relation to Pumping

Inasmuch as pumping was not encountered on soils having 50 per
cent or more sand and gravel, and pumping was found to occur and not
to occur on soils having less than 50 per cent sand and gravel, all
soils were placed into three groups to ald in further analysis. The
three groups are as follows:

1. Soils found under pumping slabs (all had less than
50 per cent send and gravel).

2. Soils having less than 50 per cent sand and gravel,
from under non-pumping slabs.
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Percent of Total Soil

Clay

Sand
Gravel

Fetained
200 Sieve

RELATION BETWEEN
FREQUENCY oF

OccurRRENCE oF PuMPING

AND Per CENT oF

IVarious Soir FRACTIONS

IN THE TOTAL SoiL

— Legend —

Soils indicated to left of
line were found vunder
slabs which were not

pumping.

Blocks to right of line
indicate soils found
under pumping slabs.

Fi?ure 9
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3. Soils with 50 per cent or more sand and gravel.

Vater content determinations made at each sampling of soil show-
ed that where pumping occurred the soil water contents were below the
plastic limits at only four locations. One of the four soils wae a lean
clay of the A-L-7 group having combined sand and silt fractionse of 67
per cent. The other three soils were loams of the A-l4 group having be-
tween 15 and 20 per cent clay. All were light pumpers. The remaining
35 samples from under pumping pavements had water contents in excess
of the plastic 1imit. They had an average water content of 25 per cemt
compared to an average value of the plastic limit fo 20 for the corres-
ponding soil samples.

The average soil water content, plastic limit and their ratio
are shown in Table 11, for the three groups of soils. It will be seen
that the values shown are higheet for pumping soils, intermediate for
potentially pumping soils and lowest for non-pumping soils. This data
indicates some relationship between these values and pumping. The data,
however, are not sufficient to permit their use in predicting or design-

ing against pumping.
Table 11

Ratio Between Average Field Water Content and
Plastic Limit and Its Relation to Pumping

Ratio of
Average Soil Average Plas- VWater Con-
Water Content tic Limit tent to Plas-

Description of Soil Group _for Group for Group tic Limit
Soils found under pumping

slabs. All contained less o4.8 19.4 1.2833
than 50 per cent sand and

gravel.

Soils having less than 50

per cent sand and gravel 22.8 19.2 1.198
and found under non-pump-

ing slabs.

Soils containing more than
50 per cent sand and gravel, 13.6 1h.1 0.979
none of which pumped.

No effort was made during the detall survey to study the mols-
ture gradient in the soil under the sled to determine whether the con-
contration of soil water was greatest in the soil immediately below the
sleb or at some depth below the pavement. All determinations of water
content were made for the full depth of the semple taken for determina-
tion of field density and physical characteristice. The samples were
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taken to represent the subgrade from O to 8" below the pavement except’
where subbases were ueed, in which instances separate samples were taken
of the subbasé and the natural subgrade soil.

Pumping occurred on soils having relatively low compacted den-
sities, low stendard densities and low relative compaction. Soils having
(in the average) high densities showed lese or no pumping.

The average field density, average standard density and the rel-
ative compaction for the three soil groups are given in Table 12. These
data indicate some relation between compacted density and pumping. The
data obtained, however, are not significant enough to make any predic-
tione as to minimum densities and corresponding water contents for vari-
ous s8oil types that would prevent pumping.

Table 12
Average Field Average St'd.
Density for Deneity for Relative
Description of Soil Group Group Compaction
Group (p.c.f.) (p.c.f.) (% of St'a.)
Soils found under
pumping slabs (all
bad less than 50%
sand and gravel) 9.9 04,3 94.8
Soils having less
than 50% sand and
gravel from under
non-pumping slabs 99.8 106.8 93.5
Soils having 50% or
more sand and gravel 115.5 117.6 98.3
Subbases and Their Effectiveness in Preventing Fumping

Subbases were first constructed in Kansas in 1933. They were
then built to control differential volume change of highly expansive
clay soils to maintain smooth riding surfaces. The more recently con-
et ructed subbases were built to serve the combined purposes of control-
1ing soil shrinkage and swell, providing increased subgrade support
and preventing the occurrence of pumping.

The reconnaissance survey indicated that only 14 per cent of all
joints and cracks in pavements constructed on subbases were pumping.
This investigation included approximately 38 miles of pavement placed
on subbase. It should be noted here that this survey did not include
all pavements on subbase now in service in Kansase.

The pumping which did occur was largely of a light nature,



there being only a small amount of moderate pumping and no severe pump-
ing. Even where light to moderate pumping did occur, the subbases can
be said to have reduced pumping because they were used on heavy clay sub-
grades which are known to be associated with severe pumping.

Pumping of pavements duilt on subbase occurred only on such sub-
basees having lees than 50 per cent of sand and gravel in the total mater-
i1al. This is shown in textural classification chart of Figure 10. Fige
ure 10A shows typical grain size distribdutions of soils used successfully
in subdases. Sample No. 19 is from a subbase of crushed stone screenings.

Subbases ranged from 4 in. to 18 in. in design thickness. Widths
were from 22 ft. (for 20-ft. pavement) to full roadway width. The major
portion was duilt two feet wider than the pavement.

¥o relation was found between thickness of subbase and pumping.
At one location (Sample 21, FA Project 352 F Franklin County, U.S. Route
50-S) where the subbase consisted of moderately open textured limestone
screenings 24 in. in thickness (plan thickmess U4 in.), the underlying
clay soil subgrade had become muddy at the interface with the subbase
and mud had intruded into the screenings. No pumping was found at the
time of sampling and there was no evidence that pumping had occurred.
However, the fact that intrusion had taken place indicates that pump-
ing may teke place under continued wet weather and heavy traffic.

Neither was pumping found on subbase thicknesses ranging from
4 4n. up to 18 in. vhere the subbase material had 50 per cent or more
material coarser than the No. 270 sieve (0.05 mm. diameter). Pumping
occurred irrespective of thiclmess on subbases having less than 50 per
cent of material coarser than the No. 270 sieve.

Faulting, Pumping and Load Transference

Table 13 shows the percentage of faulted expansion and contrac-
tion joints for the various types of load transfer devices of the four
major pavement design groups as determined from the reconnalssance sur-
vey.

An inspection of the data will show that no general comparison
can be made between the amounts of faulting on pumping and on non-pump-
ing pavements. The data do show, however, considerably less faulting
occurred at expansion joints of pavements with load transfer devices
than at expansion joints without these devices. Also, that the D
{dowsel) has, on the average, a better record than the other load trans-
fer devices in reducing the amount of faulting. One project with A-2
load tranefer devices showing a large amount of faulting was too short
(0.1 mile) for comparative purposes.

The amount of faulting at contraction joints is seen to be far
greater on the projects constructed during and after 1940. Very little
faulting developed on pavements constructed during the years from 1928

51.
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TABLE 13
Amount of Faulting
(From Reconnaissance Survey)

Number of Percentage of Faults
Projects Jointing _Exp, Joints Cont. Joints
* Pump- Non- Age Group Arrangement Load Transfer Pumping Non-P. Pumping Non-P,
ing  Pump, (¥r, Built) Exp, Cont, Exp, Cont, _ Projects Projects Projects Projects
7 1l 1935-1939. 100! -4" None A - 15.7 3.1 - -
3 2 Al - 5¢2 8.4 - -
_9 l Dl - 6 [ 8 0 - -
19 4 A,A1,DL - 9.9 49 - -
4 3 1928-1933 16! 29! None None 17.5 25.5 1.1 1.9
g8 8 1932-1934  121'  40'-4" None g,,;‘cg‘,’f}j 2l 20.1 1.0 1.0
100'-8" 50'-4¢ P-2 (2)%
5 1 A-2 P-2 3.0 25.0 9.1 16.7
1 D1 0 - 2.1
8 2 Al,A-g, Dl P1,P-2.D1 1.9 0,9 19,0 19,2
#*

Numbers in parentheses refer to number of projects investigated.

TABLE 14
Depth of Faulting
(From Detsil Survey)

Average Fault { in,)

Jointing Exp, Joints Cont, Joints
Age Group Arrancement Load Transfer Pumping Non-P, Pumping iion-P.
(¥r, Built) Exp, Cont, _Exp, Cont. Projects Projects Pro;ect,g _E;o;ects
1935-1939 100'-4" None A,A1 = o2l .18
. D1 - 09 J1 - -
Group A,A1,D) 22 17 - -
1928-1933 116* 29! None None - «23 - .09
1932-1934 121 40'~4®  None Suren .25 22 .18 .08

lOOIBIl Ol_ f
1940-1942 1001, go' _f,g,, Al,8-2  P1,P-2,D1 .06 .10 .13 .10




to 1934 with dummy groove and weakened plane contraction joints either
with or without load transfer devices. The greater amount of faulting
onq}h& never pavements appears to be due to certaln design features
common to them alone. The newer pavements had full depth metal plates
separating adjecent slabs and complete dependency was placed on devices
for load transfer and the prevention of faulting. It is apparent that
the esdded load tranaference through aggregate interlock at the dummy
groove type jJoints was of value in preventing faulting.

Table 1l shows a summary of faulting measurements made on the
detall study sections. Reference to the table shows that for the four
major design groups the average depth of faults is slightly greater at
pumping joints than at non-pumping jJoints and is, in general, somewhat
greater at expansion joints than at contraction joints. A further study
of the table shows that the depth of faulting, as well as the amount,
is generally less for expansion joints having load transfer devices.
The exception to this is the group having the A and A-1l devices and
which undoubtedly shows the influence of the A (air core) filler, a
definitely inferior filler as has been discussed previously. No great
difference is seen in the depth of faulting at contraction joints.

For the locations at which soil samples were taken the aversge
depth of fault was found to be slightlygreater at Joints at which pump~
ing was taking place, as compared to joints on potentially pumping soils
but at which no pumping was taking place and as compared to joints on
non-pumping eoils. The emallest average depth of fault was found at
Joints under which there were non-pumping soils.

Study of Pavement Deflections and Pumping

Date obdtained in pavement deflection studies showed that under
both moving and static loads, vertical movements of the slad ends at
both expansion and contraction joints were greater at pumping joints
than at non-pumping joints. Slightly greater total deflections were
observed under static loads than under loads moving at speeds up to 20
m.p.h. The difference is not great enough, however, to permit the de-
velopment of trends in the relationships between deflection and pump-
ing, deflection and subgrade soil type; or in the tendency toward dif-
ferential deflections with the various load transfer devices, as affect-
ed by static and moving loads. For this reason, the deflection values
for static loadings have been used in analyzing the data.

The same grouping of soils -- soile on which pumping was found;
soils having less than 50 per cent of sand and gravel but taken from
under non-pumping slabs; and soils having more than 50 per cent of sand
and gravel on which no pumping was found during the survey -- are used
in analyzing the deflection data.

There are summarized in Table 15 the range and average maximum
measured deflections at each of the four slad corners for the jolnts
at which deflections were measured. Maximum deflections occurred under

55.



TABLE 15

SUMMARY OF MAXIMUM DEFLECTIONS

(in thousandths of an inch)

099

mp—

ion Joints Contraction Jli_‘i&s
Dial Statle Pumping Potential Non-Pumping Pumping Potential Non-Pumping
position neel Joints Pumping Soils and Toints Pumping Soils and
Position Soil Joints _ Soil Joints
Ave.  Range 7o,  TRange Ave. Range Ave.  Range Ave. Range __Ave. Range
1l A 30 (14) 9-66 14 (18) 5-28 8 (3) 3-16 21 (15) 7-54 11 (10) 4-21 9 (10) 2-17
2 c 38 (14) 11-78 15 (18)  6-30 8 (3) 3-16 27 (15) 9-72 12 (10)  3-26 10 (10) 2-18
4 A 20 (13) 5-36 7 (18) 4-13 3 (3) 1-8 15 (15) 4-33 6 (10) 2-13 5 (10) 1-15
3 c 24 (13)  7-45 10 (18) 4=24 4 (3) 1-9 18 (15) 4-50 6 (10) 2-13 5 (10) 1-15
Numbers in parentheses refer to number of joints involved.
TABLE 16
SUMMARY OF MAXIMUM EDGE DEFLECTIONS ON
LIP CURB AND PLAIN SECTIONS
(1in thousandths of an inch)
Expansion Joints Contraction Joints
Dial Wheel Pumping Potential Non-Pumping Pumping Potential Non-Pumping
Position Position Joints Pumping Soils and Joints Pumping Soils and
_ Soils _ Joints _ Soils Joints
Ave. Range Ave. Range Ave. Range  Ave. Range Ave., Range Ave. Range
Lip Curb 1 A 15 (5) 9-21 17 (9) g-28 4 (2) 3-4 16 (3) 10-26 9 (6) 4-18 12 (1) 12
Plain 1 A 37 (9) 20-66 13 (11) 5-26 16 (1) 16 22 (12) 7-54 14 (4) 822 9 (9) 2-17
Lip Curd 2 c 17 15) 1L-21 19 (9) 9-39 4 (2) 3-4 18 (3) 13-27 10 (6) 3-26 13 (1) 13
Plain 2 c 49 (9) 26-78 15 (11) 6-26 16(1) 16 29 (12) 9-72 15 (4) 8-22 9 (9) 2-18

Numbers in parentheses refer to number of joints involved.




the loaded sladb in every inetance, i.e., meximum deflections were ob-
served on dials 1 and 4 when the wheels were in position A, and on dials
2 and 3 when the wheels were in position C. See Figure 7 for positions
of dials and wheels during the load deflection studies. Reference to
the table will show that the average maximum deflection at each dial is
at least twice as great for pumping slabs as it is for non-pumping slabs.
It will also be seen that the far side of the slab in the direction of
traffic deflects as much as or more than the near side (comparing de-
flections at dial positions 1 and 2; 4 and 3), and that the edge de-
flections are greater than the center deflections (comparing deflections
at dial positione 1 and U; 2 and 3).

Pavement Deflections and Lip Curd

Lip curd was found to reduce edge deflections considerably in
most instances. This is shown by the general comparisons in Tabdle 16.

In Figure 11 are shown graphically the average maximum deflec-
tions st exterior corners for pavements with and without 1lip curb built
on the three major soil groups and with various load tranefer devices.
Reference to Figure 11 shows that the vertical movements of slab ends
at the exterior corners of expansion joints for pavements built on pump-
ing soils are much greater on cross-sections without lip curd than they
are on cross-sections having lip curd. This is true regardless of the
type of load transfer device used.

Further reference to Figure 11 shows that the effect of lip curd
on edge deflectlions is also apparent but not as pronounced at contrac-
tion joints of pavements placed on pumping soile. However, it should
be noted that these pavements were placed on selected subbase soils con-
taining less than 50 per cent sand and gravel and were for the most
part associated with only very light pumping.

Because of the influence of lip curd on edge deflections at
pumping Jjoints, further studies to correlate observed deflections on
all pavements with pumping and with the effectivenees of load transfer
devices in preventing differential movement at joints will be econfined
to deflections at interior cormers. This procedure materially increases
the number of projects and mileage of pavement that can be considered
in the study.

Deflection measurements were made at expansion joints employing
two of the three types of load transfer devices used and also at expan-
sion jointe where no load transfer devices were used. Two types were
used at contraction joints, with a variation in spacing of the unite
of one type.

The following brief descriptions of the various types of load
transfer devices will aid in interpreting the data obtained in the de-
flection measurements:
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Types A and A-l which are similar and which are commonly
known as the "Translode" type, consist of pieces of struc-
tural angles, each plece aprroximately 1 ft. long. The
vertical leg of the angle is cut and sections bent out

to provide embedment in the concrete. The horizontal leg
extends under and beyond the joint filler and serves as

a supvort for the slab end opposite to the side to which
the vertical angle is anchored. Contiguous units facing
in opposite directions are assembled in a metal base of

a length equal to the width of the slab. Types A and A-1
were used at expansion jJoints only. .

Type A-2 load transfer device for expansion joints con-
siste of a number of structural angles with 23 in. legs
and 2% in. long. A bent bar is welded to the top of the
vertical leg for embedment in the concrete. The hori-
gontal leg extends under and beyond the filler to give
supvort for the slab end opvosite the slab which provides
embedment. They are placed in pairs, facing opposlite
directions, approximately 20 in. apart. A metal base
sleeve serves to hold the units in alignment during place-
ment. Type P-2 represents the same units when used at
contraction joints. A 20 gaunge full depth vertical

plate separates the concrete when used at contraction
Joints.

Type P-1 device commonly known as the "Crosslode" type

was used at contraction joints only. It consists of

two strips of 12 gauge metal laild flatwise to form the
"Crossload " members and each welded to 19 gauge strips

of metal placed vertically to provide full depth sepa-

ration of the concrete. The combihed unit is provided

with a shoe which holds the assembly in place on the subgrade.

Type D-1 consists of 7/8" x 24" smooth round dowels
placed at 12" centers at expansion joints and of 3/L"
by 12" smooth round dowele placed at 14 inch centers

at contraction joints. 8-3/4" x 2'-6" round emooth
dowels were used at contraction joints in one design
having expansion joints epaced at 121 ft. and contrac-
tion joints spaced at 40'-UP intervals. No load trans-
fer devices were used at the expansion joints in this
design.

Deflections, Load Transfer and Pumping

The average difference in center deflections which indicates
the differential movements of slab ends for pavements placed on dif-
ferent classes of subgrade soil and using different types of load trans-
fer devices are shown in Figure 12. It will be noted that in most in-
stances slabs on pumping soile showed the greatest differentiaml
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movements. It will also be seen th:t at pumping expansion Joints dif-
ferential movements were greatest where A and A~l load transfer devices
were used and least where the D-1 (dowel) was used. Differential de-
flections are also shown to be low at pumping contraction joints employ-
ing dowels, but these joints, together with a group of five projects
with P-2 devices showing about the same differential deflection, were
placed on subbases and were aseoclated only with very light pumping.
Non-pumping projecte built on soils having less than 50 per cent sand
and gravel but considered to be potentially pumping soils, showed rel-
atively small differential movements at slad ends for all types of load
transfer devices. Pavements on non-pumping soils had low deflections
and showed practically no differential movements.

Figure 13 shows both the differential movements and the total
deflections at interior corners for the various types of load transfer
devices and the three groups of subgrade soils. Perfect load transfer
expressed in terms of absence of any differential movement occurred
largely under non-pumping conditions. However four pumping joints
showed no differential movement and small total deflection. All of these
four were on subbases and assocliated with only light pumping.

Traffic as Related to Pumping

Studies of pumping made to date indicate that traffic, as well
as the type of soil and presence of free water on the subgrade, is de-
finitely related to pumping. Theee studies show that pumping occurs
on pavements having relatively heavy truck traffic, but to date insuf-
ficient detailed data have been avallable for all varisbles concerned
to definitely establish the volume and weight of critical axle losads.

As previously stated, the latest comprehensive loadometer sur-
vey in Kansas was made in 1936 and the most recent state-wide traffic
count was made in 1941. For the pumping studies, 1941 axle loads were
estimated on the basis of the 1936 loadometer survey. These data were
considered sufficiently accurate to use as a control in comparing other
varisbles in the pumping studies but, since complete traffic data were
not available at the date of the survey or at any previous date for
which there were accurate dats on pumping, a definite relationship be-
tween pumping and traffic cannot be established for the state as a whole.

The date in Table 17 show the general relation that exlieted be-
tween the estimated commercial traffic on the projects surveyed for
which traffic data are availeble.
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Table 17
" PRAFFIC AND PUMPING

“Yo. Average No. of Commercial Axles Per Day
of Under Over Over Over
Proj. 10,000 1b. 10,000 1b. 14,000 1b. 18,000 1b.
Pumping
Projects (42) 860 298 82 10
Non-Pump-
ing Proj. (23) g1k 209 ug 6

Reference to Table 17 shows that the average total commercial
traffic on projects on which pumping has developed is of no signifi-
cant difference from the average total commercial traffic on projects
on which pumping was not found. There is a marked difference in the
average number of commerclal axles over 14,000 1b., being 71 per ceat
greater on the pumping projects than on the non-pumping projects.
Similarly, the commercial axle loade per day over 18,000 1lb. were
67 per cent greater on the pumping projects. The number of axle
loads over 10,000 1b. was only U3 per cent greater on the pumping
projects than on the non-pumping projects and the total traffic was
only 13 per cent greater. These data would seem to indicate that a
relatively small amount of the heavier axle loads may have been the
cause for pumping on some projecte. Aleo, there is some indication
that the critical axle loads may be on the order of 1l,000 1b.

A more recent loadometer study, made on U.S. BRoute 81 south
of Salina, when compared with the pumping found on three projects
vhose traffic 1s indicated by this loadometer study, gives somewhat
more direct information on the influence of axle loads on pumping.
It is possidble from this traffic study to separate commercial axle
loade of several weight groups traveling in each direction. These
data are shown in Table 18,

Table 18
COMMERCIAL AXLE IOADS PER DAY

Number of Commercial Axles Per Day

Direction Under Over Over Over
of Traffic 10,000 1b. 10,000 1b. Alu.OOO 1b. 18,000 1b.
Northbound 349 275 155 10
Southbound 506 38 17 3

Loadometer study made in 1943.
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The data collected on the reconnalssance pumping survey
showed that 4.3 per cent of the joints and cracks on these three
projects were pumping; also that practically all of the pumping was
in the northbound lanes. The detailed survey of selected sections on
these projects confirms the above data. Faulting was also found to be
twice as pronounced in the more heavily treveled northbound lane.
Reference to Table 18 will show there is not a great deal of differ-
ence in the total number of all commercial axles on the northbound
or southbound lanes, but that there i1s an outstanding difference in
the number of axle loads of over 10,000, 1k 000 and 18,000 1b. These
respectively are about 7, 9 and 3 times greater on the northbound
than on the southbound lanes. These data are considered to be sig-
nificant in showing the relationship between traffic loade and pump-
ing as the subgrade soil and subgrade ccnditions in each of the lanes
could vary bdbut little.

Climate_as Related to Pumping. According to the Atlas of Am-
erican Agriculture and rainfall records kept over a 20-year period from
between 1895 and 1914, the average precipitation in Kansas ranges from
20 in. per year in extreme western Kansas to about 30 in. in the vi-
cinity of Wichita and tol0 in. per year in the southeast corner of the
state. Between 60 and 80 per cent of this rainfall occurs during the
months from April to September, inclusive.

Very little pumping was found or is known to exist to the west

of Wichita or that part of the state to the west of U.S. 81 running |
north and south through about the east central part of the state.
This would indicate that difference in the annual precipitation may
have some influence on the pumping of projects included in the sur-
vey but is not considered to be a major variable (such as soil and
traffic) at the time the survey was made. It should be remembered
that traffic and soils play an importent part in accounting for a
lack of pumping in the western part of the state. Pumping has been
reported to be more severe during the late spring and early summer
monthe at which time the rainfall is usually heaviest.

SUMMARY AND CONCLUSIONS

The following paragraphs give the conclusions reached during
the study of the survey data, together with the principal facts lead-
ing to the findings.

Subgrades. No pumping took place on soils containing more
than 50 per cent sand and gravel (material retained on the No. 270
sieve) regardless of any of the other variables.

Pumping was and wae not found on soils of the A-l, A-6 and
A-T PRA groups. Nopumpingwas found associated with A-1, A-2 and A-3
soils, and with soils of the A-lU group having low plasticity indices.

Pumping may best be prevented through a control of the soil
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supporting the pavement slab. The texture (grain size) of a soil is
the best measurement of its ability to resist pumping.

Subbases. Subbases varied in width from shoulder-to-shoulder
construction to one foot wider on each side of the slab. They ranged
from 4 in. to 18 in. in depth.

Regardless of width or depth, sudbbases having more than 50 per
cent sand and gravel were effective in preventing pumping.

Slab Lengths, With about the same expansion joint epacing
(100 ft., ¥ in. to 121 ft.), pavements with shorter slab lengths

pumped less than those with longer slabs. Pavements with original
slab lengthe of 29 ft. pumped less than those of 40 ft. M in,, while
pavements with original slabs 50 ft. 2 in. and 50 ft. 4 in. pumped
less than slabs 100 ft. 4 in. long.

Construction of relatively short slabs through the use of ine
termediate contraction joints between expansion joints at relatively
long intervals is of aid in the reduction of pumping.

Greater joint opening caused by longer constructed slad lengths
or by distributed reinforcing which held intermediate cracks tightly
together, thus causing lomger slabs to act as units, resulted in ine
creased pumping at these joints.

Distributed reinforcing which held intermediate cracks tightly
together prevented pumping at such cracks.

ansion Joints. The performance of older pavements having
expaneion joints packed tightly enough with soil to cause slab restraint
indicates the desirability of reducing expaneion provisions or spacing
expaneion jointe at long intervals.

Of the various load transfer devices used, none were found
which prevent pumping. Dowels show a better service record than other

types.

Faulting of joints on the average was greater at pumping joints
than at non-pumping joints. Some load transfer devices reduced its a-
mount and severity.

No expansion joint filler was found to play a major role in
reducing or preventing pumping. The air core type was shown to be
definitely inferior to the other types. .

Poorly sealed joints in pavements placed on pumping soils
pumped more than did well sealed joints.
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The value of joint drains in reducing or preventing pumping
cannot be determined definitely from their service record because of
the major influence of other variables included in the pavements sure
veyed.

In summary, joint spacing, types, fillers and load transfer
devices influence pumping but may not in themselves prevent pumping
when the pavement is placed on potentially pumping soils. Good joint
geals prevent or reduce pumping. Some loaa tranefer devices reduced
the amount and severity of pumping.

Contraction Joints. No type of contraction joint was found to
appreciably influence pumping. Faulting was greater at contraction
joints with full depth metal plate joints than at dummy groove Jointe.
It is apparent that the added load transference through aggregate
interlock at the dummy joint was of value in minimizing faulting.

Pavement Cross-Section. The variation in thickness and width
of the pavements surveyed was not sufficient to obtain significant
comparisons of pumping.

No significant difference was found in the amount of pumping
on comparable pavements built with or without lip curbd, the amount
Yeing somewhat greater but of less severity on pavement with 1lip curbd.
Edge pumping did not occur and edge deflections were less on pavements
with 1ip curd but such sections of pavement were all on grades which
afforded better surface drainage than parte of the same projects withe
out lip curd.

Load Deflection Studies. Measurement of sladb end deflections
at joints, under moving and static loadings, showed greater vertical
movement on pumping pavements than on non-pumping pavements, and that
all factors permitting increased vertical movements of slab ende cone
tridbute to an increase in pumping.

Differential movements were small at joints on potentially
pumping soile and rarely measurable at joints on non-pumping soils,
Differential movemente were, on the average, less at contraction
joints than at expansion joints.

The deflection measurements were of particular value in showe
ing the relative efficiency of the various load transfer devices in
reducing the differential slab movements found to be generally associ=
ated with pumping.

Traffic. Truck traffic at selected locations, to give results
fairly indicative for Kansas, had increased considerably in 1944 over
1936. The percentage of axlee weighing over 14,000 1b. increased about
three times in the years between 1936 and 1944, while axle weighte of



18,000 1b. or more increased about fivefold in the same period. These
increases in the heavier axle loads undoubtedly are the cause for the
more widespread pumping since 1935, at which time it wae limited to
two miles of pavements.

Traffic data were not available in sufficient detail to defi-
nitely determine the weight and volume of critical axle loads., In
general, total commerclal traffic was about the same on pumping and
non-pumping pavements but the number of axle loade of over 10,000,
14,000 and 18,000 1b. was substantially greater on the pumping projects.

Recent and detailed commercial traffic data on U.S. 81 south
of Salina, Kansas, show a significant influence of the weight and
volume of axle loads on the pumping which has developed on the north
and southbound traffic lanes on three projects. Faulting was twice
as pronounced and pumping was practically confined to the joints on
the northbound lanes where axle loads of over 10,000, 14,000 and
18,000 1b. were respectively seven, nine and three times greater than
for the southbound lanes.

Irrespective of the weight and volume of commercial traffic,
pavements placed on natural subgrade soils or on sudbbases containing
more than 50 per cent sand and gravel (material retained on No. 270
sieve) will not pump.
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