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SXNOPSIS 
A cooperative study was made during Uarch and Aprils 19kU to de

termine the natures extents cause and remedy of pumping i n Tennesseeo 
Approxinately 290 miles of pavement on the main t r a f f i c routes con
necting the principal cities were studied i n the surveyo The proj
ects studied were representative of the range of t r a f f i c s loadingso 
pavement designs and subgrade soils encountered over the State» 

Reconnaissance suinreys were made to obtain a quantitative measure 
of pniqdng of pavements under different t r a f f i c loads on various 
s o i l typeso Three stages or classes of pun9>ing were recognized| 
slab ends where pu]!9>ing occurred without accoiq>anying faulting; puii9>-
ing accoj[iq)anied by faulting; and pansping and faulting accompanied 
by a broken slab endo 

The reconnaissance surveys were followed hy detail studies of t r a f 
f i c s pavement design and soils on individual projectso Sections of 
i n d i ^ d u a l projects were mapped and san^ledo Mapping included sketch
es showing pavement Jointings crackings punnings typical s o i l sections 
location of samplings with notes on s o i l condition and pertinent con
struction datao Undisturbed as well as disturbed s o i l samples and 
water content aaiaplea were taken from under both puii^>ing and non-
pumping pavement Joints and cracks» Density tests„ routine s o i l -
constant testss mechanical analysiss conqjaction testss consolidation 
tests and t r i a x i a l compression tests were made to determine the re
lationships between s o i l typess s o i l condition and pimipingo 

Seme of the concrete pavements on the more heavily traveled main highways i n 
Tennessee began to pomp at transverse Joints and cracks under the heavy axle loads 
which the roads carried immediately prior to and since the beginning of the waro 

This report gives the results of a cooperative study made by the Tennessee 
Department of Mghwayss and the Poz*tland Cement Association to determine the causes 
of pumping and i t s extent i n Tennesseeo The laboratory tests of soils was conducted 
by the Public Roads Administrationo 

The investigation was limited to the study of factors related to the punning 
action under repeated heavy loads causing mud to be ejected at cracks and Joints and 
resulting i n eventual loss of subgrade support and breaking of the pavement slabo 
The ejection of waters where not detrimentals or the faulting of slab ends due to 
permanent compression of coaztse grained soils and not accompanied by removal of s o i l 
were not included i n the studieso 

NATURE AND SCOPE OF STUDIES 
The survey was planned to study puiq>ing under the ranges of t r a f f i c loadings 

and s o i l types which exist on the principal t r a f f i c routeso A major portion of the 
concrete pavement projects on the seven most heavily traveled routes representing 
the major s o i l groups and carrying the largest number of heavy trucks were selected 
for studyo Selected projects on two routes carrying medium to l i g h t truck t r a f f i c 
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also were included i n the surveyo The heavy t r a f f i c routes were as follows: 

lo Uenqphis north on Uo So Route 51° 
2 o Mejiphis northeast to Nashville on Uo So Route 70 with some added 

projects on State Routes 1 and 7 6 i n the v i c i n i t y of Milan and 
Humboldto 

3 o Nashville northwest to Cl^lcsville on Uo So Route 4 1 W o 
ho Nashville southeast to Chattanooga on Uo So Route Alo 
fo Chattanooga northeast to Knoxville on Uo So Routes 27 and 70o 
6 o Chattanooga northeast toward Knoxville on Uo So Route 11 o 
7 o Knoxville east on Uo So Routes 70 and UEo 

Projects on State Route 76 near Paris and UoSo Route 70N between Cookeville 
and CzossviUe which routes carried less t r a f f i c than the seven mentioned above were 
included i n the surveyo 

Reconnaissance Survey of Piaq>ing 

A method of classifying pumping slab ends i n terms of the progressive stages 
of development was developed prior to the beginning of the reconnaissance surveyo 
The use of this classification made i t possibles by counting the number of pumping 
slab ends of the various classess to ê qpress the stage of development of pumping; 
and assess the extent of damage to the pavements on various subgrade soils and under 
different conditions of t r a f f i c o 

Punplng was grouped into three classes as follows; 

Class lo Punqping of slab ends at Joints and cracks with no evidence 
of faulting at slab ends or breaking of slabs due to punningo 

Class 2 o Pumping accompanied by faulting with no evidence of breaking 
of slabs due to pumpingo 

Class 3 . Pumping acconpaijied by faulting and breaking as a result of 
loss of subgrade support due to pumpingo 

The reconnaissance survey included a coimt of the number of expansion Joints, 
contraction Joints and cracks for quantitative analysis of pumpingo A l l pumping 
cracks and Joints were classified and coxmted to determine the number and percentage 
of pumping slab ends of each of the three classes» Counting was done ft>om an auto 
driven very slowly over the roado One observer recorded the number of paven«ent 
Joints J, cracks 0 comer breaks and related pavement items« A second recorder classi
fied and recorded punpingo Flhere practicalp each project was separated into sec
tions according to s o i l series ̂ nd hprii^oHo and on some projects between cut and f i U 
and the puBq>ing tabulated for each sectiono Sections of each project on vAilch pump
ing and no pumping had developed were noted during the reconnaissance survey for 
later detailed studyo 

Detail Survey and Sanqpllng of Selected Sections 
Upon ecmpletion of the reconnaissance surveys of a number of contiguous proj

ects o the sections noted for detail stud^ were re=>ezaminedo Those having the most 
nearly unifom s o i l type and s o i l conditions throughout their length were selected 
for further study and sanqpling to determine the reason for the absence or presence 
of pximpingo 
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The detail surwey of selected sections consisted of the following: 

lo Mapping the location of a l l Joints and crackSo 
2o Describing and classifying pvunping and mapping a l l locations 

which were pumpingo 
3 o Making s o i l borings and sketching the s o i l section represented 

i n the s o i l profile» 
4 o Determining the pedological s o i l series classificationo 
5 o Taking undisturbed s o i l samples„ disturbed s o i l sauries and 

samples for water content detenninationo 
60 Observing surface drainage condition of shoulderso 
An example of the data obtained i n the mapping of the detail study sections 

i s shown i n Figure lo 
Samples for water content determination were taken at depth of 0 to I g 2 to 

k and 5 to 8 ino below the pavemento Exceptions were made where pumping had l e f t a 
cavity:, nnid existed i n the cavityo There the f i r s t sample was taken from the 
uppermost firm s o i l beneath the liq u i d mudo Saiqtles were taken at distances of 
from two to three fto i n from the edge of the slabo Sauries were placed i n 6 or 8 
ounce metal containers and sealed to prevent loss of moisture0 

Undisturbed san^jles were taken by excavating i n from the edge of the slab 
a distance of two to three feet and removing an undistxirbed column of s o i l as shown 
i n Figure 2o Upon removal the column was trimmed to a cylindrical shape 6 ino i n 
diameter and 8 to 10 ino i n height 9 coated with alternate layers of paraffin and 
cloth 9 and packed i n sawdust foi^ shipmento Disturbed samples consisted of 50 to 
75 Ibo s o i l set aside during removal and trimming of the undisturbed s o i l cylindero 

Testing of Soils 
Sangsles f o r water content determination were tested i n the central soils 

laboratory of the Department of Highways at Nashvilleo Large undisturbed and dis
turbed sanqjles were shipped by the Tennessee Department of Highways to the Public 
Roads Administration for testo The following tests were conducted by the Public 
Roads Administration Laboratoryo 

lo Liquid limits plastic limits f i e l d moisture equivalent, centrifuge 
moisture equivalents and shrinkage l i m i t c 

2o Mechanical analysis<> 
3o Standard compaction0 
4 o Consolidationo 
5o Triaxial compressiono 
60 Water content and density on specimens prepared from 

undisturbed samples for the consolidation and t r i 
axial compression testso 

Traffic Studies 
The earliest conqjrehensive t r a f f i c data available were obtained during the 

1 9 3 7 t r a f f i c surveyso Additional t r a f f i c data were available from the 1942 and 1 9 4 3 
surveyso I n some instances the 1942 count and weighing of vehicles showed a greater 
number of heavy axle loads than did the 1943 surveyo However9 since the 1943 sur
vey represented the count most nearly applicable to t r a f f i c conditions existing at 
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the time of the study of punning i t was decided to use the 1943 counts Very l i t t l e 
pun^dng was observed i n Tennessee prior to 1937o For these reasons ̂  the data on 
t r a f f i c were conpiled for each project for both 1937 and 1943 to show the change i n 
t r a f f i c loadings which occurred during the incidence of pmpiago 

ANALYSIS OF 0BSM7ATI0NS AND DATA 
I n sane instances i t was found d i f f i c u l t to obtain a.true appraisal of pmp-

ing during the reconnaissance surveyo I t has been mentioned that the progress of 
puiqping from incidence to loss of subgrade support and the breaking of the slab was 
divided into three stages and classification of punping made on that basiso During 
the d e t a i l survey when each j o i n t and crack was examined closely i t was found that 
i n some locations pumping had begun but had not yet become visible on the surface 
of the pavemento I n the earliest stage g a thin f i l m of mud was found under the slab 
end on the far side 9f the j o i n t i n the direction of tr a f f i c o As the action contin
ued, the mud gradually worked up along the edge of the slab and into the j o i n t or 
cradc opening u n t i l i t reached the surface. Therefore^ the reconnaissance data i n 
clude only puiqping which was visible at the surface while the detail study sections 
include punning i n i t s earlier stages where there was unquestioned evidence that a 
mud had formed and that the mud was progressing toward the surfaceo 

Pumping was forind to be a progressive action and i t s occurrence depended 
upon so many factors that close correlation between t r a f f i c and any other single 
factor of pavement design featxire or subgrade s o i l type with definite amounts and 
degrees of pumping was not foundo I n some instances the maintenance of joints and 
crack ''oenings i n the pavement had been timely and good and had prevented or 
greatly- ireduced puii9>ingo I n other instances on similar soils and t r a f f i c but with 
less effective maintenance, pun^ng had become severe and considerable damage done 
to the pavemento 

The correlation between pumping and the various factors which may affect 
pumping differed with the various factors of subgrade s o i l , pavement design and 
tra f f i c o The relationships brought out by the data are given i n the paragraphs 
vAiich followo 

Relation Between Traffic and Pumping 
No punning of serious consequence was reported i n Tennessee prior to 1937 

irtien the f i r s t comprehensive t r a f f i c survey was madso Although no survey of pun^ 
ing had been made at that time i t i s safe to assume that the number of truck axle 
loads at that time did not cause pumping except at locations of poor drainage or as 
a secondary effect where pavements had become damagedo Traffic counts and weigh
ings were made again during 1942 and 1943o Since the 1943 count was made only a 
few months before this survey of pumping, the 1943 t r a f f i c data have been usedo 
Table 1 shows the comparative 1937 and 1943 t r a f f i c coimt and axle weights for four 
projects included i n the pumping surveyo The projects were located near weighing 
stations used i n the t r a f f i c surveyo 

I n 1937 t r a f f i c carried only a small number of axle loads i n excess of 
14,000 Ibo with few to none i n excess of 16,000 Ibo The 1943 count showed a large 
increase i n axle weights i n excess of 14,000 Ibo a large proportion of vMch ex
ceeded 16,000 Ibo i n weights The pavements for which the data are shown are 8 ino 
by 6 ino by 8 ino parabolic cross section as are many of the pavements examined i n 
this surveyo 



TABLE I 
1937 AMD 1943 TRAFFIC COUNTS AND AXLE WEIGHTS ON POUR PROJECTS 

(Located Near 1937 and 19A3 Weighing Stations) 

Project 

2A Hour 
Xear Total 
of T r a f f i c 

Xear T r a f f i c (Number 
Buil t Location Survey Vehicles) 

24 Hour 
Truck 

Tr a f f i c 
(Number Under Over Over Over Over Over Over Over 

of trucks) 8 8 10 12 U 16 18 22 

24 Hour Truck Axle Loads i n Kips 
(Cumulative) Total 

Number 
Axles Remarks 

FAP 3 miles 1937 1580 356 5 8 6 U 8 56 33 19 9 734 
R-8A(4 ) north of 

U 8 

(Reop. 1936 Memphis 
& Ext.) on US 

No pumping (Loess S o i l s ) Route 51 _ 1943 5740 1383 2479 522 372 189 102 48 9 - 3001 No pumping (Loess S o i l s ) 
2 miles 19>7 3200 547 845 S 0 4 182 60 1 1 - - - n 4 9 

FAP east of 
36DS 1929 ilemphis 

30Ŝ  of joint s and cracks on US 1943 3740 748 1302 575 517 367 196 130 40 8 1877 30Ŝ  of joint s and cracks 
Route 70 

575 
pumping (Loess S o i l s ) 

1 0 miles 1937 2560 351 477 224 183 131 23 702 Clay s o i l s derived from 
FAP north of dolomitlc and cherty 
231AS 1930 Chatta. • limestones. 

nooga on 1943 3780 692 1124 530 457 359 262 131 25 - 1654 17% of joints and cracks 
US Ht. 2 7 pumping. 
17 miles 1937 1180 313 517 150 95 60 9 4 667 Clay s o i l s derived from 

NRH east of 
150 

cherty limestones. 
269B 1934 Chatta

cherty limestones. 

nooga on • 
2€$ of joint s and cracks US Routes 1943 2975 690 1054 574 481 398 282 116 23 - 1628 2€$ of joint s and cracks 

41 & 64 pumping. 
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I t appears from the data shown i n the table that puII^dng developed trom the 
increase i n nuosber of aaEle loads of the lAoOOO I b o to ISoOOO I b o range o The axle 
loads necessary t o start punqping undoubtedly depended on the type and condition of 
the subgrade soilo 

A correlation between t r a f f i c and puiqjing was found for the unifora loess 
soils i n western Tennesseoo Table 2 shows the s o i l analyses^ axle loads and punqp-
ing fotind on 11 projects b u i l t on loess soilso I t i s evident that the loess soils 
on the various scattered projects are very nearly similar i n characteristicso 
Under average maintenance conditions the pavement b u i l t on loess soils of average 
water content and density did not pump u n t i l the number of 1A,000 Ibo wheel loads 
exceeded 50 per day on an 8 ino by 6 ino by 8 ino pavemento A study of the proj
ects on vitilch slight to moderate pumping occurred showed that such pumping was asso
ciated largely,with open cracks or poor surface drainage of the pavementso On 
project 36DS ( 7 o 9 7 miles i n length) 122 of the 135 pumping slab ends were at cracks. 
The higher water content of the s o i l on that project i s indicated i n Table 2o 

An over-all study of pavements b u i l t on a l l s o i l types failed to show any 
direct relation between the amoimt of puiq>ing and the number of axle weights i n 
the 12oOOO to ISoOOO I b o range« 

No quantitative data were obtained on the relation between speed of t r a f 
f i c and pumpingo I t was obseznredo however that many of the long mountain grades 
i n eastern and southeastern Tennessee showed a marked difference i n surface con
di t i o n and pumping on the u p h i l l t r a f f i c lanes conqpared to the downhill t r a f f i c 
laneSo The very marked difference i n the density of the o i l streak (indicative 
of slow speed and tractive effort) found on many long grades i s shown i n Figure 3 o 
A second example i s shown i n Figure 4o Here severe pximping occiurred on the u p h i l l 
lane while the downhill lane showed l i t t l e piuopingo 

The influence of t r a f f i c on pumping also was evident on 4 lane roads vdiere 
nearly a l l pumping occurred i n the outside lane which carries nearly a l l truck loadso 
Almost no pumping occurred i n the inner passing lane of 4 lane divided or undivided 
highwayso 

Relation Between Roadbed Design and Primping 
A tabulation of punqping slabs on multi-lane divided and undivided highways 

showed the undivided hi^way had a tendency to pump somevriiat less than the divided 
typeo 

No effort was made to determine the relative effect of l i p curb on punqping 
during the reconnaissance surveyo General observations were that i t s use did not 
increase or decrease pun9>ing to an extent which was significanto 

On four lane divided and undivided highways both t r a f f i c lanes drained t o 
ward the shouldero There was no evidence that such drainage resulted i n more punqp
ing than occurred on many two lane roadso 

Relation Between Pavement Cross Section and Punning 
Of 3 6 projects on which numolncc was studied during the survey^ 26 were of 

8 ino by 6 ino by 8 i n . cross sectiouo Ten of the 3 6 projects were 18 f t o wideo 
18 were 20 f t o wide and 3 were 22 f t o widoo Two projects were of 7 ino uniform 
thickness and 4 were of 9 ino b y 7 ino b y 9 ino by 20 f t o cross sectiono 



TABLE 2 

SOBCRADE SOILS DATA, AXIS lAAOS AND KDCUiG OB LOESS SOILS 

County Project 

Sample 
LocB- P.B.A. ^n«iyBlB Teztunl S o u Water SoU 
tion S o u Gravel Col- SoU Captcpt (Per Cent) Denslly 
•o. L.L. P.L. P . I . P.M.E. C.M.E. S.L. Croup » Band S U t Clay I O H B iTPa 0-1° 2'-^" S"-8' (p-e.f.) 

24 Hr. Truck Axle 
Loads la Kips 
(Cunulatlve) 

Over Over Over Over 
12 U 16 18 Beoarics on Pumping 

Dyer 39AS 13C iO 22 18 32 25 20 A-7 10 61 29 16 BiCL 
Henry 280F 37 37 19 18 26 22 18 A-7 18 52 30 U SIC 
Shelby 31CS 12b 32 21 IX 27 19 22 A-4 25 61 U 7 8U. 
Oibaon U7CS-DS UC 35 18 17 24 22 18 A-7-4 19 61 20 8 BiCL 

Madison SICS U 39 19 20 28 24 17 A-7-6 22 53 25 10 SiCL 
Shelby R-8-A IV 100 36 21 15 28 25 22 A-4 10 67 23 10 s i a 

Reop. 
Exti. 

Fayette 36AS 
Shell? 36DS 9 45^ 23 22 32 29 19 A-7 U 61 28 12 s i a 

Gibson U7CS-DS 15b 42 IB 24 33 26 20 A-7 10 56 34 19 BiC 

Shelby B-8-A UC 40 21 19 29 27 20 A-7 U 65 24 Id s i a 
I I I 

Shelby 36BS 

Shelby 36CS 

Shelby 36DS 

Shelby 36GS 

10 46 23 23 35 30 20 A-7 

18 

21 

23 

9 60 31 6 SIC 25 

18 18 

24 22 101-108 

26 27 93-96 

26 26 

54 29 U 3 
54 29 •19 6 
57 31 15 3 
92 49 23 4 

93 50 33 10 
189 102 48 9 

227 121 80 24 
367 196 130 40 

92 49 23 4 

u o 76 36 7 

174 93 62 19 

199 106 70 31 

3 « 196 130 40 

475 253 168 51 

Hone 
Hone 
Hone 
Bone 

Hone 
Hone 

Hone 
Bone (for detail Study 
Seotion) only 

Slight Pumping 
(Ho Count Hade) 
Moderate Pumping 
(Ho Count lade) 
•oderate Pumping 
(3]( of Joints and 
Cracks Pumping) 

Moderate Pumping 
{3% of Joints and 
Cracks Pumping) 
Severe Pumping 
(30!( of Joints and 
Cracks Pumping) 
Slight Pumping 
(0.»( of Joints and 
Cracks Pumping) 

Samples 130, UC, 9, 15b, UC and 10 were claasified as Lorlng Series; Samples 12b, U, and IOC as Memphis Series and 
Sample 37 as Lexington Seriea. AU semplea not foUoaed by the letter «C» »ero from the B Horisoo. 
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FIGURE 2. UNDISTURBED COLUMN OF SOIL REMOVED FROM UNDER A 
PUMPING EXPANSION JOINT. NOTE THAT A SOFT MUD HAD FORMED ONLY 
UNDER THE FAR SIDE OF THE JOINT IN THE DIRECTION OF TRAFFIC. 

FIGURE 3 . NOTE THE DIFFEEENGE IN THE OIL FIGURE 4 . MOTHER EXAMPLE SHOVOIG THE 
STREAKS RESULTING FROM DIFFERENCE IN UP
HILL AND DOy/NHILL SPEEDS AND TRACTIVE RE
SISTANCE OF VEHICLES ON A LONG C31ADE. 
FAP A B 6 A (2) STA. 3 8 0 COFFEE COUNTY 
( 4 - 6 - 4 4 ) 

DIFFERENCE IN THE OIL STREAKS IN THE UP
HILL AND DOMHILL LANES DUE TO SPEED OF 
TRAFFIC ON A LONG 6% C21ADE. NOTE THE 
PUMPING AND DAMAGE TO PAVEMEKT IN THE 
UPHILL TRAFFIC LAND. FAP 2 6 9 B MARION 
COUNTY ( 3 - 2 2 - 4 4 ) 
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piimpin£ occurred on a l l pavement cross sections where other conditions con
ducive to punqplng were presents The 9 iUo by 7 ino by 9 ino thickness showed an 
average of approximately 1/3 as much puBq>ing as did the 8 ino by 6 ino by 8 ino 
pavements, but the former canied about two thirds as many heavy axle loads as did 
the 8 ino by 6 ino by 8 ino pavementso 

Relation Between Pumping and Joint Type and Spacing 
The counting of the t o t a l number of joints and cracks made i t possible to 

determine the j o i n t and crack interval f o r various e^qpansion j o i n t spacings and com
binations of e3q>ansion Joint and contraction j o i n t spacingo Pavement with longer 
expansion Joint spacings had longer j o i n t and crack intervalso A trend i n reduc
ti o n of punqping i s indicated for pavements with expansion joints at 300 fto inte r 
vals o For pavements with the 500 f t o expaxvaion j o i n t spacing there was a consid
erable reduction i n the amount of punqpingo 

Puiq>ing was classified and recorded separately at joints and cracks on 33 
of 41 projects studiedo The 33 projects represent a t o t a l of 229 miles of pavement 
and cover the range of soils encountered i n Tennessee» A summary of observations 
on Itl projects i s given i n Table 3o I n the average, the amount of pumping at 
joints differed but l i t t l e from the punqping at transverse crackso However, very 
few individual projects showed the same amount of puiiq>ing at Joints and cracks, 
the amount being influenced by the occurrence of cracks, the spacing of expansion 
joints and resulting width of crack openings the relative maintenance condition 
of the sealing material at joints as compared to cracks, and apparently, idiether 
the dowels at Joints permitted flree movement of the slab endso The following ex
amples i l l u s t r a t e the wide difference i n pumping at Joints as related to puoping 
at cracks on individual projects: On one 4^1ane divided highway, having no trans
verse cracks, 6 per cent of the Joints puii9)edo On another project pumping oc
curred on 1 per cent of the Joints compared to puiqping at 21 per cent of the trans
verse cracks o The e^ansion Joints were luiiformly of the width constznicted but 
cracks had opened from 1/8 to 3/8 ino indicating definitely that the dowels were 
rest r i c t i n g normal slab movements on that projecto 

Table 3 shows that i n the average the amount of pumping of transverse 
Joints (expansion and contraction joints) was about the same as at transverse 
cracks, (18 and 21 per cent of the Joints and cracks respectively)o 

I t was d i f f i c u l t to differentiate between expansion joints and contraction 
joints i n the reconnaissance survey on many of the projects investigatedo There
fore, observations on the relative pumping at expansion and contraction Joints were 
limited to six projects having a combined length of approximately 62 mileso I t may 
be seen from the average values i n Table 4 that pumping occurred i n almost equal 
amounts at expansion j o i n t s , contracjdon Joints and crackso 

Considerable punning occurred along the longitudinal center j o i n t near 
transverse Joints and crackso A deformed metal plate was used to form the center 
longitudinal Joint on most projects» Likewise, puii9}ing occurred along the outside 
edge of the pavemento A l l pumping at the edge and at the center Joints was cred
ite d to the nearest transverse crack or jointo I n only one instance was puiqping 
found along the edge of uncracked slabs of 20 to 30 fto i n length and that was on 
the inside of a superelevated curve i n a deep cut near the top of a long steep 
gradeo 
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I t should be noted here that distributed reinforcing mas used on only a part 
of one of the projects studiedo Also that the data available did not pemdt a study 
on the influence of e^ansion Joint f i l l e r s o Construction records showed that near
l y a l l projects were b u i l t with premolded or poured bituminous fillers<> 

Load Transfer Devices and Their Relation to Punqping 
Twelve projects on which load transfer devices were used and 30 projects 

without load transfer devices at joints were investigated i n the reconnaissance sur-
veyo Four of the projects on which no load transfer devices were used were located 
on soils of loess origino Inasmuch as the other projects were on claj and cherty 
clay soils having generally similar characteristics^ the four projects on loess 
soils were l e f t out i n assembling the average values shown i n Table 5 o Inclusion 
of puii;)ing data Arom the four projects on loess soils would result i n only very 
small changes i n some of the values for puoqping shown i n the table» 

The t o t a l per cent of punping joints was only s l i g h t l y greater for the proj
ects without load transfer devices» Howeverj the truck t r a f f i c on the projects i n 
volving the use of load transfer devices was much heavier than on the older pave
ments b u i l t Tdthout load transfer deviceso The load transfer devices did appear to 
reduce to marked degree the per cent of classes 2 and 3 panQ}ing Joints idiich i n 
volve faulting and breakageo Howeverg i t should be noted that more severe punqping 
of classes 1 and 2 was found at intermediate transverse cracks where the pavements 
were b u i l t with load transfer de^dces at Jointso 

Close inspection of transverse Joints on two of the projects on which load 
transfer devices were used showed that the dowels did not allow free movement of 
the slabs when the slab e^anded or contracted on those projectso The t o t a l ef
fect of restricted movement due to frozen dowels could not be determined for a l l 
projects 0 but i t may account for the more severe pun^dng generally indicated at 
transverse cracks i n pavements having doweled jointso 

The Effect of Shoulder Drainage on PuiiQ>ing 
Pun;>ing occurred under conditions of good surface drainage as well as poor 

surface drainageo Severe punning was observed on grades and on heavy clay soils at 
many locations where shoulders viere lower than the pavement edgeg had slopes i n 
excess of one inch per foot and where runoff was not impeded by vegetationa Con
trariwise p pxui9>ing occurred on some projects having loess subgrade soils only iidiere 
poor siirface drainage existed o 

The Subgrade and I t s Relation to Fundings 
Soil Parent Material and Soil Series 

The reconnaissance and detail study surveys were planned f o r the principal 
t r a f f i c routes traversiiig the major representative s o i l groups of Tennesseco Begin
ning at Menqphis and proceeding eastward the survey covered the following s o i l areas 
i n the order given: 

lo The yellow s i l t y clay loams and s i l t y clay soils of western Tennessee 
which originate fjr-om deep loess to the soils derived ft>om shallow loess 
underlain by coastal plaina materials o 



TABLE 4 
COMPARISON OF PUMPING AT EXPANSION JOINTS, CONTRiVCTION JOINTS AND CJtACKS 

(Six Projects totaling 62 Miles i n langth) 

Projects' 
Pumping Exp. J o i n t ^ 

(Per c^n%) 
.Ciaas-

3 Totaj 1 

Pumping Contr. Joints 
(Per Cent) 

Class 

Pumping Cracks 
(Per Cent) 

3 Total 
Cla,85 

3 Total 

Pumping Joints & Cracks 
(Per Cent) 

Class 
Total 

Remarks 

41AB 18.7 -
(4)(5) 

- 18.7 9.7 -

41AB 40.4 0.2 0.1 40.7 
(Reop.) 

36.8 0.1 

2081(2) 3.0 
486A(2) 

- 0.3 3.3 0.3 

228BS 15.7 7.4 0.9 24.0 

231BS 

231GPC 2.0 0.2 0.2 ,2.4 

4.7 2.1 

2.6 0.2 

9.7 

36.9 27.3 - - 27.3 

0.3 

bO.2 4.5 0.5 25.2 

9.2 10.8 1.0 21.0 

t20.5 8.1 1.2 29.8 

6.8 

2.8 

1.6 1.6 3.2 

2.1 0.4 - 2.5 

12.7 

38.0 0.2 

3.5 3'.1 0.4 

12.7 

38.2 

7.0 

20.0 6.9 1.0 27.9 

3.6 1.7 - 5.3 

2.4 0.2 0.1 2.7 

2-22 f t . lanes - 8 f t . grass 
dividing s t r i p . 7" unif. 30-
90 f t . J t . spacing. Edge curb 
along dividing s t r i p . Univ. 
or Nat'l Load Transfer. 
Heavy clay s o i l . 
2-22 f t . lanes - 4 f t . con
crete dividing s t r i p . 7" 
unif. 30-90 f t . Joint spacing 
Spec, base plate under Exp. 
J t s . Heavy clay s o i l with 2" 
loose sand mixed to depth of 
6", 
8- 6-8-6-8x22' 30-90 f t . Joint 
spacing. i"x24" dowels atEbq). 
|& Contr.Jts. at 12" c.c. A-4 
clay s o i l with 2" to 3" loose 
sand mixed to depth of ^'toffl 
9- 7-9x20' 50-300 f t . j o i n t 
spacing. No load transfer. 
A-6-7 cherty clay s o i l s . 
8- 6-8x20' 50-300 f t . j o i n t . 
spacing. No load transfer. 
A-6-7 cherty clay s o i l s , 
9- 7-9x20' 50-300 f t . j o i n t 
spacing. No load transfer. 
Cherty clay s o i l s . 

Average 13.3 1.3 0.3 14.9 02.4 1.2 0.1 13.7 10.1 3.5 0.4 14.0 13.4 2.0 0.3 15.7 

Note: No cracks were observed on Project 41AB (4)(5) 
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TABLE 5 
RELATION BETREEN LOAD TRANSFER DEVICES, PUMPING AND TRAFFIC 

(33 Projects Having Clay, Claj Loam and Cherty Clay Subgrades) 

Number 
of 

Pyolects 
Load Transfer 

Punqping Joints 
(Per Cent) 

Class 

Punqping Inter
mediate Cracks 

(Per Cent) 
Class 

Pumping Joints 
& Cracks 
(Per Cent) 
Class 

3 Total 1 2 3 Total 1 2 3 Total 
^ NoSi n 5 ^ 3 22 12 5 3 20 
12 3/4"x24" at 12"ccfr sl8 2 1 21 17 17 3 37 

1 1 "S" 3 

1 7 6 1 

2 0 

2 4 

5 2 4 Hour Traffic 
Number 

5 Total 
Vehicles 

Total 
Trucks 

Truck Axle Loads i n Kips 
(Cumulative) 

of Load Transfer 
Projects 

Over Over Over Over Over 
: 1 0 1 2 1 4 1 6 1 8 

2 1 None 
1 2 3 / 4 ' ^ " at 12'»cc* i 

i 2 , 1 8 6 

5 3 , 1 4 4 
a 9 ̂  
6 9 0 

2 5 6 2 0 0 1 4 2 6 5 1 2 

4 4 1 3 6 2 2 5 8 1 0 9 2 1 

*Qae project used a special type of load transfer device and a second project used 
3 / 4 ino z 4 8 i n . dowels spaced on 3 6 ino centers< 

2 o Sandy soUs derived tram coastal plains materials o 

3 o Cherty day soils i n west central Tennessee derived from cherty limestones. 

4 o Clay soils derived from limestones and shales and massive limestones, 
eluding phosphatic limestoneso 

5 o Sandy and s i l t y soils derived from sandstones and shales. 

6 o Gravelly clay soils derived from cherty limestones and limestones i n east 
central and east Tennessee. 

Soils i ^ e h originate from the deeper loess formations were investigated on 
UOSA Route 5 1 north of Menphis i n Shelby, Lauderdale and Pyer counties; on U.So Route 
7 0 i n Shelby, Fayette, Madison and Carroll counting and on State Route 7 6 i n Gibson 
coontyo Thin loess , underlain by coastal plains deposits was investigated i n Henry 
county on State Route 7 6 . 

Sie deep loess i s classified pedoligically into three soils series as follows: 

lo The Men^Ms series occupies the narrow hi^iland ridges and forms on r o l l 
ing to h i l l y lando I t has a sl i g h t l y to moderately plastic B horizon of yellowish 
brown to f a i n t l y reddish brown s i l t y clay loamo Relatively good surface and sub
surface drainage are characteristic of the Menphis serieso 



1 2 3 o 

2 o The Lcxring series occupies the nearly level to r o l l i n g uplandso I t de
velops a more plastic and more CQiq>act B horizon which i s characterized by slower 
drainage than that of the Uaiq>hls series o The brownish a i l t y clay loam and clay B 
horizon i s splotched with grayg rost-brown and yellow characteristic of less per
fect drainagoo 

3 o The (Sranada series consists of loess overlying coastal plains material 
at depths of 4 to 15 ft o I t develops a semi-clay-pan B horizon which restricts 
drainage and occupies undulating to gently r o l l i n g topography ranging i n slope from 
about 2 to 7 per cento 

A foTurth series 0 the Lexingtonp consists of a few inches to about 2 f t o 
of loess over ferruginous sands and sandy clays of the coastal plains deposito 
Roads on the Lexington soils l i e mostly i n the sandy materials althoxigh one location 
investigated i n Henry county was i n the B horizon of a s o i l classified as Lexingtono 

No pus^dng was found during this survey on loess soils of the Meiq;>hls groups 
a l l puii9>ing being found on the B horizon of the Lorlng series i ^ c h i s a compact „ 
inperfeetly drained soilo Although no punqiing was found on the more l i g h t l y travel
ed roads b u i l t on loess soils of the Granada series g i t i s believed that i t s con^ct 
and Inperfectly drained B horizon needs i attention to avoid pmaping under a large vol
ume of heavy axle loads o 

A summary of soils test data^ axle weights and puiq>ing i s given i n Table 2 
for a l l loess soils testedo Neither the soils constants nor the mechanical analysis 
indicate a wide difference i n the physical characteristics of these soils o 

I t i s evident from the test data that there i s a very small difference be
tween the loess soils where pumping has or has not developedo The difference i s main
l y one of coiiq>actness and movement of water i n the s o i l profile o 

No pumping occurred on the sandy soils of the coastal plains materials which 
are classi^ed i n the Ruston series and which form the C horizon of the Lexington 
serieso 

Punqjing prevailed on pavements b u i l t on a l l cherty clagr soils i n west central 
Tennessee which were derived from cherty limestoneso These soils were classified i n 
the Baxter, Dickson and Bodlne serieso Pumping occurred i n both the B and C horizons 
of a l l 3 series except where the sand and gravel content prevented i t s occurrence» 
The relation between sand and gravel content of a subgrade s o i l and pumping i s dis
cussed later i n the reporto 

Pumping occurred throughout the Hagerstowuo Uaury and Uercer groups derived 
from limestones and also from gravelly clay soils derived from, cherty and dolomltic 
limestones except for subgrades having high gravel content which w i l l be discussed 
latere These gravelly clay soils are represented by the Clarksvilleo Pullerton and 
Dewey series o 

No pumping occurred on the more sandy soils of the Muskingum and Hartsells 
series vltiich were formed from sandstones and shaleso Howevers the occurrence of 
strata of fine plastic clay i n some areas of sandy soils created localized areas of 
poor drainage viblch resulted i n severe pimping of the clay soils even under relative
l y l i g h t t r a f f i c o 
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VBA S^oiX Groups 

Punning was found on the A>»7s A> 6 e ^ ^ - 7 and A - 4 s o i l groups o I t was also 
found i n the A - 2 - 4 and A - 2 - 6 borderline groups having near the mini mum sand content 
i n the s o i l mortar for those soilso 

No punping was encountered i n soils of the A - 2 and Ao3 groups nor on many of 
the borderline A - 2 - 4 and ^ - 2 - 6 and A - 2 - 7 groups containing near maximum sand and 
gravel content for those groupso 

I n many instances s o i l saopXes taken from under pushing and non-punning slabs 
showed generally similar s o i l constantso This i s true for some of the elayg s i l t y 
clay and aLlty clay loam soilso I t i s d i f f i c u l t s for that reasons to make a positive 
statement regarding the l i m i t i n g values of s o i l constants for punning or non-punping 
soilso I t i s of interest to note I n Table 6 p which shows s o i l constants of a l l s o i l 
8aB;>les taken from detail study sections that both the range of values and the average 
values of a l l s o i l constants are considerably lower for the soils of the clay, s i l t y 
clayo s i l t y clay loam and clay loam soils where no pumping occurred than for soils of 
simi la r teztural types found under punqping slabs» 

Consolidation and Triazial Con9)ression Characteristics 

Tests were made to detennine the relative consolidation characteristics of 
s o i l types and s o i l conditions associated with puiq)ing as well as those found where 
no piuqping occurredo Undisturbed saiqples were taken immediately under or adjacent 
to transverse Joints and crackSo A portion of each sanple was tested i n the condition 
i n iriiich i t was received at the laboratoryo A test was made on another portion of the 
sanq>le i n an inusslated conditiono 

Nine soils from under punplng slabs and five soils from under non-punqilng slabs 
were tested for consolidationo Vxe average values of per cent reduction i n h e i ^ t for 
various loads and average per cent consolidation between load increases at various time 
periods for both puiq>ing and non-puoping soils are given i n Table 7 o 

The data8 although representing relatively few sanplesj do indicate a trend of 
greater t o t a l and residual compression for pusqping soils than f o r non-puii9>ing soils» 
Soils fk>om under pumping slabs resulted i n greater consolidation under a l l loads i n 
both the "existing" and "inundated" conditions and consolidated i n a shorter time than 
did the saoples ffom under non-pumping slabso The data therefore indicate a trend of 
greater t o t a l and residvial compression for the puii?)ing than for the non-pun?)ing soils» 

A tabulation of per cent reduction i n height and max3.mum difference between 
vertical and normal pressures obtained i n the t r i a x i a l compression test for both punqp
ing and noi>-pun^)ing soils i s given i n Table 8 o The values for per cent reduction i n 
height follow a trend similar to that observed i n the consolidation tests» The values 
for shearing stress computed from the maximum differences between ver t i c a l and l a t e r a l 
pressures shown i n Table 8 are erratic and do not show a well defined trend o 

Permeability tests were made on nine pumping soils and six non-punqping soils« 
A l l were fine grained s i l t y clay loam to clay soils except one sando No significant 
trends are evident from the data obtainedo 
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TASIE 7 
SUUMAm OF SATA FBOM CQNSOIIDATION TESTS 

Uethod of 
Coodttcting 
Consolida

Per Cent Seduction i n Height 
at Load of (Kins / o S o f o T fiemarks 

tion Tests 0 o 0 2 OolO L 2 8 OolO 

Tested as 
Received 

OoO 0 o 3 1 0 o 5 2 0 o 8 9 l o 3 6 2 o38 3 o 9 4 2 o 6 9 PunQdng 
Slabs 

Tested as 
Beceived 

OoO O o U 0 o 2 8 0 o 5 2 0 o 9 4 I0A8 2 o 5 4 l o 7 5 Nott=°Puiqdng 
Slabs 

Inundated OoO O o l l O o O l O./iO l o l O 2 o l 3 3 o 87 2 o l 8 Pmnpins 
Slabs 

Inundated OoO OoO OoIO Oo36 0 o 7 8 l o 5 6 2 o 7 2 l o 4 3 Non=°PuiBi>ing 
Slabs 

Method of 
Conducting 
Consolida-
tion Tests 

Average Per Cent Consolidation 
at Time of (Minutes) Remarks 

Tested as 
Received 

37 42 47 5 1 60 66 74 79 Punyjing 
Slabs 

Tested as 
Received 

48 54 60 66 73 78 8 2 86 Non=-PuBQ>ing 
Slabs 

Inundated 44 5 2 56 62 71 78 83 88 Pumping 
Slabs 

Inundated 51 57 6 2 68 77 8 1 86 90 Non<-Pujq>ing 
Slabs 

Sample 380 a noi^plastic sandu not included i n above tabulationc 

S o i l Texture 

Data obtained firom sieve and hydrometer analysis on a l l sasqples of s o i l from 
detail study sections are shown i n Table 60 The data obtained on soils fk>om under 
pxnap±as and noxv«pun;)ing slabs show a definite relation between textural s o i l type and 
paiiQ}ingo when the grading of the total subgrade s o i l i s consideredo The percentages 
shown i n Table 6 as sand and gravel,, eooprise a l l sand and gravel i n the total s o i l 
samples ioOoo a l l materials coarser than O0O5 mmo diameter (retained on Noo 2 7 0 sieve), 
The relation between pun^)ing and s o i l texture i s illustrated i n ̂ e triangular chart 
i n Figure 5o 

Ho puEoping was encountered i n Tennessee on s o i l s having more than 55 per / 
cent sand and gravel (coarser than 0o05 mmo diameter) i n the total soilo I t may be 
seen that punping did and did not occur on some soils having a combined sand and 
gravel fraction of less' than 55 per cento Uany of these non°puiq>ing so i l s having 
less than 55 per cent sand and gravelo had relatively high s i l t content and low clay 
eontento These soils permit more rapid movement of water away from leaky Joints and 
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T r i a z i a l Conpcssaion Test Results 

Loco Maxo Pv-Ph Hedo i n height 
NOe (Kins /oSofo) (Per Cent) ( d e g o ) 

Ph-o Ph-^ 
1 3o9 5oO 2o4 l o 6 1 2 
5 4o4 6oO 0 
7 
8 

9 
10 2 o l 3oO 5oO l o 5 10o5 
1 1 
1 2 

Ik l o O 0«>9 _ — 

2 6 3oO 2 o 9 l o 2 l o 7 0 
27 l o O l o O 3oO 4o0 0 
2 9 . 5 o 2 3oO l o 5 2o5 0 

3 0 2 o 0 3o3 4o5 4o5 14o5 
? 1 0 o 8 ^ 2 Oo9 12o5 21o5 

Maxo Pv^Ph Redo i n h e i g h t J 
h ^ Ph=2 Ph'<J Ph=2 

3o0 3 o 8 2o3 2„5 9 
2 o 3 2o6 0 o 8 l o l 5 

l o 3 2 o 6 l o 5 2 „ 0 1 4 

4o0 4o0 Oo5 Oo6 0 
8o8 — l o O - -

cracks i n the pavement and thus either prevent pumping or limit i t s occvirrence to pro
longed periods of net weathero Such soils have been observed to be wet weather pumpers 
and do not punp during periods of infrequent rains as do the more plastic and more iia-
pervious clay s o i l s . 

S o i l Water Content and Density-
Soi l water content determinations were made at 1 4 locations irtiere pumping oc

curred and 1 5 where no pumping occurred» The results of s o i l water content determina
tions are shown i n Table 6o Water contents at, less than the plastic limit were found 
i n only two of the 1 4 locations where pumping occurredo The major portion of the pump
ing locations had water contents of 3 to 5 percentage points greater than their cor
responding plastic limitso The overall average water content exceeded the average 
plastic limit by 3o 

Five of the eleven tests of plastic s o i l from under noz^pumping slabs had water 
contents below their plastic limits and s i x had water contents 1 to 4 percentage points 
greater than their plastic limits« Average water content for plastic non-pumping soils 
immediately under the pavement was 19o4 per cent coii5>ared to an average plastic limit 
of 1 8 o 9 per cento ,̂  

Density and water content tests showed that i n nearly every instance the s o i l 
was at or near saturationo Thusp the higher densities shown i n Table 6 for non-
punping plastic soils limited the water holding capacity of the soils and prevented 
the absorption of sufficient water to soften the soilo reduce i t s bearing capacity9 
permit greater slab deflections and start pumping» 
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The variation i n s o i l structure and compactness of different horizons i n 
the s o i l profile had l i t t l e or no influence on pumping i n some soils and much i n 
otherso Punqdng was often equally severe i n the B and C horizons of soils derived 
from limestones and cherty limestones <> However» i n soils formed from loess ̂  the 
more compact and less perfectly drained B horizon of the Loring series accounted 
for a major portion of the pumping found on those soilso The soils of the Muskingum 
and Hartsells series formed from sandstones and shales sometimes had compact clay 
strata underlying more pervious sandy soilo The less pervious compact clay strata 
restricted drainageo and caused the clay soils to become saturated and pump badly 
where the clay strata intersected the grade<. 

The Effect of Subgrade Treatments 

Subgrade treatments consisting of 2 to 4 ino of loose sand mixed with the 
existing clay subgrades to 4 to 8 i n , compacted depths were en^jloyed on three proj
ects included i n the surveyo Detail study sections were included on 2 of the 3 
projectso The natural subgrade so i l s on a l l three projects consisted of heavy clay 
soils derived from cherty limestones and are representative of the worst pumping 
soils i n the State <> 

Some punping occurred on a l l three projectso Howeverp the s o i l samples 
taken during the detail study showed that vrtiere the sand and gravel content (portion 
having particles larger than Oo05 mmo diameter) i n the treated subgrade s o i l was 
greater than 55 per cento pumping did not occuro Two of these projects carry a 
moderate number of heavy axle loadso The third carried the greatest number of heavy 
axle loads encoxmtered i n the State» 

There was evidence on some projects that the use of applications of sand-
gravel to provide ten^jorary surfacing for local t r a f f i c during the period between 
grading and paving had been effective i n materially reducing pximpingo 

The Effect of Pavement and Shoulder Maintenance 

Inasmuch as very l i t t l e mudjacking as a maintenance operation to f i l l cavi
tie s under pun?)ing slab ends had been done in Tennessee at the time of this survey 
observations could not be made regarding i t s effectivenesso 

I t has been mentioned previously that pumping on heavy clay soils occurred 
where shoulders were well sloped and permitted rapid runoff of surface watero How
ever ̂  i t was observed that often the most severe punning occurred i n cuts and at 
the bottom of h i l l s at low points i n the grade where surface drainage was poor., 
Likewise0 on borderline soils^ that i s , soils which pump only during prolonged 
periods of wet weatherp pumping occurred only when associated with poor surface 
drainage due to high shoulders or to ruts i n shoulders at the edge of the slabo 

In summaryp the observations showed that good maintenance of jointsp cracks 
and surface drainage either prevented pxmping of materially reduced the progress of 
pumpingo 

i 
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Sunmaiy and Correlation of Data 

The data and observations Indicate that methods and designs for preventing 
pimpi ng on new construction can be grouped Into two categories» F i r s t , a group of 
minor factors which tend to reduce or minimize puiDplng and second,, a group of major 
factors to prevent the occurrence of puoqplngo 

The f i r s t group Includes the following factors; 

lo The design of pavement and shoulders to obtain rapid runoff of surface 
watero 

2o The use of m-iirimum provlslons for e^anslon or a maximum spacing of ex
pansion joints of a given widtho This tends to keep the pavement i n 
restraint and reduces the amount of opening of intermediate contraction 
joints or crackso 

3o The use of a pavement thickness adequate for prevailing wheel loadso 

4o The pr6vislon for load transferance at transverse joints to prevent 
faulting, 

5o The control of water content and density of the subgrade dviring con
struction to obtain the greatest supporting value niMch the s o i l can 
be expected to maintain under service conditionso 

60 Close attention to surface maintenance of the pavement and shoulders 
to reduce the entrance of water to the subgrade.. 

The- data and observations pertaining to this f i r s t group are not conclusive 
but they do give positive evidence that a l l of the above factors w i l l tend to re
duce pumpingo The observations on loess s o i l s showed that pumping was often asso
ciated with poor surface drainage and that no pumping occurred on contiguous slabs 
on similar soils vdiere the surface drainage was goodo 

The longest spacing of expansion joints was associated with less puii9>lngo 
Pavements having load transferance at joints and carrying a substantially greater 
volume of heavy axle loads than did pavements with no load transfer devices showed 
approximately the same percentasre of punq)ing joints as was foimd on pavements without 
provisions for load transfero I t i s significant however0 that the amount of Class 2 
and Class 3 punQ>ing at tranverse joints was leaf* vAiere load transferance was provided. 
Where "frozen" dowels restricted normal slab movements 0 transverse cracks showed 
greater pushing than found on pavements where the dowels functioned properly or on 
pavements built without dowels. 

The results of observations on the beneficial effects of timely and good sur
face maintenance have been mentioned previously. 

The close correlation between s o i l water content and pumping indicated that 
comp&ctlon with control of water content i s of considerable value i n reducing puntp-
i n g o I t i s known that heavy clay soils having high volume change 9 although contacted 
to high densities 0 may swell and eventually absorb water I n excess of their plastic 
l i m i t s . For such s o i l s con5)actlon with water content control may be of temporary 
value. However, for some so i l s having moderate volume change which w i l l not swell 
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a n d a b s o r b m t e r i n e x c e s s o f t h e i r p l a s t i e U n i t s ^ t h e d a t a i a d i e a t e t h a t c r a ^ e t i o n 
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