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1. 
DEPARTIIENT OF MAINTENANCE 

vif. H. Root, Chairman 
Maintenance Engineer, Iowa State Highway Commission 

Ames, Iowa 

REPORT OF COMMITTEE ON MAINTENANCE OF JOINTS 
IN CONCRETE PAVEMENTS AS RELATED TO THE 

PUMPING ACTION OF THE SUBS 

Harold Allen, Chairman, Principal Materials Engineer 
Public Roads Administration, Washington, D. C. 

C. W. A l l e n , Acting Chief Engineer, Bureau of Tests, Ohio Department of Highways, 
Columbus, Ohio 

A. A. Anderson, Manager, Highways and Municipal Bureau, Portland Cement Associa­
t i o n , Chicago, I l l i n o i s 

C. N. Conner, Senior Highway Design Engineer, Public Roads Administration, 
Washington, D. C. 

L. L* Marsh, Engineer of Maintenance, State Highway Commission, Topeka, Keinsas 
J. VJ. Poulter, Research Engineer, Koehring Company, Milwaukee, Wisconsin 
C. R. Reid, Engineer of Materials, Oklahoma Highv/ay Department, Oklahoma City, 

Oklahoma 
H. VJ, Russell, Engineer of Materials, I l l i n o i s Division of Highways, Springfield, 

I l l i n o i s 
C. H. Scholer, Head, Department of Applied Mechanics, Kansas State College, 

Manhattan, Kansas 
Wm. Van Breemen, Engineer of Special Assignments, New Jersey Highway Department, 

Trenton, New Jersey 
R. M. Whitton, Maintenance Engineer, Missouid Highway Department, Jefferson City, 

Missouri 
K. B. Woods, Assistant Director, Jpint Highway Research Project, Purdue Univer^ 

s l t y , Lafayette, Indiana 

SYNOPSIS 
The pumping committee has completed three major projects during 

1945: !• The preparation of recommendations on the design of r i g ­
i d pavements as requested by the Project Committee on Rigid Pavement 
Design. 2. A survey of the pumping of concrete pavements i n North 
Carolina; and 3. A survey of the pumping of concrete pavements i n 
Kansas. 

The North Carolina and Kansas surveys were made on a cooperative 
basis by the respective State highway departments and the Portland 
Cement,Association. These reports which supplement the reports i s ­
sued i n 1945^ are herein published. The conclusions presented i n 
these reports are those of the authors and do not necessarily rep­
resent those of the committee. 

7i - "Special Papers on the Pumping Action of Concrete Pavements," 
Research Reports No. 1-D, Highway Research Board, 1945. 



2. 
The following recommendations f o r 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 l e v e l p r o f i l e , adequate aide d i t c h ­
es and slopes. Such design w i l l aid i n snow co n t r o l , f a c i l i t a t e snow removal, 
and provide rapid run-off of surface waters. 

That adequate subsurface drainage be provided f o r areas where i t i s nec­
essary to lower the ground water table or to Intercept ground waters. 

That s o i l surveys be made to establish the s o i l type, i t s condition and 
drainage as a basis f o r determining the need f o r treatment to prevent punqjing 
on new construction. 

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

The Committee recommends that on primary roads, subbases be constructed 
on a l l subgrades composed of fine-grained s o i l s . Such subbases should be con­
structed to the f u l l roadway width or given adequate drainage i f they are con­
structed of drainable materials. Subbases composed of densely-graded non-draining 
material b u i l t i n widths 2 or 3 f t . greater than the width of the pavement are 
under observation and at the time of the l a s t report were giving satisfactory re­
s u l t s . 

Experience of the Committee to date on the thickness of subbases i s as 
follows; 

Ohio has used c l a s s i f i e d embankment f o r depths up to 2 f t . The most 
widely used depth of subbase has been 12 I n . i 

New Jersey has used bases of bank run sand, gravel or cinders of 8 to 
12-ln. compacted thickness. A major portion of the I n s t a l l a t i o n s are of 8-ln. 
contacted thickness. 

I l l i n o i s experience i s with thicknesses ranging from 6 i n , t o 12 i n . A 
major portion of the subbases are of 6-in. compacted thickness. 

Tennessee has used sand admixtures w i t h existing s o i l s . Depths of t r e a t ­
ment have ranged from 4 t o 8 i n . 

North Carolina uses selected nonplastic sands and sandy loams of 3 t o 6-
i n . compacted thickness. 

Indisina's experience has been largely with 6-ln. compacted depth but sub-
bases have ranged from 3 i n . t o 9 i n . i n thickness. 

Kansas has used subbases of / f - i n . to 15-in» compacted thickness. 
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A major portion of the i n s t a l l a t i o n s have been of gradings which were not 
of the free draining type. A l l thicknesses^ncluding the 3-in. thickness of sta­
b i l i z e d stone used i n Indiana and the 3-in. nonplastic sands and sandy loams used 
i n North Carolina, have been successful when constructed of suitable materials. 
Materials found unsuitable f o r subgrades have likewise been found unsuitable f o r 
subbases. 

The committee further recommends that shoulderssbe constructed of low v o l ­
ume change s o i l or granular materials to a minimum width of 1^ f t . The granular 
materials should be covered with a nonerodable surface such as bituminous penetra­
t i o n , bituminous mat or hot mix. \ihere economy permits, the entire width of 
shoulder may be constructed of low volimie change materials which give good support. 
Shoulders so constinicted should be protected against erosion by t u r f or other s u i t ­
able covering. 

The Committee recommends that a study be made by the Committee on Design 
of Rigid Pavements to determine the relations between t r a f f i c , pavement cross 
section, the cross section of the subbase, and the nature of thesubbase materials. 

The Committee has found that pumping has occurred on a l l thicknesses and 
cross sections of pavements used generally i n highway construction, when soil s 
and t r a f f i c conditions were conductive to pumping. 

Load transfer devices have not i n themselves completely prevented the oc­
currence of pumping. I n New Jersey, pumping has been held to a very small amount 
by the use of heavy channel type dowels. Therefore, i t i s suggested that a com­
prehensive study be made of load transfer devices f o r both expansion and contrac­
t i o n j o i n t s , and that research be undertaken t o develop satisfactory load trans­
f e r devices. 

Joint f i l l e r s of the p l a s t i c type have f a i l e d to exclude water or other 
materials. Wood shows some promise as a good Joint f i l l e r . I t i s suggested that 
research be continued i n an e f f o r t to develop a satisfactory material. 

The Committee recommends that e^ansion j o i n t s be omitted from concrete 
pavements or be spaced at the maximum distance necessary f o r keeping compressive 
stresses w i t h i n c r i t i c a l l i m i t s . 

The Committee has found that pumping has developed at both e3q)ansion and 
contraction j o i n t s on pavements b u i l t w i t h the e : q 3 a n s i o n provisions commonly used, 
where s o i l and t r a f f i c conditions are conducive to pumping. Under similar con­
d i t i o n s , pavements b u i l t with l i t t l e or no provision f o r expansion, or that have 
otherwise been held i n r e s t r a i n t , have developed much less or no pumping. 

I f no expansion j o i n t s are used, the spacing of contraction j o i n t s should 
be the maximum, f o r the materials and proportions used, which i s consistent with 
good crack control and small contraction j o i n t opening. I n order t o reduce pump­
ing to a minimum, i t i s the recommendation of t h i s Committee that extensive re­
search be undertaken to determine the best contraction j o i n t spacing, as related 
to aggregates, cements, proportions, reinforcing and climatic and s o i l conditions. 

I t has been observed by t h i s committee that i n most instances the crack 
i n t e r v a l i s d i r e c t l y related to the type of aggregates used i n pavements b u i l t 
without j o i n t s . 



4. 
The Committee also desires to make the following recommendations per­

t a i n i n g to needed investigations: 

1. That research be undertaken to determine the l i m i t s of grain sizes 
which prevent i n t r u s i o n of fine-grained s o i l s i n t o subbases. 

2. That research be undertaken to determine the permeability, drainage, 
and conpaction ( r o l l i n g ) characteristics of various subbase materials as they 
are related to pumping. 



PUMPING OF CONCRETE PAVEMENTS IN NORTH CAROLINA 

A Cooperative Study 
by 

North Carolina State Highway and Public Works Commission 
and 

Portland Cement Association 
With S o i l Tests by the 

Public Roads Administration 

SYNOPSIS 

Approximately 300 miles of concrete pavements on main t r a f f i c 
routes connecting p r i n c i p a l c i t i e s i n North Carolina were surveyed 
to determine the extent and nature of pumping and i t s r e l a t i o n to 
t r a f f i c pavement design features and subgrade s o i l s . 

The survey consisted of (1) Classifying and counting pumping 
j o i n t s and cracks on each project to determine location and extent 
of punqjing and i t s stage of progress i n terms of damage to the pave­
ment. (2) Detail examination of short sections of pumping and non-
pimping Slavs, and (3) Sampling and t e s t i n g of s o i l s from under 
pumping and non-pumping slabs. Irafflc data, constiniction records, 
and data on pavement design features were assembled f o r each project 
and correlated w i t h pumping. The survey included a study of some 
pavement widening projects. 

Pumping occurred at expansion j o i n t s , contraction j o i n t s and at 
transverse cracks. The most severe pumping occurred at transverse 
cracks. Very l i t t l e difference was found either i n the amount or 
severity of pumping at expansion j o i n t s compared to pumping at con­
t r a c t i o n j o i n t s . The older pavements b u i l t without expansion j o i n t s 
on subgrade s o i l s conducive to pimping showed less pumping than did 
the newer pavements b u i l t on simi l a r s o i l s and having e^qjansion 
j o i n t s at 90 or 120 f t . i n t e r v a l s and intermediate contraction j o i n t s 
at 30 f t . i n t e r v a l s . Both types of j o i n t s were equipped w i t h load 
transfer devices. 

Considerably more pumping occurred on pavement widening b u i l t with 
expansion j o i n t s than on the o r i g i n a l pavements which were b u i l t 
without expansion j o i n t s . 

T r a f f i c i n 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. 

A l l s o i l s sampled from under pumping slabs were of a p l a s t i c na­
ture and contained less than 50 per cent sand and gravel (retained 
on the No. 270 sieve) i n the t o t a l s o i l . No pumping was found on 
soil s having more than 50 per cent sand and gravel i n the t o t a l 
s o i l . 
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This report gives the results of a cooperative study made during the spring 
o£ 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 
p r i n c i p a l highways of the Coastal Plains and the Piedmont Region of North Carolina, 
the types of subgrade s o i l s associated with pumping and the effectiveness of se­
lected s o i l subbases i n preventing pumping. The Public Roads Administration coop­
erated to the extent of making tests of s o i l samples taken during the survey. 

Prior to the survey, pumping had developed at or near transverse j o i n t s 
and cracks of pavements on the more heavily traveled routes i n North Carolina. I t 
i s reported that the advent of pumping had coincided with large increases m the 
number and weight of heavy trucks using the highways. 

The f i e l d studies described i n t h i s report were li m i t e d to observations 
and tests of pavement slabs and subgrades where t r a f f i c was causing mud to be 
ejected at slab ends and edges. 

NAIURE AND SCOPE OF STUDIES 

Before f i e l d 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 t r a f f i c routes. The t r a f f i c 
routes selected for study and the projects on which data were assembled are i n ­
dicated on the map shown i n Fig. 1. 

Reconnaissance Survey of Pumping 

The reconnaissance survey of pumping was divided into two parts. One ob­
server recorded a l l ' expansion j o i n t s , contraction j o i n t s , cracks, corner breaks 
and s e t t l e d and damaged areas. A second observer c l a s s i f i e d and recorded pumping 
at expansion j o i n t s , contraction j o i n t s and cracks. A l l pumping at the pavement 
edge and at the longitudinal center j o i n t was credited to the transverse crack or 
j o i n t near which i t was found. A l l observations made during the reconnai-ssance 
survey were made from an auto driven slowly over the project. 

Pumping was c l a s s i f i e d into three classes according to the progressive 
stages of i t s development. From the data thus obtained i t was possible not only 
to obtain a description of the amount and severity of pumping, but also to assess 
the damage which i t had caused to the pavement. The three stages of development 
into which pumping j o i n t s and cracks were grouped were as follows: 

Class 1. Pumping at j o i n t s and cracks without noticeable 
f a u l t i n g at slab ends or breaking of slabs as a 
resu l t of pumping. 

Class 2. Pumping accompanied by f a u l t i n g with no evidence 
of breaking of slabs as a result of pumping. 

Class 3. Pumping and f a u l t i n g 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 o£ 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. Tlie sections noted were la t e r 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 j o i n t s or 
cracks. Some sections were mapped to record the extent and nature of cracking and 
pumping. Prior to taking samples i n the d e t a i l study sections, the existing s o i l s 
were c l a s s i f i e d pedologically into series and type. 

Testing of Soils 

Soil samples were sent to the Public Roads Administration i n 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 l i f e and behavior of roads were consid­
ered i n the studies. Tliey are: 

(1) the pavement, i t s design features and maintenance condition; 
(2) subgrade soil s and the i r condition; 
(3) t r a f f i c , 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 i n the order indicated above. 

Pavement Cross-Section 

There was not s u f f i c i e n t variation i n pavement thickness without accompany­
ing variations i n other pertinent factors such, for example, as spacing of expan­
sion j o i n t s , to make i t possible to determine the relationship of pavement thickness 
to pumping for d i f f e r e n t conditions of t r a f f i c . The only comparisons which can be 
made must necessarily include the older pavements b u i l t without expansion j o i n t s i n 
one group, compared to the newer pavements b u i l t with expansion j o i n t s at 90 and 120 
foot spacing i n an<?ther group. 

Five pumping projects of 8-7-8x18' cross-section and having an average age 
of 19 years, a t o t a l length of 44 miles and constructed without expansion j o i n t s , 
showed 2.3 per cent of a l l cracks pumping. 

Five pumping projects of 9-7-9x20* cross-section and having an average age 
of years, a t o t a l length of 49 miles and constructed with expansion j o i n t s at 90 
or 120 f t intervals showed 7 per cent of a l l j o i n t s and 3.3 per cent of a l l cracks 
pumping. 

T r a f f i c , based only on the t o t a l number of trucks per day, was nearly simi­
l a r . A l l ten projects were on so i l s , a major portion of which were considered to 
be conducive to pumping. 
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Here the newer, s l i g h t l y heavier and wider pavements which had a.shorter 
crack and j o i n t i n t e r v a l pumped more than d i d the older pavements. This makes i t 
evident t h a t cross-section i s of less s i g n i f i c a n c e i n preventing pumping than are 
some other f a c t o r s m pavement design. 

Pumping a t Expansion J o i n t s , Gsntraction J o i n t s and Cracks 

Pumping occurred at expansion j o i n t s , c o n t r a c t i o n j o i n t s and cracks. 
There was l i t t l e d i f f e r e n c e i n e i t h e r the amount or the s e v e r i t y of pumping at ex­
pansion j o i n t s compared to the pumping at c o n t r a c t i o n j o i n t s . Pumping was more 
prevalent and more advanced at cracks than at j o i n t s on pavements having expansion 
and c o n t r a c t i o n j o i n t s . However, the number of pumping cracks on any p r o j e c t was 
i n most instances small because of the small number of cracks which had formed. 
Table 1 shows the r e l a t i v e amounts and nature of pumping at expansion j o i n t s , con­
t r a c t i o n j o i n t s and cracks on 10 p r o j e c t s . A few of the cracks i n d i c a t e d i n the 
count were open and were believed associated w i t h r e s t r i c t e d movement of the slab 
at expansion j o i n t s due t o bi n d i n g of the dowels. 

E f f e c t o f Spacing of Expansion J o i n t s 

A t o t a l of 21 p r o j e c t s b u i l t v;ith expansion j o i n t s spaced a t i n t e r v a l s o f 
90 and 120 f t . and having a combined le n g t h of 118 miles were i n v e s t i g a t e d f o r 
pumping during the survey. No pumping was found on nine p r o j e c t s . Two p r o j e c t s 
showed only small traces of pumping. Ten p r o j e c t s , b u i l t on s o i l s considered as 
being conducive t o pumping showed pumping ranging from 0.4 per cent to as much as 
20.5 per cent of a l l j o i n t s and cracks pumping. Three of the pumping p r o j e c t s 
had expansion j o i n t spacings o f 120 f e e t and seven had expansion j o i n t s spaced a t 
i n t e r v a l s o f 90 f e e t . 

Because of the small range i n expansion j o i n t spacing, the d i f f e r e n c e i n 
age, i n t r a f f i c , and because of the small number of p r o j e c t s involved, no conclu­
sions can be drawn from the data i n d i c a t i n g any d i f f e r e n c e between the 90 f t . and 
120 f t . j o i n t spacing. The data are shown on Table 2. 

Pavements which were constructed w i t h o u t expansion j o i n t s on subgrade 
s o i l s conducive t o pumping showed much less pumping (only about one-tenth as much) 
than d i d pavements b u i l t on s i m i l a r s o i l s and having expansion and c o n t r a c t i o n 
j o i n t s both w i t h load t r a n s f e r devices. Tins i s t r u e although the pavement b u i l t 
w i t h o u t expansion j o i n t s i s much old e r and c a r r i e s at l e a s t as much t r a f f i c . A 
summary of the data on pumping p r o j e c t s i s shown m Table 3. 

Evidence was found from observations made dur i n g d e t a i l examination of sec­
t i o n s t h a t transverse cracks i n the older pavements having no expansion j o i n t s 
were, i n some instances, f i l l e d w i t h debris and the slabs appeared t o be i n com­
pression, but there v/as no evidence of d i s t r e s s as a r e s u l t of the compression. 

A d d i t i o n a l data on the r e l a t i v e amount of pumping on concrete slabs w i t h 
and wit h o u t expansion j o i n t s are given m l a t e r paragraphs on 'Pumping i n Pavement 
Widening. " 

Pumping i n Pavement Widening 

Nine p r o j e c t s c o n s i s t i n g o f o l d pavements 16 and 18 f e e t wide and widening 
ranging from 4 to 10 fe e t wide, were studied i n the reconnaissance survey. A sum­
mary of the data obtained i s given i n Table 4. 



TABLE 1 

PIMPING AT E3<PANSI0N JOINTS, OONTBACnCN JOINTS AND CRACKS 

(North Carolina) 

(Data for pumping projects only) 

Note A l l projects have expansion j o i n t s spaced at 90 or 120 f t . 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 pun;)ing. 

Number of Pumping Number of Puii;>ing Number of Punqjing 
Project Age Length Total Expansion Joints Total Contraction Joints Total Cracks REMARKS ON SUBGRADE 

Normal Soils 
Davidson, Georgevilie & Durham 
Most pumping on Georgeville 

Cecil, Durham, Granville, Appling 
& White Store 
Cecil Soils. (Job mudjacked & 

(Yrs.) (Miles) Exp. Class Class Class Total Contr. Class Clas! i Class 3 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 

4601 3 9.787 .J, 424 36 0 0 36 1,271 57 0 0 57 36 4 0 0 4 

4836 8 11.720 687 36 0 0 36 1,375 20 0 0 20 8 0 0 0 0 

SO 60 2 0.500 21 4 0 0 4 64 8 0 0 8 5 0 0 0 0 

5254 5 8.830 507 81 3 14 98 1,038 189 1 14 204 69 19 1 9 29 

6151 8 10.748 611 8 0 3 11 1,221 16 0 8 24 29 5 1 3 9 

6324 9 6.594 381 43 0 1 44 761 106 0 4 110 18 6 0 0 6 
65B2 6 2.540 148 1 0 0 1 296 2 0 0 2 2 2 0 0 2 

7540 8 5.892 345 24 0 2 26 691 19 2 3 24 11 0 0 0 0 
7541 8 5.945 345 0 0 0 0 691 3 0 1 4 6 0 0 0 0 

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 5.8 0 1 0.4 6.3 23.4 0.8 7 0 31.2 

L£cii oolis. uoD mudja 
French drains installed) 

Mecklenberg 
Mostly Ce c i l Some I r e d e l l , 
Mecklenberg & Durham 

Ceci l with heavy B horizon 
C«cil with heavy B horizon 

Cecil 
C e c i l C horizon Deep cuts. High 
F i l l s Pumping at Settlements 

Average 6.3 7.884 
W 3 
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The o r i g i n a l pavements on seven p r o j e c t s were b u i l t w ithout expansion j o i n t s 
but the more recent widenings were b u i l t w i t h expansion j o i n t s spaced at i n t e r v a l s of 
90 or 120 f e e t . 

Tlie d i f f e r e n c e i n design thickness ranging from 6 t o 8 inches and the absence 
of expansion j o i n t s i n the o l d pavement making e q u i t a b l e comparison between the or­
i g i n a l pavement and the widening on the basis of pavement cross-section. Likewise 
the d i f f e r e n c e m wi d t h and thickness prevents the determination of any d i r e c t , r e ­
l a t i o n s h i p s between pavements w i t h and wi t h o u t expansion j o i n t s . Regardless of the 
d i f f e r e n c e m cross-section, i t may be said t h a t the trend of more pumping i n the 
newer j o i n t e d widening than i n the o r i g i n a l pavement i s i n agreement w i t h the r e l a ­
t i o n s h i p found f o r f u l l w i dth pavements b u i l t w i t h and wi t h o u t expansion j o i n t s . 

Data v/ere not obtained on s o i l c o n d i t i o n ( s o i l water content and d e n s i t y ) or 
on the presence of o l d m.acadam surfaces under the o l d pavement or other items com­
pared t o the subgrade conditions under the v/idening. For t h a t reason there may be 
a d d i t i o n a l f a c t o r s which may have some bearing on the r e l a t i v e amounts o f pumping m 
the widenings compared t o t h a t found m the o r i g i n a l pavements. 

TRAFFIC AND ITS RELATIONSHIP TO PUMPING 

T r a f f i c data, e s p e c i a l l y as regards breakdown i n t o axle weight groups, were 
not a v a i l a b l e f o r the pe r i o d during which the greatest increase i n tr u c k t r a f f i c oc­
curred. The most complete data a v a i l a b l e are f o r the year 1941 which are given i n 
Table 2 (a l s o i n Tables 3, 6, and 7 ) . 

I t may be seen from Table 2 t h a t phe t o t a l number of trucks per 24 hours was 
nearly the same f o r the three groups of p r o j e c t s b u i l t on s o i l s conducive to pumping, 
t h a t I S , pavements b u i l t w ithout expansion j o i n t s and pavements having expansion 
j o i n t s at 90 or 120 f t . i n t e r v a l s on s o i l s considered conducive t o pumping. I t i s 
also o f i n t e r e s t t o note t h a t the p r o j e c t s which were b u i l t l a r g e l y on s o i l s consid­
ered not being conducive to pumping, and on which no pumping or very l i t t l e pumping 
occurred had less t r u c k t r a f f i c . Average t r u c k t r a f f i c f o r the three groups of "pump­
e r s " was 546 and f o r the three groups of "non-pumpers" i t was 306 trucks per day. 

I t cannot be said, however, t h a t the pumping of the three groups of p r o j e c t s 
b u i l t on s o i l s conducive to pumping and the lack o f pumping i n the three groups of 
p r o j e c t s b u i l t on s o i l s considered not conducive t o pumping i s due t o the d i f f e r e n c e 
i n t r a f f i c . There are many cases of p r o j e c t s i n the f i r s t three groups which car­
r i e d less t r a f f i c than i s c a r r i e d by non-pumping p r o j e c t s i n the l a t t e r three groups. 
T r a f f i c i s unquestionably a f a c t o r but the data here i n d i c a t e t h a t the type of s o i l 
I S a more important f a c t o r . 

SUBGRADE SOILS AND TOEIR RELATION TO PUMPING 

S o i l Series and Horizon 

North Carolina i s d i v i d e d i n t o three major physiographic su b d i v i s i o n s . They 
are the Coastal P l a i n s , the Piedmont and the Mountain Regions. The approximate d i ­
v i d i n g l i n e between the Coastal Plains r e g i o n and the Piedmont region i s i n d i c a t e d 
by hachures i n Fig . 1. Each of the regions c o n s t i t u t e s a d i f f e r e n t parent m a t e r i a l 
group and form two great s o i l groups as f o l l o w s : 
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FDHPING ON PROJECTS BUILT DXTU iiND WITHOUT EXPAHSION JOISTS 

U n g t h 

AT«. CrMk 
And JelBt 

Esp. 
JolaU 

imaniilcm J o l n f 

Claai Claae Claas 
1 S 2 — 

Total 
iftr 9tat 

Claaa Claaa Claaa 
1 S 2__ 

TotaX 
Humber Total 

Contr. Claaa Claaa Claaa 
Jolnta.** 1 2 3 

Total Claaa Claaa Claaa Total 
Total 
No. 
Crucka 

Miaaber 
Claaa Claaa Claaa Total 

Per Cant 
Claaa Claaa Claaa 
1 2 2 _ 

Total 

Total 
Jolnta 
Ami 
Cracke 

rnaBlng fntnta. 'wa CrnnKn 

421 B 9 8 . 2 3 0 7 1 . 5 
S M 9 7 . 5 2 0 9 7 . 3 
7 4 0 9 9 . 0 0 0 1 0 9 . 2 
8 2 9 8 10,199 59 .3 
872 1 7 U , 4 3 0 

9 . 3 2 8 
2 7 . 3 

883 18 
U , 4 3 0 

9 . 3 2 8 92 .3 
1090 1 6 1 5 . 0 0 0 8 0 . 9 
1400 19 7 . 6 1 6 6 7 . 9 
4 ? 9 0 1 8 9 .643 7 0 . 0 
5320 15 5 .690 51 .0 
6900 17 5 .294 7 0 . 8 
6390 1 7 8 .713 7 6 . 2 
Total 167 107 .619 8 2 8 . 9 
AvMrac* 1 3 . 9 8 .968 6 8 . 7 
Per Mil* 

FAVUIiiliTS nTUOOT EXPiHSION JOINTS 
(Built I«rgel;r On Soila ConduclTe To Pumping) 

Claaa Claaa CUaa 
-J: i 2 _ 

Total 
far t a t 

Claaa Claaa Ci&aa 
1 2 3 

Total 
No. 
Traoka WUOiS ON SUBGB&DK 

far Pay (approadaata diatyibutlon of varlona aoll aarlaa CB projeeta) 

88 1 0 0 1 0 0 1.1 -520 
51 1 0 0 1 2.0 0 0 2.0 357 
94 0 0 0 0 0 0 0 0 3U 
96 0 0 0 0 0 0 0 0 362 
47 0 0 0 0 0 0 0 0 i!l45 
96 1 0 0 1 1.0 0 0 1.0 838 
63 0 0 0 0 0 0 C 0 918 
54 0 0 0 0 0 0 0 0 550 
46 0 0 0 0 0 0 0 0 681 
47 6 0 0 6 12.8 0 0 12.8 538 
62 0 0 0 0 0 0 0 0 333 
100 0 0 0 0 0 0 0 0 504 
8 u 9 0 0 9 8587 8 u 

L.1 0 3 1.1 
7.8 0.8 0 0 0.18 79.8 

6 2 0 8 1.2 0.4 0 1.6 608 7 2 0 
8 4 1 13 2.2 1.1 0.3 3.6 408 9 4 1 
1 0 0 1 0.3 0 0 0.3 435 1 0 0 
3 0 0 3 0.3 0 0 0.3 958 3 0 0 
5 0 9 5 0.2 0 0 0.2 2192 5 0 0 

38 0 3 a 4.5 0 0.4 4.9 934 39 0 3 
24 6 10 40 2.6 0.7 1.1 4.4 981 24 6 10 
12 6 6 24 2.1 1.1 1.1 4.4 604 12 6 6 
17 0 0 17 2.5 0 0 2.5 727 17 0 0 

2 0 1 3 0.4 0 0.2 0.6 585 8 0 1 
20 0 13 33 6.0 0 3.9 9.9 395 20 0 13 4 0 2 6 0.7 0.0 0.3 1.0 604 4 0 2 
140 18 36 194 9431 U9 18 36 

1.6 0.2 0.4 2.2 
36 

Win ihe above grojip. J o i n t s l i a t e d aa Contr. 
Jolnta are a c t u a l l y eonatruetion J o i n t s . 

1.3 0.2 O.-J 1.8 

4601 2 9 . 7 8 7 2 9 . 9 
9060 1 0 . 9 0 0 2 8 . 3 
9254 4 8 . 8 3 0 2 8 . 9 
total 1 9 . U 7 8 7 . 1 
AT«r*«a 2 .3 6 .372 29 .4 
For MHO 

424 36 0 0 36 8 . 5 
21 4 0 0 4 1 9 . 0 

507 81 3 U 98 1 6 . 0 
952 121 3 U 138 1 2 . 7 

TS AT 120" & CONTRACTIOH JOINTS AT 30 
(BuUt Largely On SoUa ConduclTo To 

9 
U 

1 
3 
5 

42 
4 0 
24 
17 
9 

33 
6 

87.6 1.4 0.2 0.3 1.9 

1.2 0.3 0 1.9 240 
2.2 1.0 0.2 3.4 537 
0.2 0 0 0.2 430 
0.3 0 0 0.3 627 
0.2 0 0 0.2 366 
4.2 0 0.3 4.5 Ka 
2.5 0.6 1,1 4.1 315 
2.0 1.0 1.0 4.0 150 
2.3 0 0 2.3 433 
1.4 0 0.2 1.6 791 
5.1 0 3.3 8.4 1141 
0.7 0 0.3 1.0 1100 

1.6 0.2 0.4 2.2 549 

Approzlutaly 90^ CecU O. h CL h itH i f f U n g * kUkas. 
55X C M U * Appling, 19$ Oavldaon, 209( iiaeklanbarg ft i£t BUkM SL ft lt*Ml W8U 
TOK GvM SLft 30» nuliaa HU 
C«eU CL. SL ft FSL. 
75i( Ce«U CL ft Appllag O.. 2S% Portara Steoy loaa. 
CeeU CL, SCL ft about 5% CeeU SC. 
Approx. 909( Lundn, CoxrlUe ft Dunbar PSL ft 31L. lOK Kalaia ft Norfolk fSL ft P8. 
About -65^ Dunbar ft 359 Bustaii ft Norfolk. 
Largely IvadaU, Ntatte Store, ft Ourfaan. 
Oeeil, MeeklMberg, i«pllng, kilkas, Oavidaon, IredeU ft Ouiliaa. 
CeeU ft IredeU SoUa. 
CoeU C.L. ft 8.L. 

FT. (LOAD TRANSFER DEVICES AT ALL JOINTS) 
Pumping) 

49.7 6 . 3 0.2 0 . 7 7.2 

0 0 8.5 1271 57 0 0 57 8.5 
0 0 19.0 64 3 0 0 8 12.5 
0.6 2.3 19.4 1038 189 1 u 204' 18.2 
0.3 1.5 U.5 2373 254 1 u <it69 0.3 

10.7 
124.1 13.3 0.1 0.7 U 4 

0 
0 

0.1 
0 8.5 36 4 0 0 4 0.3 0 0 
0 12.5 5 0 0 0 0 0 0 0 

1.3 19.6 69 19 1 9 29 27.5 1.5 13.0 

0.6 
UO 23 1 9 33 

13.0 

0.6 U . 3 
5.8 1.2 0.5 17 

20.9 0.9 8.2 

0.3 1731 97 0 0 97 9.6 0 0 5.6 
0 90 12 0 0 18 13.3 0 0 13.3 

42.0 16U 289 5 37 331 17.9 0.3 2.3 20.5 
3435 398 5 37 440 

30.0 U.6 0.1 1.1 12.8 
179.7 20.8 0.3 1.9 23.0 

601 Davidson, Georgeville ft Doitaon (No poaplng on DuiliaB). 
No Data CeeU aoUa tbrengbont. 
601 CeeU, iUkea, Oavidaon ft Mecklehberg. 

601 

PAVEMENTS WITH J " EXPANSION JOINTS AT 90' & CONTRACTION JOINTS AT 30 FT. (LOAD TRANSFER BEVICBS 41 ALL JOINTS) 

466 
4836 
6191 
6324 
6982 
7940 
75 t t 
Total 
Average 
Per Mile 

5 16 .280 2 8 . 6 981 
7 U . 7 2 0 29.9 687 
7 10 .748 30.4 6 U 
8 6 .994 3 0 . 0 381 
5 2 . 5 ( 0 30.0 148 
7 9 8 9 2 29.7 345 
7 9.949 29.1 349 

99 .719 207 .7 3498 
6 . 6 8 . 5 4 2 9 . 6 

92 
36 

8 
43 

1 
2 4 

0 
204 

98 .6 3 . 4 

0 10 102 9.4 0 1.0 10.4 1961 126 1 12 
0 0 36 5.2 J 0 5.2 1375 20 0 0 
0 3 U 1.3 0 0.5 1.8 1221 16 0 8 
0 1 U U . 3 0 0.3 U . 6 761 106 0 4 
0 0 1 0,7 0 3 0.7 296 2 0 0 
0 2 26 7.0 . 0 0.6 7.6 '.91 19 2 3 
0 0 0 0 0 0 0 fc?l 3 0 1 
0 16 220 5.8 0 0.5 6.3 6996 292 3 28 

- 3 . 3 3 .7 U7 . 1 49 0.1 0.5 

T39 
20 
24 

110 
2 

4 
323 

5.i 

6.4 0.1 0.6 7.1 60 21 0 5 26 
1.5 0 0 1.5 3 C 0 0 0 
1.3 0 0.7 2.0 2? 5 1 3 9 

14.1 0 5.3 U.4 13 6 0 0 6 
0.7 0 0 0.7 2 2 0 0 2 
2<8 0.3 0.4 3.5 11 0 0 0 0 
0 .5 0 0.1 0.6 6 0 0 0 0 

134 34 1 3 43 
4f>2 0.4 4.6 

0.6 0.1 0.7 

35.0 0 8.3 43.3 3002 239 1 27 
0 0 0 0 •sno 56 0 0 

17.3 3.4 10.3 31.U latti 29 2 4 30.0 0 0 30.0 U60 155 0 5 100.0 0 0 100.0 446 5 0 0 
0 0 0 0 1047 43 2 5 

0 0 0 1042 3 C 1 
10628 530 5 42 

25.4 0.7 6.0 32.1 
42 

178.0 

115 20 3.650 79.1 
126 19 7.712 73.4 
127 18 U.74C 55.0 
155 B 19 18.247 45.8 
161 18 6.^10 87.2 
187 19 4.330 54.4 
1993 18 10.177 32.4 
1751 13 10.463 109.2 
Total* l U 62.366 427.3 
Average 18 73.9 
Per MUe 

PAVEiifBTS NITHOI 
(Built Largely On SoUe 

8.9 0.1 0.7 

33 0 0 0 0 0 0 0 0 178 0 0 0 0 47 0 0 0 0 0 0 0 0 508 0 0 0 0 
82 0 0 0 0 0 0 0 0 1045 0 0 0 0 
127 0 0 0 0 0 0 0 0 1997 0 0 0 0 
>7 0 0 0 0 0 0 0 0 337 0 0 0 0 
4.t C 0 0 p 0 0 0 0 403 0 0 0 0 
35 0 0 0 0 0 0 0 0 16^0 0 0 0 0 
iZ SUght Pumping No Count 476 Slight Puaplng 
453 0 0 0 0 

0 0 0 0 
6330 0 0 0 0 

7.3 0 0 0 0 101.9 0 0 0 0 

ANSION JOINTS 
Conducive To Pumping) 

0 
0 
0 
0 
0 
0 
0 

Ho Count 

267 
56 
39 

IbD 
9 
50 
4 

577 

9.7 

8.0 0 0.9 fl.O i$»5 
<.8 0 0 2.8 240 
1.6 0.1 0.2 1.9 An Data 

13.4 0 0.4 13.8 1059 
1.1 0 0 1.1 496 
4.1 0.2 0.5 4.8 444 
0.3 0 0.1 0.4 400 

5.0 T 0.4 5 

Son OecU ft M-ealenberg Gravelly loan, but noatly plasUo B beriscn aoUs. 
«ecU, CurtkBB, Or'AVille, Appling ft tbite Store 
L&rgely CeeU 3r.L. 6vta Xre^eU, llsctaenber° ft fiuiliaa. 
CeoU SoUa throughout. 
CeeU aoUs. 
CeeU aoUs. 
CeeU C faorlWBi. Deep cuts. High n u a . Puaplng on f i U a at aetUed anas. 

95$ of poaplng 
oB Inttar). 

0 
0 
0 
0 
0 
0 
0 

•Total ft Avwage values do not Include project 1751 vhlcb ahoaed alight evidence of pumping. 

2U 
555 
1127 

394 
429 
1655 
504 

6999 

112.2 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Slj.(^t 
0 

0 
0 
0 
0 
0 
0 
0 

Puaplng 
0 

0 
0 
0 
0 
0 
0 
0 

bu Count Mode 

334 Largely A heriaon aoUa. Approxiaately 85$ i>ortaaauth ft 15$ Norfolk FSL. 
269 Norfolk ft Portaaonth. 
151 Dunbar & EUston. 

216-300 About 40; borfolk FSL ft LPS. (a}> Sunoar, CoxvUle ft riuaaer VBL ft VF8L. 
590 Largely friable sandy aoUa. 75$ Sunbar, Portaaouth ft I'luaaer SL ft VFSL. 25$ Norfolk SL ft FSL. 
232 Approx. 6u$ Norfolk FSL ft 40$ Portamouth FSL ft SiL. 
234 Over 75$ "orfolk & Buaton aeady aolls. 
351 *79$ filki<tan ft Norfolk FSL ft FS. 25$ Portaaouth largely on A taoriaon. 
309 

PAVEMENTS WITH | " EXPANSION JOINTS AT 120' ft CONTRACTION 
( B u i l t Largely On Soil?* 

1065 
1698 
1666 
4109 
9323 
Total 
Average 
Per Mile 

19 
3 

2 .937 
4 .180 
2 . 1 0 2 
1 .077 
1 .136 

U . 4 3 2 

33 .4 
30 .0 
33.4 
28.9 
30 .0 

199 .7 
31 .4 

118 
182 
83 
77 
54 
5U 

U ' 9 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

345 
540 
248 
112 
U5 
1390 

121.6 

0 
( 
0 
0 
0 

[OINTS AT 30 FT. (LOAD TRaHSFER DEVICES 4P ALL JOINTS) 
conducive To Pumping) 

0 0 0 0 1 0 0 0 0 
0 0 0 0 4 0 0 0 0 
0 0 0 0 1 0 0 0 0 
0 0 0 0 8 0 0 0 0 
0 0 0 0 1 0 0 0 0 

15 0 0 0 0 
0 0 0 0 

!•? 0 0 0 0 

1269 4 0 .278 2 7 . 7 U 0 0 
1381 7 9 .399 29 .8 3 U 0 0 
U 9 9 7 10.0(AcpX8i^.O 589 1 0 
1699 6 4 .700 30.0- 276 0 3 
1696 9 9 .148 30 .0 306 0 0 
4 3 a 6 2 .280 29.5 135 0 0 
Total 39 27 .761 177 .0 1631 1 0 
Average 9 .8 2 9 . 9 

98.8 PevlOla 98.8 

PAVEMENTS WITH f " EXPANSION JOINTS AT 90' & CONTRACTION 
(Bu i l t Largely On 

a 0 0 0 464 0 0 0 0 0 0 0 0 305 
0 0 0 0 726 0 0 0 0 0 0 0 0 208 
0 0 0 0 332 0 0 0 0 0 0 0 0 208 
0 0 0 0 197 0 0 0 0 0 0 0 0 730 
0 0 0 0 200 0 0 0 0 0 0 0 0 No Data 

1919 0 0 0 0 
0 0 0 0 0 0 0 0 363 

167.9 

Norfolk aoils throughout. A B ft C horisona. Probably aixad. 
Selected eabgrade over 90$ Uifkln VFSL ft 10$ CoxviUe * i^fkln 8 I I ' . 
Selected sabgrade. Natural aoUa not daaalfied. ileavy f U l . 
Uhite Store, reported, covered vith topsoU froa project 4601. 
Subgrada ralaforceseat over Bilkea eoUa. 

OINTS AT 30 FT. (LOAD TRANSFER DEVICES AT ALL JOINTS) 

0 0 0 0 0 0 33 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
0 0 0 0 0 0 629 0 0 0 0 0 0 0 0 6 0 0 0 0 0 
2 3 0.2 0 0.3 0.5 U79 0 0 0 a 0 0 0 0 6 0 0 0 0 0 
0 0 0 0 0 0 551 0 0 0 b 0 0 0 0 2 0 0 0 0 0 
0 0 0 0 0 0 602 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 271 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
2 3 0.1 0 0.1 0.2 3265 0 0 0 c 0 0 0 0 

25 0 0 0 0 
0 

0.1 U7.& 0 0 0 0 0.9 0 0 0 0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

9A9 
1774 
829 
908 
408 

49a 

177.3 

0 
0 
1 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0.1 
0 
0 
0 

0 260 Norfolk SL ft FSL throughout 
0 217 - - . 
.2 335 
0 178 
0 194 
0 430 

T 278 

Approx. 60$ Norfolk. Dunbar ft Bueton 25$ Roanoake, Cozrille & AlUTlataa Reaalnder iickhaa 
Norfolk, CoxviUe, Ivfkln, Dunbar ft ̂ortaaouth. & Tttmay). 
^elected aubgrsde. Natural aoUa "orfolk, CoxviUe " Mifkln. 
^elected aubgrede. Natural soila 45$ Lufkln VFSL, 3S$ CoxviUe i>i« ft VFSL 20$ Dunbar. 
Subgrada relnXorcaaent. Nfc.tural aoUa Khite Store ft Durhaa. 



XNBLE 3 

R O A T I V E PUMPING CN PBOJECTS BUILT WITH t m WITHOin' EXPANSlCN JOINTS 

( A l l P r o j e c t s Have Subgrade S o i l s G>ns ide red Conduc ive t o Pumping) 

11. 

Number* 

o f 

T o t a l Pumping J o i n t s and 

L e n g t h Age Cracks p e r M i l e 

o f ( Y e a r s ) J o i n t s 

P r o j e c t s and 

Per Cen t o f T o t a l 

J o i n t s and 

O a c k s Pumping 

12 107.619 16-20 1 7 . 2 0 . 1 1.3 1.4 1 .1 1.7 1 6 

A v . 

N o . " 

J o i n t s T r u c k s 

and Per 

P r o j e c t s ( M i l e s ) Range A v . J o i n t s Cracks Cracks J o i n t s C racks O a c k s Day 

Pavements B u i l t w i t h no Expans ion J o i n t s 

549 

Remarks 

Pumping a t J o i n t s -

a l l U a S B 1 

Pumping ( Q a s s 1 = 74% 

a t O a c k s ( C l a s s 2 ^ 13% 

( Q a s s 3 = 13% 

8 

Pavements B u i l t W i t h Expans ion J o i n t s a t I n t e r v a l s o f 9 0 ' & 120 ' & i ^ ' Dowels a t 12" ' o r 1 5 " C e n t e r s 

Pumping ( C l a s s 1 = 9 1 % 

a t J o i n t s ( C l a s s 2 . 9 2% 

( C l a s s 3 = 7% 

Pumping ( Q a s s 1 = 75% 

a t Cracks ( C l a s s 2^3% 

(Class 3 = 22% 67 .588 1-8 5 .6 1 3 . 4 1.0 14 .4 7 . 6 3 1 . 9 8 .0 542 

• Nuaber of projects based on those aith traffic data available 
mi Traffic Survey 

T a b l e 4 

P U P I N G GN PAVEMEKT WIDENING 

Number 

o f 

P r o j e c t s 

T o t a l 

J o i n t s 

and 

Cracks 

(Per M i l e ) 

6 9 . 9 

1 5 2 . 1 

77 .8 

Puiiq>ing J o i n t s and Cracks Pumping J o i n t s and C r a c k s 

(Per M i l e ) (Per Cent o f T o t a l ) 

C l a s s C l a s s C l a s s T o t a l C l a s s C l a s s C l a s s T o t a l 

1 2 3 1 2 3 

Remarks 

Pumping on O r i g i n a l 16 and 18 f t . Pavements 

1.3 0 . 1 0 . 4 1.8 1.9 0 . 1 0 . 6 2 . 6 Pavements have n o 

e x p a n s i o n j o i n t s 

Pumping on 4 , 6 and 10 f t . W i d e n i n g (on above p r o j e c t s ) 

Pavements have 

4 . 4 0 . 3 3 .0 7 .7 2 . 9 0 . 2 2 .0 5 . 1 e x p a n s i o n j o i n t s a t 

90 , 100 o r 120 f t . 

i n t e r v a l s 

2 . 2 0 . 1 

Pumping on 10 f t . W i d e n i n g 

0 . 5 2 .8 2 .8 0 . 1 0 . 7 3. 6 Pavements have no 

e]q)ans ion j o i n t s 
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P h y s i o g r a p h i c P a r e n t M a t e r i a l G r e a t S o i l 
S u b d i v i s i o n s G roups Groups 

C o a s t a l P l a i n s S a n d s and C l a y s 

P i e d m o n t C r y s t a l l i n e R o c k s 
b a n d s t o n e s and b h a i e s 

Jed,and Y e l l o w 
s o i l s 

G r a y - Brown 
M o u n t a i n S a n d s t o n e s and S h a l e s P o d z o l i c S o i l s 

The t o p o g r a p h y and p a r e n t m a t e r i a l s w h i c h a r e c h a r a c t e r i s t i c o f t h e v a r i o u s 
p h y s i o g r a p h i c s u b d i v i s i o n s a r e dominant f a c t o r s i n s o i l d e v e l o p m e n t . T h e r e f o r e , 
t h e y a r e u s e d a s a c o n v e n i e n t b a s i s f o r g r o u p i n g t h e v a r i o u s s o i l s e r i e s u n i t s i n t o 
g r o u p s o f s o i l s o f t h e C o a s t a l P l a i n ; s o i l s o f t h e Piedmont; and s o i l s o f t h e Mount­
a i n s . E i g h t s o i l s e r i e s , e a c h w i t h a c h a r a c t e r i s t i c v a r i a t i o n i n t e x t u r e o f t h e A 
h o r i z o n were e n c o u n t e r e d on p r o j e c t s l o c a t e d i n t h e C o a s t a l P l a i n . One s o i l s e r i e s , 
t h e N o r f o l k , was i d e n t i f i e d on 13 o f t h e p r o j e c t s l i s t e d i n T a b l e 2 a s w e l l a s on 
some a d d i t i o n a l p r o j e c t s n o t l i s t e d . O t h e r s e r i e s were e n c o u n t e r e d on from one t o 
S I X o f t h e p r o j e c t s i n T a b l e 2. T w e l v e s e r i e s were e n c o u n t e r e d i n t h e P i e d m o n t 
r e g i o n . A few bottom l a n d s o i l s w e r e a l s o e n c o u n t e r e d . T y p i c a l M o u n t a i n s o i l s were 
n o t e n c o u n t e r e d i n t h e s e s t u d i e s . 

A t a b u l a t i o n o f t h e m a j o r s o i l s e r i e s i d e n t i f i e d on p r o j e c t s s t u d i e d , t h e 
number o f p r o j e c t s on w h i c h e a c h o c c u r r e d , t h e h o r i z o n s a m p l e d and a d e s c r i p t i o n o f 
t h e pumping s o i l s were i d e n t i f i e d , a r e g i v e n i n T a b l e 5. The a p p r o x i m a t e w e s t e r n 
l i m i t o f C o a s t a l P l a i n s m a t e r i a l s i s i n d i c a t e d on t h e map i n F i g . 1. 

Pumping was n o t e n c o u n t e r e d on s o i l s o f t h e N o r f o l k o r R u s t o n s e r i e s i n t h e 
C o a s t a l P l a i n . The two s e r i e s were i d e n t i f i e d on a t o t a l o f 15 p r o j e c t s . D r a i n a g e • 
i s w e l l e s t a b l i s h e d i n b o t h t h e R u s t o n and N o r f o l k s e r i e s . 

Pumping d i d o r d i d n o t o c c u r on t h e B and C h o r i z o n s o f t h e Dunbar s e r i e s 
i n w h i c h d r a i n a g e i s o n l y f a i r l y w e l l e s t a b l i s h e d . Pumping o c c u r r e d on b o t h t h e 
P o r t s m o u t h and Plummer s e r i e s h a v i n g f r i a b l e B h o r i z o n s b u t h a v i n g p o o r l y e s t a b ­
l i s h e d d r a i n a g e . L i k e w i s e pumping o c c u r r e d on s o i l s o f t h e L u f k i n , E l k t o n and Cox-
v i l l e s e r i e s a l s o o f t h e C o a s t a l P l a i n b u t h a v i n g p l a s t i c B h o r i z o n s . 

P h y s i c a l Q i a r a c t e r i s t i c s and T e x t u r e o f S o i l s 

A l l s o i l s s a m p l e d from u n d e r pumping s l a b s were o f a p l a s t i c n a t u r e . L i q u i d 
l i m i t s and p l a s t i c i t y i n d i c e s r a n g e d from a low o f 32 and 17 f o r a c l a y loam s o i l 
h a v i n g 27 p e r c e n t c l a y w i t h 16 p e r c e n t c o l l o i d s and a s s o c i a t e d w i t h l i g h t pumping 
t o a h i g h o f 93 and 64 f o r a f a t c l a y s o i l c a u s i n g s e v e r e pumping. 

N i n e o f t h e 25 s a m p l e s o f s o i l on w h i c h no pumping was found and w h i c h a r e 
shown i n T a b l e 6 were o f a n o n - p l a s t i c n a t u r e . An a d d i t i o n a l s e v e n s a m p l e s were mod­
e r a t e l y p l a s t i c h a v i n g p l a s t i c i t y i n d i c e s o f 15 o r l e s s . E i g h t s o i l s had p l a s t i c i t y 
i n d i c e s i n e x c e s s o f 15, f i v e o f t h e s e b e i n g c l a y s o i l s w i t h i n d i c e s o f 19, 20., 21, 
23 and 30. 

No d a t a were o b t a i n e d w h i c h e x p l a i n e d why t h e s e f i v e c l a y s o i l s were n o t 
pumping. No s o i l d e n s i t i e s n o r w a t e r c o n t e n t s were o b t a i n e d d u r i n g t h e s t u d i e s w h i c h 
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BEUTICHISHIP BETHKS SOIL SESIES USD FOKPIHO 

(Sou Serlee, Ihelp Occupranee on Projects Studied, and Seoqaea Takaii> 
SOILS OF 1HE COASTAL PLAIHS 

Soil Sarolea Ti 

Major 
Sou 

Sai l 8«rta« 

laae 
Oeeorrenea 

(Ho. of Projects 

F r o B ^ a r Froa i ^ e r 
Pavmattta PavCTientB 
Saaple Ho. Sample Ho. 
& HorlMD & BorlBon 

Deaertptlons of Pnnplng 
(at Loeatton Sampled) 

Hell 
BastcB 2 - - Hot Bamplwd. He pumping 

EataUlshed 

VMaUe 

Horfelk 13 2- A 
3- AB 
6-B 
13-A-l 
13-A-2 
13-B 
1 « 

Ho pumping aneountared. 

B HerlBon Fairly WaU 
EstabUahed 

Danbar 6 9-A 
9-B 
10.A 
12-A 
12-B 
12^ 

7-C V 
9-C ' 
10-B ) 
10-C ' 

Fumplag at transverse crack 
In old pavaaent In eat aaetlon. 
Xraea of pumping In broken 
slab. 

POOFIT 
Portauath 5 iS-A 16-B ClaM 2 pnnplng at traneveraa 

XstaUlshad Pluaaer 1 — Hot sampled. He pumping observed 
«a small area of Plumaer soUs 
on Project 159-B. 

Fairly VeU 
LafUB A - Class 3 pumping In patched 

area. 
Flastle EstaUllahed 
B HorlBon 

Elkten 1 17-A 17-B Class 3 poping at transverae 
crack. 

Poorly 
EstabUebed 

CoxvUle* 6 - 15-B Pumping at transverse crack. 

SOILS OF THE PIEIliOHT ttSOUB 

Ozyetalllne Rock 
Division 

Durham 6 21-A 
2I>B 

21-BK 
27-B 

tagdag In A f t . ddenlng. 
Class 3 pumping at transverse 
eradu 

Acid Appling A - W J POmpIng In A f t . vldenlng 
CzystalllBe 

Group 
CeeU 17 19-C 

29-C 
31-C 
33-C 
3*-C 

L-C-2 
U-0 
2$-B 
32-B 

L i ^ t pumping <a inside of 
si^er elevated curve. 
Class 1 pumping at transverse 
cracks. 
Sew Class 1 pumping at Joints. 
Class 1 pumidnK at Joints. 

IredeU A - - Hot sampled. Pumping encountered 
aa Iredell soils. 

Basle 
Crystalline 

Qroap 

lecklenberg A 26-B 
26-C 
30-C 

Fumplag In old pavement and 
widening. 
Rimplag la old pavement end 
widening. 
ftmplng on super elevated 
curve. 

Davidson 3 - 22-C tacplBg at troneverae crack 
ttaaa^ aaphalt resurfacing. 

llxed Aeld 
and Basic 

Helena - -4-A-l 
A-^2 

4̂ B Glass 2 puling at transverse 
crack. 

Qroup Wilkes A - - Hot sampled. Some pumping. 
Slate Belt 

(Slates and Fine Oralned 
Toleanlo Hooka) 

QeorgevUle 1 22-AC Riaplag of aodjacked slab. 

Oranvilla 1 35-C-3 - Ho pumping encountered. 
Sandstonas and 

Shales 
•kite Store 3 - 20-B 

20-G 
Pnmplag at eqiansicn end 
oontrcwtioB Joints. 

Wadesboro - 37-C - He pumping encountered. 
BOITOI LABD SOILS 

Bh^rlenee with botton land soils was Halted to the Congaree, Toxamsy and lehadkee sUt loams vhleh 
skiowed traces of IXf^t puoplag and the W.ekba», Alta Tista and Xalala soUs which showed no puaping ibere 
encountered. 



lU. 

m i g h t have shown a d e q u a t e r e a s o n f o r t h e non-pumping c o n d i t i o n . I t i s s u g g e s t e d t h a t 
a f u r t h e r s t u d y o f t h e s e s o i l s m i g h t y i e l d v a l u a b l e i n f o r m a t i o n . L i k e w i s e , p o s i t i v e 
d a t a were n o t o b t a i n e d on a l l p r o j e c t s on t h e amount o f i n f i l t r a t i o n o f s o i l i n t o 
pavement c r a c k s and j o i n t s w h i c h m i g h t p l a c e t h e pavement i n a s t a t e o f c o m p r e s s i o n , 
r e d u c i n g t h e e n t r a n c e o f s u r f a c e w a t e r , r e d u c i n g d e f l e c t i o n s and p r e v e n t i n g t h e o c ­
c u r r e n c e o f pumping. 

A s t u d y o f s o i l t e x t u r e by means o f p l o t t i n g f r a c t i o n s o f t h e t o t a l s o i l on a 
t r i a n g u l a r c h a r t ( S e e F i g . 2 ) g i v e s p o s i t i v e e v i d e n c e t h a t s o i l s h a v i n g more t h a n 50 
p e r c e n t s a n d and g r a v e l ( r e t a i n e d on No. 270 mesh s i e v e ) i n t h e t o t a l s o i l h a v e p r e ­
v e n t e d pumping i n N o r t h C a r o l i n a , i n s o f a r a s s a m p l e s t a k e n i n t h i s s u r v e y a r e c o n ­
c e r n e d . S e v e n t e e n o f 25 s a m p l e s on w h i c h no pumping was found, c o n t a i n s a n d i n ex­
c e s s o f 50 p e r c e n t . E i g h t o f t h o s e a r e p l a s t i c s o i l s h a v i n g p l a s t i c i t y i n d i c e s r a n g ­
i n g from 8 t o 27. No s o i l s h a v i n g more t h a n 50 p e r c e n t s a n d and g r a v e l w e r e found 
u n d e r pumping s l a b s . 

TOE USE OF SUBBASES TO PREVENT PUMPING 

T w e l v e p r o j e c t s c o n s t r u c t e d w i t h s U b b a s e s were l i s t e d f o r f i e l d s t u d y d u r i n g 
t h e s u r v e y . N i n e o f t h e t w e l v e p r o j e c t s were v i s i t e d and j o i n t and c r a c k d a t a o b t a i n ­
ed. No pumping was found. L i k e w i s e , no pumping, i n w h i c h s u b g r a d e m a t e r i a l was 
e j e c t e d a t j o i n t s , c r a c k s o r pavement edges had been r e p o r t e d by D e p a r t m e n t E n g i n e e r s 
f o r t h e o t h e r t h r e e p r o j e c t s . A summary o f p r o j e c t d a t a , pavement d e s i g n f e a t u r e s , 
s o i l s d a t a and j o i n t and c r a c k d a t a i s g i v e n i n T a b l e 7. 

S u b b a s e s e x a m i n e d and s a m p l e d were b u i l t i n t r e n c h s e c t i o n o f pavement w i d t h . 
H i e a v e r a g e t h i c k n e s s r a n g e d from t h r e e t o f o u r i n c h e s . 

P a vements were o f 8-6-8 and 9-7-9 and 7 i n c h u n i f o r m t h i c k n e s s and w e r e o f 
20, 22, 36 and 37 f t . w i d t h e x c e p t one w i d e n i n g p r o j e c t w h i c h was 6 f t . w i d e . 

A l l e x c e p t one o f t h e p r o j e c t s had e i t h e r 90 f t . o r 120 f t . e x p a n s i o n j o i n t 
s p a c i n g . A l l had % i n c h d o w e l s a t e x p a n s i o n and c o n t r a c t i o n j o i n t s . 

T r u c k t r a f f i c on t h e v a r i o u s p r o j e c t s r a n g e d from 165 t o 730 p e r 24 h o u r day, 
w i t h an a v e r a g e o f 324 p e r day. T h i s compares w i t h a r a n g e o f 150 t o 1,141 ( a v e r a g e 
546.) f o r t h e pumping p r o j e c t s , and a r a n g e o f 151 t o 730 ( a v e r a g e 3 0 6 ) f o r t h e non-
pumping p r o j e c t s shown i n T a b l e 2. T h u s t h e t r a f f i c does n o t p e r m i t o f a c o m p a r i s o n 
i n pavement b e h a v i o r u n d e r l i k e t r a f f i c . 

E x c e p t i n g t h e 6. f t . w i d e n i n g , w h i c h had 18 t r a n s v e r s e c r a c k s p e r m i l e , t h e 
p r o j e c t s w h i c h were c o n s t r u c t e d w i t h s u b b a s e s showed l i t t l e t r a n s v e r s e c r a c k i n g . 

The m a t e r i a l s u s e d f o r s u b b a s e c o n s t r u c t i o n on t h e p r o j e c t s s a m p l e d c o n s i s t e d 
o f s e l e c t e d s o i l s o f s a n d , loamy s a n d and s a n d y loam t e x t u r e . H i e r e l a t i v e p e r c e n t ­
a g e s o f t h e v a r i o u s s a n d ( a n d g r a v e l ) , s i l t and c l a y f r a c t i o n s o f t h e t o t a l s o i l s 
u s e d i n s u b b a s e s and a l s o t h e u n d e r l y i n g s u b g r a d e s o i l s a r e l i s t e d i n T a b l e 7 and 
shown i n t h e t r i a n g u l a r c h a r t i n F i g . 3. W i t h one e x c e p t i o n a l l s u b b a s e m a t e r i a l s 
had combined s a n d and g r a v e l c o n t e n t s ( r e t a i n e d on No. 270 s i e v e ) o f 70 p e r c e n t o r 
more. O n l y t h r e e s a m p l e s had c l a y c o n t e n t s i n e x c e s s o f 10 p e r c e n t . 

G r a i n s i z e c u r v e s o f t h r e e s a m p l e s w h i c h a r e r e p r e s e n t a t i v e o f t h e r a n g e o f 
s u b b a s e m a t e r i a l s u s e d a r e shown m F i g . 4. S u b b a s e s o i l s r a n g e d from w e l l g r a d e d 
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S O I L S T E S T DATA FHOM I H O J E C T S B U I L T tflTHOUT SUBBASES 
T a l > l e 6 

S O I L S ON WHICH PUHFING i A S FOUND S O I L S ON M I C H MO DUMPING %AS FOUND 

S a m p l e 
P r o j e c t B o . S o i l S e r i e s H o r . L . L . P . I . S . L . 

1 1 5 

1 1 5 

5 2 8 

53^ 
53^ 

1 0 6 1 

1090 

U O O 
U O O 

U 9 5 
U 9 5 

1580 

^170 

il601 

A731 

A83? 

Vd36 
^3'6 

A970 

5060 

6324 

1 6 - fi P o r t s m o u t h S L 

1 7 - B E l k t o n V F S L 

3 0 - C M e c k l e n b e r g S L 

27 - B Durham S L 

26-B U e c k l e n b e r g L 
26 - C " •> 

U - B L u f k i n S i L 

1 5 - B C o x v i l l e S i L 

7-C D u n b a r S L 
9-C " V F S L 

10-B N o t C l a s s i f i e d 
10-C " " 

l-C-2 C e c i l S i L 

2 1 - BC Durham S L 

22- C D a v i d s o n S i L 

22A-C G e o r g e v i l l e S i L 

S-C i ^ p p l i n g S L 

18 - C C e c U ( H i l l y 
i ' b a s e ) 

20 B W h i t e S t o r e * S L 
20 C " " " 

k B H e l e n a S L 

2 5 B C e c i l S L 

32 B C e c i l S L 

B 

B 

S o i l F r a c t i o n s 2 4 h r . T r u c k 
( P e r C e n t o f T o t a l S o i l ) T e x t u r a l T r a f f i c N a t u r e o f pu m p i n g a t 

T y p e (No. l o c a t i o n s a m p l e d . 
C o l l . V e h i c l e s ) 

S o i l F r a c t i c o s 2t^ h r . T r u c k 
C.M.E. F . l l . E . G r o u p G r a v e l 

& S a n d S i l t C l a ; 

U 

38 

23 

1 8 

1 5 

1 7 

2 8 

2U 
3 1 A-7 

2 9 A-7 

29 

2 8 

25 

-43 

-46 

2 9 

3 1 

1 3 

C l a y 

C L 

R a n g e 1 5 0 - 6 9 8 
A v e r a g e 4 1 7 

3 3 4 

C 2 3 1 6 ^8 2 9 A-7 4 9 19 3 2 1 8 C l a y 4 8 8 

B 4 3 2 4 U 2 7 2 7 A-7 a 2 7 32 1 8 C l a y 7 2 3 

B 
C 

8 2 
6 7 

4 1 
2 4 

2 1 
24 

45 
3 9 

56 
54 

A-7 
A-7 

2 2 
2 7 

1 5 
2 9 

63 
4 4 

4 3 
3 0 

C l a y 
C l a y 

573 
II 

B 4 7 *0 2 1 3 3 3 9 A-7 30 2 8 4 2 2 3 C l a y 3 0 5 

B ' 5 4 3 0 1 6 3 1 3 6 A-7 18 3 3 49 3 7 C l a y 3 1 3 

C 
C 

53 
50 

3 2 
2 8 

1 7 
1 5 

2 5 
2 7 

3 7 
3 1 

A-7 
A-7 

4 8 • 
3 2 

7 
2 3 

4 5 
4 5 

3 9 
35 

C l a y 
C l a y 

1 5 0 
II 

B 
C 

3 3 
3 2 

1 6 
1 7 

1 6 
1 5 

2 3 
2 1 

2 5 
2 3 

A-4-7 
i i - 4 - 7 

4 5 
4 8 

2 2 
25 

3 3 
2 7 

2 4 
1 6 

C l a y 
C L 

3 8 5 
n 

c-z 51 1 7 37 33 52 A-5 <S 6 5 7 6 S i L 1 9 0 

M i x e d 
B & C 

7 2 4 0 U 37 4 3 A-7 1 7 3 3 50 30 C l a y 4 5 2 

n 
59 3 * 18 3 2 3 1 A-7 1 3 3 4 53 3 1 C l a y 6 0 1 

c 6 9 2 9 2 5 4 0 4 5 A-7 1 6 2 5 59 4 1 C l a y n 

c 7 8 4 2 2 4 3 9 5 i A-7 35 1 5 50 4 3 C l a y 4 7 8 

c 39 1 6 1 7 2 2 3 2 A-7 U 1 9 37 2 5 C l a y 3 6 7 

B 
c 

8 3 
4 7 

5 0 
2 3 

10 
1 4 

4 3 
2 9 

50 
3 4 -

A-7 
A-7 

15 
4 4 

34 
2 8 

51 
2 8 

4 2 
1 8 

C l a y 
C L 

2 4 0 
II 

B 9 3 6 4 1 2 7 4 3 9 A-7 2 5 1 7 5 8 4 2 C l a y 4 1 3 

B 7 1 3 8 2 3 3 7 4 4 A-7 23 59 4 0 C l a y 6 0 1 

6 5 6 3 0 2 0 33 3 6 A-7 28 2 0 52 34 C l a y 6 9 8 

C l a s s 2 a t t r a n s v e r s e 
c r a c k . 
G l a s s 3 a t t r a n s v e r s e 
c r a c k . 

S e v e r e C l a s s 3 a t j o i n t s 
o n i n s i d e a t S u p e r e l e v 
c u r v e . 
C l a s s 3 a t t r a n s v e r s e 
c r a c k s . 

C l a s s 1 a t T r . c r a c k s 
i n o l d p a v e m e n t a n d a t 
J o i n t s i n w i d e n i n g . 

C l a s s 3 i n b r o k e n a r e a . 

C l a s s 3 a t T r . c r a c k . 

C l a s s 1 a t T r . c r a c k . 
It II n n n 

T r a c e o f pu m p i n g . 
P u m p i n g a t i n t e r i o r 
c o m e r b r e a k s . 
T r a c e o f v e r y l i g h t 
C l a s s 1 pu m p i n g . 
C l a s s 2 i n Y k i d e n i n g . 

A t T r . c r a c k t h r o u g h 
r e s u r f a c i n g 

C l a s s 2 a t m u d j a c k e d j t . 

C l a s s -1 a t j o i n t . 

C l a s s 1 a t T r . c r a c k . 

C l a s s 1 a t E x p . j o i n t s . 4833 
'• n n II n 

4 9 7 0 
C l a s s 2 a t T r a s v . c r a c k . 4 9 7 0 

P r o j e c t No. S o i l S e r i e s H o r . L . L . P . I . S . L . C.H.E. F . l i . E . G r o u p G r a v e l 
& S a n d S i l t C l a y C o l l . 

T y p e ( N o . 
V e h i c l e s ) 

1 1 5 16-A P o r t s m o u t h S L A 3 2 8 2 0 2 3 30 A-4 3 5 4 0 25 1 1 C L 334 

U 5 17-A E l k t o n S L A 2 1 5 - 1 2 2 1 A-4 4 0 4 7 13 6 Loam II 

1 2 7 6-B N o r f o l k F S L B 2 4 1 2 U 1 6 1 9 A-2 56 2 1 23 13 S C L 151 

155-B 12-A D u n b a r S L A U NP - 7 1 7 A-2 7 1 2 1 8 4 S L 250-300 

1 5 5 - B 12-B 11 II B 3 7 - 2 1 u 2 0 2 7 A-6 45 2 1 34 25 C l a y n a 

15 5 - B 12-C II II C 43 2 3 1 1 2 3 30 A-6 46 17 37 29 C l a y II II 
1 5 5 - B 13-A-1 N o r f o l k S L A-1 NP NP - 6 2 2 A-2 8 1 1 1 8 5 S a n d n n 

155-B 13-A-2 II II A-2 U NP 7 1 6 A.-2 7 0 2 0 1 0 5 S L n n 

1 5 5 - B 13-B II n B 36 2 0 1 6 1 9 2 8 A-6 57 1 0 33 26 S C II n 
15 5 - B 1 3 - C II II C 45 2 7 1 7 2 2 3 1 A-6 66 5 29 25 S C L n n 

528 2 8 - C Durham S L C 38 1 6 2 0 2 1 33 A-7-2 6 0 2 2 18 1 3 6 L 723 

886 33-C C e c i l C L C 45 2 0 2 3 2 6 35 A-7 4 2 2 8 30 19 C l a y 2 a 

887 34-C C e c i l C L C 48 1 9 2 4 2 8 4 2 A-7 49 13 38 29 C l i Q r 304 34-C 
( H i l l y P h a s e ) 

1 4 0 0 9A D u n b a r V F S L A 1 6 NP - 7 2 0 A-2 7 0 2 1 9 6 S L 150 
1400 9B II II B 3 0 U 1 6 1 7 2 4 A-4 49 2 2 29 2 2 CL n 

U 9 5 10-A P r o b a b l y A NP MP _ 9 1 7 A-2 56 34 1 0 8 S L 385 
D u n b a r V F S L 

1580 2-A N o r f o l k S L A NP NP - 7 1 7 A-3 87 5 8 6 S a n d 190 

1993 3AB N o r f o l k M i x e d NP NP 5 1 7 A-2 86 7 7 5 S a n d 234 
A & B 

a 7 o 21-A Durham S L A NP NP - 8 1 6 A-2 83 1 2 5 - S a n d 452 
a 7 o 21-B Durham S L B 2 9 U 1 3 2 1 2 3 A-2 58 16 26 452 

C l a s s I a t j o i n t . 

C l a s s 1 a t j o i n t . 

6 1 5 1 

1 9 C C e c i l S L C 38 10 27 19 48 A-2 70 16 U 8 S L 367 
4 - A - l 
4-A-2 

H e l e n a S L 
n II 

A-1 
A-2 

16 
20 

NP 
8 

U 
13 

10 
13 

18 
16 

A-2 
A-1 

81 
70 

U 
13 

8 
17 

4 
10 

L S 
S L 

413 
n 

29-C C e c i l S L C 56 U 29 31 52 A-5-2 56 18 26 21 s a 495 
31-C C e c i l C L C 72 30 30 43 52 A-5-7 8 40 52 28 C 

B a n g e 
A v e r a g e 

1098 

151-1098 
345 



TABLL 7 

DATA FRQU PBOJECTS COilSTROCTED WXTU SUBBASES 

?roJec1^ 
MB. 

1363 I US - 158 
Halifax 

1655 I US - 258 
Northafflpton 

aSt \ US - 258 
Borthafflptan 

1658 US - 258 
Bortbaapton 

1666 I US - 258 
Horthafflpton 

4105 

a 7 2 

US - 70 
OurbaiB 

US - 70 
DurfaaiB 

Location 

Between L i t t l e t o n 
ft Roanoke Rapids 

North of Woodland 

Age 
I Length I (year) 
KMiles) U iq 

4.70 

Section 
8-6-6-8x20 

8-6-8x20 

Rich Square N. t o | 5.148 
Koodland 8-6-8x20 

Rich Square South 
toward Roanoke 
River 

Roanoke River 
North t o f r e j e c t 
1658 

4.18 8-6-8x20 120 

9-7-9- 7-9 I 120 
I X 20 

4321 I US - 15 
Granville 

4481 US - 421 

4 9 a I US - 1 
Warren 

5323 I US - 70 
Guilfo r d 

Keat Ulty Limiie 
6t Ourhan t o 
fp o j e c t 4601 

Ouriuffl t o Jet. 
OS - 70 A l t . 

1.077 3 

3.37 5 

9-7-9 X 
33'-36' 

7" X 6' 

120 

120 

3 Gaps between 
Creedfflore and 
Oxford 

2.28 6 9-7-9x20 90 

South approach t o 
Deep River bridge 
B. of Sanford 

0.848 

Ridgeway t o 
Rorlina 4.01 3 9-7-9x22 120 

6083 US - 74 
AnsoD 

Reconstruction of 
East Maricet St. 
i n Greensboro 

Wadesboro t o 
i>oUton 

1.136 3 7" X 37' 120 

7.837 9-7-9x22 300 
& 36' 

30 

3/4" a t 15" cc 

3/4"x 15" at 
12" cc 

Contr. 
3/4" a t 15" cc 

3/4"x 12" at 
12" cc 

3/4"x 15" at 
12" cc 

3/4''x 12" at 
12" x:c 

3/4"x 15" a t 
15" cc 

3/4" X 15" at 
15'' cc 

3/4"x la" at 
15" cc 

3/4" X 18" at 
15" cc 

30 

30 

30 

30 

75 

3/4" X 15" at 3/4" x 02" at 
15" cc I j n cc 

3/4" x 15" a t 3/4" x 13" at 
15" cc 15n cc 

3/4" X 15" a t 3/^" x 12" a t 
15" cc 15" cc 

3/4" X 15" a t 3/4" x 12" a t 
15" cc 15" cc 

3/4" X 15" a t 3/4* x 15" a t 
15" cc 15" cc 

3/4" X 15" a t 3/4" x 12" a t 
15" cc 15" cc 

100 
100 

58 

81 

79 

57 

Sand'& 
Gravel S i l t 

31 

Source of 
Sample 

Subbase 
Subbase 
Subbase 

Subbase 
Subgrade 

Subgrade 
Subbase 
Subbase 
Subbase 
Subbase 

Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subbase 
Subbase 
Subbase 
Subbase 
Subbase 
Subgrade 
Subgrade 
Subbase 
Subbase 

Subbase 
Subbase 
Subbase 

Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subgrade 
Subbase 
Subbase 

Subbase 
Subgrade 
Subgrade 
Subgrade 
Subgrade 

T r a f f i c 
(Do. 
Trucks) 

hr 

165 

178 

208 

208 

730 

430 

230 

Joi n t & 
Crack 

I n t e r v a l 
[n: 
Uo 

Count 
Made 

30 

29.9 

89.9 

29.4 

27.1 

29.9 

No 
Count 
Made 

359 

491 

Ho 
Count 
Made 

29.9 

67.2 

Cracks 
pep 
MUe 

No 
Count 
Made 

0.0 

0.95 

1.2 

18.7 

0.88 

No 
Count 
Made 

No . 
Count 
Hade 

0.88 

8.17 

Pumping 

Reported 
not 

• /IPPing 

No 

No 

No 

No 

No 

Reported 
not 
pumping 

No 
pumping 

No 
pumping 

No 
pumping 

Remarks 

3" Subgrade Ralnforcement. 
and Cecil Series.-

Soils are «C Ourhan, Appling 

No s o i l t e s t data but selected borrow reported f o r t h i s 
project. Only 2 cracks observed on plroject. S o i l s are 
Lufkin, Coxville & Norfolk. 

No cracks observed. No f a u l t i n g . 3" Subgrade Reinforce­
ment. Subgrade s o i l s are approximately 45$ Lufkin V.F.S.L. 
35% Coxville S i l & V.F.S.L. & 20% Dunbar 

Mixes 94:201 or 193 or 196 Sand: 366 or 368 or 363 Stcme 
4 cracks i n p r o j e c t . No f a u l t i n g . 3" subgrade Reinforce­
ment. Approximately 90% Lufkir. V.F.S.L. & 10% CoxvlUe 
& Lufkin SU. 

1 Crack on p r o j e c t . No f a u l t i n g . No s o i l tetft data bat 
selected borrow reported f o r p r o j e c t . Natural'soils not 
e l a ^ B i f i e d . Heavy f i l l . 

8 cracks (across 12' lane) on project. Top s o i l f r o n 
p roject 4601 reported t o have been used on t h i s p r o j e c t . 
Natural subgrade s o i l of White Store series. 

63 cracks i c widening. This i s a c i t y section, 
grade Reinforcement over Hhlte Store s o i l s . 

Snb-

2 cracks i n p r o j e c t . No f a u l t i n g . 3" subgrade r e i n ­
forcement of Granville.A horizon s o i l . Natural s o i l s 
l argely Uhite Store series. 

3" Subgrade Reinforcement. Not Included i n survey. 
UAdeflying n a t u r a l s o i l s are Cecil F.S.L. & C.L. & 
Appling S.L. 

Subgrade Reinforcenent^ J h l s pcojnet was Inspected 
but no count was made ef crackn & j o i n t s . 

1 crack observed during survey. Subgrade Reinforce­
ment over t i h i t e Store series s o i l . 

64 cracks on p r o j e c t . 3" t o 5" Subgrade Reinforce* 
ment over lAadesboro - Granville & White Store s o i l s . 



6O0OLAND 

RAWLINS 

5 HERMAN 

KANSAS CITY 

FAP /69A 

HZt-PWSl 
HIAWATHA M A R Y S V I L L E NORTON 

9 SENECA 
MARSHALL REPUBLIC NOKTON DECATUR P H I L U P S B U R C 

PHILLIPS 

OONIPyAN* 

HORTOH SMfTM 
E W E L L . ATCHISON 

ATCHISON COMCOPOIA RILEY 
CLAY CENTER 

Iowa Prioirie 
aciaied) 

Mo. R i v e r C O L B Y BELOIT JEFFCf, 
L o e s s •OTTAWATOIVIII 

FA47C Fft J A C K S O N F A Z 2 1 C MITCHELL 

R o o K s y - U p l ^ a n d ^ 
MINNEAPOLIS 

rA 58C(JJ THOMAS OSBORNE MAMHA C R A H A K I 

' i ^ - ^ ^ ' ^ (DISS 
/ ; ,-1 FAP 301 Fflj 

TOPEK 

SHAWNEE 

OTTAWA 

LAWRENCE 

0 0 0 6 L / 

CCARt M^SAUNSEE UNCOUM O L A T H E 

FA4O40 
H i q h P I > DICKINSOM 

g F l i H + H 
ELLJWOflTH 

VM\LLAC£ TREG 60VE R U S S E L L L O £ i ^ 
MCA<C—P't9eA 

352 C 
SALINE 

!fiOLA 
AlrOMlE^^IIjC 

352 F . 
352 6 'NT O S A W 

t̂ lAMI 351A 05A6E < 

McPHERJON |'/ | / ; / " 
RANK UNI 

r c o t B e n d 

PWS25 
LYON 

., . . - E'TT 
V \l 1 PIV5 8I 

J5«A1 352B?»1'ANPER 
SOM 

WICHITA NESS vV> Praine 
RICE 

LANE BARTON SCOTT I GREELEY 
L _ - - - " I 0 9 B C 

^ A » E 151C(0) 
COFFEY 

::»io9c 
L I N N 

EREENWOOO _NE\NTON 
329A _ 

^ - " o l S z H P s a g c P r a i r \ 

4^*pws3 
HITA I 

PAWNEE 
//^ HUTCHINSON 

0^/341. H 
M ^ V / / . RENO 

BOURBON HARVEY lOLA 
(JARbCN CITY STAR STAFF 

FORT SCOTT 
H U M B O L T T 

ALLEN FINNEY KEARNY EOtVAROS HAMILTON MIDOPSON 
K I I 4 + 
+77 B 

, 4 7 1 0 

D0P6E CITY e r r a c e NEOSHO 
2 C H A N U T E 

447A---
"^'v/ PIVS 13 \ / 

J4/5C 

H A S K E L L BUTLER 
PRATT 

•= ^ 
6RAY CRAW 

FORD 
WILSON STANTON GRANT KIOWA P I T T 5 B U P C ll^3^.A 

RWRiOWr 3 7 n 
x - P r a i r l i e 

^ E L L I h j c t o i j 

>^6WAP0 

i p p l a n d 

e d ) 

INDEPE 

• 

CHAUTAuquA 

N D E N C 

MONTfiO ( D i s s e c t 
COMANCHE 

CHER OK EE C l ^ •ffTEYEWa _ ^ ^ O W L E Y 
AMCAN3A3 CITY 

L E G E N D 

U S HIGHWAVS 

P O P U L A T I O N OF C I T I E S A N D T O W N S C'S+O) 

O V E R I O . O O O 

• 5000 T O 10,000 
O 2000 T O 50O0 

(From 1942 Mop of K a n s a s S i o t e l- i i3Kwas« S</>tarr)| 

K A N S A S 

C O F F E Y V I L L E 

C h c r o k e c 

L o N A / l o n d 

[ B A X T E R SPRINGS 

• S p r i n g h e I d 

U p l a n d 

P R O J E C T L O C A T I O N M A P 

I N D I C A T I N G T H E P R O J E C T S S T U D I E D A N D S H O W I N G 
T H E I R , L O C A T I O N S ON R O U T E S B E T W E E N P R I N C I P A L 
C \ T » E S . P H Y S I O G R A P H I C R E G I O N S A R E A L S O S H O W N 
H A C H U R E S I N D I C A T E D I V I D I N G L I N E S B E T W E E N 

T H E S E R E G I O N S . 

SCALE OF M I L £ S 

0 10 10 30 



TAuLt. 2 — SUHUAKI OF PUm'IilU 

Joint bpuulon 
ATTWwat hraast Joint 

b p . Cont. ero«»-6«cttfl» Flllor 

Xxpsnslm 
Joist Tjrpa Dt 
Load CcntnotleB 

T r m i f e r Joint 

Ccntr. Joint 
Laid 

Vnaafir 

PCToant 
Roln-
ferslng 

Y n n 
Built 

Joist 
Total And 
Langth Craok BipanslOB Jolnta Cont. at Conatr. Jolnta m Jo l n t a Cracka Total 

Munbar of C g m a r c i a l Axles 

(Hllea) I n t a m l Claaa-1 Glaaa-2 Claaa-3 Total Clasa-1 Claaa-2 Claae-3 Total Claaa-l Claaa-2 Cla8a-3 Total Claas-1 Clasa-2 Cla8a-3 Total Claaa-l Claaa-2 Claas-3 Total 
Iftldar Orar Orar Oror TOLal Baaa Of 

10,000-lb. 10,0OO-lb. U,00O-lb. 18,000-lb. CoBputatlona 

Dona Hen* 6-e-6zlS'P Nona 
Frlor to 

1925 
•22-'24 

12.047 
10.997 

19.4 
19.5 

Oaclaaalflad 
Unolaaalflad 

OMtaaalflad 
Unolaaalflad 

7.6 
8.2 

7.8 
8.5 

a.8 
23.8 

37.2 
40.5 

U.5 
16.0 

4.8 
5.4 

11.1 
12.2 

30.4 
33.6 

13.7 
15.1 

5.2 
5.7 

12.3 
13.6 

31.2 
34.4 

1019 
1083 

175 
221 

60 
79 

1193 Al l projacta 
1303 Fufflpinfi projecta 

No. 
Of 

IVoJaeta 

"IT) 
(2) 

9-7.4xao>lJCU>(8) 
9-7-9iaO'LC(l) 
9-7-9x2O'L0»P(6) 
9-7-9x20'Le(l) 

Al l Cora •35-'36 

•35-'36 

40.353 

32.593 

46.9 

42.3 

13.9 

17.0 

20.1 

24.6 

1.9 
4.8 

37.9 

46.4 

7.0 

7.7 

6.0 

6.6 

2.0 

2.2 

15.0 

16.5 

13.3 
16.2 

18.8 

22.8 

3.8 

4.6 

35.9 

43.6 

6.8 

7.6 

9.7 

10.8 

1.9 

i.2 
18.4-

20.6 

707 

743 

69 9 949 AU projacta (9) 

81 U 1025 Pumplne projacta (7) 

9 -̂9«aO'LC»P(5) 9J7-9l2a'Ll!»P<l) 
9-7-«»'MU'(a) 
9-7-9l22'UaF(l) 

Ltd. fittr. Rubber A-1 

JW-1 

•36-'37 

'36-'37 

23.062 

17.342 
57.0 

52.3 
15.4 
20.5 

0.9 
1.2 

0.3 

0.3 

16.6 
22.0 

5.0 
6.6 

0.8 
1.1 

5.8 
7.7 

U.5 
19.3 

0.9 
1.2 

0.2 

0.3 

15.6 
20.8 

9.0 

10.9 

0.6 

0.7 

0.1 

0.2 

9.7 

11.8 
731 

598 

221 

190 

47 

U 

953 

787 

All projacta 

Pumping projacta 

(6) 

(3) 
9-7-9x20'L«P(X3) 
9^-9*WL0(l) 
9-7-9x2a'LCkP(l) 
9-7-9x20'L(aP(e) 
9-7-9>aO'LI!(l) 
9.7-9iaa'LC»p(i) 

j t d V s : , : ' ! . ,6, •>»• 
AlT Cora (7) 
Ltd. Sxtr. BUb. (3) A(7)» Al(3) 

•35-'37 

•35-'37 

63.a5 50.1 U.5 13.1 2.6 30.2 6.2 4.1 1.2 U.5 13.7 12.3 2.5 28.5 

49.935 45.3 18.2 16.6 3.3 38.1 7.3 4.8 1.5 13.6 17.2 15.5 3.1 35.8 

7.5 6.8 1,3 15.6 716 235 61 

8.6 7.7 1.7 18.0 711 261 72 

8 951 AU projacta (15) 

9 972 Pumping projacta (10) 
100.-4. H... 9;7-«o ;Lc»j7) ^ ^ ^ . ^ ^ 

9-7-«0'LCM'(6) . 
9-7-9»20'LC(3) 

0-1 •36-'39 33,774 61.5 7.9 1.3 o.l 9.3 12.3 4.3 0 16.6 8.3 1.5 0.1 9.9 
'36-'38 33.327 61.6 8.1 1.3 0.1 9.5 12.6 4.4 0 17.0 8.4 1.6 0.1 10.1 

0 0 0 0 

0 0 0 0 

5.8 1.1 0.0 6.9 1026 373 

5.9 1.1 0.0 7.0 1045 399 
15 

16 

1399 AU projecta (10) 

9-7-9x20'LCkPCU) 
9-7-9^'LC(3) Ltd. b t r . Rubbagr 
9-7-9z22'LCtP(l) 

Al(6) 
ni(io) *** — Uaab •36-'39 56.836 59.7 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 U 1251 AU projacta (16) 

9-7-9x20>LCU>(8) 
9-7-9x22'LCU>(l) • • » 
9-7-9i2O'L0(3) m(9) * " - Hash •36-'38 50.669 58.1 12.3 1.3 0.1 13.7 10.4 3.2 0 13.6 12.9 1.5 0.1 14.5 0 0 0 c 7.8 0.9 0.1 8.8 964 361 103 U 1325 Fumplsg projaota (12) 

VM^^X) 
9-7-9T20'L0kP<U) 
9-7-9iao'LC(4) 
9-7-9i22'lC»P(l) 

n l u ) 
Air Cora (7) A(7) 
Ltd. Ix t r . Bub. (U) 

•35-'39 ^,,189 53.6 

.35-.38 " ' - ^ '"•^ 

12.2 8.9 

U.1 10.3 

1.7 

2.0 

22.8 8.3 

26.4 9.3 

4.1 

4.6 

0.8 

0.9 

13.2 u.a 

14.8 13.7 

8.5 

9.9 

1.6 21.9 

1.9 25.5 

7.0 5.0 1.0 13.0 845 293 

7.7 5.6 1.0 14.3 878 330 13 

U38 Al l projacta (25) 

1208 Pumping projacta (19) 

iy>< Bow 9-6-9zl8'P(2) 
9-6-9xl8'P(3) 

Ponrad Bituminous Nona * Noia 
m 

— MB 
m 

1927 
1927 

8.679 
8.679 

47.2 
47.2 

3.3 
3.3 

9.6 
9.6 

3.7 
3.7 

16.6 
16.6 

2.8 
2.8 

0 
0 

0 
0 

2.8 
2.8 

3.3 
5.3 

8.5 
8.5 

3.2 
3.2 

15.0 
15.0 

3.5 
3.5 

0.9 
0.9 

0.4 
0.4 

4.8 
4.8 

3.4 
3.4 

3.3 
3.3 

1.3 
1.3 

8.0 
8,0 

552 
552 

59 
59 

15 
15 3 3 6U 

611 
AU projacta (2) 

353'-9" 25'-3* 9-7-9*»'P Ltd. Bctr. Bit, nbar m. 9tr« Uete nsta Hash 1940 
1940 

4.458 
4.458 

Mo POBplSg 
Ho Panping 745 294 79 18 1039 All projacta 

(2) 
(1) 

9-7-9iaa'UU>(l) 
9-7-9x20 •P(a) 
9.4^9xl8'P(l) Pourad Bltnolneus Bona 2* dimgr 9«ora(l) Han* SBO) 

IIEB(I) •28-'33 4.692 13.7 0 0 0 0 0.2 0 0 0.2 0.1 0 0 0.1 0 0 0 0 0.1 0 0 0.1 885 306 69 . 7 U91 

Pumping projects 

AU projecta 

(0) 

(4) 
(1) 

9-7-9:tfO'P(l) II m N 3" dimv groorad) m UEDd) '28-'33 2.031 12.8 0 0 0 0 0.4 0 0 0.4 0.3 0 0 0.3 0 0 0 0 0.1 0 0 0.1 1054 6U 132 15 1665 Puopiog projacta 

(0) 

(4) 
(1) 

116* 29' 
9-7-9x20>LCkP(3) 
9-6-9X18 actfd) 
9.̂ -9x20'LCtP(2) 
9-6-9xl8'LaatP(l) 

Iranouldad Fait 
Hong(3) 
10^>-
Dosals 

Boss(a) 
103x2'-
OoSSg 

(1) 

« ) 

3* dmqr erooraO) 
2" Bit. M l t ( l ) 
3" ̂ aasj groavo(2) 
2* Bit. relt( l) 

Nona 
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m a t e r i a l s t o gradings having as much as 50 per cent o£ the t o t a l m a t e r i a l between the 
No. 20 and 60 sieves. A l l had l i t t l e or no volume change and a l l were densely graded 
to the degree t h a t they r e s t r i c t e d the downward movement o f surface water and thus 
served t o p r o t e c t the u n d e r l y i n g p l a s t i c subgrade s o i l . 

The Use of Selected Top S o i l i n Shoulder Construction 

Some p r o j e c t s constructed w i t h subbase, also included shoulders of a dark gray 
dense sandy loam top s o i l . No samples were taken of the s o i l nor were data obtained 
p e r t a i n i n g t o the volume change or p e t m e a b i l i t y of the s o i l . The s o i l supported the 
growth of grass -- and yet appeared t o have very l i t t l e volume change. 

Observations showed t h a t even when dry the m a t e r i a l maintained close contact 
w i t h the edge o f the slab. Tlie close contact d i d not permit water t o have f r e e access 
to the subgrade i n the manner commonly found i n shoulders constructed o f high volume 
change clays which s h r i n k away from the edge o f the pavement. While no s p e c i f i c data 
were obtained from which i t s e f f i c i e n c y could be measured, observations were t h a t i t 
r e s u l t e d i n shoulders which had higher supporting value when wet and which gave b e t t e r 
p r o t e c t i o n t o the subgrade near the pavement edges. 

SUMMARY 

The most severe pumping occurred on the newer pavements b u i l t w i t h expansion 
j o i n t s a t 90 or 120 f t . i n t e r v a l s and intermediate c o n t r a c t i o n j o i n t s a t 30 f t . i n ­
t e r v a l s . Considerable pumping was also found on some o f the older pavements b u i l t 
w i t h o u t expansion j o i n t s . However, i n no instance d i d the percentage of pumping 
slabs on any o f the older p r o j e c t s equal the heaviest pumping found on the newer j o i n t ­
ed pavements. Average values f o r 20 p r o j e c t s showed t h a t the per cent of pumpihg 
j o i n t s and cracks on j o i n t e d pavements was 5 times as great as t h a t f o r pavements w i t h ­
out j o i n t s . As there are more j o i n t s and cracks on the j o i n t e d pavement, the a c t u a l 
number of pumping j o i n t s and cracks per mile o f pavement i s 10 times as great as on 
the u n j o i n t e d pavement. This i s even more outstanding because of the greater age of 
the u n j o i n t e d slab. 

Many miles o f pavement i n good c o n d i t i o n and w i t h l i t t l e or no pumping were 
examined d u r i n g the survey. The non-pumping group included both pavements b u i l t w i t h 
expansion j o i n t s and those b u i l t w i t h o u t j o i n t s . These pavements were e i t h e r con­
s t r u c t e d on granular subbases or on n a t u r a l s o i l s , the major p o r t i o n of which are not 
conducive to pumping. 

The v a r i a t i o n i n pavement design thickness d i d not show a s i g n i f i c a n t r e l a t i o n ­
ship t o pumping. 

There was but l i t t l e d i f f e r e n c e , e i t h e r i n the amount or s e v e r i t y o f pumping 
at expansion j o i n t s compared t o c o n t r a c t i o n j o i n t s . Pumping was more prevalent and 
more severe a t transverse cracks than at transverse j o i n t s on pavements b u i l t w i t h ex­
pansion and c o n t r a c t i o n j o i n t s , although the t o t a l number of transverse cracks was 
smaller on the newer j o i n t e d pavements. There was l i t t l e d i f f e r e n c e i n e i t h e r the 
amount o f s e v e r i t y o f pumping at cracks and c o n t r a c t i o n j o i n t s i n pavement b u i l t w i t h 
out expansion j o i n t s . 

Considerably more pumping occurred on the newer j o i n t e d pavement v/idening than 
on the o r i g i n a l pavements b u i l t w ithout expansion j o i n t s . 
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T r a f f i c , i n terms of number o f trucks per day was greatest on the p r o j e c t s 
on which pumping was found. However, the number of trucks per day was as great on 
some non-pumping p r o j e c t s as on some of the p r o j e c t s on which the most severe pump­
in g was observed. 

Pumping v/as found only on p l a s t i c s o i l s having more than 50 per cent s i l t 
and clay combined i n the t o t a l s o i l . Pumping was not found on n a t u r a l s o i l s or on 
subbases having more than 50 per cent sand and grav e l ( r e t a i n e d on No. 270 sieve) 
i n the t o t a l s o i l . 

Subbases of 3 t o 5 inches compacted depth of densely graded n o n - p l a s t i c 
sands, loamy sands and sandy loams and ge n e r a l l y having 70 per cent or more r e t a i n ­
ed on the No. 270 sieve were successful i n preventing pumping i n North Carolina. 
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PUMPING OF CONCRETE PAVEMENTS IN KANSAS 

A Cooperative Study-
by 

State Highway Commission o f Kansas 
and 

Portland Cement Association 

SYNOPSIS 
The study was divided into three phases; reconnaissance, d e t a i l ­

ed surveys of sections of pumping and non-pumping pavements, and 
load deflection studies at various locations selected during the de­
t a i l e d surveys. The reconnaissance was made during one of the wet­
t e s t spring seasons i n Kansas. 

The reconnaissance survey covered 237.6 miles of concrete pave­
ment on the heaviest traveled routes i n Kansas and was made to 
assess the degree and extent of pumping on the p r i n c i p a l t r a f f i c 
routes during the spring wet weather season. After the reconnais­
sance survey, a d e t a i l study was made on 54 selected sections from 
36 projects. Selection was based l a r g e l y on uniformity of subgrade 
s o i l throughout a length s u f f i c i e n t for observing absence or pres­
ence of pumping, fa u l t i n g , j o i n t opening, and related items. The 
purpose of the d e t a i l study was to examine c l o s e l y a l l the variables 
which may af f e c t pumping. Samples of the subgrade from each section 
were taken a t two locations. Those for determination of water con­
tent, density, and for routine t e s t s were taken through core holes 
d r i l l e d through the pavement. Those for determining moisture-density 
relati o n s i n the compaction t e s t s were taken under the edge of the 
slab. Upon completion of the d e t a i l studies, load deflection t e s t s 
were made at the same transverse j o i n t s where s o i l samples had been 
taken. 

T r a f f i c data, constiniction records, and data on pavement design 
features were assembled for each project and correlated with pumping. 

No s i g n i f i c a n t difference was found i n the amount of pumping on 
con^arable pavements with or without l i p curb, \iith about the same 
expansion j o i n t spacing, pavements shorter slab lengths punq>ed l e s s 
than those with longer slabs. Construction of r e l a t i v e l y short slabs 
by the use of intermediate contraction j o i n t s between expansion 
j o i n t s at r e l a t i v e l y long i n t e r v a l s resulted i n reduction of pumping. 
Distributed reinforcing which held intermediate cracks together 
t i g h t l y prevented pumping a t such cracks. The number of pumping proj­
ects having poor s e a l s or no seals at expansion j o i n t s was almost 
three times as great as the nvunber having food or f a i r s e a l s . This 
r a t i o increases to four to one at contraction j o i n t s . 

I n general, t o t a l commercial t r a f f i c was about the same on pump­
ing and non-pumping pavements, but the n\imber of axle loads of over 
10,000, 14,000, and 18,000 l b , was substa n t i a l l y greater on the pump­
ing projects. 

The most s i g n i f i c a n t single relationship between any feature or 
combination of features of pavement design, subgrade s o i l type, t r a f ­
f i c or other factor which may aff e c t pumping l i e s i n the t e x t u r a l 
c l a s s i f i c a t i o n of the subgrade s o i l immediately beneath the pavement. 
I n no instance was pumping found to occur on subgrade s o i l s having 
one or more of the following t e x t u r a l c h a r a c t e r i s t i c s : 1. Less than 
15 percent clay, 2. More than 50 per cent sand and gravel (larger 
than 0.05m.n), or 3. More than 40 per cent retained on the No. 200 
sieve. 
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Puaping of concrete pavements i n the v i c i n i t y of transverse 
Joints and cracks was f i r s t observed i n Kansas i n the spring of 1935. 
Punping of consequence was then l i m i t e d to about two miles of highway 
on US Route AO between Wamego and S t . George i n Pottawatcanie County 
where the pavement had been constructed on a p l a s t i c clay derived from 
a rapidly weathering s o f t c l a y shale. During the period since 1935, 
pumping has become more widespread and has been found on r e s i d u a l clay 
s o i l s i n the eastern half of the State on US Routes 24, AO, 50 and 50-S, 
69, 73, 31 and 166. The most severe punping has occurred i n l o c a l i t i e s 
where the t r a f f i c includes concentrations of heavy i n d u s t r i a l trucks, 
hauling products from o i l r e f i n e r i e s , coal mines and lead and zinc 
mines. 

This report gives the r e s u l t s of a cooperative study made by 
the State Highway Commission of Kansas and the Portland Cement Associ­
ation during the spring and summer of 19A5 to determine the extent of 
punping, i t s causes, and means of preventing i t s occurrence on new 
construction. 

PUMPING DEFINED 

Pumping of concrete pavements may be defined as the ejection 
of a soupy mixture of subgrade s o i l and water from the Joints and 
cracks i n the pavement fkien the slab ends are repeatedly depressed by 
heavy wheel loads* 

Pumping may be observed i n any one of several stages, from the 
e a r l i e s t stage of the beginning of e j e c t i o n of mud to i t s f i n a l stage 
of the breaking of the s l a b . Therefore, i n order to make an accurate 
assessment of the condition of the pavement, i t was necessary to devise 
a means of c l a s s i f y i n g punping according to i t s stage of progress. 
Accordingly, puaping was c l a s s i f i e d into three c l a s s e s as follows: 

Class 1. Puaping a t slab ends a t Joints and cracks with no 
evidence of f a u l t i n g at slab ends or breaking of 
slabs due to puaping. 

Class 2. Pumping accompanied by f a u l t i n g with no evidence 
of breaking of slabs due to puaping. 

Class 3. Puaping accoapanied by faulting and breaking of 
the slab as a r e s u l t of l o s s of subgrade support 
due to puaping. 
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NATURE AND SCOPE OF STUDIES 

The s tud ies were divided into three phases. The f i r s t phase 
consisted of a reconnaissance study to assess the degree and extent of 
pumping on the p r i n c i p a l t r a f f i c routes during the spring wet weather 
season when punping i s most widespread, most severe and e a s i e s t to de­
t e c t . Concrete pavement pro jec ts representing var ious designs, var ious 
subgrade construct ion methods and age groins on 11 of the p r i n c i p a l 
t r a f f i c routes were se lec ted fo r study. The routes on which punping 
was studied were as fo l lows; 

1. US-24 west of Kfmsas C i t y and east of Topeka 
2 . US-36 northwest of Troy i n Doniphan Covmty 
3 . US-AO west of R u s s e l l i n R u s s e l l County 
4 . US-50 and 50-S from Olathe to Newton 
5 . US-54 west of Wichita i n Sedgwick and Kingman Counties 
6. US-59 south of Chanute 
7. US-69 south o f Kansas C i t y to US-66 
8. US-73 i n Leavenworth County 
9 . US-dl between Sa l ine and McPherson 

10. US-160 east and west of Parsons 
11. US-166 i n Cherokee County 

The second phase cons is ted of d e t a i l surveys of sect ions of 
non-punping and pvmping pavements a t locat ions se lec ted during the r e ­
connaissance survey. The t h i r d phase consis ted of load def lec t ion 
studies a t l o c a t i o n s invest igated during the d e t a i l survey. The l o c a ­
t ions of the var ious pro jec ts with respect to t r a f f i c routes and p r i n ­
c i p a l c i t i e s i s shown i n the map of Kansas i l l u s t r a t e d i n F igure 1. 

Reconnaissance Svurvey of Puo^jing 

P r i o r to beginning the reconnaissance survey, design and con-
stz>uction data were gathered on the fol lowing items for each ofthe many 
p r o j e c t s to be invest igated for pumping; 

1. County, State route and Federal route number and p ro jec t 
i d e n t i f i c a t i o n 

2', Length of p ro jec t 

3 . Date constructed 

4 . Contractor and Resident Engineer 

5. Concrete mix, cement f a c t o r and water-cement r a t i o 

6. Source of coarse aggregate, f i n e aggregate and cement 

7. Pavement c r o s s - s e c t i o n 
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B, Longitudinal j o i n t apd t i e bar design 

9 . Transverse expansion j o i n t spacing, iri-dth and type of 
f i l l e r . 

10. Transverse contract ion j o i n t spacing, type and depth 

11. Load t ransfer devices a t contract ion and eaqjansion j o i n t s 

12. Reinforcing 

13 . Thickness and width of subbase 

14. Miscellaneous data on consti*uction,such as method of 
cur ing , subgrade paper, and other items 

Data on the above items were recorded on the "Off ice Data" side of the 
reconnaissance survey data sheet . An example of the data sheet i s shown 
i n Figure 2 . 

The reconnaissance survey wad conducted by a fovir-man party 
cons is t ing of a d r iver , two observers and a recorder . A l l observations 
were made by two observers seated on the f ront fenders of an auto 
driven at a very slow ra te of speed. One observer counted a l l expansion 
j o i n t s , contract ion j o i n t s , t ransverse c racks , i n t e r i o r and exter ior 
corner breaks, blow-ups, l i n e a l fee t of longi tudinal c r a c k s , broken, 
patched and replaced a r e a s . The second observer counted and c l a s s i f i e d 
a l l pumping expansion j o i n t s , contract ion j o i n t s and c r a c k s , and r e ­
corded the number of j o i n t s and cracks vrtiich had fau l ted but were not 
punqjing at the time of the survey. 

I n addit ion to assess ing the extent and degree of pumping, 
s e v e r a l stops were made on each pro jec t to observe pavement condi t ion, 
surface drainage and other f ac to rs which might y i e l d data of value i n 
the a n a l y s i s of data on punping. Observations were made and recorded 
on the fol lowing i tems: 

Average and maximum fau l t ing at j o i n t s and cracks 

V/idth of opening of j o i n t s and cracks 

Condition of s e a l at j o i n t s and cracks 

Drainage condition of shoulders 

Road sect ion — cut or f i l l 

S o i l s e r i e s and horizon 

Condition of the concrete 
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SURVEY OF CONCRETE PAVEMENTS 

IN KANSAS 
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Axles 22* KIPS 

Description of Project and Remarks 
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An e f f o r t was made in- the reconnaissance suirvey to obtain 
data on punping from vrtiich the r e l a t i v e inf luence of l i p curb, cut or 
f i l l sect ion and s o i l s e r i e s could be evaluated. For exauiple, severa l 
p r o j e c t s having r e l a t i v e l y uniform subgrade s o i l s and l i g h t cut and 
l i g h t f i l l sect ions were broken in to sect ions of l i p curb and no l i p 
curb during the svirvey of punping. 

Sect ions of each pro jec t nrfiich appeared to be t y p i c a l of 
piin?)ing or of non-pumping port ions were noted f o r fur ther observations 
during the d e t a i l study. Close a t tent ion was given to se lec t ing sect ions 
which were i n the same s o i l horizon and which had r e l a t i v e l y uniform 
s o i l s throughout. 

The reconnaissance survey included 68 p ro jec ts to ta l ing 237.6 
miles of concrete pavement on the heaviest t rave led p r i n c i p a l t r a f f i c 
rou tes . The mileage studied represents approximately 18 per cent of 
the t o t a l mileage of concrete pavements i n Kansas. Excepting three pro­
j e c t s of 6-8-6 c r o s s - s e c t i o n constructed p r io r to 1925, a l l pavements 
were of thickened edge design; 13.2 per cent of the mileage was of 1 8 - f t . 
width; 77.3 per cent of 2 0 - f t . width, and 9 .5 per cent of 2 2 - f t . width. 
The recdnnalsance survey was made i n one of the wettest spr ing seasons 
on record ixi Kansas. 

No e f f o r t was spared i n obtaining an accurate appra isa l of 
the amount and the stage of progress of punning i n the reconnaisance 
survey. Some p r o j e c t s where puiq^ing was i n the e a r l y stages and others 
which were constructed with subbases were inspected by walking over 
port ions of p ro jec ts o r , i n some i n s t a n c e s , the ent i re p r o j e c t . Occasion­
a l measurements were made to determine f a u l t i n g and j o i n t opening. A 
pickax was used frequently to f a c i l i t a t e examination of s lab edges at 
j o i n t s where the sur face evidence of pumping was not p o s i t i v e . 

I n so f a r as p o s s i b l e , the information obtained was recorded as 
numerical data . However, data on items l i k e shoulder drainage, condi ­
t ion of j o i n t s e a l , e t c . , were recorded by word descr ip t ion . Where 
poss ib le to c l a s s i f y condi t ions, the l i m i t s of each group were defined 
to f a c i l i t a t e gathering and recording data. For example, the fol lowing 
c l a s s e s and t h e i r de f in i t ions were adopted fo r use i n describing the 
condition of the j o i n t s e a l : 

Condition good - F i l l e d . Sea l appears r e l a t i v e l y watert ight . 

Condition f a i r - F i l l e d but e f fec t iveness appears doubtful. 

Condition poor - Seal p a r t l y gone or appears i n e f f e c t i v e . 

No s e a l - Seal cooiJletely miss ing . 

Punping was found to vary i n amoxint and degree with t r a f f i c 
and subgrade s o i l type. Heavy c l a y s showed l i g h t punping i n the e a r l y 
stages but i n v a r i a b l y were associa ted with severe pumping i n the more 
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advanced s tages . The l i g h t e r textured c l a y loams, e t c . , were u s u a l l y 
found assoc ia ted with l i g h t punping even though i t was evident that 
pvuoplng had been i n progress for some t ime. These items are d i s ­
cussed l a t e r i n t h i s repor t . The data obtained were recorded on the 
" F i e l d Data" side of the reconnaissance survey data sheet (see F i g ­
ure 2) 

De ta i l S u r v ^ and Saopling of Se lected Sect ions 

After completion of the reQonnaiseance svirvey, a d e t a i l study 
was made of s e l e c t e d s e c t i o n s . A t o t a l of 5U sect ions on 36 p r o j e c t s 
were given s p e c i a l study. Se lec t ion was based l a r g e l y on uniformity of 
subgrade s o i l throvighout a length s u f f i c i e n t f o r observation of ab ­
sence or presence of pviuping, f a u l t i n g . Jo int opening and r e l a t e d i tems. 

The purpose of the d e t a i l survey was to permit a c loser examin­
a t i o n , on a short s e c t i o n of a p r o j e c t , of a l l the v a r i a b l e s which may 
a f f e c t pumping. The fol lowing observations and measurements were made 
and recorded; 

A. The pavement and shoulders 

1. Locat ion of a l l j o i n t s and cracks 
2 . Presence or absence of l i p curb 
3 . Fau l t ing a t j o i n t s and cracks 
4 . Locat ion and stage of progress of puuping 
5. Extent and nature of s p a l l l n g along l o n g i ­

tud ina l center j o i n t and t ransverse j o i n t s 
and cracks 

6 . J o i n t and crack openings 
7. Roadbed s e c t i o n , cu t , grade or f i l l 
8. Condition of j o i n t f i l l e r and jo in t and crack 

s e a l 
9 . Condition of maintenance and surface drainage 

of shoulders 
10. D r i l l i n g cores to determine pavement th ickness 

and, i n some ins tances , the th ickness and 
condit ion of jo in t f i l l e r s , apparent r e s t r a i n t 
of s l a b s and other per t inent da ta . 

Considerable time and e f f o r t were given i n the d e t a i l study to 
examine J o i n t s fo r punping. J o i n t f i l l e r s were removed and excavation 
made at the edges of the s lab to insure that pumping was observed even 
though i t was i n i t s e a r l i e s t s tages . 

B. The subgrade 

1. Samples for determination of water content, dens i ty , 
and f o r rout ine t e s t s were taken through core holes 
d r i l l e d through the pavement. 
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2 . Sanples fo r determining moisture-densi ty r e l a t i o n s 
i n the conpactlon t e s t were taken under t^e edge 
of the s l a b . 

Subgrade s o i l s were taken- to various depths below the bottom 
of the pavement depending i^on the s o i l types encountered and the t h i c k ­
ness of the subbase. Where there was no subbase, the sample included 
a l l s o i l to an average depth of 8 i n . Where a subbase e x i s t e d , sipstrate 
samples were taken to represent the subbase and the underlying sub-
grade s o i l . 

Test ing of S o i l s 

Samples o f subgrade removed through core holes a t or near 
pumping and non-pui^ping Joints were weighed i n the f i e l d , sacked i n new 
sacks and, together with la rge sanples taken f o r standard moisture-densi ty 
t e s t s , were submitted to the Centra l S o i l s Laboratory of the Kansas High­
way Commission f o r t e s t . The volume of the t e s t holes to determine the 
" i n - p l a c e " densi ty and moisture content of subgrades was measured by 
using a dry sand of known weight per c u . f t . The subgrade sanples were 
dr ied to constant weight a t lOQO C . and weighed for use i n couputing 
f i e l d water content and f i e l d densi ty . The fol lowing t e s t s were con­
ducted on the samples a f t e r drying: 

1. L i q u i d l i m i t 
2 . P l a s t i c l i m i t 
3 . Mechanical a n a l y s i s 
4 . S p e c i f i c grav i ty 

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

Observations and measurements made on each pro jec t during the 
etxxdy of d e t a i l s e c t i o n s , the t e s t data on subgrade sanples , and i n ­
formation obtained during the reconnaissance survey were assembled and 
recorded oii data sheets f o r s t u c ^ . Figure 3 i l l u s t r a t e s a t y p i c a l data 
sheet for a p ro jec t or port ion of a p r o j e c t . 

Load Def lect ion Studies 

Upon completion of the d e t a i l s t u d i e s , l o a d def lec t ion t e s t s 
were made at the i d e n t i c a l t ransverse Jo in ts where s o i l samples had been 
taken and f i e l d densi ty and water content t e s t s of the subgrade had been 
made. A four-wheel drive Oshkosh truck shown i n Figure 4 , was loaded 
to produce a f ront axle weight of 8,000 l b , and a rea r axle weight of 
16,000 l b . Dimensions of t i r e s , wheel base , and other data per ta in ing 
to the truck are given i n Figure 5. 

Ames d i a l s were used for measuring pavement def lec t ion under 
load . They were mounted on a spec ia l ' "T" bracket which I n turn was 
supported by a 1 - i n . round s t e e l p in 3 f t . long dr iven into the subgrade. 
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F i g . 6 Mounting of Ames D i a l s f o r D e f l e c t i o n 
Measurements i n L o a d - D e f l e c t i o n 
S t u d i e s 
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The supporting pin n e a r the intersection of the longitudinal center Joint 
and transverse j o i n t was driven through a S-g-in. hole d r i l l e d i n the slab. 
Similar pins at the edge of the pavement were driven jus t clear of the 
slab. Each "IP" bracket supxiorted two Ames dials so that at each setup 
one d i a l vras bearing on each of the foxxr slab comers of one t r a f f i c lane 
at a transverse j o i n t . See Figure 6. 

One observer was assigned to each of the four d i a l s . Ma:ciimun 
deflf>ct lonB were observed at each of the four d i a l positions at truck 
speeds of 20, 10 and 5 niph. The 20 mph speed was the ma::iTnrjn at which 
r e l i a b l e readings could be obtained by t h i s method of observation. 

At each setup, readings were f i r s t taken under moving loads. 
Later readings were taken under s t a t i c locds at each of the four d i a l 
positions with the rear whee ls lar^edlately back of the j o i n t ; with the 
wheels centered over the j o i n t ; and, with the wheels inurediately ahead 
of the Joint as indicated i n Figure 7. Following the removal of the 
load from wheel position C, a period of one'minute was allowed p r i o r to 
observing residual deflection. A l l deflection tests were made with the 
truck centered i n the lane and moving i n the direc t i o n of t r a f f i c f o r 
the lane being tested. An example of the data obtained i n the load de­
f l e c t i o n tests i s shown on the data sheet of Figure 3 . 

Tvo series of s t a t i c load deflection tests were made to de­
termine the effect of off-center loading. I n Series 1, the inside rear 
wheel was kept two inchoE from the di a l s along the center l i n e ( d i a l 
positions 3 and h). I n Series 2 , the outside rear wheel was kept a 
distance of three inches from the outside dials ( d i a l positions 1 and 2 ) . 
These s t a t i c load deflection tests were taken i n order to determine the 
possible effect of off-center loadings i n the movlng-load-deflectlon 
observations. The data obtained i n the two series of tests are shown I n 
Table 1 below. 

TABLE 1 

Load deflection Residual Deflection 
Inches 10-^ Inches 10-^ 

Series Wheel Dial Posltiors Dial Positions 

1 A 27 21 19 37 
1 B 29 25 19 28 
1 C 20 36 30 10 u 5 9 6 

2 2 A 3U 25 13 3^ 
2 B 3^ 31 23 25 
2 C 23 ?9 11 6 11 8 

A study of these data shows that f o r the most extreme posi­
tions of the wheels i n e lane, the dials along the edge of the slab 
varied only about .005 i n . , and the dials along the center j o i n t varied 
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T r a f f i c Studies 

The l a t e s t comprehensive loadometer survey i n 2«n8a8 was 
made i n I936, while the most recent statewide t r a f f i c count was made i n 
19^1. For the purpose of the pumping studies, the I9U1 axle loads were 
estimated by comparing the I9U1 t r a f f i c count with the r e s u l t s of the 
1936 loadometer survey. The per day volume of commerclsd t r a f f i c only 
was considered for t h i s study and t h i s was divided into the following 
four axle weight groups: under 10,000 l b . , over 10,000 l b . , over lU ,000 
l b . , and over 18,000 l b . The load estimates for I9U1 were made separ­
a t e l y for each group and at each station whose count affected the pro­
j e c t under consideration. Single unit and combination vehicles were 
considered separately. The calculated weight w i l l not be an accurate 
representation of the actual truck t r a f f i c because the 1936 weighted 
sample was predominately of loaded vehicles and the I9U1 t r a f f i c count 
ineltides both loaded and empty trucks. The t r a f f i c data were recorded 
on the data sheets, an example of which i s shown i n Figure 3« 

Additional t r a f f i c data of a detailed and comprehensive nature on 
axle weights and number of and speed of units i n each weight group for 
each t r a f f i c lane were obtained for one location included i n t h i s study. 
These-data are described i n more d e t a i l l a t e r i n t h i s report. 

ANALTSIS 07 DATA ADD OBSERVATIONS 

The reconnaissance survey was made during May and June, the 
d e t a i l survey during June and July , and the load-deflection measurements 
during J u l y and August, 19^+5. 

A summary of the reconnaissance data shows that 68 projects 
t o t a l i n g 237•6 miles i n length were included i n the survey. Of t h i s 
t o t a l , 2k projects, 58.9 miles i n length and equal to 2U.8 per cent of 
the t o t a l mileage surveyed, showed no puntping. The UU projects on which 
pumping was found had a t o t a l of 11.6 per cent of a l l Joints and cracks 
pumping. I f a l l Joints and cracks found to be pumping during the sur­
vey occurred oonseeutlvely and were spaced at the average Joint and crack 
I n t e r v a l of the pumping projects, a t o t a l of 20.7 miles of the 237*6 
miles surveyed would be involved. 

The data from the reconnaissance and d e t a i l surveys show the 
status of pumping on each project for the t r a f f i c , ' the subgrade condi­
tions and the c l i m a t i c conditions which prevailed p r i o r to and during 
the survey. I t was found that pumping occurred on a l l except one of the 
Various slab designs used, but not on a l l subgrade s o i l s . This one slab 
design was used on only one project of recent construction and also i n ­
volved the use of Joint drains at expansion Joints spaced at 353-ft. i n ­
t e r v a l s . There were differences of considerable magnitude i n the amount 
and degree of pumrping on various pavement designs, subgrade s o i l s and 
subgrade conditions, and for different concentrations of various axle 
weights. The relationships between pumping and the various factors of 
pavement design, subgrade s o i l and t r a f f i c found from the data are given 
i n the paragraphs which follow: 
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HEL^TIOH EETWEM PAVEMENT DESIGNS AND FDMPING 

Pavement Cross-Section - Thickness and Width 

Nearly a l l projects surveyed were I m i l t with a 9" - 7" - 9" 
eross-seetlon, the t r a n s i t i o n from the 9" to 7" thickness being obtained 
In U f t . A large proportion were of 20-ft. width. The number of pro­
j e c t s having a 9"-6"-9" and 6"-8"-6" cross-section was i n s u f f i c i e n t to 
obtain a s i g n i f i c a n t comparison of pumping on different cross-sections. 
That i s also true f o r pavements b u i l t with 18 and 2 2-ft. widths as com­
pared with pavements of 20-ft. width. 

Lip Curb Design 

Seven projects having l i p curb on h i l l sections and no l i p 
curb on the f l a t t e r grades were studied to determine the influence of 
l i p curb on pumping. They were a l l located on fine grained residual 
s o i l s derived from limestones and shales and which are considered "po­
t e n t i a l l y pumping s o i l s " . The l i p curb was 3 i n . high at the pavement 
edge and sloping inward for a distance of 12 i n . The 7 projects t o t a l ­
ed 21.885 miles i n length. The r e l a t i v e amonnt of pumping on pavement 
having l i p curb as compared with pavement having no l i p curb i s shown 
i n Table 3. There i s l i t t l e difference i n the t o t a l per cent of pump­
ing j o i n t s and cracks on the two designs. There i s a s l i g h t l y higher 
percentage of pumping j o i n t s and cracks on the l i p curb section, but 
the degree of pumping i s l e s s severe than on the section without l i p 
curb. This i s indicated by the r a t i o of Class 2 to Class 1 pumpers. 
The number of Class 1 and Class 2 pumpers was about equal on the l i p 
curb section, while on the pavement without l i p curb there were nearly 
twice as many Class 2 pumpers as Class 1 pumpers. No edge pumping 
occurred on l i p curb sections, but i t should be kept i n mind that l i p 
curb sections were a l l on h i l l sections which afforded better surface 
drainage than on the f l a t t e r grades where the sections without l i p 
curb were located. 

Faulting and deflections under load on sections with l i p 
curb and sections without l i p curb are discussed l a t e r i n the report. 

Jointing Arrangement and Pomplng 

Si x t y - f i v e projects having 8 different j o i n t i n g arrangements 
and 3 projects b u i l t with only construction j o i n t s were covered i n the 
reconnaissance survey. Esqpansion Joint spacings, with two exceptions, 
were very nearly the same, ranging from lOO'-U" to 121 ' -0" . However, 
the spacing of contraction j o i n t s resulted i n o r i g i n a l slab lengths 
ranging from 25'-3" to 100'-U". 

Of three projects b u i l t p r i o r to I925 having Joints at con­
struction stops only, two project's showed pumping. 
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Of two projects b u i l t i n 1927 having expansion j o i n t s at I50 ' 
and no intermediate contraction j o i n t s , both projects showed pumping. 

One project b u i l t i n I9U0 having expansion j o i n t s at 353 ' -9* 
and intermediate contraction j o i n t s at 25*-3" showed no pumping. 

One project b o l l t i n 1928 having expansion Joints at 100' and 
contraction j o i n t s at 50' showed puatping. This project d i f f e r e d i n ieaign 
from a group of several projects having 100'-U" and 100 ' -8" escpanslon 
j o i n t s and intermediate contraction j o i n t s i n that i t did not have mesh 
reinforcing. 

A tabulated summary of the puoiping on the above mentioned 
projects and three other groups, a l l having about the same e ^ a n s i o n 
j o i n t spacing and each containing a number of projects ( 6 I f o r the four 
groups) i s given i n Table Because the use of distributed mesh r e i n ­
forcing appeared to influence pumping considerably, the groups with and 
without mesh w i l l be considered separately I n discussing the effect of 
Jointing arrangement. An inspection of Table U w i l l show that f o r the 
two groups with mesh and f o r the two groups without mesh, eiqianslon j o i n t 
spacings being held about the same i n both instances, the pavement having 
the shorter o r i g i n a l slab lengths developed considerably l e s s pumping. 
I t w i l l be seen that t h i s i s true when the amount of pumping i s expressed 
as a percentage of j o i n t s pumping or as the number of pumping Joints per 
unit length. 

Comparison of Puxiplng at Contraction Joints and 
ibipansion Joints 

Pumping data f o r the 20 projects i n the major design groups 
having both expansion and contraction Joints are shown i n Table 5* "^ach 
of the f i r s t two groups ( b u i l t without mesh reinforcement) shows about 
twice as much pumping at expansion j o i n t s as at contraction j o i n t s on 
the basis of the percentage of t o t a l number of each type of Joint. This 
may be due to a greater d i f f i c u l t y of keeping expansion Joints e f f e c t i v e l y 
sealed. This relationship on the t h i r d group of projects, which contain­
ed mesh, i s reversed; the pumping at contraction j o i n t s being about twice 
that at the expansion j o i n t s . This may be the re s u l t of the mesh hold­
ing cracks t i g h t l y together and causing the 5 0-ft. slabs (the longest 
o r i g i n a l slab length of the three groups) to act as u n i t s . The r e s u l t ­
ing large contraction j o i n t openings make i t more d i f f i c u l t to maintain 
an ef f e c t i v e seal and, i n turn, allow the entrance of more water through 
the j o i n t into the subgrade. (See "Pumping on Pavements with Beinforc-
Ing" i n a l a t e r paragraph.) 

Pumping on Different Ejq^anslon Joint F i l l e r s 

Only one type of expansion jo i n t f i l l e r appears to have a 
major effect on pumping, the air-core "copper seed" 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 ponrping projects having air-core j o i n t s at 
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100*-4" and no intermediate contraction Joints than on 12 pmping pro­
je c t s with l i m i t e d extrusion m'bber Joints and similar Jointing arrange­
ment (See Table 6). Difference between other f i l l e r s are levc marked 
and because Jointing arrangement appears to have a major influence, f u r ­
ther direct and pertinent comparison of types of f i l l e r caxinot be dravn 
from the data. 

Load Transfer Berices and Pumping 
• 

Pumping occurred at Joints having a l l types of load transfer devices 
used at both expansion and contraction Joints. Data from the reconnais­
sance surrey show (see Teble 7) that i n only one instance did the type 
of load transfer device have any influence on the amount of pumping or 
the severity of pumping. The various types of load transfer devices used 
are described on page 5^. 

The data i n Table 7 indicate that the expansion Joints having 
types A and A-1 devices (Translode^ and spaced at 1 0 0 ' w i t h o u t i n t e r ­
mediate contraction Joints developed unusually heavy pumping. However, 
that Jointing group includes the use of the copper seal (air-core) f i l l ­
er ^ i c h has previously been shown to be an i n f e r i o r Joint f i l l e r and 
seal. 

Ixpansion Joints w i t h the A-2 type of load transfer device 
appear to have developed only a small amount of pumping, but i t should 
be noted that 6 of the 7 projects on which they were used were b u i l t on 
selected s o i l subbases. The one project which did not have selected 
s o i l subbase showed severe pumping ( l U ^ of expansion Joints, also ^0^ 
of contraction Joints having type P-2 load transfer device pumped). 

Several of the older pavements have no load transfer devices 
but s o i l was found to be t i ^ t l y packed i n Joint space. Inspection by 
c u t t i n g out the t i ^ t l y packed s o i l and by means of core holes d r i l l e d 
d i r e c t l y through the Joints gave evidence that the slabs were i n res­
t r a i n t . I t seems apparent that t h i s r e s t r a i n t provided some load trans­
ference without the presence of load transfer devices. 

A d i r e c t comparison can be made i n the 100'-U" expansion 
Joint spacing group (with no intermediate contraction Joints) between 
the projects using dowels and those using type A-1 load transfer devices. 
Both groups used l i m i t e d extrusion rubber f i l l e r s . lieference to Table 8, 
page 41, w i l l show that the t o t a l percentage of pumping expansion Joints 
having A-1 load transfer devices was about twice as great as f o r expan­
sion Joints having dowels (D-1 load transfer device). 

Pumping on Pavements w i t h Belnfordng 

The use of d i s t r i b u t e d mesh reinforcement was found to con­
f i n e pumping to slab ends at Joints only (no pumping of intermediate 
cracks) but i t did not reduce the t o t a l number of Joints or cracks pump­
ing per u n i t length (see Table 9). I t w i l l be seen from the table that 
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<ô o 
• • 
• • 

O CM 

m • 

e e c c ! 

- * - -1 o o o ol CM «tuMrt| 

* » * » 

i 

1 
! 
\ 

°i ot I 

•: 

I I 
I I i 
-tto «) 

E4| 

M 

i 

I 
•a 

U 

O • 
a JO 

o 

a ^ a •p n-P •-ago 

I I I 
PI 3 ID 

O r 4 

_ a o 
•SR. o 

CM 

o 

^1 

o ^ o 

O 9 •H O -H 

21 d 4 

^ ^ d 

CM "O M 
15 ^ 

CM 5 
C<l o o 
<^C^ g g 

? ? ? . . . 
a 3 a i§ § § 

S5 5̂  o 3 ON 
1 o S5 

1 
o 
Si 

9 
1 T ir\ 

e»\ 
O 

1 
<r\ 

I 

- » I T * CM 

39. 

t9 

I I 
' n o 

I I 
§§ 
11 
at ti 



uo. 
l i 

^1 
3̂ . 

I I 

«s 

I 
l§ 

ft 

l i 
s 

i f " 

I I I 

I I I 

III 

n 

i l l 

1 

I 

P4 

"a 
a 1 

0 
U

.9
 

)H 
lA 

— 

r4 
1-1 
o 

o 
H 
«/ 
4 

O 
to 
• 

1 
i 

« 
m o • 

7V 

I I I 

I 

£1 

•f 

I I I I 

I 

9 

1 
3 
a 

I 

i-i o y 

I Q I 
iU ni 
^ M m 



n 

5 
i 

§ 
.01 

i 

-4 

I 

I I 

l l l 

1|[ 
•3.5: 

l i 

o 

I 

l i 

,1 

• A e 

d 91 

«. o 

HN O 

o 
SI 

o o 

en o 

o e> 

»> o 

en 

I 

o 

o 

s 

II 3 i 

«0 

to 

o 

en 
a 

I 

III 

I 

n 

S3 
H 
O 

o 

« 

5 

O H 

i 

i 

i i 

I 

4 
o 

I 

cv 

o 

o 

o 

o 
«D 
O 

CM 
CM 

CO 

o 

o 

cn 

o 
CO 

<n 
o 

t o 

o 
o 
4| 

CM 

o 
CM 

«n I 
o 

CM 
o 

to 

^ I I Ul 

S 3 2 §1^ 



U2, 

while the numher of pumping Joints or cracks per mile was the same on 
mesh and non-mesh projects, the percentage of pumping was h i ^ e r on the 
mesh projects. This difference heeomes even higher i f the percentages 
are expressed on the basis of Joints alone. This higher percentage 
appears to be due to greater opening at the Joints on the longer o r i g i n ­
a l slabs with mesh reinforcing which held a l l intermediate cracks tightly-
closed. This i s discussed f u r t h e r i n the following paragraph "Joint 
Opening and Pustping". 

Size of Joint Opening and Pumping 

I t has been shown i n Table U that more pronounced pumping 
occurs as the constructed slab length i s increased. I t may be seen from 
Table 10 that greater o r i g i n a l slab lengths and the use of mesh r e i n ­
forcing increased Joint openings. I t may also be seen that the amount 
and severity of pumping increased as the size of Joint openings increased. 
This appears to confirm reasons f o r pumping increasing; (a) with i n ­
creased o r i g i n a l slab lengths (Table h) and (b) on long slabs with mesh 
reinforcing (Table 9). 

Belation Between Age of Pavement and Pumping 

Sach of the four major pavement design groups represented a 
certain age. Because of the many variables of design that existed be­
tween the d i f f e r e n t groups, the effects, i f there were any, of pavement 
age on pumping could not be determined with the exception that an i n ­
crease i n Class 3 pumping was noted as the pavement age increased (see 
Table U). This may be the result of pumping being present on many of 
the older pavements over a longer period of time, f o r i t i s known that 
the severity of pumping increases as pumping continues. 

Belation Between Joint Seal and Pumping 

As was mentioned e a r l i e r i n the report, seals were c l a s s i f i e d 
as "Good" i f they appeared to be effective i n preventing water from enter­
ing the subgrade, as "Fair" i f t h e i r effectiveness appeared doubtful, and 
as "Poor" or "Missing" i f they appeared to be i n e f f e c t i v e or were gone 
completely. Table 10-A shows the results of the study of Joint seal con­
d i t i o n made during the reconnaissance survey. 
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Table 10-A 

SUL COimiTION AKD PUMPING 

Seal Condition 
Expansion Joints Contraction Joints 

Poor or Poor or 
l^pe flood Fair No Seal Good Fair No Seal 

No. of 
Pninplng 
Projects 1 7 23 2 2 l6 

No. of 
Non-Pumping ( l ) (g) 
Projects 8 6 lU 1 4 9 

(1) At least 7 these are non-pumping soil s 
(2) At least 3 of these are non-pnoplng s o i l s 

Beferenee to Table 10-A shows that the number of pumping pro­
jects having poor seals or no seals at expansion j o i n t s I s almost three 
times as great as the number having good or f a i r seals. This r a t i o i n ­
creased to four t o one at contraction j o i n t s . I n contrast to t h i s , f o r 
non-pumping projects, the number having no seals or poor seals at expan­
sion j o i n t s i s shown to be about the sane as the number having good or 
f a i r seals, while the r a t i o i s about two to one at contraction Joints. 
Taking i n t o consideration also the f a c t that many of the non-pumping pro­
jects having poor seals or no seals have subgrades not conducive to pump­
ing, i t becomes even more apparent that sealing of j o i n t s i s an important 
f a c t o r i n c o n t r o l l i n g pumping. 

Belatlon Between Pavement Tightness and Pumping 

No s t a t i s t i c a l data wez« gathered on pavement tightness, but 
general observations were made when d r i l l i n g cores at j o i n t s . I t was 
found that several of the older pavements had s o i l packed t i g h t l y enough 
i n the j o i n t s to place the slabs i n r e s t r a i n t . These pavements had good 
records I n regard to pumping and i t appears evident that the pavement 
r e s t r a i n t and load transference gained through the action of the t i ^ t l y 
packed s o i l , together with the sealing q u a l i t y of the packed s o i l i t s e l f , 
were factors i n preventing or reducing pumping on these pavements. 

Joint Drains and Their Effectiveness 

Drains have been used under expansion j o i n t s i n Kansas at 
various times, the ea r l i e s t i n s t a l l a t i o n s being made i n 193^- Three 
types have been used. They are ( l ) Precast concrete drains i n which 
the upper portion i s cast of porous concrete; (2) Pipe drains consisting 
of a four or s i x inch clay t i l e or perforated corrugated metal pipe 
covered with either crushed stone or gravel, a layer of sand being i n 
immediate contact with the slab; and (3) French drains consisting of a 
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trench b a c k - f i l l e d with crushed stone or gravel. Nearly all i n s t a l l a ­
tions were placed only under ei^ansion Joints. A l l drains extended 
through the shoulder and, with few exceptions, under the Joint f o r the 
f u l l width of the slab. 

A l l three types were encountered i n t h i s survey. Four projects 
were surveyed which had i n s t a l l a t i o n s of Joint drains. They were as 
follows: 

5O-S-32-IIBH 
50-S-31-IIBH 
UO-SU-PAP 

Project 

30 A&S. 
357 y ^ ̂  
301 P (1) 

3O-S-27-NIIH 216 A 

County 

iQTOn 
Chase 
Bussell 

Marion 

Type of I n s t a l l a t i o n 

Porous concrete 
Poroucf concrete 
Corrugated metal pipe 
with crushed stone 
b a c k f i l l 

French drains t h r o u ^ 
shoulders only 

No pumping was found on Project 301 P ( l ) i n Bussell County. 
The drains on that project were functioning w e l l i n that the outlets 
were r e l a t i v e l y clean and there had been no int r u s i o n of subgrade mater­
i a l . This project was b u i l t w i t h the 353'-9" expansion Joint spaclngs 
and the expansion Joints had closed from an o r i g i n a l opening of 1-3/U" 
to OA" at the time of the survey. Contraction Joints were t i g h t . No 
f a u l t i n g occurred at the eaqpansion but at a major portion of these Joints 
the abutting slab ends were depressed and cracks had developed i n many 
instances. These probably were caused by consolidation of the trench 
b a c k f i l l . 

There was evidence that a small amount of pumping (0.2^) had 
occurred i n Project 2l6 A east of Florence i n Marion County. This pro­
je c t has a selected s o i l subbase throughout a l l but a small part of i t s 
length. 

Some severe pumping was found at expansion Joints on Projects 
30 A & K and 357 ̂  i n Iflron and Chase Counties on the heavy a l l u v i a l s o i l 
i n the Cottonwood Biver flood p l a i n . Two cores were d r i l l e d t h r o u ^ ex­
pansion Joints where pumping was encountered. I n the construction of the 
Joint drains, a depth of approximately 3 i n . of concrete sa^d was placed 
over the porous concrete drain. The top 2 to 2-1/2 i n . of t h i s sand was 
foTind to be saturated with asphaltlc materials. I t was evident that hot 
asphaltlc materials used i n pouring the Joints had penetrated the sand, 
making an impervious mat d i r e c t l y under the* Joint and making the drain 
t o t a l l y i n e f f e c t i v e . Outlets on most of the drains were clean and open. 
Tests made a f t e r the sand-asphalt material was removed showed the two 
drains so tested functioned perfectly. The s o i l s on these two projects 
are high volume change clays which shrink away from the pavement edges 
during dry seasons permitting water to reach the subgrade. A major por­
t i o n of the pumping at espanslon Joints was at pavement edges. 

I n summary, the value of the Joint drains cannot be determined 
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from these data! On Project 301 7 ( l ) the Jointing arrangement (long 
i n t e r r a l s between e3q)an8ion Joints, 353'-9"t and the 23'-3" contraction 
Joint spacing) may he the major factor as indicated hj other stndies; 
the selected s o i l suhhase on Project 2l6 A i s essentially a non-pnstping 
s o i l ; and the Joint drains on 30 A & E and 357 ^ luid. heen made t o t a l l y 
i n e f f e c t i T e . EsEperienee on 301 F ( l ) , depression of ahutting slabs at 
drains under expansion Joints, indicates the necessity of close attention 
to consolidation of the granular material used i n drain trenches. 

The Subgrade and I t s Belation to Pumping 

Reeonnaiseance and d e t a i l surreys were made i n eight major physio­
graphic regions i n Kansas. Two projects investigated on TJ. S . Route 3^ 
i n Doniphan County have subgrades composed of well drained f r i a b l e s i l t y 
s o i l s of the Missouri loess region. No pumping was found on these loess 
s o i l s . Projects on U. S. Routes 2U and 73 i n Leavenworth and Wyandotte 
Counties on g l a c i a l t i l l and residual so i l s covered with selected loam 
and clay loam s o i l s derived from sandstones showed l i g h t pumping. No 
pumping occurred on selected sandy loam s o i l s derived from i d e n t i c a l 
sources. 

Moderate to extremely heavy pumping was encountered on U. S. 
Routes 50 and 50-S from Olathe southwest to Elmdale and on U. S. Route 
69 from Louisburg south through Bourbon County across the Osage P r a i r i e 
region and on U. S. fo9 i n the Cherokee Lowlands. The s o i l s i n these 
regions are derived from limestones and s i l t and clay shales, except 
f o r a minor group derived from a comparatively narrow b e l t of medium 
grained sandstones. Pumping on V. S. Route 30-S across the F l i n t H i l l s 
Upland and i n the Cottonwood River flood p l a i n was heavy. 

Moderate to l i g h t pumping occurred between Salina cmd Wichita 
i n the Smoky H i l l s Upland, on materials derived from Rocky Mountain out-
wash and on a l l u v i a l and terrace deposits i n the Great Bend P r a i r i e . 
U. S. Route 81 across t h i s area carries heavy i n d u s t r i a l trucking eman­
ati n g from r e f i n e r i e s , o i l f i e l d s and manufacturing sources i n the Salina, 
MePherson and Wichita areas. 

L i t t l e or no pumping occurred on the more sandy s o i l s of the Red 
H i l l s Upland or on the outwash materials west of Wichita and Kingman. 
Observations made during the reconnaissance survey showed that well 
drained s o i l p r o f i l e s consisting of s o i l s having a large s i l t f r a c t i o n 
and s o i l s having large sand fractions were the best performers and were 
not found to be associated with pumping. 

FBA Soil Grroups and Pumping 

Pumping was found to occur and not occur on p l a s t i c s o i l s of the 
A-4, A-6 and A-7 PRA s o i l groups. I n no instance was pumping found on 
so i l s of the A-1, A-2 and A-3 groups nor on the more sandy s o i l s of the 
A-U group having low p l a s t i c i t y indices. 
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Soil Texture and I t s Belatlon to Pumping 

The most s i g n i f i c a n t single relationship between any feature or 
combination of features of pavement design, subgrade s o i l type, t r a f f i c 
or other factors which may affect pumping l i e s i n the texture of the 
subgrade s o i l immediately below the pavement. Pumping was found t o occur 
and not to occur on soil s having less than ^0 per cent of material re- ' 
talned on the No. 270 sieve. However, i n no instance was pusrping found 
to occur on s o i l s having more than ^0 per cent of materisd retained on 
the No. 270 sieve i n the s o i l s encountered i n t h i s survey. The r e l a ­
tionship between s o i l texture and pumping i s i l l u s t r a t e d i n the t r i ­
angular chart i n Figure 8. Soils on which no pumping was found include 
the sand, loamy sand and sandy loam t e x t u r a l groups. 

Figure 9 shows the r e l a t i o n between the r e l a t i v e frequency of 
occurrence of pumping and the per cent of clay (smaller than O.OO5 mm. 
diameter); the per cent sand and gravel (retained'on the No. 27O sieve); 
and the portions of the t o t a l s o i l retained on the No. 200 sieve. These 
data show the l i m i t i n g valvies of clay, sand and gravel and the No. 200 
sieve fractions i n a l l s o i l samples taken from the d e t a i l study sections. 
The fractions shown f o r sand and gravel, retained on the No. 270 sieve 
and f o r material retained on the No. 200 sieve are per cents of the t o t a l 
samples and include a l l plus No. 10 sieve material. The clay f r a c t i o n 
represents the per cent clay i n the t o t a l sample. A study of Figure 9 
shows that pumping was not foxmd i n Kansas on s o i l s having one or more 
of the following t e x t u r a l characteristics: 

1. Less than I5 per cent clay. 

. 2. More than 30 per cent sand and gravel 
(material retained on the No. 270 sieve 
or having grain diameters larger than 
0.0^ millimeters). 

3. More than K̂) 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 s o i l s having ^0 per 
cent or more sand and gravel, and pumping was found to occur and not 
to occur on s o i l s having less than 50 per cent sand and gravel, a l l 
s o i l s were placed i n t o three groups to aid i n further analysis. The 
three groups are as follows: 

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

2. Soils having less than ^0 per cent sand and gravel, 
from under non-pumping slabs. 
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3. Soils with 30 per cent or more sand and gravel. 
« 

Water content determinations made at each sampling of s o i l show­
ed that where pumping occurred the s o i l water contents were below the 
p l a s t i c l i m i t s at only four locations. One of the four s o i l s was a lean 
clay of the A-U-7 groxxp having combined sand and s i l t f ractions of 67 
per cent. The other three s o i l s were loams of the A-U group having be­
tween 13 and 20 per cent clay. A l l were l i g h t pumpers. The remaining 
35 samples from under pumping pavements had water contents i n excess 
of the p l a s t i c l i m i t . They had an average water content of 25 per cent 
compared to an average value of the p l a s t i c l i m i t f o 20 f o r the corres­
ponding s o i l samples. 

The average s o i l water content, p l a s t i c l i m i t and t h e i r r a t i o 
are shown i n Table 11, f o r the three groups of s o i l s . I t w i l l be seen 
that the values shown are highest f o r pumping s o i l s , intermediate f o r 
p o t e n t i a l l y pumping s o i l s and lowest f o r non-pumping s o i l s . This data 
indicates some relationship between these values and pumping. The data, 
however, are not s u f f i c i e n t t o permit t h e i r use i n predicting or design­
ing against pumping. 

Table 11 

Ratio Between Average Field Water Content and 
Plastic Limit and I t s Relation to Pumping 

Average Soil 
Water Content 

Description of Soil Group f o r Group 

Average Plas­
t i c Limit 
f o r Group 

Ratio of 
Water Con­
tent to Plas-
t i c Limit 

Soils found under pumping 
slabs. A l l contained less 2U.g 
than 50 per cent sand and 
gravel. 

Soils having less than 50 
per cent sand and gravel 22.8 
and found under non-pump­
ing slabs. 

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

19> 

19.2 

lU.l 

1.2833 

1.198 

0.979 

No e f f o r t was made during the d e t a i l survey to study the mois­
ture gradient i n the s o i l under the slab to determine whether the con­
centration of s o i l water was greatest i n the s o i l immediately below the 
slab or at some depth below the pavement. A l l determinations of water 
content were made f o r the f u l l depth of the sample taken f o r determina­
t i o n of f i e l d density and physical characteristics. The samples were 
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taken to represent the subgrade from 0 to 8" below the pavement except 
vhere subbases were used, i n which instances separate samples %rere taken 
of the subbase and the natural subgrade s o i l . 

Pumping occurred on s o i l s having r e l a t i v e l y low compacted den­
s i t i e s , low standard densities and low r e l a t i v e compaction. Soils having 
( i n the average) high densities showed less or no pumping. 

The average f i e l d density, average standard density and the r e l ­
ative compaction f o r the three s o i l groups are given i n Table 12. These 
data indicate some r e l a t i o n between compacted density and pumping. The 
data obtained, however, are not si g n i f i c a n t enough to make any predic­
tions as to minimum densities and corresponding water contents f o r v a r i ­
ous s o i l types that would prevent pumping. 

Description of Soil 
Oroup 

Soils found under 
pumping slabs ( a l l 
had less than 50^ 
sand and gravel) 

Soils having less 
than 30^ 9&aA and 
gravel from tinder 
non-pumping slabs 

Soils having or 
more sand and gravel 

Table 12 

Average Fi e l d 
Density f o r 
Group 

(p.c.f.) 

93.9 

Average St'd. 
Density f o r 

Group 
iv.c.f.) 

IOU.3 

99.8 

115.5 

106.8 

117.6 

Selative 
Compaction 
a of St'd.) 

9U.8 

93.5 

98.3 

Subbases and Their Effectiveness i n Preventing Pumping 

Subbases were f i r s t constructed i n Kansas i n 1933* ^ e y were 
then b u i l t to control d i f f e r e n t i a l volume change of highly expansive 
clay s o i l s to maintain smooth r i d i n g surfaces. The more recently con­
structed subbases were b u i l t t o serve the combined purposes of control­
l i n g s o i l shrinkage and swell, providing increased subgrade support 
and preventing the occurrence of pumping. 

The reconnaissance survey Indicated that only 1^ per cent of a l l 
Joints and cracks i n pavements constructed on subbases were pumping. 
This Investigation included approximately 38 miles of pavement placed 
on subbase. I t should be noted here that t h i s survey d i d not include 
a l l pavements on subbase now i n service i n Kansas. 

The pumping which did occur was largely of a l i g h t nature. 
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there being only a small amount of moderate pumping and no severe pump­
ing. Even where l i g h t 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. 

Puinping of pavements b u i l t on subbase occurred only on such sub-
bases having lees than 50 per cent of sand and gravel i n the t o t a l mater­
i a l . This i s shown i n t e x t u r a l c l a s s i f i c a t i o n chart of Figure 10. Fig* 
ure lOA shows t y p i c a l grain size d i s t r i b u t i o n s of s o i l s used successfully 
i n subbases. Sample No. I9 i s from a subbase of crushed stone screenings. 

Subbases ranged from U i n . to 18 i n . i n design thickness. Widths 
were from 22 f t . ( f o r 20-ft. pavement) to f u l l roadway width. The major 
portion was b u i l t two feet wider than the pavement. 

No r e l a t i o n was foxmd between thickness of subbase and puntping. 
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 2^ i n . i n thickness (plan thickness U i n . ) , the underlying 
clay s o i l subgrade had become muddy at the interface w i t h the subbase 
and mud had intruded i n t o 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 t r a f f i c . 

Neither was pumping found on subbase thicknesses ranging from 
U i n . up to 18 i n . where the subbase material had 50 per cent or more 
material coarser than the No. 270 sieve (O.O5 mm. diameter). Pumping 
occurred irrespective of thickness 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 fa u l t e d e:q>ansion and contrac­
t i o n Joints f o r the various types of load transfer devices of the four 
major pavement design groups as determined from the reconnaissance sur­
vey. 

An inspection of the data w i l l show that no general comparison 
can be made between the amounts of f a u l t i n g on pumping and on non-pump­
ing pavements. The data do show, however, considerably less f a u l t i n g 
occurred at expansion Joints of pavements w i t h load transfer devices 
than at expansion Joints without these devices. Also, that the B l 
(dowel) has, on the average, a better record than the other load trans­
f e r devices i n reducing the amount of fecalting. One project with A-2 
load transfer devices showing a large amount of f a u l t i n g was too short 
(0.1 mile) f o r comparative purposes. 

The amount of f a u l t i n g at contraction Joints i s seen t o be f a r 
greater on the projects constructed during and a f t e r 19H0. Very l i t t l e 
f a u l t i n g developed on pavements constructed during the years from 1928 
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TABLE 13 
Amount of Favilting 

(From Reconnaissance Stirvey) 
Number of 
Pro.iectg 
Pimp- Non-
Ing Pump. 

Age Group 
Jointing 

Arrangement 
EXP. 

Percentage of Faults 
EXP. Joints Cont. Joints. 

Load Transfer Pumping Non-P. Pumping Non-P. 
Cont. EXP. Cont. Projects Projects Projects Projc( 
None A 

Al 
Dl 

15.7 
5.2 
6.8 

3.1 
8.4 
0 

- -
A,A1,D1 — 9.9 4.9 - -

29' None None 17.5 25.5 1.1 1.9 
40'-4" None 8 dowels 

|"x2»-6» 24.4 20.1 1.0 1.0 
§0'-4» 
50»-2» Al P-2 (2)* 

PI (1) 0 - 0.8 -
Ar2 P-2 3.0 25.0 29.1 16.7 
Dl Dl — 0 - 22.1 

A1.A-2.D1 P1.P-2.D1 l.q 0.9 19.Q 

7 
3 
9 
19 
4 
8 

3 
5 
8 

1 
2 
1 
4 
3 
8 
0 
1 
1 

1935-1939. 

1928-1933 
1932-1934 

1940-1942 

ioa«-4" 

116' 
121« 
100*-8" 
100'-4" 

* Numbers i n parentheses refer to number of projects investigated, 

TABLE 14 
Depth of Faulting 
(From Detail.Survey) 

Average Fault (in.) 
Jointing EKP. Joints Cont. Joints 

Age Group Arrangement Load Transfer Pumping Non-P. Pumping Uon-P. 
(Yr. Built) EXP. Cont. EXP. Cont. Projects Projects Projects Projects 
1935-1939 

1928-1933 

100'-4" None 

Group 
116» 29' 

A,A1 
Dl 
A,A1,D1 
None None 

.24 

.09 

.22 

.18 

.11 

.17 

.23 

-
.09 

1932-1934 121« 40'-4" None 8 dowels 
|»x2»-6" .25 .22 .18 .08 

1940-1942 100'8" 
100'4" 

50»-4'' 
50'-2" Al,A-2 P1,P-2,D1 .06 .10 .13 .10 
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to 193^ with duBuiy groove and weakened plane contraction Joints either 
with or without load transfer devices. The greater amount of fau l t i n g 
on tha newer pavements appears to he due to certain design features 
comon to them alone. The newer pavements had f u l l depth metal plates 
separating adjacent slahs and complete dependency was placed on devices 
for load transfer and the prevention of fau l t i n g . I t i s apparent that 
the added load transference through aggregate interlock at the dummy 
groove type Joints was of value i n preventing f a u l t i n g . 

Table lU shows a summary of f a u l t i n g measurements made on the 
d e t a i l study sections. Reference to the table shows that for the four 
major design groups the average depth of f a u l t s i s s l i g h t l y greater at 
pumping Joints than at non-pumping Joints and i s , i n 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, 
i s generally l e s s for expansion Joints having load t r a n s f e r devices. 
The exception to t h i s i s the group having the A and A-1 devices and 
which undoubtedly shows the influence of the A ( a i r core) f i l l e r , a 
d e f i n i t e l y i n f e r i o r f i l l e r as has been discussed previously. No great 
difference i s seen i n the depth of faulting at contraction Joints. 

For the locations at which s o i l samples were taken the average 
depth of fa u l t was found to be slightlygreater at Joints at which pump­
ing was taking place, as compared to Joints on potentially pumping s o i l s 
but at which no pumping was taking place and as compared to Joints on 
non-pumping s o i l s . The smallest average depth of fa u l t was found at 
Joints under which there were non-pumping s o i l s . 

Study of Pavement Beflections and Pumping 

Data obtained i n pavement deflection studies showed that under 
both moving and s t a t i c loads, v e r t i c a l movements of the slab ends at 
both expansion and contraction Joints were greater at pumping Joints 
than at non-pumping Joints. S l i g h t l y greater t o t a l deflections were 
observed under s t a t i c loads than under loads moving at speeds'up to 20 
m.p.h. The difference i s not great enough, however, to permit the de­
velopment of trends i n the relationships between deflection and ptunp-
ing, deflection and subgrade s o i l type; or i n the tendency towGurd d i f ­
f e r e n t i a l deflections with the various load transfer devices, as a f f e c t ­
ed by s t a t i c and moving loads. For t h i s reason, the deflection values 
f o r s t a t i c loadings have been used i n analyzing the data. 

The same grouping of s o i l s — s o i l s on which pumping was found; 
s o i l s having l e s s than 0̂ per cent of sand and gravel but taken from 
under non-pumping slabs; and s o i l s having more than 50 per cent of sand 
and gravel on which no pumping was found during the survey — are used 
i n analyzing the deflection data. 

There are summarized I n Table I5 the range and average maximum 
measured deflections at each of the four slab comers for the Joints 
at which deflections were measured. Maximum deflections occurred tinder 



T A B L E 15 

SIMJABY OF IWCDXm DEFLECTIONS 
( i n thousandths of an inch) 

Contraetion Joints 

Dial 
Position 

S t a t i c 
Wheel 
Position 

Pumping 
Join t s 

P o t e n t i a l 
Pumping 
S o i l 

Non-Pumping 
S o i l s and 
Jo i n t s 

Pumping 
J o i n t s 

Potential 
Pumping 
S o i l 

Non-Pumping 
S o i l s and 
Join t s 

Ave. Ave. Range Ave. Range Ave. Range AvOj, Range Ave. Range 

1 
2 
4 
3 

A 
G 
A 
C 

30 (U) 9-66 U (18) 5-28 
38 (U) 11-78 15 (18) 6-30 
20 (13) 5-36 7 (18) 4-13 
2U (13) 7-45 10 (18) 4-24 

8 (3) 3-16 
8 (3) 3-16 
3 (3) 1-8 
4 (3) 1-9 

21 (15) 7-54 11 10 
27 (15) 9-72 12 10 
15 (15) 4-33 6 10 
18 (15) 4-50 6 (10) 

4-21 9 (10) 2-17 
3-26 10 (10) 2-18 
2-13 5 (10) 1-15 
2-13 5 (10) 1-15 

Numbers i n parentheses r e f e r to number of j o i n t s involved. 

T A B L E 16 

SUMMARY OF MAXIMUM EDGE DEFLECTIONS ON 
L I P CURB AND PLAIN SECTIONS 
( I n thousandths of an inch) 

D i a l 
Position 

Wheel 
Position 

Pumping 
Joints 

L i p Curb 
P l a i n 

L i p C\n'b 
P l a i n 

1 
1 
2 
2 

P o t e n t i a l 
Pumping 
S o i l s 

Non-Pumping 
S o i l s and 
Joi n t s 

Pumping 
J o i n t s 

Potential 
Pumping 
S o i l s 

Non-Pumping 
S o i l s and 
Joints 

Ave. Range Ave. Range Ave. Range Ave. Range Ave. Range Aveu Range, 

A 15 (5) 9-21 17 (9) 
A 37 (9) 20-66 13 (11) 
C 17 t5) 11-21 19 (9) 
c 49 ( 9) 26-78 15 (11) 

8- 28 4 (2) 3-4 
5- 26 16 (1) 16 
9- 39 4 (2) 3-4 
6- 26 16(1) 16 

16 (3) 10-26 9 (6) 4-18 12 (1) 12 
22 (12) 7-54 14 (4) 8-21 9 (9) 2-17 
18 (3) 13-27 10 (6) 3-26 13 ( l ) 13 
29 (12) 9-72 15 (4) 8-22 9 (9) 2-18 

Numbers i n parentheses r e f e r to number of j o i n t s involved. 



57. 

the loaded slab i n every .1 netance, I . e . , maximum deflections were o"b-
served on d i a l s 1 and U when the wheels were i n position A, and on d i a l s 
2 and 3 when the wheels were i n position C. See Figure 7 for positions 
of d i a l s and wheels during the load deflection studies. Beference to 
the tahle w i l l show that the average maximum deflection at each d i a l i s 
at l e a s t twice as great f or pumping slabs as i t i s f o r non-pumping slabs. 
I t w i l l also he seen that the f a r side of the slab i n the direction of 
t r a f f i c deflects as much as or more than the near side (comparing de­
f l e c t i o n s at d i a l positions 1 and 2; U and 3). and that the edge de­
f l e c t i o n s are greater than the center deflections (comparing deflections 
at d i a l positions 1 and U; 2 and 3). 

Pavement Deflections and L i p Curb 

Lip curb was fotind to reduce edge deflections considerably i n 
most instances. This i s shown by the general comparisons i n Table l6. 

In Figure 11 are shown graphically the average maxiBtum deflec­
tions at exterior comers for pavements with and without l i p curb b u i l t 
on the three major s o i l groups and with various load transfer devices. 
Beference to Figure 11 shows that the v e r t i c a l movements of slab ends 
at the exterior comers of expansion j o i n t s f or pavements b u i l t on pump­
ing s o i l s are much greater on cross-sections without l i p curb than they 
are on cross-sections having l i p curb. This i s true regardless of the 
type of load transfer device used. 

Further reference to Figure 11 shows that the effect of l i p curb 
en edge deflections i s also apparent but not as pronounced at contrac­
t i o n Joints of pavements placed on pumping s o i l s . However, i t should 
be noted that these pavements were placed on selected subbase s o i l s con­
taining l e s s than 50 per cent sand and gravel and were for the most 
part associated with only very l i g h t puniplng. 

Because of the Influence of l i p curb on edge deflections at 
pumping Joints, further studies to correlate observed deflections on 
a l l pavements with pumping and with the effectiveness of load transfer 
devices I n preventing d i f f e r e n t i a l movement at Joints w i l l be confined 
to deflections at i n t e r i o r comers. This procedure materially Increases 
the number of projects and mileage of pavement that can be considered 
i n the study. 

Deflection measurements were made at expansion Joints employing 
two of the three types of load transfer devices used and also at e^^an-
sion Joints where no load transfer devices were used. Two types were 
used at contraction Joints, with a v a r i a t i o n i n spacing of the units 
of one type. 

The following b r i e f descriptions of the veurious types of load 
transfer devices w i l l a i d i n interpreting the data obtained i n the de­
f l e c t i o n measurements: 
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Types A and A-1 which are s i m i l a r and which are commonly 
known as the "Translode" type, consist of pieces of struc­
t u r a l angles, each piece approximately 1 f t . long. The 
v e r t i c a l leg of the angle i s cut and sections bent out 
to provide embedment i n the concrete. The horizontal leg 
extends under and beyond the Joint f i l l e r and serves as 
a support for the slab end opposite to the side to which 
the v e r t i c a l angle i s anchored. Contiguous units facing 
i n opposite directions are assembled i n a metal base of 
a length equal to the width of the slab. Typee A and A-1 
were used at expansion Joints only. 

Type A-2 load transfer device for expansion Joints con­
s i s t s of a number of structural angles with 2^ i n . legs 
sad 2^ i n . long. A bent bar i s welded to the top of the 
v e r t i c a l leg for embedment i n the concrete. The h o r i ­
zontal leg extends under and beyond the f i l l e r to give 
support for the slab end opposite the slab which provides 
embedment. They are placed i n p a i r s , facing opposite 
directions, approximately 20 i n . apart. A metal base 
sleeve serves to hold the units i n alignment during place­
ment. Type P-2 represents the same units when used at 
contraction Joints. A 20 gaoge f u l l depth v e r t i c a l 
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. I t consists of 
two s t r i p s of 12 gaTige metal l a i d f l a t w ise to form the 
"Crossload " members and each welded to 19 gauge s t r i p s 
of metal placed v e r t i c a l l y to provide f u l l depth sepa­
ration of the concrete. The combSaed unit i s provided 
with a shoe which holds the assembly i n place on the subgrade. 

Type 15-1 consists of 7/8" x 21+" smooth round dowels 
placed at 12" centers at expansion Joints and of 3/^" 
by 12" smooth round dowels placed at l U inch centers 
at contraction Joints. 8-3/^" x 2'-6" round smooth 
dowels were used at contraction Joints i n one design 
having expansion Joints spaced at 121 f t . and contrac­
tion Joints spaced at MO'-U" i n t e r v a l s . No load trans­
f e r devices were used at the expansion Joints i n t h i s 
design. 

Deflections, Load Transfer and Pumping 

The average difference i n center deflections which indicates 
the d i f f e r e n t i a l movements of slab ends for pavements placed on d i f ­
ferent classes of subgrade s o i l and using different types of load trans­
f e r devices are shown i n Figure 12. I t w i l l be noted that i n most i n ­
stances slabs on puBiping s o i l s showed the greatest d i f f e r e n t i a l 
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movements. I t w i l l also Tae seen th&t at pumping expansion Joints d i f ­
f e r e n t i a l movements were greatest where A and A-1 load transfer devices 
were used and least where the D-1 (dowel) was used. DifferentieJ. de­
fle c t i o n s are also shown to "be low at pumping contraction j o i n t s employ­
ing dowels, tnxt these Joints, together with a group of f i v e projects 
with P-2 devices showing ahout the same d i f f e r e n t i a l deflection, were 
placed on suhbases and were associated only with very l i g h t pumping. 
Non-pumping projects b u i l t on so i l s having less than 0̂ per cent sand 
and gravel but considered to be p o t e n t i a l l y pumping s o i l s , showed r e l ­
a t i v e l y small d i f f e r e n t i a l movements at slab ends f o r a l l types of load 
transfer devices. Pavements on non-pumping soil s had low deflections 
and showed p r a c t i c a l l y no d i f f e r e n t i a l movements. 

Figure 13 shows both the d i f f e r e n t i a l movements and the t o t a l 
deflections at i n t e r i o r comers f o r the various types of load transfer 
devices and the three groups of subgrade s o i l s . Perfect load transfer 
expressed i n terms of absence of any d i f f e r e n t i a l movement occurred 
largely under non-pumping conditions. However four pumping Joints 
showed no d i f f e r e n t i a l movement and small t o t a l deflection. A l l of these 
four were on subbaees and associated with only l i g h t pumping. 

T r a f f i c as Related to Pumping 

Studies of pumping made to date indicate that t r a f f i c , as well 
as the type of s o i l and presence of free water on the subgrade, i s de­
f i n i t e l y related t o pumping. These studies show that pumping occurs 
on pavements having r e l a t i v e l y heavy truck t r a f f i c , but to date insuf­
f i c i e n t detailed data have been available f o r a l l variables concerned 
to d e f i n i t e l y establish the volume and weight of c r i t i c a l axle loads. 

As previously stated, the la t e s t comprehensive loadometer sur­
vey i n Kansas was made i n 1936 and the most recent state-wide t r a f f i c 
count was made i n I9U1. For the pumping studies, 19U1 axle loads were 
estimated on the basis of the 193^ loadometer survey. These data were 
considered s u f f i c i e n t l y aectirate to use as a control i n comparing other 
variables i n the pumping studies but, since complete t r a f f i c data were 
not available at the date of the survey or at any previous date f o r 
which there were accurate data on pumping, a d e f i n i t e relationship be­
tween pumping and t r a f f i c cannot be established f o r the state as a whole. 

The data i n Table 17 show the general r e l a t i o n that existed be­
tween the estimated commercial t r a f f i c on the projects surveyed f o r 
which t r a f f i c data are available. 
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Table 17 
TBATFIO AMD POMPING 

Ho. Average No. of Coimnereial Axles Per Day 
of Under Over Over Over 

PoBiping 
Projects (U2) 860 298 82 10 

Hon—Ptuap" 
ing ProJ. (23) glU 209 U8 6 

Beferenee t o Table 17 shove that the average t o t a l commercial 
t r a f f i c on projects on which ponping has developed i s of no s i g n i f i ­
cant difference from the average t o t a l commercial t r a f f i c on projects 
on which pumping was not found. There i s a marked difference i n the 
average number of conmercial axles over 1>I,000 l b . , being 71 per cent 
greater on the puinping projects than on the non-pumping projects. 
Similarly, the commercial axle loads per dagr over 18,000 l b . were 
67 per cent greater on the pumping projects. The ntunber of axle 
loads over 10,000 l b . was only U3 per cent greater on the puatping 
projects than on the non-pushing projects and the t o t a l t r a f f i c was 
only 13 ps' cent greater. These data wotdd seem to indicate that a 
r e l a t i v e l y small aao\mt of the heavier axle loads may have been the 
cause f o r pooping on some projects. Also, there i s some indication 
that the c r i t i c a l axle loads may be on the order of lU,000 l b . 

A more recent loadometer study, made on U.S. Eoute 81 south 
of Salina, when compared wi t h the punping found on three projects 
whose t r a f f i c I s indicated by t h i s loadometer study, gives somewhat 
more direct Information on the Influence of axle loads on pumping. 
I t i s possible from t h i s t r a f f i c study t o separate commercial axle 
loads of several weight groups t r a v e l i n g i n each d i r e c t i o n . These 
data are shown i n Table 18. 

Table 18 

COMMEBCIAL AXLE LOADS PEH DAY 

Homber of Commercial Axles Per Day 
Direction 
of T r a f f i c 

Ihider 
10-000 l b . 

Over Over 
10.000 l b . lU.OOO l b . 

Over 
18.000 l b . 

northbound 3U9 275 155 10 

Southbound 506 38 17 3 

Loadometer study made i n I9U3. 



EFFECT OF SUBGRADE. ON V A L U E OF L O A D T R A N S F E R 

A3 INDICATED BY STATIC LOAD DEFLECTION TESTS 

35 
X 
u 
C 

30 

c «̂  

11 

Slab* en 
Pumping S«il» 

Exf-Jit. Centr. JU. 
•TsptOl ̂ T^pt 01 
A •• A 4 - P i 

0 Hon* A Nen* 

— Legend — 
Sob* not Pumping but en 3labi en Seilt en which 
Pattntielly (Vimpin) Salt Ne B^mplnj hoa bt%n Found 

Eip. Jti . Coittr J t» 
O ' i ^ p t D I ^ T<4Pt Ol 

@ None W Nen» 

C«p. J t » . ,CoMr Jt« 
O Typ« 01 (p Type 01 

A d l " P-2. 
A l ^ Oow«li 

® None (t) Nen« 

I. 

3 
a 

Lin* 

Wh«»l / 

DUUl 

AUtiHaa J f - » 

TVeHU 

• BUI » 

Dlrtttton «( • 
Tr«MI« 

UaLlM 

\ WhMl / 

t of pevtment 

• •e t i t i en t tf Wh««l i end i l o l i lor d i f lKt i en raodingt 
Tr«n«»«» ^ U««< in th« 9raph abevt 

i5 20 25 30 35 

Average Center Deflections (In thousandths of on Inch) 
wheel f»s.A Dial 4 * wheel fha. C Dial 3 

2 

40 4-5 

Figure IS 



64 

The data collected on the reconnaissance ptunping survey 
showed that U.3 per cent of the j o i n t s and cracks on these three 
projects were pumping; also that p r a c t i c a l l y a l l 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 i n the more heavily traveled northbound lane. 
Reference to Table 18 w i l l show there I s not a great deal of d i f f e r ­
ence i n the t o t a l number of a l l comnercial axles on the northboTud 
or southbound lanes, but that there i s an outstanding difference i n 
the number of axle loads of over 10,000, iH.OOO and 18,000 l b . These 
respectively are about 7» 9 sxii. 3 times greater on the northbound 
than on the southbound lanes. These data are considered to be si g ­
n i f i c a n t i n showing the relationship between t r a f f i c loads and pump­
ing as the subgrade s o i l and subgrade conditions i n each of the lanes 
could vary but l i t t l e . 

Climate as Related to Pumping. According to the Atlas of Am­
erican Agriculture and r a i n f a l l records kept over a 20-year .period from 
between 1895 and 191^. the average p r e c i p i t a t i o n i n Kansas ranges from 
20 i n . per year i n extreme western Kansas to about 30 In* i n the v i ­
c i n i t y of Wichita and t o ^ i n . per year i n the southeast comer of the 
state. Between 60 and 80 per cent of t h i s r a i n f a l l occurs during the 
months from A p r i l to September, inclusive. 

Very l i t t l e pumping was found or i s 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 i n the annual p r e c i p i t a t i o n may 
have some influence on the pumping of projects included i n the sur­
vey but i s not considered to be a major variable (such as s o i l and 
t r a f f i c ) at the time the survey was made. I t should be remembered 
that t r a f f i c and s o i l s play an important part i n accounting f o r a 
lack of pumping i n the western part of the state. Pumping has been 
reported to be more severe during the l a t e spring and early summer 
months at which time the r a i n f a l l i s usually heaviest. 

SUMMART AND CONCLUSIONS 

The following paragraphs give the conclusions reached during 
the study of the survey data, together with the p r i n c i p a l facts lead­
ing to the findings. 

Subgrade8. No pumping took place on soils containing more 
than 30 per cent sand and gravel (material retained on the No. 270 
sieve) regardless of any of the other variables. 

Pumping was cmd was not found on s o i l s of the A-U, A-6 and 
A-7 PRA groups. No pumping was found associated with A-1, A-2 and A-3 
s o i l s , and with s o i l s of the Â U group having low p l a s t i c i t y indices. 

Pumping may best be prevented through a control of the s o i l 
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supporting the pavement slab. The texture (grain size) of a s o i l i s 
the best measurement of i t s a b i l i t y t o r e s i s t pooping. 

Subbases. Subbases varied i n i d d t h from shoulder-to-shoulder 
construction to one foot wider on each side of the slab. They ranged 
from k I n . to 18 i n . i n depth. 

Regardless of width or depth, subbases having more than 30 per 
cent sand and gravel were e f f e c t i v e i n preventing pumping. 

Slab Lengths. With about the same e^anslon Joint spacing 
(lOO f t . . 4 i n . t o 121 f t . ) , pavements w i t h shorter slab lengths 
pumped less than those with longer slabs. Pavements wi t h o r i g i n a l 
slab lengths of 29 f t . pumped less than those of Uo f t . U i n . , while 
pavements wi t h o r i g i n a l slabs ^0 f t . 2 i n . and ^0 f t . k I n . pumped 
lees than slabs 100 f t . U i n . long. 

Constraotion of r e l a t i v e l y short slabs through the use of i n * 
termediate contraction Joints between expansion Joints at r e l a t i v e l y 
long intervals i s of aid i n the reduction of pumping. 

Greater'Joint opening caused by longer constructed slab lengths 
or by d i s t r i b u t e d reinforcing which held intermediate cracks t i g h t l y 
together, thus causing longer slabs to act as unite, resulted I n I n ­
creased pumping at these Joints. 

Distributed reinforcing which held Intermediate cracks t i g h t l y 
together prevented pumping at such cracks. 

Expansion Joints. The performance of older pavements having 
expansion Joints packed t i g h t l y enotigh w i t h s o i l to eaase slab r e s t r a i n t 
indicates the d e s i r a b i l i t y of reducing expansion provisions or spacing 
e3q)anBlon Joints at long In t e r v a l s . 

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

?aulting of Joints on the average was greater at pumping Joints 
than at non-pumping Joints. Some load transfer devices reduced i t s a-
mount and severity. 

Ho eigefansion Joint f i l l e r was found to play a major role I n 
reducing or preventing puBping. The a i r core type was shown to be 
d e f i n i t e l y i n f e r i o r t o the other types. 

Poorly sealed Joints I n pavements placed on pumplBg s o i l s 
ptunped more than did well sealed Joints, 
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The value of Joint drains I n reducing or preventing pumping 
cannot be determined d e f i n i t e l y from t h e i r service record because of 
the major influence of other variables included i n the pavements sur­
veyed. 

In sujmnary, Joint spacing,types, f i l l e r s and load transfer 
devices influence pumping but may not I n themselves prevent pumping 
when the pavement i s placed on p o t e n t i a l l y pomping s o i l s . Good Joint 
seals prevent or ireduce pumping. Some loaa transfer devices reduced 
the amount and severity of pumping. 

Contraction Joints. Ho type of contraction Joint was fotind t o 
appreciably influence pumping. Faulting was greater at contraction 
Joints with f u l l depth metal plate Joints than at dummy groove Joints. 
I t i s apparent that the added load transference through aggregate 
Interlock at the dumny Joint was of value i n minimising f a u l t i n g . 

Pavement Cross-Section. The v a r i a t i o n i n thickness and width 
of the pavements surveyed was not s u f f i c i e n t to obtain s i g n i f i c a n t 
comparisons of pumping. 

No sig n i f i c a n t difference was found i n the amount of pumping 
on cooiparable pavements b u i l t w i t h or without l i p curb, the amount 
being somewhat greater but of less severity on pavement with l i p curb. 
Sdge pumping did not occur and edge deflections were less on pavements 
wit h l i p curb but such sections of pavement were a l l on grades which 
afforded better surface drainage than parts of the same projects w i t h * 
out l i p curb. 

Load Deflection Studies. Measurement of slab end deflections 
at Joints, under moving and s t a t i c loadings, showed greater v e r t i c a l 
movement on pumping pavements than on non-pumping pavements, and that 
a l l factors permitting increased v e r t i c a l movements of slab ends con* 
t r i b u t e to an Increase i n pumping. 

D i f f e r e n t i a l movements were small at Joints on p o t e n t i a l l y 
pumping s o i l s and ra r e l y measurable at Joints on non-pumping s o i l s . 
D i f f e r e n t i a l movements were, on the average, less at contraction 
Joints than at expansion Joints. 

The deflection measurements were of p a r t i c u l a r value i n show­
ing the r e l a t i v e e f f i c i e n c y of the various load transfer devices i n 
reducing the d i f f e r e n t i a l slab movements found to be generally associ­
ated w i t h pumping. 

T r a f f i c . Truck t r a f f i c at selected locations, t o give results 
f a i r l y i ndicative f o r Kansas, had Increased considerably i n 19UU over 
1936. The percentage of axles weighing over lU,000 l b . Increased about 
three times i n the years between 193^ and 19^, while axle weights of 
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18,000 l b . or more increased about f i v e f o l d i n the same period. These 
increases i n the heavier axle loads undoubtedly are the cause f o r the 
more widespread pumping since 1935t at which time i t was l i m i t e d to 
two miles of pavements. 

T r a f f i c data were not available i n s u f f i c i e n t d e t a i l to d e f i ­
n i t e l y determine the weight and volume of c r i t i c a l axle loads. I n 
general, t o t a l commercial t r a f f i c was about the same on puioping and 
non-pumping pavements but the number of axle loads of over 10,000, 
lU.OOO and 18,000 l b . was substantially greater on the pumping projects. 

Beeent and detailed commercial t r a f f i c data on U.S. 81 south 
of Sallna, Kansas, show a s i g n i f i c a n t influence of the weight and 
volume of axle loads on the pumping which has developed on the north 
and southbound t r a f f i c lanes on three projects. Faulting was twice 
as pronounced and pumping was p r a c t i c a l l y confined t o the Joints on 
the northbound lanes where axle loads of over 10,000, lU,000 and 
18,000 l b . were respectively seven, nine and three times greater than 
f o r the southbound lanes. 

Irrespective of the weight and volume of oommercial t r a f f i c , 
pavements placed on natural subgrade s o i l s or on subbases containing 
more than 50 per cent sand and gravel (material retained on No. 270 
sieve) w i l l not pump. 
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