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I n 1943 the committee sponsored two papers which were published i n the Twenty-
third Annual Proceedings — one by Eo B« Woods and To Eo SheUbTime of Purdue Univer­
s i t y on the "Puiqdng of Rigid Pavements i n Indiana," and the other by Ro 17o Couch 
of the Missouri State Highws^ Department entitled, "Deflectometer for Measuring Con­
crete Pavement Deflections under Uoving Loads." 

For 1944 the committee presents as a progress report papers covering e ^ e r i -
enees and methods of control used i n Missouri, Ohio, Indiana, New Jersey, and Tenn­
essee o These papers describe work that has been done i n an effort to determine the 
causes of puiqying, to develop maintenance procedures that w i l l relieve the condition 
on existing pavements, and to develop pavement and subgrade details that w i l l prevent 
i t s occurrence on future construction. The conclusions presented are those of each 
author and do not necessarily represent the opinion of the committee as a irtiole. 

Reports are being prepared on the work done i n Kansas and North Carolina and 
these reports should be available for presentation at the next annual meeting of the 
Highway Research Board. The committee plans to start work on i t s f i n a l report dur­
ing 1945. 



MAINTmnCE METHODS FOB FREVMUNG ABD COBRECTING THE 
PUUPING ACTION OF CONGRETE PAVEUMT SIABS 

Bex Mo Vghittono Engineer of Maintenance ̂ 
Missouri State Highway Department 

SIfiOPSIS 

This paper describes experloasa i n Missouri idth the oorreotion of 
pumping.at Joints i n concrete pavements by the use of a semi->fluid 
soil?-cement mixture forced under the slab with a mudjacka The slurry 
used consisted of four sacks of cement per cubic yard of topsoil and 
50 to 55 per cent of matero^ The spacing of the holes for f>H mi nation 
of pmplng and cerreeticm of faulting i e discussed^ The ecpipment and 
personnel required i s given i n details On an average section of pave<-
ment« i t was foimd that 354 holes per mile and 35»45 cubic yards of 
aXvaerj were recjuired per Jidle of roado The average cost of the work 
was $24a78 for driUing l^^inch holes and $a56«66 per mile for the maF. 
t e r l a l and puaqiing operatlono 

I n a study of the deflections of the pavemmt under moving loads« 
i t was noted that deflections increased Immediately after f i l l i n g the 
voids under the pavem«t^ with the soil»oemBnt aluny and then decreased 
after a period of time had elapsede For a ISvOOOMpoond rear axle loadp 
the deflections wexe reduced as much as Qo007.iao and for a I6o000-^x>und 
!idieel load as much as «011r-iaa between aisasurements made 9 days and 153 
days after modjackingo 

I t was found that a few of the miKlJacked slabs resumed jnaqping and 
tbaA, the work had te be an^plemsnted with joint and- «raek water-proofing 
to iceep. surf ace water ifom. reaching the subgradoo Ob pavements that 
irere <:racked extensiseSy^ the best method of waterproofing Joints ws» 
by the use of a substantiaL Mtnglnous surface or ixppsr deck not less 
than l«in« i n thicknessv 

After a study of design features trom. the viewpoint of a maintenance 
engineere the author ccmcludes that e^qianslon or ccmtraction Joints 
should not be used i n ooobrete pavements except at highway intasrsectionse 
b r i ^ ^ ends or other loeaUxms whex« the pavemeot abotts a fixed objeoto 
The relati<m of tb» type of agpre^te to the eradc interval i n concrete 
pavoasnts i n which no Joints ware placed i s discussedo 

Ste %3fpar of coaBgffete pavemmt failure tiaA i s causing the most concern today i n 
Missouri i s the r e a i l t of ^*o3tai> pumpipg" or the deflection of the pavement under a mov̂  
ing loado " S l ^ pa^ising** i s tJie ejection of water thru the Joints and ciiicks i n con» 
crate pavssorats oarrying^-soil particles from the subgradeo Gontinned "slab puliqping*' re» 
suits i n v o i ^ (Older Htsa eonavete pavement and f i n a l l y the breakdown of the pavement 
i t s e l f ^ *^lab fgrnpLag" i s indeed a malignant diseaee of cencrete pavemento 

I t has been prtnm through both research and observation that four factors most 
be present to create a <*pK^ing slabno- They are: (1) heavy axle loads; (2) Joints or 
er&eka i n the {avement; <3) unsuitable etdsigrade s o i l ; C4) "Aree" water under the slabo 



The elimination of any one or more of these factors extends the l i f e of the 
concrete pavement for many yearso 

Since the legal limit for axle loads i n Missouri has been increased during 
the present war tr<m 16,000 Ibo to 18,000 lb., and since i t seems to be generally ac­
cepted that an 18,000 Ibo axle limitation should be adopted as standard i n a l l the 
States, this axle load factor cannot be readily changedo 

Joints and cracks ^diich have been deliberately placed, or cracks which have 
occurred from natural causes, i n the concrete pavement ceinnot be eliminated; but 
their effecti^reness as a means by which free water gets under the pavement can be re­
duced very materially i n most instances by keeping the joints and/or cracks properly 
f i l l e d and by placing a bitxuninous upper deck over the entire area of the affected 
pavemento 

I t i s not feasible to remove and replace the undesirable subgrade s o i l now i n 
place under the concrete pavements constructed i n the days vdien l i t t l e or no thought 
was given to obtaining the most satisfactory type of supporting soilo I t i s , however» 
possible to stabilize the undesirable subgrade s o i l to such an extent that i t i s more 
effective i n sustaining the loado 

The range of s o i l types on i ^ i c h pumping has oecxirred i s quite extensive o Any 
s o i l that can be puddled into a suspension i n water w i l l react to the rocking action 
at pavement joints and cradcs and i n the presence of water w i l l develop punpingo There 
are some s o i l types developed i n areas of low r e l i e f possessing a distinct clay-pan» 
such as the Putnam S i l t or Lebanon S i l t , which are relatively more susceptible to pamp-
Ing than the more drainable types such as the Knox S i l t or the Marshall Silto However, 
any cl£^ or s i l t type s o i l i n the proper environment w i l l develop puiqdngo 

I t i s also possible to overcome the "free" water under the pavement and extend 
the l i f e of much concrete pavement un t i l a post war reconstruction program permits the 
older pavements to be replaced or adapted tc the needs of today and tomorrowo By pmp-
ing a slurry mixture of s o i l , cement, and water throuj^ the pavement, the void i s 
f i l l e d and the reservoir for the accumulation of "free" water i s thereby eliminatedo 
The history of +he development and methods adopted i n Missouri w i l l be discussed brief­
l y for performing this operationo 

As early as 1935 & attention was directed to "slab puIl^>lng" on the most heavily 
traveled routes i n Ittssouri, which forced the tree water thm the cracks i n the pave­
ments, causing erosion and displacement of the subgrade and the resulting voids under 
the pavemento I n 1937 o division of the State Hl^way Department used a mudjack to 
ptjsap a semi-stiff mixture of s o i l and cement under the badly damaged pavement to f i l l 
these voids, force out the free water, stabilize the subgrade, and reduce the "slab 
puiq>lng"o The soil-cement mix was injected through a hole d r i l l e d at the intersection 
of each transverse crack with the longitudinal centerlinoo I n 1938 the method was 
extended over other sections, but the original single hole at each crack was avppl^-
mented by two other holes; one being d r i l l e d i n the transverse crack at the middle 
point of each lane of traffico The results obtained by the use of the three holes 
were more satlsfactozy than by the one hole method of 1937o Duiring the next two years, 
the sections punqped by both methods did not progress i n failure as rapidly as the 
sections not treated. 

I n 1941, fAien the paafdug action was noted on other heavily traveled routes 
vbere the condition had heretofore been present but less intense, a special study was 
made of the problemo After obtaining the experience of other States, a decision was 



made to use a slurry mix of loam top s o i l and portland cement instead of the sezoi-
s t i f f mixe A more fluid.mix. wae necessary to give a greater spread of the mixture 
under the pavement and to f i l l more of the small voids and ehannelso 

This slurry mix was obtained by mixing the s o i l and cement» the proportions 
being four sacks of portland cement per cubij: yard of tep s o i l with 50 to,. 55 per cent 
watery i n ^ e pugmlll of the ifiudjack. . 

Observations i n the f i e l d indicated that, by the use of t h i s alnny mlxi, the 
soilceament would be pushed or pun9>ed throu^ to the top of the pavement at eraeks 
20 and 25 fto from the point of injeetiono Also by ttsing thi.8 mix the pavement was 
not set up on stools as was the probable ccmdition i n previous years when the s t i f f 
mix was enqplctyed for raiaing settlements e 

Experiments have been instigated and are s t i l l being carried on to determine 
admixtures for the present soili<»cement slurry mix to intprove i t s qualityti A mix i s 
sought ^ a t w i l l set up rapidly^ w i l l have stx>ength without too much rigidity „ and 
w i l l have a nH n1 mum shrinka^o 

The holes for corrective and preventive mudjack work are now placed 10 ino to 
12 i n ? tram the centerline and 10 ine to 12 in« beyond the transverse crack or Joint 
i n the direction of traffico Since the use of a i r i n conjwction with the pressture 
supplied by the mudjack has not been utilized due to lack of equipment^ we have cone 
to the conclusion that one hole should be drilled i n diagonal corners at the location 
mentioned above so that the greatest amoimt of slurry can be pumped under the pavemant̂ -̂
Sq>erimental sections were set up using both the one hole method and the two hole metb» 
od and i t . was'foimd that 0<i09 cubic yards more s l i v r y n»s puir9>ed per crack where two 
holes were used instead of onso When_it i s neoassary to use a hole on the outside of 
the pavement for f i l l i n g oar for raising pux^ses,-it shcold be placed 30 in« i n from the 
edge of the pavement and 30 ioo beyond the crads.in tbe direction of traffic» By using 
this spacing^ the inside and outside hole w i l l not be i n the same line; vMch,. i f i t 
were the ease« would establish a plane of weakness and could cause a break i f the 
.treated Joint should resume pooping i n future years. 

The holes are dr i l l e d with a pneumatic. Jack hammer using 18 luo d r i l l steel and 
a 1^ ittA- removable bito Where the selected s o i l ̂ desired i s not available ̂  i t i s more 
desirable to use a L » 3 / 4 ins or 2 ino hole so that a larger nozzle opening can be used 
and thus avoid delays firam the rocks and roots i n the -mixture» However, the 1^ i n s 
hole i s used i n a l l eases irtiere desirable s o i l can be obtained for the woxlce Usually 
a single man not only d r i l l s the holeS|> but moves tiie equipment ahead as his work pro­
gresses takes care of the eoB^aressoro and s h i f t s the taazricade idiich pi'otects him 
fism t r a f f i C o He may d r i l l as many as 325 holes l | ins i n diameter per ten hour dayo 
but the total varies with the c(mdition of the pavemesit to be treated and the number 
of moves required per mlle« as well as with the kind of coarse aggregate that has been 
used i n the concrete^ 

The 1^ ino holes cost an average of $O«07 per hole« and i n some sections of the 
states 402 holes are required per mile to treat every Joint and crack. 



The ffludjack i s mounted on a four wheel pneumatic tired t r a i l e r equipped with a 
four cylinder gasoline motor that supplies the power to operate a pugmiU and the two 
pistons delivering the slurry t h r o u ^ a 2 ino diameter p 5-pIy rubber hose to a tapered 
steel nozzleo The nozzle i s equipped with a 2 ino quick opening gate valve and i s 
tapered from ij ^ i n o to 2^ 1 n o outside dimensions o 

The oudjaek t r a i l e r unit i s towed a truck carrying a 500 gallon water tank 
and a small gas driven centrifugal water pimqpo The water tank, i s connected to the 
water pump of the mudjack by a 1-ino hose, which can be readily discoimected when i t i s 
necessary to r e f i l l the water tanko 

The ffludjaeklng work i s performed by an eight-man crew, consisting of a foreman, 
mudjack operatorp nozzle operator, a laborer adding s o i l and cement to the pugmill, a 
truck driver operating both trucks between the mudjack and the d i r t pit,, a laborer vbo 
plugs the holes and cleans the surface of the pavement after Jacking, a laborer at the 
s o i l pltp and a flagmano Such a crew has puiq>ed as much as 2 8 cubic yards of slurry 
per ten hour day and averaged 1 8 cubic yards per day over the 1 9 4 3 seasono 

One division so far this season has treated every Joint and crack on 31o7 miles 
of UoSo Route 40p d r i l l i n g l l p 2 1 2 holes and pumping l p l 2 5 cubic yards of soil-cement 
slurry under the pavemento This i s an average of 3 5 4 holes per mile and 35o45 cubic 
yards of slurry per oileo This work i s costing on the basis of $ 2 4 o 7 8 per mile for 
d r i l l i n g the l | - l n o holes and $256066 per mile for the material and pun^dng operation, 
or a total cost of $ 2 8 1 o 4 4 per ndleo 

Usually no atteiq>t i s made to raise the pavement from i t s warped position, un­
less a local condition i s encountered irtiere the pavement siu'face s t i l l has good riding 
quality on either side of the settlemento I t i s now our policy i n Missouri to merely 
f i l l the voids under the pavement, thereby materially reducing the deflection of the 
slab; and then restore the riding surface and relieve the isytact by resurfacing the 
concrete pavement with a bitumixious upper deckp which w i l l also aid i n water-proofing 
the surface of the old pavement» 

Deflection tests have been made i n the f i e l d to ascertain the deflections of 
the concrete pavement under a moving load and some of the results obtained are tabu­
lated i n Table l o 

Deflections were measured before and after mudjacking or f i l l i n g the voids 
with a soil-cement slurryo I t was noted that the deflections Increased nine days 
after mudjackingo This was caused from the quantity of water necessary to prepare the 
slurry mixture which saturates the subgrade, but 1 5 3 days after mudjacking, irtien ad­
ditional tests were made, the deflections had reduced materlallyo This condition does 
not always exist, depending on how badly the pavement i s cracked before mudjacking. 
I n the case of the 1 2 , 0 0 0 I b o rear axle load the deflections were reduced as much as 
0OO7 ino vdiereas i n the case of the 1 6 , 0 0 0 I b o rear axle load the deflections were re­
duced as much as oOll-lno between the tests run 9 days after ODudJacklng and 1 5 3 days 
after mudjacking. 



TABLE I 
Dqftectlo|tt ̂ este^ ^oute dO * Cooper .̂ gognty. 

Test Slab No. 1 Test Slab Bto. lA 
Run Velocity Axle Loads Deflec, 
Mo« MoP.Ho Rear Front Inches 

(Before Mudjacl 
1 9.9 12000 3X00 
2 18.8 12000 3ajOO„ 
3 28.4 12000 3100 
k 38«3 12000 3100 

.0X8 

.0X4 
•0X3 
•009 

(Same Day - After MudJacIdAg) 

9 9«4 X2000 3X00 .0X6 
XO X9.4 X2000 3200 .0X3 
U 28.6 X2000 3X00 .0X0 
12 38.7 12000 3100 .009 

(9 Days After Mudjaekimp 

21 10.2 X2000 3200 .020 
22 X8.8 12000 3200 •0X5 
23 29o2 X2000 3200 «0X8 
24 38.0 02000 3200 •0X6 

(X53 Days After Mudjacking) 

Son Velocity Ax^e Loads Deflec. 
Ho. M.P.H,- Rear ^ront :I^ehes 

Nb measiurements made befots mad-
jacking ' . 

Hb ffie&sure'nents made cm same day 
after nudjfteking. 

(9 0^9 After Ifudjacking) 

X • X0.4 i&ida 3000 .ou 
2 X8.6 X6000 3000 .008 
3 i6»2 XfibOO 3000 .OXX 
4 98,0 X6000 3000, .0X4 

(293 IMys After MudjacKiiig) 
29 8.3 X20(» 3900 «QX2 s 7 X3%6 16000 3000 ^00 
30 9*9 X2000 2900 «QX2 t S a9*6 16000* 3000 •000 
3X 19»8 X2000 2900 •007 i 9 29»0 26000 3000 •003 
32 29«0 X2000 2900 •0Q6 : 10 39.5 X6000 3000 •003 
J? 40.6 ^000 .006 1 

Not 6nly do we receive a benefit from the deoreasa i n deflections of the pave­
ment by f i l l i n g the voids beneath the pavement i n tl.e subgrade; but, i f the pavement 
can be made to atay i n contact with the stifaerade, the weight of the pavement wilX keep 
the subgrade i n emqpression, aiu! wiXX thereby reduce the quantity of water irtiieh can 
be abaorbed by the eoiX, einen eolX undar pressure wlXX not absorb water pearly aa 
readily aa aoiX that i s not under ureesure. 

The slurry mixture i s punq̂ ed under the pavement u o t ^ aXX of the free water 
under the pavement i s forced oat of the voide aod I s drained off throu^ the cracks 
and holes dug at the edge of the pavement at the trac^verse crack for that purpose• 
and the slab begins to r i s e . This drainage hole^iMLob. i s made with a spud bar or a 
pick*- i s extended about 2-in. beXow the bottom o f the pavement. As soon as the water 
has been forced otLt and the slurry mixture appeals «t the ahoulderr ̂ e hole i s closed 
and tamped with earth* 

Whea the nozzle operator has adted svffieient sXurr7 at the hoXe« he inserts a 
.tapered wooden peg to retain aXX of the nix under the pavawpnt u n t i l the cleanup man 



8 a 

can ping the hole with a nix of s o i l and cementa This workman, after the s o i l and ' 
cement plug i s added, passes his shoe over the hole and so obtains a s l i c k finish 
that w i l l not be destroyed by t r a f f i c . Boough moisture seeps through from below 
to provide the necessary danpiess to make this plug seta 

After the f i r s t puiqping, the slab i s usually disturbed by t r a f f i c before the 
mixture has taken i t s i n i t i a l set, so that the voids remaining are not conQ>letely 
filleda Also the shrinkage of the slurry mix due to the high water content leaves 
some small voids. 1%us, i t i s usually necessary to repuo^ a l l sections where pave­
ment failure has progressed to cmy great extent. 

ResTilts obtained by mudjacking, during the past ten years, indicate that 
voids underneath the slab where "free" water might collect can be eliminated. However, 
due to the impact from heavy axle loads and the depth of the mudc i n the subgrade 
(caused by both "free" water and capillary action), the layer of s o i l and cement i n ­
jected under the slab by mudjacking i s not a cure-all and generally lacks sufficient 
thickness to withstand heavy loads for long periods. A percentage of Joints and cracks 
stabilized by mudjacking w i l l i n time resume pimping. 

I n vievf of the fact that a few of the "mudjacked" slabs w i l l resume "pumping", 
i t i s our theory that mudjack work must be supplemented with some type of Joint and 
crack waterproofing to keep the surface water from the subgrade and so obtain the best 
results i n the maintenance of "slab punning" pavements. 

Keeping the Joints and cracks i n concrete pavement properly f i l l e d and water­
proofed i s a maintenance problem that has not been*satisfactorily solved as yet, even 
thou^ i t has been a subject for research and f i e l d investigation for many years. Hoŵ . 
ever, with the advent of heavy axle loads and "punning slabs", i t seems isq[>erative that 
every effort shoxild be made to keep the Joints and cracks f i l l e d and as waterproofed 
as possible i n an attempt to prevent surface water from reaching the subgrade. 

Depending on the degree of failure i n the concrete pavement from "slab pusQiing", 
another method of waterproofing the Joints and cracks i s used. This i s the placing of 
a bituminous surface or upper-deck on the pavement. 

The degree of failure necessary to require upper-decking can best be described 
as that condition vihere the slab punning has progressed to such a point that the r i d ­
ing surface of the pavement has been definitely impaired. With this condition of pave­
ment prevalent, the best maintenance procedure i s to follow the sudjack work with a 
bituminous deck of a thickness of 1-in. upward depending on the condition of the coj>» 
Crete pavement. I t i s desirable to prevent the cracks i n the concrete pavement from 
continuing upward thnr the bituminous surfacing. The thickness of the bituminous 
upper-deck w i l l affect the number of cracks being reflected thru i t from the base. Ex­
periments are now being carried on to determine more accurately the effect of thickness 
of the bituminous surfacing on the number of cracks reflected thru i t from the base. 
I t i s , however, easier to keep the cracks i n bituminous surface sealed than those i n 
concrete pavement. 

I t has, also, been noted that i f the concrete pavement failure from "slab poop­
ing" has progressed to such a point that the pavement has broken either at the comers 
or into narrow half-lane blocks, i t i s d i f f i c u l t to stabilize such areas by the use of 
the mudjack; and so the only solution i n those cases i s to replace the badly broken 
areas with concrete patches. The pavement surrounding a concrete replacement area i s 



"mudjacked" so as to insure the n r i i r i i m i n i deflection of the old pavement i n tile vicinity 
of the new patcho This w i l l pin>long the l i f e of the pavement surroiinding the patchy 
as well as the patch itsel&r This mudjacking jprocedure i s performed ahead, of the con­
crete replacement worko 

Thus i t can be concluded that the pr<^r maintenance methdds fisr preventing 
and correcting the puiqiing action of concrete pavement slabs involves the f i a s t two 
and s<uiietimes more of the following a c t i v i t i e s : (1) mudjacking, (2) Joint and crack 
se^^ling, (3} patching f u l l depth with concretOft (4) Qppex«-decking with bituminous mats« 

I t i s well to keep i n mind i n thie work that ^he ccmmon goal i n a l l hi^way 
maintenance i s a smooth riding surface. 

Up to this point attention has been devoted entirely to maintenance; but now$. 
with the e^erience that has been obtained^ I t seems imperative that thought be given 
to the design and construction of concreto pavement to the aa/i that "slab pun^iing" may 
be prevented o 

I t i s generally accepted that "free" water under concrete pavement i s one of 
the causes "slab pun;)ing". The only way that "f^ee".water can enter the subgrade from 
the surface i s through the e^ansion and contraction ^Pints, throu^ natural contrac­
tion cracks, and along the edge of the concrete pavement. Therefore, the more Joints 
and cracks present i n tha pavement surface, the more water w i l l be found between the 
bottom of the pavement and ^ e sidigrade. 

I t i s the opinion of our Bureau of Maintenance ^igineers that the use of Joints 
and/or cdntriiction cracks shoxild be omitted except at such locations irtiere i t i s re-
qpiired to maintai-n adequate e:q>ansion at bridge ends, at the intersections of two con­
crete surfaced highways, and at other locations where the pavement i s abutting a i ^ 
fixed object. 

The theory for the use of expansion Joints and contraction cracks may be well 
founded, i n that Uiey are designed to allow for paveoeot fotpanMon and to oootrol trans^ 
verse cracks i n the conezete pavement; but actually to our knowledge a Joint has not 
been designed that i s 100 per cent eff i c i e n t . A Joint to be 100 per cent efficient 
must transfer the load from one slab to the other with no deflection and be absolutely 
waterproof throughout i t s l i f e i n the pavement^ To date these two featxires have not 
been attained i n MissoxOrl*. 

The maintenance of occasional concrete pavement "blzne-ups" due to expansion^ 
i s certainly more economical and desirable than the maintenance of Joints construetoi' 
at 20 to 50 fto intervalso I V h a s beeaci the ea|iierience i n iibls State ihst; <«nfirete 
pavements constructed with expansion Joints are storter lived, rougher riding, and 
more expensive to maintain than those ooostracted without j o i n t s As a Z98!(^» a 
Maintenance ^igineer f a i l s to see the Justification of eaqpnmdop • join t s , since the 
pavements with Joints are also more expensive to conatruct« 

The crack interval i n concrete pavement has a very definite relation to slab 
pmqpango The shorter the interval the more apt the pavement i s to puiq)« Due to this 
f a c t ^ i t i s , therefore, advisable from the viewpoint of present slab ptmpipg to have 
as great a distance as possible between crackse This greatest distance possible can 
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best be acconqplished by not putting i n contraction cracks o I f comtraetion cracks are 
placedo i t i s necessary to predetermine the crack interval of a certain aggregate, 
and i t almost invariably happens that additional contraction cracks occur between the 
installed contraction crackso This results i n a short crack interval that i s so con­
ducive to slab pvaapixigo I f the pavement i s constructed without contraction cracks, 
the cracks w i l l then form naturally at the greatest interval for the aggregate; which 
i s the desired conditiono 

I t so happens that we have two excellent examples i n Missouri that very defi­
nitely show the effect of crack interval on pavement l i f e o On Route 40 i n Warren 
County there i s a 17 mio section of pavement, that was constructed i n 1925 and 1926, 
using high expansive type coarse aggregate that causes a short interval - 22«9 f t o -
between contraction crackso I t also happens that there i s a half-mile section of 
pavement i n this longer section constructed at the same time and under the same con­
ditions „ but using a low expansive type coarse aggregate lAiich results i n a longer 
crack interval - 7608 f t o (See Figure l)o The difference i n maintenance cost and 
pavement l i f e has been very materialo The pavement with the shorter crack interval 
has been patched with concrete, mudjacked and upper-decked, while only minor surface 
maintenance viox^ has been done on the short section with the longer crack interval. 
A similar exanple can be found on Route 66 i n Webster Countyo The crack interval 
i n 1939 ranged from 21o6 f t o for the high expansive type coarse aggregate to 92o8 f t , 
for the low expansive type coarse aggregate. (See Figure 2o) 

I n view of the fact that a short crack interval encotirages "slab puii9>lng'', i t 
seems logical that considerable thought should be given to the aggregate used i n the 
construction of concrete pavement. 

Another of the generally accepted causes of "slab puiqping" i s tmsuitable sub-
grade s o i l . This condition can be and i s being corrected i n many instances >y the 
use ,of suitable subgrade s o i l or the proper stabilization of the subgrade prior to 
the construction of the concrete pavement. 

I t has been stated previously, but i t can bear repeatingp that the coDomon 
goal' of a l l highway maintenance activity i s a smooth riding surface. This statement 
can be enlarged to read that the common goal of a l l highway design, construction, and 
maintenance activity i s a smooth riding surface and maximum l i f e . The elimination 
of e^ansion Joints and contraction cracks, selection of proper aggregate, and the 
proper stabilization of the subgrade i n the construction of concrete pavement w i l l 
constitute a step i n the direction of the goal of a long l i f e and a smooth riding 
surface. 
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CORRECTING PAVMENT FDUPING BY UDD JACKING 
r 

Robert Eo Frost 
Research Engineer, Purdue University 

SZNPOSIS 

This report covers some f i e l d esqperiinents designed to correct the 
paiiq>ing action of r i g i d pavement slabs. I n 19U2 a performance survey 
on a portion of UaSo 3 0 between U o S . A l and Valparaiso, Indiana, was 
made by representatives of the Joint Highway Research Project covering 
detailed analyses of pa]i9>ing conditions on twenty-four miles of this 
road« Among other things the results of the survey showed that a l l 
of the experimental subgrade treatments (with the exception of the 
water-saturated section) were successful i n minimizing or eliminating 
pumping and that puii;>ing prevailed on imtreated sections i^ere the 
pavement was constructed on sil t y - c l a y s o i l s . 

Following t h i s survey, a series of jo i n t s i n a two-mile section 
near the Lake-Porter County li n e was selected for treatment by mud 
Jacking. . Treatment of these Joints was performed i n October and Novem­
ber of 19A2o Four mixes were used: 

1 . Mix A; 7 7 per cent s o i l , 7 per cent RC-3« 1 6 per cent cemsnt. 
2 . Uix B; 7 7 per cent s o i l , 7 per cent Road O i l , 1 6 per cent cement. 
3o Uix C; 7 7 per cent s o i l , 7 per cent Tar, 1 6 iter cent cement. 
4o Blix D; 7 9 per cent s o i l , per cent Tar, 1 7 | per cent cement. 
Even though work was hampered by cold weather and numerous equipment 

breakdowns, a t o t a l of 4 3 4 cu. f t o of mix was puii9)ed under f i f t y pun;>ing 
Joints (an average of 8o7 cu. f t . per Joint) i n twelve working days. 

Several performance surveys of this •'ro-mile section have been made 
since treatment to determine the permanence of the treatments. The most 
recent survey (Oct.-Novo 1 9 4 4 ) showed that pumping had been reduced con^ 
siderably. However, the i n s t a l l a t i o n of subgrade drains on U.S. No. 30 
between S.Ro 4 9 and S,R» 5 3 together with a particularly dry year ( 1 9 4 4 ) 
made i t d i f f i c u l t to rate the success on the basis of pumping alone. 
The settlement at the Joints of both treated and untreated slabs showed 
considerable success for mud-Jack treatment. I t was found that the av­
erage settlement of the outer edges of treated slabs was 0,093 i n , as 
compared to 0.194 i n . for the-untreated slabs. Further, i t was found 
that 6 8 per cent of the treated slabs had settled 0.125 i n . or less as 
compared to 53 per cent for untreated slabs, 

A crack survey shoived that mud jacking had been successful i n re­
ducing the eoqpected number of cracks on this tvfo-mile section. The 
data further show that cracks within 13 f t . of a j o i n t are caused by 
slab movement and pumping, and that cracks i n the middle t h i r d of a 
slab are from causes other than punQ}ing. Of the four mixes used, 
those treated with Mix A and WOL D contained less cracks than those 
treated with Uix B and C, 
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Early i n 1942 a performance stirvey was made on a portion of Û So fiOo 30 loeai-
ed between UoSo Sbo 41 and a point just south of Valparaiso» Indiana^^^ "ZlSL A report 
of t h i s survQ7. stressed the seriousness of the pumping action taking place on the out­
side lanes of parts of this.road - not five years old at that time. The report f a r ­
ther contained suggestions for methods of treating punning Joints and presented an 
outline for a research program for the continuation of pumping studieso The results 
of this performance survey and others i n Indiana and other states were presented at 
the Novembera 1943» Highway Research Board meeting i n Chicago (̂ ô 

Among the new studies were suggestions for treatment of the slabs by nnid jack­
ing and by the i n s t a l l a t i o n of French drainso As a result of this report, arrangements 
were made to conduct mud-Jacking research on a section of t h i s road near the Lake-
Porter County linoo A two-mile section of road was selected for experimentation i n 
vAfXch various mixes of soilj, cement» and bituminous materials were to be forced under 
some of the slabs that had settled due to pumping actiouo 

I n October and November, 1942, 50 pumping Joints were treated by mud Jacking. 
The remainder of the Joints i n the two-mile section were l e f t for cooparative purposes« 
I n addition, several Joints were treated by draining with various types of drainso 
This report i s a detailed.study of that twonaile section of UoSo Noo 30 under obser^ 
vation showing how both the treated and untreated slabs have performed during the two-
year period following treatmento 

UoSo HIGHWAY NOo 30 
This report i s concerned with a portion of Uo S o No» 30 - a four-lane-divided-

eonerete. pavement i n Lake and Porter Counties extending from UoSo Noo 41 to Valparaiso, 
Indiana, a distance of about 24 mileso This portion of roadway i s of modem design i n 
^ c h the 200-fto right-of-way contains two, 22-fto slabs separated by a 44-fto d i v i d ­
ing-strip and a 56-fto s t r i p on either side of the pavemento The pavement slabs are 
9--in> - 7*-ino - 9-ino i n section, are reinforced with steel mesh, and were constructed 
with Jointso The f i r s t portion of this road was constructed i n 1937 and the last was 
conqpleted i n 1940» Several experimental-subgrade-treatment sections were installed on 
the western end of the roado Seven types were eaployed including saturating the sub-
grade with water, treating with bituminous materials (AES-1, T-C, MC-l)e and replacing 
the subgrade with granular materials (sand, limestone dust, and crushed limestone)« 

The soils and topography of the area crossed by U«So NOo 30 owe their engineer­
ing characteristics to glacial aetivityo The road crosses or follows a large glacial 
deposit known as the Valparaiso Uorainso The topograpl^ varies from level to quite 
rollingo The topography near Valparaiso i s somewhat rugged as the road crosses lake 
beds, terraces, sand dimes,and morainic deposits. From the Junction of SoRo 330 to 
UeSo Noo 41 the topography i s level to moderately r o l l i n g and near U.So No. 41 i t be­
comes more r o l l i n g as the road crosses a series of sand dunes. The engineering char-, 
acteri s t i c ^ of the soils contained i n this area vary according to their origin and 

/a Hmnbers refer to the l i s t of references at the end of the report» 
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topographic positiooo Ihe soils ot the laorainic areas vary from granular materials 
to s i l t s e CCUTB, and s i l t y clayso The d r i f t soils of the qoraine proper contain a 
considerable amoiint of shale fragoents which weather readily to s i l t y clay and clayo 
I n general, the presence of th i s ve&thered shale has produced a plastic, poorly-
drained s o i l i n both the upland, f l a t and the. r o l l i n g moraine, the only difference 
being that the weathered profiles of the soils on the upland f l a t to r o l l i n g topog­
raphy are much more developed and extend to greater depths than do the weathered 
profiles of the soils i n the more r o l l i n g morainic areas» Howevero i n scans of the 
more r o l l i n g (nearly rugged) areas, the soils vary considerablyo Some highway cuts 
show laminated soils while others contain s i l t , clay, or gravel pockets intermixed -
a l l of idiich tend to add to the casiq)lezity of the engineering problems o Frost heav­
ing occurs where the grade intersects or comes within a few feet of a i l t deposits 
and puioping occurs i n areas of ioapervious, plastic,, s i l t y clays» 

The dunes of both the east and west ends.of this 24>mile section consist of 
windblown sand are of postr-glacial origin» The highway also crosses a few muck de­
posits near Talparaisoo 

HDD JACK SESE&RCH 

Several states have t r i e d mud jacking with soil-cement-bituminous mixtures 
as means of correcting pavement puiqpingo A description of some of the mixtures 
used by several states i s given i n the "Ibrtime Road Problems," Hoo Uo on puiqping 
corrections!, published by the Highway Research Boazd^^^o Ihe results of the A p r i l , 
19A2t, performance survey showed the need for continuing studies on th i s section of 
UoSo Noo 3 0 particularly i n conducting research i n mud Jacking several pumping 
slabs o 

Throu^. co-operation with the LaPorte D i s t r i c t and the Valparaiso Sub-district, 
many drainage and mud-Jacking experiments were installed on a portion of UoSo Bbo 3 0 
near the Lake-Porter County l i n e for the purpose of combating puiqdngo Field oper­
ations were started on October 2 1 , 19A2(, and were C(aq}leted on November 2 3 p- 19A2o 
Bven though the research was conducted under adverse weather conditions accoiq)anied 
by numerous equipment failures, the following was accoioplished during 1 2 working days: 

lo 3 6 French drains were installedo 
2o 5 0 Joints were treated by spd Jackingo 
3o 4 3 4 cuo f t o of mod-Jack mixture were paxaped under faulted slabso 

I n JvaoBo 1 9 4 2 , 4 7 drains were installed by maintenance crews at some of the 
more severely puiqping Joints o During October and Hoveinber, ^ 9 4 2 , many of these drains 
were inspected and i t was found that several were effective i n stopping puiqxingo How­
ever, i n locations of f l a t topography where, drainage conditions were poorp many of 
the drains had dogged and the Joints were pun^dJig again. 
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The tnoHDlle section selected for treatment contained soils that, for the most 
parti, are simUar I n or i g i n , textiire, and engineering characteristics» Since t r a f f i c , 
r a i n f a l l , and soils do not yary I n this section, the principle variables Incorporated 
I n the project were: the proportions and Ingredients of the mid->Jack sdx; the opera­
t i o n procedure; the design of the drains Installed; and the stone sizes I n the drains. 

The mud-Jacking equipment used I n conducting t h i s research consisted of the 
following (See FlgSo 1 and 2 o ) : 

l o Ingersoll-Rand a i r conQ>ressor operating at about 80 poundso mounted on a 
trucko 

2o A conqpressed a i r d r i l l , operated at about 80 pounds and equipped with sev­
eral 2 ^ - l n . d r i l l b i t s . 

3o Uud Jack apparatus consisting of a pressure chamber mixer, hose, nozzle, 
and various coii;>res8ed-alr f i t t i n g s and lines a l l mounted on a heavy four^ 
wheel t r a i l e r . 

4o A 500-gallon water tank mounted on a truck. 

5o Various types of small concrete mixers. 
6. Begular hlghw£^ maintenance truck for transporting s o i l , stone, and cement 

supply. 

7o Tar kettle . 
8. Wheelbarrow, spades, shovels, auger, and miscellaneous tools. 

The s o i l used i n conducting the mud-Jacking research consisted of 46-per cent 
sand, 3A>'Per cent s i l t , and 20-per cent clay. This s o i l was found to have a l i q u i d 
l i m i t of 2 9 o 3 and a plastic l i m i t of 2 2 . 2 . i n choosing s o i l for this purpose an at­
tempt was made to select material free from organic acids and solids. 

The mixes used are shown i n Table I , Four different mixes. A, B, C, and D, 
were eiqployed i n the entire project. Three different bituminous materials. A, B, and 
C, were used. These were RC-3, road o i l , and t a r , respectively. The fourth mix, D, 
contained one-half as much tar as mix C. The percentages were calculated on a dxy-
weight basis. However, for convenience i n the f i e l d , the materials were proportioned 
i n calibrated five-gallon buckets. For the f i r s t three mixes. A, B, and C, the percent­
ages of materials remained the same. They were: s o i l - 7 7 per cent; bituminous mater^ 
l a l s - 7 per cent; and portland cement— 1 6 per cent. On a bucket basis, this was 
roughly eight, five-gallon buckets of s o i l ; one, five-gallon bucket of bituminous ma­
t e r i a l , and one bag of cement. MLx D called for one-half of a five-gallon bucket of 
tar. 
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Table I . 

MDD-JACK AmOZTURES \JSW AND WORK BSOOBD 

Mix. Pafts 1 , Field Use - 5 italo..Bkt. 
: $ by i 
iVol. ; Days 

; Joints : 
; Pumped : 

Cu. Ft. : 
Pumped 

:Av. Uix ~ 
iper Joint 

A 
I S o i l 
: Water 
5 RC-3 
• Cement 

! 8 - 5 galo Buckets 
: 3-4 - 5 galo Buckets 
; 1 - 5 galo Bucket 
! IBaK 

! 7 7 

t 7 i 
! 1 6 ! 

! 3 ! ! 7 ! ! 1 0 5 o 8 ! 1 5 o l 

B ! 
i Soil 
: Water : 
; Road OH : 
: Cement. 

. 8 o 5 gal. Buckets 
3-4 «- 5 galo Buckets 

> 1 - 5 gal. Bucket 
! . lBa« 

i 7 7 ! 

i 7 1 
I 1 6 

. 5 ! . 2 2 i 1 5 0 o 4 ! 6o8 

C , 
: Soil 
; Water ; 
! Tar 
; Cement 

8 - 5 galo Buckets 
: 3>4 - 5 galo Buckets 
! 1 - 5 &Jio. Bucket 
; 1 Bae 

! 7 7 

i 7 
'. 1 6 

; 2 i ! 1 6 ! 1 2 8 o 4 ' : 8o0 

D ] 
: Soil 
: Water 
. Tar 
Cement 

: 8 - 5 galo Buckets 
; 3-4 - 5 gal. Buckets 
. 1 - 5 galo Bucket 
. IBag 

i 7 9 5 1 ! 4 5 37.4 ! 9 o 4 

Bote: 1 Joint "B" • »C" Mix ! 1 : 1 ! 1 2 o 3 ! . 1 2 o 3 
12 : ? 0 ! 4 3 4 . 3 . 8.7 

# o o o o « o o o o o « o o o « o i 

Average Joints per day 
Average mix per Joint 
Average mix per day 
Drains Installed i n June, 1 9 4 2 
Drains Installed i n Oct.-Nov., 1 9 4 2 . 

o o o a o o o o o o o o o o o o o o o o o o o o o o o o o o 

r o O O O O O 4 

0 * 0 0 0 0 0 0 0 e o a o o o o o o o i 

4 + 
... 8.7 cu. f t o 

.36.2 cuo f t c 
4 7 
.36 

For convenience I n maklrrg future observations of the treated Joints, large l e t ­
ters, A, B, C, and D were painted on the pavement opposite each Joint indicating which 
mix was used. 

i t was found that the amount of mixing water needed depended on the pirevailing 
a i r tenqperature and the amoimt of water I n the s o i l . I f the weather was warm, i t was 
noted that the bituminous materials mixed readily with the s o i l and water. YAien the 
weather was cold, the hot bituminotis material did not mix readily with the s o i l and water. 
The c h i l l i n g of the bituminous material, seemed to s t i f f e n the mix, thus requiring more 
water to obtain a creamy consistency, i n addition, the bituminous material would become 
stringy and d i f f i c u l t to mix and puiq). 

The best mixing procedure developed was as follows: 
lo A soil-water mix was made i n which Just enough water was added to obtain 

a f l u i d nix. 
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2 . Bituminous material and additional water were added as needed, to obtziin 
a uniform mixo ... ' 

3o The cement was added. (The consistency should be such that the nix can 
be readily punqped through the hose and under the pavement.) 

4o I t was found that prolonged mixing should be avoided. 
The following i s a description of operations as they were performed on a typ­

i c a l Joint during the experimental work. 
1. Holes were d r i l l e d at desired Joints. 
2 . A trench was dug along the pavement where punning was severe. 
3 . I f a drain was desired, or i f there was considerable water under the pave­

ment, a l a t e r a l trench was dug to the ditch l i n e . 
4o The mixture was then poured into the mud-Jack hopper. 
5 . Air pressure was gradually applied which forced the mixture t h r o u ^ the 

hose and under the pavement. 
Note: I t was found that i f too much pressure was suddenly applied, the 

mix would blow out the sides and out the cracks and other holes 
i n the pavement and raise the pavement too fast, v^ch i n one case 
broke i t . 

6. A small amount of mixture was puiiQ>ed i n each hole, gradually raising each 
side to grade. On several occasions the material could be seen extruding 
i n a long ribbon from wader the pavement ( i n the open trench, (See Figo 3)« 
fflhen this condition was reached before the slab was raised to the desired 
elevation the trench would then be f i l l e d and compacted i n order to confine 
the mud-Jack mixture. 

7o As soon as the nud-Jack nozzle was withdrawn from the hole i n the slab, 
large wooden wedges were driven in. the holes. These prevented the mixture 
from being forced out on the pavement by the pressure of the slab weight. 
The holes were l e f t plugged about six or seven hours (See Fig. 4)o 

8. fraftic was kept o f f for a period of about two days. This allowed the mix­
ture to harden. 

ISiany methods of operation were t r i e d . Included were the following: 
1. Mud Jacking without pre-draining the Joint. 
2o Hud Jacking with pre-drainage of the puiqiing area. 
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FIGURE 1. DIAOIAM SHaiING EQUIPMENT UYOUT FOR 
MUD-JACK RESEARCH ON U. S. 30. 

FIGURE 2. MUD-JACKING EQUIPMENT - AIR 
COMPRESSOR, MUD-JACK, WATER TANK MIXER, 
TAR KETTLE, AND SUPPLT TRUCK. 

FIGURE 3. SUCCESSFUL MUDJACKING. HERE 
THE SLAB HAS BEEN RAISED TO GRADE AND A 
LONG RIBBON OF THE MUD-JACKED MIXTURE 
IS SEEN EXTRUDED F̂ OM BENEATH THE SLAB. 

FIGURE 4. THE HOLES WERE PLUGOEDr TO PHB-
YEin: THE SLAB FROM SETTLING AND SQUEEZING 
OUT THE UUC UPON G(»1PLETI0N OF MUD-JACKING. 
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3o Uod Jacking by f i l l i n g the l e f t pavement hole f i r s t , and then the r i ^ t 
(edge hole) second, and vice versao 

4o Venting the area beneath the slab with a i r pressure before punqping the 
mixtureo The purpose of this procedure was to force as much water out 
fjrom beneath the pavement as possibleo 

5o Admixture variations, such as t a r , RC-3, and road o i l o 
60 Mud Jacking at a Joint with and without supplemental dralnagOo 

7o Drainage without mud Jackingo 

80 Some severely punping Joints were l e f t untreatedo 

The four types of drains used i n th i s project were: dry well; French drain 
with a latersG. at the Joint; French drain with a l a t e r a l below the Joint; and French 
drain consisting of a la t e r a l onlyo 

1 9 4 4 PERFORM&NCS SURVET OF 24 U I L E S 

I n October 1 9 4 4 , two and one-half years after the f i r s t survey and two years 
after imid Jacking, fuiother survey was made of UoSo NOo 30o A detailed survey of the 
entire 24 miles was not made, but several pictures were taken to show the condition of 
many of the Jointso I t was obseirved that puiq>ing had progressed at a rapid rate and 
had become a serious problemo Both the north and south (particularly the outside) 
lanes were suffering from punning but pumping was more severe on the south lane. At 
present, this 24^mile pavement i s seven years old and has served as an excellent "test 
track"o Because of the variations i n design and construction of the highnay, i t has 
been possible to study the punqping problem, i t s causes, effects, and, to a limited ex­
tent p i t s cureso Since the entire 24 miles carries the same amount of t r a f f i c (with 
the exception that the south lane carries the heavier truck t r a f f i c ) and receives the 
same amount of r a i n f a l l , i t has been possible to evaluate the various types of sub-
grade soils o A vistial inspection of the 2i|^mile section showed no puiiQ)ing on the nat­
ural sand section, the 6-ino sand section, or the 3-ino stone stabilization section. 
Puiiq>ing was very slight at a few of the Joints on the limestone, A£S, and the TC sec­
tions o Punqiing was exceptionally severe on the water>saturated section and several 
of the slabs had settled s u f f i c i e n t l y to warrant patchings Figures 5 and 6 show the 
condition of one of the slabs on the wateivsaturated subgrade i n October, 1944o 

Punping was found to be severe i n the silty-clay d r i f t areas o Figures 7 and 
8 are views of the same Joint taken i n 1 9 4 3 and 1 9 4 4 and show the extent of the f a i l ­
ure of some of the severely pumping Joints on d r i f t soils. One section of this road, 
constructed on silty-clay d r i f t , contained a t o t a l of 5 0 patched slabs i n a distance 
of 2700 f t o (See Fig, 9 ) o 
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FIGURE 5. PERFORMANCE IN THE WATER-
SATURATED SUBGRADE SECTION IN OCTOBER 
1 9 4 4 . 

FIGURE 7. VIEIY OF A SEVERELY PUMPING 
SLAB IN DRIFT SOIL OF THE VALPARAISO 
MORAINE IN NOVEMBER, 1 9 4 3 . 

FIGURE 6. CLOSE-UP OF A JOINT IN THE 
WATER-SATURATED SECTION (OCTOBER, 1 9 4 4 ) . 

FIGURE 8. VIE/tf OF THF PATCH ON THE SAME 
SUB (FIGURE 7 ) IN NOVEMBER, 1 9 4 4 . PUMP­
ING I S STILL SEVERE. 

FIGURE 9. A SERIES OF PATCHES AT JOINTS 
OF SLABS THAT HAVE SETTLED DOE TO PUMPING. 
ON ONE SUCH SECTION A TOTAL OF 50 PATCHES 
WAS COUNTED IN 2 7 0 0 FEET. 
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PERFORMANCE SURVETS OF THE UPD-JACK SECTION 

I n the October, 1942p sarv&ye previous to mud Jacking, a l l cracks were station^ 
ed and counted, and a l l Joints were rated as to degree of pumping ( s l i g h t , p-1; moderate, 
p-2i severe, p-3)o Six months after treatment, i n May, 1 9 4 3 , another performance suiv 
vey was conducted on the same two-mile section. I n this survey new cracks were station­
ed and counted and again the Joints were rated according to degree of puiq>ingo 

The next survey was conducted i n Octoberp 1 9 4 4 (Just two years after treatment) 
during which time puii9>ing was found to be slighto The results of this survey were some-
vdiat d i f f i c u l t to evaluate since drainage had been installed beneath the outside edge of 
the slabs for the major portion of the road from Valparaiso to DoS, Noo 41o These drains 
and a deficienqr of r a i n f a l l during the months, of May to September, 1 9 4 4 , may account 
for the fact that pumping was not observed at the time of the October surveys During 
that period 14»26 i n , of rain f e l l , which was 7 2 per cent of the normal r a i n f a l l for that 
period (a deficiency of 4<.53 ino)o See Figure 1 0 for a r a i n f a l l curve covering the period 
1 9 3 9 to 1 9 4 4 . 

I n view of these two conditions, a rating of the degree of puiq>ing during that 
survey cannot be taken as a measure of the success or failure of treatment. However, 
a crack survey was also made i n which the development of a l l new cracks was observed i n 
both the treated and untreated sectiono (For purposes of comparison, a detailed crack 
survey was made on the 6-ino sand experimental sectiono) I n additions the settlement at 
each Joint, inner edge and outer edge of the slab, was noted f o r both treated and untreat­
ed JointS o 

On November 6, 1 1 , and 2 7 , similar surveys were conducted (pumping only) since 
that area was receiving rainfallo These three additional surveys were made for.the pur­
pose of studying the effectiveness of the drainage systemo 

Table 2 shows a con^)arison of the 1 9 4 2 , 1943o and the 1 9 4 4 pun9>ing surveys. 
Table 3 contains results of punning surveys of the 50 treated Joints only. Tables 4 and 
5 contain a summary of the settlement survey made i n 1 9 4 4 for both the treated and un­
treated Joints, Table 6 i s an analysis of cracking i n cut and f i l l areas. Figures 1 3 
to 2 2 are photographs of typical treated and untreated Jointso Figure 2 3 i s .a d i s t r i ­
bution of cracks i n 59 slabs constructed on the 6-inch sand section. Figures 2 4 to 3 4 
are a set of distribution curves that help i n the analyzing of the cracking of slabs 
with respect to puiqixing. 

Pumping Surveys 

The f i r s t performance survey of the two-rmile mud-Jack section made i n October, 
19420 prior to treatment, showed that 69 per cent of 2 7 7 Joints were puoqaing, (There 
are 2 8 0 Joints between station 610+10 and 722+86, but three i n the Deep River Bridge 
are not included,) Of that number, 31o7 per cent were punping s l i g h t l y , 2 6 , 7 per cent 
moderately^ and l l o 2 per cent severelyo (See Table 2 ) , Table 3 shows the results of 
a pun^dng survey of the 50 Joints that were treated latero This table shows that a l l 
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Table 2. 

PUMPING SURVE; OF 2-MILE SECTION OF U.So 30 
(This table shows the number and percentage 
of Joints prnjAxig between stations 610+10 
and 722-»86. The table includes 50 Joints 

treated by mud Jacking.) 

OCTOBER. 1 9 4 2 i MAT 6. 1 9 4 3 i OCTOBER 11„ 1 9 4 4 
Degree 

of 
Before Treatment 6 Months After . 2 Years After 

Pumping No. : Percent No. i Percent . No. : Percent 
0-None : 84 i I 30o3 J 9 6 ! 3 4 . 6 . : 259 i 93o5 

1-Slight : 8 8 i i 3 1 o 7 : 1 1 2 : ! 4 0 o 4 'i 7 i 1 2.5 

2 - Moderate ! 7 4 s 2 6 . 7 'i 5 7 i ! 20o5 I 5 ! 1^,8 

3-Severe 3 1 i l l o 2 i ! 1 1 ! 3.9 : 0 ; 0 

4-Very 0 : 0 1 ! ! 0.5 6 i 2 o l 
Severe 
TOTALS ! 277 ! 9 9 o 9 ; ! 2 7 7 ; ' 9?o9 ; 277 ! 1 0 0 . 9 

(NOVEMBER 6, 1 9 4 4 : . NOVEMBER 1 1 , 1 9 4 4 : NOVEMBER 2 7 , 1 9 4 4 

Degree .After 0 o 7 1 i n . * : . 0.71-K).43= 1.14 inoi l o U + l o 2 1 » 2 „ 3 5 i n . 
of 

Pumping : No. ! Percent : No. i Percent No. : Percent 
0-None ! .260 ! 93o8 ! 2 5 9 ! 93o5 ! I 2 5 6 ! 92 . 4 

1 - ^ l l g h t i 7 ' : 2.5 \ 6 '. 2.1 '. 1 2 : 4.3 

2p-Moderate 1 3 i '. l o O •. 4 : 1.4 : ! 5 : l o 8 

3-Severe '. 1 : Oo5 ! 1 ! 0.5 ! 1 ! 0.5 

4-Very 
Severe 

'. 6 i '. 2.1 ' 'i 7 i 2.5 i 3 J ', l o O 

• TOTALS i 1 2 7 7 ; 1 9 9 . 9 ! 2 7 7 ! ! lOOoO ! 1 2 7 7 i lOOoO 

*The October 11, 1944» survey showed that punqplng had practically stopped. 
Between October 11 and November 6, a t o t a l of 0.71 Ino of rain f e l l and 
another survey was made. Between November 6 and U an additional 0.43 ino 
of rain f e l l , and another survey was made. The last survey was made on 
November 27 after an additional lo21 ino ( t o t a l 2o35 in.) of r a i n f a l l . 
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Table 3 - PUMPING SURVEY 0^ 50 JOINTS TREATED BY MOD JACKING 

«IHW:)av 1942 MAY 6.. 1943 
Six Months After Treatment 

Degree of Mix . :Total : 
P : 

: Mix : Total : 
, Joints i % Pumping : A : B • • B+C: C • • D :Joints: P : : A : B a 

e B-KJ: C • 
a 

D : 
: Total : 
, Joints i % 

O-None : . 0 : 0 • o 0 : 0 • 
9 
0 : 0 : 0 : : 3 : 9 • • 1 : 7 • • 1 : 21 ! 42 

l-Slight 0 : 5 • • 1 : 8 • m 2 : 16 : ! 32 : : 3 s 9 • 0 : 5 • • 3 ! ! 20 ! : 40 
2-Moderate : 1 : 8 • • 0 : 6 • 

9 
2 : 17 ! ! 34 : : 1 : 4 • • 0 : 2 • • 0 : 7 ! : 14 

3-SevBjre ; 6 : 9 • * 0 : 2 m 9 0 : 17 i 34 : : 0 : 0 • 0 : 2 • • 0 : 2 . ! 4 
4^Very 0 : 0 • • 0 : 0 m 0 : 0 : 0 : : 0 : 0 • • 0 : 0 • • 0 : ! 0 ' ; 0 

Severe : • • • • • • 9 

9 • • • 
• • 

e 

9 
• • • • 

TOTAL ! 7 :22 • • 1 :16 9 4 : 50 !lOO : : 7 :22 9 9 1 :16 • • Ju i 100 

OCTOBER 11. 1944 NOVBfflER 6. 19U 
Two Years After Treatment ! After 0.71 inches Rain* 

Degree of ; Mix :Total : 
% 

: Mix ; Total t 
PumninR : A : B : B-̂C: C : D :Joints: % : A : B : B+C: C : D ', Joints : i 
0-None ! . 6 :20 : 1 :16 : 4 : 47 . 94 : 5 :20 : 1 :16 t 4 : 46 : 92 
1-Slight . 0 : 0 : 0 : 0 : 0 : 0 i ( 0 : ! 1 : 0 : 0 : 0 : 0 . ! 1 : 2 
2-4doderate . 0 : 0 : 0 : 0 : 0 : 0 : 0 ! ! 0 : 0 : 0 : 0 : 0 : 0 -: 0 
3-Severe ! . 1 : 2 : 0 : 0 : 0 : 3 ! . 6 . . 0 : 0 : 0 : 0 : 0 : 0 . 0 
4-Very ! . 0 : 0 : 0 : 0 : 0 : 0 ! 0 : 1 : 2 : 0 : 0 : 0 : 3 : 6 

Severe i • • • • • 
• • • • • 

• • • • • 
• • • • • TOTAL 7 :22 : 1 :16 : 4 : 50 . tlOO . ! 7 :22 : 1 :16 : 4 50 i 100 

: _ NOVEMBER 11. 1944 : N07EMBKR 27 . 1944 
0.71" + 0o43" <= 1.14" Rain : 1.14" + 1.21" ° 2o35" Rain 

Degree of : . Mix :Total : 
% : 

: , Mix . . i Total 
Joints : Pumping : A : B : B-»-C: C : D :Joints: % : : A : B : B+C: C : D : 

i Total 
Joints : 

0-None I 5 :20 : 1 :15 : 4 : 45 J ! 90 : : 5 :18 : 1 :15 : 4 i 43 i 86 
1-Slight : 1 : 0 : 0 : 0 : 0 : 1 : ! 2 : : 1 : 2 : 0 : 1 : 0 : 4 i 8 
2-^oderate ; ; 0 : 0 : 0 : 1 : 0 : 1 : : 2 : : 0 : 0 : 0 : 0 : 0 : : 0 : 0 
3-Severe ; ! 0 : 0 : 0 : 0 : 0 : 0 ! 0 : : 0 : 0 : 0 : 0 : 0 : 0 : 0 
4-Veiy ! , 1 : 2 : 0 : 0 : 0 : 3 ! 6 : : 1 : 2 : 0 : 0 : 0 : 3 ; 6 

Severe • • • • • 
e • • • • 

• • 
• • 

• • 4 
9 9 * 

TOTAL . 7 :22 : 1 :16 : 4 : 50 ; [lOO : : 7 ;22 : 1 :16 : 4 : : 50 ! 100 
*The October 11, 1944» survey showed that pumping had practically stopped. Between 
October 11 and Noveinber 6, a t o t a l of 0.71 i n . of rain f e l l and another survey was 
madso Between November 6 and 11 an additional 0.43 i n . of rain f e l l , and another 
survey was made. The last survey was made on November 27 after an additional 1.21 
i n . ( t o t a l 2.35 in.) of rainfaUo 
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TABLE: 4 SUMMARY OF SETTLEMENT SURVEY 

Settlement ! DNTRKATRn - 927 : : TREATED - 5 0 
i n : INNER : : OUTER : : INNER : : MITHl 

Inches : NO : % :ACC %i .: NO i :ACC %\ : NO :ACC t: : NO :ACC 2 
0 : 7 3 1 3 2 . 7 i 5 8 \ 2 6 . 1 \ 2 6 . 1 : ! 2 4 \ 4 8 i 4 8 i i 2 4 ; 4 8 \ 4 8 

1 / 8 [ 96 ! 3 1 . 8 ! 7 4 . 5 : * i 6 3 \ 2 7 . 5 \ 5 3 . 6 : * 1 1 3 \ 26 i 7 4 i ! 1 0 : 2 0 i 6 8 

l A 'i 3 5 1 1 5 . 3 8 9 . 8 : ' i 4 2 ! 2 1 . 3 \ 7 4 . 9 : ' i 6 : 1 2 \ 8 6 :* : 2 . \ 4 i 7 2 

3 / 8 i 7 3 . 0 1 92.8*: *: 2 7 \ 1 8 . 8 \ 8 3 . 7 : ' : 1 [ 2 : 8 8 :* i 4 \ 8 \ 8 0 

V2 i 5 . 2 . 2 : 9 5 . 0 : i 1 9 : 8 . 2 . . 9 1 o 9 : : 2 : 4 i \ 9 2 i ': 5 . 1 0 ' i 9 0 

5 / 8 1 : 1 i 0 . 4 ! ' 9 5 . 4 . ' ': 5 i 2 , 2 : ' 9 4 . 1 : ' : 0 

3A ; 2 i 0 . 9 : ' 96.3.* : 2 i 0 . 9 : 95.oi : 1 : 2 : . 9 2 

7 / 8 '. : 1 : 0 . 4 : 9 5 . 4 : 

1 : 2 : 1 . 0 : 96 . 4 i 

PATCH* : 8 : 3 . 4 i 9 9 c 8 ! : 8 i 3 . 4 i 9 9 o 8 ! :' 4 \ 8 i 1 0 0 ! ': 4 \ 8 \ 1 0 0 

TOTAL 1 2 2 7 : 1 0 0 %i . 1 0 0 %i : 2 2 7 : 1 0 0 %\ J . 0 0 %x 1 5 0 i 1 0 0 %\ 1 0 0 %\ 1 5 0 i 1 0 0 %'. 1 0 0 % 

AV. s 0 , 1 2 3 " : : 0 . 1 9 4 " : : 0 . 0 9 8 " : : 0 . 0 9 3 " 

*See Text for Patch Explanation. 
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TABLE 5 - SUMMARY OF S E T T L E M N T SURVEY 
50 UDD^ACKED J O I N T S 

Settlement ! MIX "A" ! MIX "B" 
i n ! : imSR I OUTER ! INNER 1 OUTER 

Inches ..NO. ACC % . : NO.: ACC % i , NO.! ACC % ! .NO.: ACC % 
0 1 • ? J • 7ii . 7 1 ! . 4 57 i 1 0 ! . 45 ! . 4 5 ! • 9 4 1 ! . a 

1/8 , 1 ! . 14! . 8 5 -; 2 \ 2 8 : ? : : (a ! 4 ! 1 8 : 59 
1/4 \] ! ? < : 1 3 t 8 1 ! 1 p ' ! 6 4 
3/8 ! 1 ! • ? : . 8 6 : 2 : . .^0 ! 7 4 

, 1/2 J ' ? < . 1 ? ! 87 
5/8 • 
3/4 t 
7/8 
1 

PATCH*̂  ! . 1 . ' 14! . 99 ! : 1 ! 14! ! 9 9 ! . 3 ! : 1 3 ! ! 9 ? < : 1 0 0 
' 7 . no. • 9 9 ! • 7 ' ! 99! . 9 9 ! . 2 2 • ! 99 ! i 9 9 . !22 i 1 0 0 : ! 1 0 0 

AVo 5 0 . 0 2 " ! i 0 . 0 3 " \ 0 ,08" J 0 . 1 3 " 
*See Text for Patch Explanation 

( 1 Joint - Mix B-KJ Had Not Settle^) 

Settlement: MIX "C" : Mix "D" 
i n : 5 , , OUTER : INNER : . - OUTER 

Inches : NO. : ^ : . ACC % : NO, . ? ! ACC % ! ! NOo! ' ACC % :N0.: ! ACC % 
0 ! ! ? : ? 1 : 31 : 8 : . ? 0 : 50 • i ? , ! 7?.! JP : 2 : I '50 

1/8 ! ! ? 1 : 62 : 2 ! 12.5! 62.5 : 1 . . 25'! 1 0 0 : 2 : ! 1 0 0 
1/4 ' h : 2 ? : 87 : 1 : 60 : . 69 
3/8 ! : 2 ! 12,^;^! 81.5 

- 1/2 ! : 2 ! 12.5! 99o5 : 2 : : 9 4 ! 
r 5/8 

: 1 ! , 6 : : 1 0 0 ! 

1 : 
PATCHfr 
TOTAL : l6 :1D0 ! ; 1 0 0 TiT :100 : ! 1 0 0 ! 4 ! l l O O : . 1 0 0 : 4 . :100 . : 1 0 0 

0. 1 9 " ! OoO? S 0.04 
-î See Text for Patch Explanation 

( 1 Joint - Mix B+C Had Hot Settled) 
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TABLE 6 - COMPARISON OF CRACKS IN CUT AND FILL 
ON A TiRO MILE SECTION OF UoSo 30 

Date :Pavement Data: Cut : F i l l : A l l 
:Nbo Slabs : 134 ! 143 i ! 277 * 

Oct, :Noo Cracks : 222 ! : 4 ^ 
1942 :N0o Cracks : 

sPer Slab : 1,65 ! ! l o T O i ! l o 6 8 
Noo 31abs : 134 s 143 J ! 277 

May .New Cracks : 11 : 1 9 i 5 30 
1943 ! No, Cracks : 233 : , 2 6 3 . 4 9 6 
6 MOo : NOo Cracks : 

Per Slab s l o 7 3 ' ! l o 8 3 1.79 
NOo Slabs g 134 ! : 143 I 277 

Octo ! ;New Cracks : 110 91 : 201 
1944 i ;Noo Cracks : 343 ! 354 5 697 
2 Tr, ! Noo Cracks : 

;Per Slab : 2o?9 ; 2,47 s 2 o 5 1 
*13iere are 
servation. 
Bridge, 

280 slabs i n the 
3 of these are i n the Deep River 

idi. the Joints selected for treatment were puiq;>ing, and that one-third of them were 
{famping s l i g h t l y , one-third moderately, and one th i r d were pumping severely. 

On May 6, 1943, six months after treatment, another pumping survey was con­
ducted on the 277-slab section. This survey showed that of the 277 slabs, 65,3 per 
cent were pumping (Table 2)a Howeverp of the 50 slabs trefttoliXTable 3)« 42 percent . 
ware not pumping, 40 pegreent irere punqdjig s l i ^ t l y , 14 percent moderateiy^ and 4 per 
q e n t A w e r o pisq:ftsg severj|]^. Of the 68 percent of Xibs Joints fBVnpJjig moderately and 

, severely i n 19421> only Id- percent were rated as pumping similarly i n 1943° 
Two years after treatment ̂  the (tetober^ 19449 s t i r ^ shovBd tlmt 93° 5 percent 

of the 277 slabs i n the experimental section were not pnnping (Table 2}o A survey of 
the 50 trested^ Joiflta sbameA. that 94-p8reaot ttaara not puopingo Three of the 50 treat-
.jsd Joints bad f ^ l e d to the extent that th^.liad to be patehedo However, study of 
the original work record shows that the failures are jreAsooable and might be expected 
(See Appendix for details) o 

FoOlowing the Oetob«r« 1944p survey p thrsn additional wnnQTB ware made at i n ­
tervals .of approxlaately tam wedc since t t o t aroavas receiving xsiaflall. Study of'^' 
Table 3 shows that the additional r a i t i f f t U eaasad a slight in^easa. in. pmqping on both 
the treated and untreated JointSo 

I t i s d i f f l e o l t to neasore the sucorae of mud Jaddj^tgrjaqping surveys, since 
the effects of the «eiatlve3jr d r r weather and. the ikfH\ nagry jeatallations are not known^ 
Bcnrever^ puoqping (or d^ideaaw Of poiBiilit^ vaenlled a t 4fl|liM^ vjK oibBr aseas of the 
entire 24 Mlea .of »M» 
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FIGURE 11. FIRST STAGES OF CRACKING DUE 
TO SLAB PUMPING. 

FIGURE 13. SUCCESSFUL MUD JACKING. THIS 
JOINT TREATED WITH MIX "A" HAD NOT SETTLED 
OR PUMPED DURING TWO YEARS OF SERVICE. 

FIGURE 15. A SLAB TREATED '.VITH MIX "B" 
THAT HAS GIVEN TITO YEARS OF GOOD SERVICE. 

FIGURE 12. ADVANCED STAGES OF GRACKLKG IN 
WHICH SPALLING OCCURS CAUSED BY SEVERE 
SLAB liOVEVENT. 

1 

FIGURE 14. SEVERE PUMPING AT AN UNTREAT­
ED JOINT IN THE SECTION OF PAVEMENT IN 
WHICH JOINTS V/ERE TREATED WITH MIX "A" 

FinURS 16. AN UNTREATED SLAB (IN THE 
AREA IN WICH THE JOINTS WERE TREATED WITH 
MIX "B") THAT HAD SETTLED 3/4 OF AN INOI. 
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FIGURE 17. THIS SUB TREATED WITH MIX 
"B" HAD FAILED DUE TO AN EQUIPMENT FAIL­
URE DURING TREATMENT. 

FIGURE 18. THIS I S A VIEW OF THE FIRST 
CRACK PAST THE JOINT IN FIGURE 17. 

FIGURE 19. THE JOINT AT STATION 662'»S6 
(mX "C") HAS PERFORMED SATISFACTORILY 
FOR Ti'/D YEARS. 

FIGURE 21. ANOTHER SUCCESSFULLY TREATED 
JOINT (MIX "C"). 

FIGURE 20. THE JOINT AT STATION 662*1*6 
(ADJACENT TO SLAB IN FIG. 19 WAS NOT 
TREATED AND HAS GIVEN TWO YEARS OF UN­
SATISFACTORY PERFORMANCE. 

FIGURE 22. THIS JOINT, TREATED WITH 
MIX "D", PERFORMED SATISFACTORILY DURING 
TWO YEARS OF SERVICE. 
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Settlement Survey 

Since the success of mud Jacking could not be determined by rating the Joints 
as to the degree of puoipingp the settlement at each Joint of both treated and untreat­
ed Joints was measuredo Since a l l slabs treated by mud Jacking were raised to grade 
at the time of treatmentp i t i s believed that this might be used as one measure of the 
success of treatmento The results of th i s survey are contained i n Tables 4 and 5 o 
Table 4 shows the settlement at the Joints of the inner (centerline) and outer (shoul­
der) ends of a l l untreated slabs as compared to settlement of 5 0 mud-Jacked Jointso 
The table shows that the average settlement of the outer edge of 2 2 7 untreated slabs 
was O 0 I 9 4 ino as compared with Oo093 ino lor the 50 treated s l a b s T h e inner slabs 
had settled 0 o l 2 3 ino for the untreated slabs and O 0 O 9 8 ino for the treated slabso 
The table shows that settlement at the outer edge of the slab i s greater than the 
settlement at the inner edgOo (This corresponds favorably to severity of pumping with 
respect to the shoulder and centerlineo) Sosne of the untreated slabs had settled as 
much as one incho (A few that were patched obviously had settled to a much greater 
degree but were not measured) e 

Comparing percentages of slabs settling i n increments of one-eighth inch 
showed that 4 8 percent of the outer slabs of treated Joints had not settled0 and 2 0 
percent had settled one-eighth incho This means that i n two yearsp 6 8 percent of the 
treated slabs (outer edge of the Joints) bad settled one-eighth inch or Issso These 
data can be coji^>ared to 2 6 percent of the untreated Joints that have not settled a^d 
2 7 percent that had settled one-eighth inchj oro that 5 3 0 6 percent of the untreated 
slabs had settled one-eighth inch or lesso I t should be pointed out that the percent­
ages are based on the t o t a l number of cases and that eight untreated Joints and four 
treated Joints requiring patches are included} also,, that the table for the treated 
Joints includes a l l four mixes j, sane of irtiich have failed more than otherso 

Table 5 compares the settlemeht at the Joints by mix designo This table shows 
that both mixes "A" and "D" were effective i n stopping settling at the Joints, Of the 
seven Joints treated with mix "A"a one had bailed and required a patch (equipment 
f a i l u r e ) p four had not settled (outer portion)^ and two had settled an eighth-incho 
Of the four Joints treated with mix "D"i> two had not settled and two had settled only 
an eighthp'incho The Joints treated with mix "A" had an average settlement (outer) of 
O 0 O 3 ino and the Joints treated with mix "D" had an average settlement of O 0 O 4 ino 

Ccaq>arison of the settlement of Joints treated with mix "B" and "C" shows 
that those treated with "C" had settled the most. The average settlement of both out­
er and inner portions of the slabs by mixes ares Mix "C ' l , outer edge - O o l 9 ino 9 
inner edge - O 0 I 6 inoj mix "B^o outer edge - O o l 3 inop inner edge,, O 0 O 8 ino However, 
5 0 percent of the Joints treated with mix ^C" had not settled and 6 2 o 5 percent had 
settled one-eighth inch or lesSo This i s to be eaapared to Ztl percent with a settle­
ment of an eighth-inch or lesso 

This includes treated slabs which had failed because of faulty treatment resixlt-
ing from equipment failure 0 



32, 

Crack Survey 
Detailed crack surveys of this twoHnlle section of D»So 30 vere made i n 1942 

(prior to treatment), i n Uay, 1943 (six months after treatment), and i n October, 1944 
(two years after treatment)« Each survey consisted of stationing a l l cracks and 
plotting their posltloa with respect to Joints on plan sheets of the two-mile section. 
The results of each survey have been analyzed to determine ^he number of new cracks 
occurring daring the various periods following treatment and to determine their po­
sitions relative to Jointa<* The crack survey data have been divided into the foUow^ 
Ingi 

1. Distribution of cracks on cut and f i l l (Table 6)o 
2. Cracks on the 6-ino sand section (Flge 23). 
3« Distribution of a l l cracks by years (Figs. 24 and 25). 
4e Distribution of cracks on the forward and rear slabs 1^ 

years (Figs. 26 and 27)o 
5o Distribution of a l l cracks within 13 feet of the Joints 

(FigSo 28, 29, and 30). 
6. Distribution of new cracks - those occurring i n two years only 

(Figs. 31 to 34). 
Each of the above has been further divided into treated and untreated Joints 

so that the effect of treatment on craekLng can be studlede 

I n order to study the possibility of the cracking i n cuts exceeding the crack­
ing i n f i l l s a table was prepared i n which these two variables are conqpared. Study 
of Table 6 shows that there are 134 slabs i n cut areas and 143 i n f i l l areas, and that 
by 1944 the "cut" slabs had 343 cracks and the " f i l l " slabs had 354 cracks. This 
small difference of the cracking i n the cut and f i l l areas shows that cut or f i l l sec­
tions had l i t t l e or nothing to do with the cracking i n this particular area. This 
can be explained because of the similarity of engineering properties of the soils of 
both cut and f i l l areas. 

On the 6-lno sand^treatment section a l l of the cracks i n the 40-fto slabs oc­
curred i n the middle t h i r d of the slabs. Figure 23 shows the distribution of cracks 
i n the slabs i n the 6-ino sand seetion. There are only two cracks less than 13 f t . 
either side of a Joint i n f i f t y - n i n e , 40^fto slabs of this section, ^turther, i t was 
found that after seven years, 42 percent of the slabs had no cracks ailid A7 percent 
contained only one crack. Since t h i s section receives the same t r a f f i c and r a i n f a l l , 
i s of the same pavement design, and was constructed approximately at the same time as 
the two-mile section under observation, i t i s believed that the cracking distribution 
on this seetion can be taken as typical of a pavement placed on a firm, well-drained 
support. Assuming this to be the case, cracks occurring less than 13 f t . either side 
of a Joint can be considered as the result of slab movement caused by punq>lng action 
and that cracks occurring i n the middle t h i r d of a 40-ft. slab are the result of 
other causes. 
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Figures 2 4 and 2 5 show the distribution of a l l cracks (both forward and rear 
slabs combined) with respect to any Joint for both tz>eated and untreated Joints for 
the 1 9 4 2 and 1 9 4 4 surveys o Both curves show a decided drop i n the number of cracks 
at 1 3 f t o i n the distribution curves o I t I s interesting to notso by coiiq)aiing the 
two curves i n each figure <, that the cracking less than 1 3 f t o from the Joint was con­
siderably more i n 1 9 4 4 than i n 1^U2 and that cracking past 13 f t o from the Joints re­
mained f a i r l y constant during the same two-year period o This observation confirms 
the statement that cracking up to 1 3 f t o from the Joint must be directly influenced 
by slab movement In i t i a t e d by puiq>ing action^ and that cracks past 1 3 f t o either side 
of the Joint are not caused by any movement at the Joint <> 

Additioml study of FigSo 2 4 and 25 shows that the distribution of cracking 
less than 1 3 f t o i n 1 9 4 4 i s bl<»jnodalt,̂  having a mode between 5 and 6 f t o and one 
at 1 0 f t o This perhaps shows that once a slab cracks about 1 0 f t o from the Joint, 
a new and smaller slabp lighter i n weight and able to move more freely p i s formedo 
ThiSp i n tump begins to break up usually at a point 5 or 6 f t o from the Jointo 

Since the curves shown i n FigSo 2 4 and 25 are bi-modalp a second distribu­
t i o n was plotted i n which cracking i s divided into cracks occurring i n forward and 
rear slab areaso This distribution i s contained i n FlgSo 2 6 and 2 7 o Study of Flgs« 
2 6 and 2 7 shows considerable difference i n the cracking of the rear and forward slabs 
and that i n 1 9 4 2 cracking less than 15 f t o ahead of the Joint was more severe than 
cracking less than 1 3 f t o to the rear of the Jointo Howeverp by 1 9 4 4 cracking i n the 
rear slabs had developed considerably i n proportion to cracking on the forward slabse 
The 1 9 4 4 curve of the forward slab distribution of cracks contains modes at 6 and 1 0 
f t o as conpared to 5 and 1 0 f t o on the rear slabso Howeverg cracking at 5 f t o i n the 
rear slabs was more severe than cracking at 5 f ^ o i n the forward slabs i n the 1 9 4 4 sur­
vey; alsop that cracking at IX) f t o on the forward slabs was more severe than at 1 0 f t . 
on the rear slabs i n 19A4o 

I n 1 9 4 2 p at the time the pavement was five years oldp there were 4 6 6 cracks on 
2 7 7 slabs ( I 0 6 8 cracks per f u l l slab)o This i s divided into 2 1 8 cracks on 2 7 7 rear 
slabs ( 0 o 7 8 per half slab) and 2 4 8 cracks on 2 7 7 forward slabs ( 0 o 8 9 ) per half slab -
up to 2 0 fto to the rear of a Jolnto By 1 9 4 3 p six months after treatment of 50 slabs, 
there was a t o t a l of 4 9 6 cracks (or 3 0 new ones) on the 2 7 7 slabs» Of the 30 new 
cracksp four occurred on the rear slabs of mix "C*' Joints; two on forward slabs of 
mix "A" Joints; three on forvrard slabs of mix "B" Joints; one on a forward slab of a 
nix l?C" Joint; and the remainder on untreated slabs o 

By 1 9 4 4 p two years after treatmentp there was a t o t a l of 697 cracks i n 2 7 7 
slabs ( 2 o 4 per slab) or a t o t a l of 2 3 1 new cracks i n two yearso This can be divided 
into 3 2 6 cracks on 2 7 7 rear slabs ( I 0 I 8 per half slab) and 3 7 1 cracks on forward 
slabs ( l o 3 4 per half slab)o The above datap stated differentlyp show that at the 
time the pavement was five years oldp there were 233 cracks per milop and that by the 
end of the next two years ( 1 9 4 4 ) t h i s had Increased to 348 cracks per mile, which i s 
/e - The mode i s that value of a distribution that occurs most frequentlyo A bi-modal 

distribution i s one i n which two sets of values occur as prominent peaks on a 
distribution curveo 
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an increase of 4 9 o 3 percent during the two-year period» Further,, the number of new 
cracks occurring i n the forward slabs was nearly equal to the number of new cracks 
occurring i n rear slabs (of the entire 2 7 7 treated and untreated sections)o Howevero 
study of Figo 27 shows a remarkable difference between the position of new cracks i n 
forward and rear slabs with respect to the Joints. 

Figures 2 8 , 2 9 s and 30 are distribution curves of cracks less than 1 3 f t . from 
the joints of untreated slabs9 treated slabs, and individual mixes for each of the 
three surveys. Further study of Figs. 2 8 , 2 9 and 30 i l l u s t r a t e the effect of mud Jack­
ing on cracklngo Assuming that a l l cracks less than 1 3 fto either side of a Joint are 
caused by puii;>ing action, these data show that treatment by mud Jacking has decreased 
considerably the expected number of cracks on both rear and forward slabs. Study of 
Figo 23 shows that i n 1 9 4 2 there were 3 5 cracks i n 2 2 7 untreated rear slabs and that 
by 19A4 there were 1 1 4 cracks which i s an increase of 226 per cent during the two-year 
periodo This can be compared to the data contained i n Fig. 2 9 which shows that i n 
19A2 there were 1 7 cracks i n 5 0 rear slabs, that were later treated, and that by 19A4 
there were 2 9 cracks, n^ch i s an increase of only 70o5 per cent. I n other words, 
the ejected cracking i n untreated rear slabs should have been a 226 percent i n ­
crease but treatment reduced this to a 70.5 percent increase. A similar study of for­
ward slabs shows that the expected cracking was reduced from a 1 1 7 percent normal two-
year increase to an increase of 51o5 percent for the treated slabs. 

The distribution of new pracks, those occuzring during the two-year period 
only, less than 13 f t . from the Joints for each class of pavement i s contained i n the 
sezles of curves. Figs. 31,to 34o Study of Fig. 3 1 shows that the new cracking of 
untreated slabs during the two-year period was nearly equally divided between rear 
and forward slabs with rear slabs receiving 79 and forward slabs 8 0 new cracks. The 
curve shows that the distribution of cracks about the Joint varies considerably be­
tween rear and forward slabs. Cracking was excessive between fi v e and six f t o to the 
rear of the Joints and excessive at IX) f t . ahead of the Joint. These data, represent­
ing cracking of untreated slabs, can be compared with the data contained i n Fig. 3 3 
which i s a distribution of cracking i n the 50 treated slabso This curve shows that 
cracking of the forward slabs remained f a i r l y constant - that i s , the distribution 
curve does not contain a mode. However, the distribution of cracking on the rear 
slabs shows that cracking was quite severe at six feet from the Joint, which i s the 
modal point of the distribution. The difference i n cracking of rear and forward 
slabs of treated Joints i s significant't>ecause 4 7 of the 5 0 Joints treated were treat­
ed on the forward slabs only. This can.be attributed to the fact that, at the time of 
treatment, the rear slabs of treated Joints had not settled and did not require treat­
ment as did the forward slabs. 
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RM07AL OF FAILED SLABS 

On November 27o 19Uh» portions of three slabs that had failed and settled con­
siderably were removed and replaced with sand and given a limestone surface o Each of 
the failed slabs had been patched; some containing two patches« Two of the slabs had 
been treated by. jmuL Jacking (mix B) and one was of the untreated seetiono The two 
treated slabs that failed were located i n a cut section where the grade was such that 
drainage was exceptionally poor^ Both were rated P-3 (severely punping) at the time 
of treatment. A description of each Joint and the condition during each performance 
survey are contained i n the Appendix (Record of mud-Jacked Joints that were patted) o 
Figures 35 and 36 were taken at the time of removal of these slabso Figure 37(A) i s 
a photo of a sample of mud-Jack mix taken from beneath the slab at Stao 694*^60 The 
mix under this slab was laminated and strings of bituminous material were found i n 
the Bdx.o This i s perhaps because of the fact that.mixing and treating were done duiv 
ing cold weather and that the hot bituminous material chilled and became.stringy when 
i t came i n contact nith^ the cold mixing watero Figure 38 contains a series of 
sketches showing the condition of the subgrade at each location at the time the slabs 
were removedo 

Sxamination of the mix under the slab at Stao 695*26 showed the mix to be some-
^ a t disintegrated (cracked) but that i t was f a i r l y unifonnly mixed and not p l a s t i c 
The area i n vrtiich the mix was found seemed to be somewhat drier than the rest of the 
subgrade. A band of mud about two feet wide was found under the Joints and cracks» 
I t appeared that the broken slab sections were rocking on or being supported by the 
drier area i n vrtiich mud-Jack mix was fotuid. This was true i n the other treated sec­
tion which was removed. A similar muddy condition was found under the untreated 
slab. The subgrade was dry under the inner portions of the slab and extremely wet 
under the cracks and at the Joint and edge. 

The drains i n a l l three cases had clogged from the bottom of the slab to the 
tiloo The stone particles were coii9>letely coated with s i l t and cl£^ pumped from be­
neath the subgrade. Figure 39 shows the condition of the stone i n some of the drains. 

A saiiq>le of the mix under the slab at Sta. 695+26 was conqiared to a sample 
that had been e3q)0sed for two years i n a ditch on the Deep Eiver h i l l and found to be 
similar i n a l l detailso Both were hard, non-plastic, uniformly mixed« somewhat porous, 
and relatively dryo 
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FIGURE 3 5 . REMOVING A SLAB THAT HAD 
FAILED DUE TO PUMPING. 

FIGURE 3 6 . AN ILLUSTRATION OF THE ZONE 
OF MUD FOLLOVING THE CRACK. 

FIGURE 3 7 . PHOTOGRAPHS OF THREE SAMPLES OF MUD-JACK MIX. THE SAMPLES IN PICTURES 
A AND B WERE TAKM FROM BMEATH THE PAVMEHT OF TNG TREATED SLABS, AFTER TWO lEARS 
OF S^VICE. THE SAMPLE IN PICTURE G WAS EKPOSED TO WEATHERING FOR TWO TEARS IN THE 
DITCH UNE. COMPARE THE TEXTURE OF SAMPLE A WITH THAT OF SAMPLES B AND C. STATION 
6 9 4 - ^ WAS TREATED WITH MIX B DURING COID WEATHER AND THE CHILLING OF THE BITUMI­
NOUS MATERIAL RESULTED IN A NON-UNIFORM MIX. NOTE THE LftMSIATpEONS IN SOUE OF THE 
SAMPLES IN PICTURE A. , \ i , 
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H A D C L O G G E D . 
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SOmRI DF BZSULTS 

The following statemebts summarize .the data presented i n this report concern^ 
ing the per^omance of 0o5o Boo 30 from Valparaiso to O'oSo Eoo 4 1 and thQ_two-aile 
section nnder obsei^tion: 

l o filis work confirDS previous studies i n that three eonditionff noat be sat-
iaSLisd.Xn o r i w to have puoQdng. These are: (a) A subgrade consisting of a relative^ 
l y piaMjie and impervious clay or s i l t y - d a y s o i l ; (-b) Heavily loaded vehicles; and 
(c) trie wateiro 

2o oAce pumping s t ^ s the rate of progression increases, with severe pave-
msnt efackLng and settlement resulting. 

3. Each performance survey conducted on UoSo NOD 30 has shown that a l l of 
th^, ̂ ê qkerix̂ entaO. subgrade treatments constructed on the south lane (with the excep-
tioil" 6f the water-saturated section) have been successful i n minimizing or prevent-
ing"puDq)ifigo 

4<} RiBping does not occur i n natural-eaad areas or i n the sections construct­
ed on 6 iJ^o of sAndo Forty-two percent of the slabs constructed on s i x iuo of sand 
contained no cradks after seven years of service and forty-seven percent contained 
only one e^apk. A l l 8lab3 on the two-mile section on s i l t y clay d r i f t fipB^ cracked 
Tay^ the 4nd 6^ 'seven years. 

5.0 Cracking w i t h i i i : ^ fto of a Joint, i n a 4 0-ft. slab»<i:»as due to slab 
moveittent inftiUted by punqping astion^ daH that cracks past 13 fto (middle third of 
slab) were hot caused by aoy movement at the Joint but by other causes (q^plies to 
untreated slabs only). 

6o The destruction of 40i*ft. slabs bjT cracking initiated by pumping at 
Joints.on U.So Bo. 30 c^pears to follow a definite pattern: forward slabs pump 
and appear to break off f i r s t , usually-Ifi-ft, from toe Joint and then s i x f t . flrom 
the Joint; the rear slabs follow by breaking off usually at five feet froa the Joints 
lAich i s followed by a break at 10 f t . (applies to untreated slabs only)» 

7<> Between the f i f t h and seventh year of this pavement "s l i f e crackiBg lees 
than 1 3 fto trom the Joint increased 154 percent viblle cracking past 13 f t . (or i n 
the middle third) increased only 10 percent (applies to untreated slabs only)o 
(See Fig. 28.) 

d o During the two-year period ( f i f t h and seventh year) cracking less than 
13 f t . to the rear of untreated Joints increased 226 percent, and cracking on the 
forward slabs increased 117 percent. During the same period, cracking within 13 f t . 
to the rear of treated Joints increased only 7 0 . 5 percent and on forward' slabs only 
51 percent. 

9 ° Treatoent by unid Jacking reduced the expected increase i n two-year 
cra^.s ( f i f t h to seventh year) within 13 f t . from Joints from an increase.of 154 per 
cent'̂ t̂o an increase of 58 percent. (See Fig. 2 8 ) 

lOo Each mud-Jack mix was effective i n reducing cracking o Only one new crack 
occurred i n 7 slabs treated with nix "A"; none occurred on 4 slabs treated with mix 
jion. ^ 1 0 new cracks occurred on 16 slabs treated with mix "G". 



l l o Daring the two years foUowLng tKotmentv unid jacking has beeti success­
f u l i n reducing the average settlement of slabs at pun^dLng Joints. The average set­
tlement of the outer edge of treated slabs two years after treatment was found to be 
O0O93 inches as compared to 0 « 1 9 4 inches for untreated slabs. 

1 2 o During the two years following treatment 4 8 percent of the treated slabs 
had not settled as ccsqpared to 2 6 percent not settling for untreated slabs. Sixty-
eight percent of the treated Joints had settled less than one-eighth inch as coiq>ared 
to 5 3 percent of the untreated slabs. 

13o Uixes "A" and were the most effective i n reducing both cracking and 
settlement. Of mixes-'*B'* and "C", slabs treated with mix "B" settled less than slabs 
treated with mix "C". 

1 4 o I t was found that the amount of material pooped £rom beneath a elab due 
to pun̂ xLng action i s appreciable0 as indicated by an average of 8 . 7 cu. f t . of ma­
t e r i a l per Joint which was pampei beneatii the slabs. 

1 5 . When bituminous material i s used i n mud Jackingo the operation should 
be done during periods of warm weather to avoid chilling of the bituminous material 
i n the mixo 

l 6 e Observations extraneous to the data contained indicate that periodic 
maintenance of mud-Jacked Joints by pouring of the cracks and Joints and by leeping 
the drilled holes f i l l e d w i l l prolong the effective l i f e of treatment. 

1 7 . These data show that since eraddnge settlingo ^ pumping on rear slabs 
increases rapidly following the failure of forward slabs 0 they should also be treated 
bsr mod Jacking irtiich, i f done during the i n i t i a l stages 9 would consist of a void-
f i l l i n g operation while that of the forward would be a raising operation. 

18. The limited data contained i n this report regarding mud-Jacking proced­
ures prevent recommendation for operational procedures; however» by way of observa­
tion the following are pertinent: 

(a) The work should be under the care of an ezperieneed c^erator or one 
conq}etent to Judge when a slab has been properly treatedp since mis­
takes w i l l perhaps prove detrimental rather than beneficial. 

(b) . Each slab should be handled as an individual case rather than foUow-
. • ing a standard procedure of operation. 

(c) Traffic should be kept off of treated slabs for at least 2 4 hours 
following treatment. 

(d) I n areas where surface drainage i s esceptionally poor, the slab 
should be given some form of supplemental drainage that should 
receive periodic maintenance. 

1 9 . The results of this s u r v ^ show that mad Jacking -can prolong the l i f e of 
a pavement being destroyed paapLng action* and the above results show a need for 
ftirtber research i n which other materials should be used and i n which various opera­
tional procedures are investigated. 



5 2 c 

lo "Perforaianee Survey on a Portion of U o S o 30 o Four^Lane O i ^ e d Pavement i n lake 
and Porter Counties" c Unpublished Report Hoo />. on Concrete Performance Survey» 
Project C=36=35o ^ T o S o Shelbumeg, Research Bogineero Joint Highway Research 
Project0 Purdue Universityo 

2o RfoodSo Eo B o and Shelbume,, T o £ o » "Puiqdng of Rigid Pavements i n Indiana" g 
Proe,„ 2^rA Annual w^^Mr,^: Highway Research Board. 1943o 

Wartime Road Problems Boo 4o page 9s 
(See page 133 of this publication) o 

Hi^^may Research Board p SlUashingĵ cmo Do C c 

RECORD OF MDIWACKQ) JOINTS THAT 111^ PATCHED (FIEIfi NOTES) 

lax Ac One Joint out of seven had been patched and was rated P - 4 (pu]q>ing very 
°° severely) after two years ° service o 

Stao 7 2 1 * 6 6 

1 0 / 2 1 / A 2 " During the mnd-Jacking operations at this joint the hose broke 
and operations ceased for the dayo and were resumed on October 27o 

1 0 / 2 7 / A 2 - The R&^3 mlz was very s t i f f due to cold weather and more water 
had to be added to make the n i x «orkableo Total nix applied <° 

euo fto 

5 / 6 / 4 3 Perf oxnance Survey 
Rated the joint as P°>2 (moderately punqping)o Poiqping was observed 
along the edge of the pavement and along the Joint o One new crack 
had developed i n the forwaxxl slabo The French drain was plugged o 

10 /IVA4 ° Performance Survey 
' Rated the joint as P=o4o Prnqilng very severoo £v6n though the 

Joint had been patched with a bituminous patch o the Joiht ink pmpr 
ing and the slabs had settled an additional anbunto 

Mix Bo Three joints out of 2 2 had been patched o two of tMeh were rated P>4 And one 
' rated O K after two yearso servicoo 

Stao 7 1 7 * 2 6 

1 0 / 2 8 / 4 2 o Treated by mod-jaekingo The subgrade was dry and there was no 
soupy mud under ̂  pavement o The pavenient could not be raised 
by punplng material into two holes so i t was necessary to use 
three holes along the jointo A ga^et leak dttveloped i n the 
pressure ohaaA>er ̂ c b wa» sufficient to prevent complete nod-



5 3 c 

jaddngo The mix applied on 10/28/A2 uras 4 i cuo fto (Road 
011 mix) o 

5/ 6/43 - Performance Survey 
The Joint was rated as Po2o No new cracks were found i n 
either slab but two rear slab cracks were punqping P-1 and 
P~2o The mud-Jack holes were fuUo 

10/12/44 - Performance Survey 
The Joint was rated OS. since pumping was not observedo One 
new crack was observed i n the forward slab and one corner 
break i n the rear slabo 

Sta, 695*26 

11/ 2/42 - Mud-Jack operations o The treatment at this Joint was some-
irt»t complexo A small amount of adx was added to each hole 
to raise both slabs to gradeo Bach slab had settled and two 
holes were drilled i n each slabo The forward slab required 
12 eu. f t , to raise; the rear slab four cuo fto or a total 
of 16 cu. fto of Boad G i l mixo The Joint was then drained 
with French drain consisting of Noo 8 stoneo Howevera the 
drain had insufficient outlet as the pavement section was i n 
a cut area. 

5/ 6/43 - Performance Survey 
This survey showed three of the mud-Jack holes half f u l l and 
one emptyo The Joint was rated P-1 and the f i r s t crapk i n 
the rear slab (nearest the Joint) was rated P-2 and was spall-
ed severelyo One new crack (comer break on inner side of 
forward slab) had developedo. 

10/12/44 " Perf ozmance Survey 
This survey showed the Joint to be a eo]i;)lete failures Even 
thou^ the Joint had been patched (area between cracks)o the 
inner section of the slabs had settled 1-3/4 inches since 
patehingo The Joint was rated as P - 4 because pxaaping was se-
vereo Two new cracks had developed i n the forwaztl slabo 

1 1 / 2 7 / 4 4 - Slab removed for replacement o 

Sta. 694'*d6. 

11/ 2/44 - Mud-Jack operationso This Joint required using four mud-Jack 
holes (two on the forward slab and two on the rear slab) to 
raise to grade. The forward slab required 12 cuofto and the 
rear slab four cuofto The pavement (rear slab) was cracked 
during mud-Jacking operations (comer break)» The pavement 
was i n a cut area and the Joint was drained using a French 
drain (#8) stoneo The outlet was insufficient for successful 
drainage6 
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5/ 6/43 - Performance Survey 
The Joint was rated as F->1» Osie new crack had developed 
(comer crack on inner part of slab) on the forward slab. 
The crack nearest the Joint on the rear slab was rated P - l . 
One mod-Jack hole was enyitye 

10/12/44 " Performance Survey 
The Joint was rated as P-4 because the inner part of both 
slabs had been patched between the comer carack9 and, puiq>-
ing was severe. 3hd>eKf slab section bad settled one inch 
(to the top of the paich)c The actual settlement was over 
four inebese 
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THE USE OF BITUMINOUS MATERIALS AS A CORRECTIVE 
MEASURE FOR PUMPING CC9ICRETE PAVEMENTS 

By Charles W. Allen, Acting Chief Engineer, 
and Harry £. Marshall, Geologist, 

Bureau of Tests, 
Ohio Department of Hi^iways 

SYNOPSIS 

The pumping of concrete pavement slabs on pavements i n Ohio, which 
has developed since 1 9 4 0 , has followed the increase i n volume of heavy 
truck t r a f f i c that has resulted from the concentration of war indust­
r i e s . A survey indicates that pumping has occurred mostly on s o i l s of 
the A-48 A - 6 , or A - 7 groups but i s not confined exclusively to soils 
of these types. A study of the moisture contents of the subgrades at 
vazdous depths indicates a maxImiiTn immediately beneath the pavements 
and a decrease with depth indicating that surface water i s the chief 
source of the subgrade moisture that causes pumping. The use of trans­
fer devices at Joints and of granular subgrades have been foimd most 
effective i n the prevention of puii5>ingo The use of French drains i n 
the shoulder was not effective i n stopping pumping. 

After expe]?imenting with various soil-bituminous, portland cement 
mixtures and several grades of semisolid asphalts, i t was found that 
an o i l asphalt f i l l e r having a penetration of 3 0 to 4 5 at 7 7 F. was 
most satisfactory for f i l l i n g the voids xmder pumping concrete slabs. 
This material i s forced \inder the pavement by means of the hand spray 
equipment of a standard bituminous distributor through holes drilled 
i n the pavement with a standard Jackhammer and d r i l l . The bituminous 
material forms a tight seal beneath the pavement and prevents the en­
trance of surface water and i t s sta b i l i t y i s not affected by moisture 
from the subgrade. Although the costs of the asphalt i s somewhat 
higher than any of the various soil-mixtures, a portion of this cost 
differential i s equalized i n the labor saved on the assembling and 
mixing of the various materials used i n slurries. 

Prior to 1 9 4 0 pumping of concrete pavements was not prevalent i n Ohio. How­
ever, the considerable concentration of war industries i n the State with i t s attend­
ant increase i n truck loads and i n volume of truck t r a f f i c has resulted i n a very 
rapid increase i n both the distribution and the rate of pumping concrete pavements. 

In this area pumping i s particularly prevalent over s i l t y - c l a y and day s o i l s . 
Public Roads Administratjon Classes A - 6 , A - 7 and plastic A-4. However, i t i s not con­
fined exclusively to these types. On a heavily traveled section of U.S. Route 52, 
East of Portsmouth, constructed recently on a subgrade made up i n part of about equal 
amounts of s i l t s and clays, considerable pumping/has developed. This project i s des­
cribed i n detail i n a paper by Mr. H. L. Krauser^ and i t i s sufficient to point out 

l \ - See page 6 7 of this publication. 
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i n this discussion that 3 7 per cent of the Joints were paapixig where the subgrade 
consisted of sandy s i l t and s i l t o (Mo s o i l classifications Noso 8 and 9 p while 5 7 
per cent of the Joints were pumping over the s i l t y and clay subgrade p Ohio 
classifications Noso l i p 1 5 and l6. The Ohio s o i l classifications are shown i n 
Table 1 . The average test constants of the s o i l on this project are shown i n Table 
2 . 

I t i s ganerally agreed that most of the water contributing to punqiing i s sur­
face water. A nninber of observations made i n Ohio substantiate this point. On a 
project constructed about twelve years ago which had shown no signs of distress u n t i l 
wartime restrictions on a refinery i n the southern part of the State resulted i n a 
tremendous increase i n truck shipments p punning occurred generally throu^out the sec­
tion except for areas irtiere the Joimbs were tightly sealed p preventing the entrance of 
surface water<> Farther evidence that the water i s derived principally from the sur­
face i s afforxled by the fact that on most of the projects observed there i s practic­
a l l y no difference i n the amount of puiiq>ing on f i l l and i n cut sections. I t has also 
been noted on several projects that less puiqping occurs i n areas irtiere there i s a 
paved gutter at the ec^e of the pavement which carries off the surface water before 
i t has an opportiudty to reach the subgrade. 

I n connection with our study of pumping pavements during the past two years p 
a considerable nnmber of samples have been taken of subgrade through holes drilled i n 
the pavementp i n an effort to leam something, of the moisture condition of the sub-
grade s o i l . .A sheet of a typical s o i l s u r v ^ i s shown i n Figure lo The locations of 
the Jointsp cracks and pavement failures together with the points iriiere the pavement 
Jacking was done and the samples taken are shown i n the lover part of the~Figurep 
idiile i n the upper portion the s o i l type and moisture content of the subgrade are 
shown. I t i s of interest to note that the moisture content of the subgrade decreases 
with the ..depth, through the range measured by these saoples; averaging 2 6 . 4 per cent 
i n the 0.6 of a foot immediately beneath the slabt, 2 4 . 4 per cent i n the next O o 9 of a 
foot and 21.4 per cent i n the bottom O o 9 of a foot. 

From the summary of testr results i n Figare I p i t w i l l be noted that the sub-
grade i n this section consists almost entirely of clay for which the average lower 
liquid limit i s 4608 and the average pla s t i c i t y index i s 2 5 o 2 o 

Table 3 shows average test results and moisture contents for sanqples of the 
subgrade s o i l on several projects which were treated during the unusually dry summer 
of 1 9 4 4 . This Table shows a considerable variation i n moisture contents of the sub-
grade s o i l i n the various groups. Howeverp i n about two-thirds of the cases i n vhlch 
aaxnplea were obtained at different depths beneath the pavementp the moisture content 
of the subgrade s o i l was highest immediately beneath the pavement and decreased with 
the depth through the range saii;>led. 

PREVENTATIVE MEASURES 

The treatment of pumping may be divided into two parts ( 1 ) measures which tend 
to check pumping on existing roads and ( 2 ) treatments during construction which tend 
to minimize or eliminate entirely the conditions which are conducive to piu9>ingo 

The use of steel reinforcingp load transfer devicesp and the spacing and type 
of Joints a l l have an iii9>ortant bearing on the susceptibility of a pavement to pumpingo 
Paneling has been particularly severe on pavements constructed without load transfer 
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TABLE 2 
SUUUASI OF TESTS OF SUBGRADS SAMPLES FRCM SECTION OF 

UoSo 52 EAST OF PORTSMOUTH, OHIO 

SHTL 
Class : 

i Noo : 
Of s 

; Sa»-: 
, pies: 

: Mechanical Analysis : 
:Physical Char4 
:acteristics : 

:Total i 
•Nusiber 
:Joints 
s (Spacing' 
:20'') ! 

! Per 
; Cent 

of 
! Joints 
Pumping 

SHTL 
Class : 

i Noo : 
Of s 

; Sa»-: 
, pies: 

:Aggo 
: % 

: Co : 
; Sand: 

% ! 

. Fo : 

. Sand: S i l t 
% I t 

\ Clays 
• % : 

• < 
0 < 

:Liq\iidi 
: Limit 

,Flas° : 
tti c i t y : 
sindex : 

:Total i 
•Nusiber 
:Joints 
s (Spacing' 
:20'') ! 

! Per 
; Cent 

of 
! Joints 
Pumping 

8 ! 6 : i lo8-. 4.8 ! 10o4: 52o8. . 30o2: : 2 8 0 6 : . 8 o 4 : : 154 -! 33ol 
9 ' 7 • : 7olj 21o8: 42.4 ; 24.0: : 24.7! , 6o2 : : 220 ! 39.0 
Avso 
8 & 9 ' I 13 : : IfoS'i 

• 
l6oll 4 7 o 8 i . 2 6 0 8 : i 2 6 o 5 i I 7.2 : 1 3 7 4 \ 3 6 0 6 

11 0 : i loV ! 3 o 8 ! 8o2: 51.6 : ?5.0: : 30o2! 10o7 : : 164 : ! 43o0 
15 ! 
& 16 : 8 : : Ool ! l o l i 

• 
. 2o3: 40O1J ' 55.4! 1 29o8; \ I 6 0 I : : 212 : . 6 8 0 O 

devices of any kindo I t has been notdd that i n pavements which are practically con­
tinuously under cooqpression the severity of pumping i s very much reduced. 

Perhaps the most generally accepted means of prolonging the l i f e of the pave­
ment i s the improvement of the subgrade. During the past several years subbase 
courses consisting of predominantly granular materials have been provided under many 
of OTir new pavements. The thickness of the material used varies for different sub-
grade soils and t r a f f i c conditions from 6 to 24 ino Most of the material used to date 
has met one of the grading requirements given i n Table 4. I n general„ very l i t t l e dis­
tress has been observed to date i n pavements constructed over this type of subgradso 
However, a few instances of pujqping have been noted» and i t has been rather frequent­
l y observed that material furnished under these requirements may have very low permeap-
b i l i t y . To assure more positive drainage i n this subbase the grading requirements 
have been changed to those given i n Table 5. 

CORRECTIVE MEASURES 

The Maintenance BureAu of the Ohio Department of Highways has of necessity i n 
the past few years done a considerable amount of corrective work i n an attempt to mini­
mize the damage done by punqping. Early efforts consisted of atteoqpting to drain away 
the free water by stone drains at the edge of the pavement either parallel to the s l ^ 
or 9 as was more frequently the cassp by French drains through the shoulder« Figure 2 . 
The voids beneath the slabs were then f i l l e d using the mixture of s o i l and cement which 
had been previously found successftil i n raising depressed slabs. I t was soon found 
from observation of the drains p particularly the open Drench drains extending throu^ 
the shoulder, that these drains i n themselves were not sufficient to remove the water 
and to stop punning which had already started. During the past several years various 
combinations of soil,, cement and other materials have been used for mudjacking. Dur­
ing the f a l l of 1 9 4 2 the following mixtures were tried on different sections of OoSo 
Route 2 0 near Oberlin; 
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Mix 1 Mix 2 
Asphalt Cement 
5&>60 Penetration 

MC-1 
Portland Cement 
Qypsum Plaster 
S o i l 

1< 
1, 
1. 
5< 

Mix 3 Mix 4 
MC-1 1«0 
Portland Cement 1.0 
Limestone Dust 1.0 
S o i l 5o5 

^Onsol Resin -
Portland Cement 
Ĉ rpsum Plastcir 
s o l i 

1.0 
loO 
loO 
5.5 

Mix 5 

Vinsol Resin 1.0 
Portland Cement 1.0 
Limestone Dust 1.0 
So i l ' 5o5 

I t was originally planned to get this treatment i n during the f a l l of 1942, 
however, freezing weather made i t necessiary to postpone most of the work un t i l the 
following spring, by which time the pavement had become so badly cracked and broken 
that coi]Q}£iri8on of the effectiveness of the various mixes i s very d i f f i c u l t . 

During the past summer voids beneath a considerable znimber of pumping Joints 
..iiavB been f i l l e d by the use of slurries composed of 1 part-cement, 1 part liquid 
asphalt, 1 part limestone dust and 5 parts of s o i l , by volume, br\in approxiaately 
the proportions reported used by the I l l i n o i s State HL^way Department .2l£ This mix 
i s reported to be the most satisfactory of any of the slurries t r i e d . . 

Most of the s o i l mixes which have been tried i n this State to prevent punqping 
have been only tenporarily satisfactory. Where slurries have been us$d i t has usually 
been necessary to return one or two years after the i n i t i a l f i l l i n g and r e f i l l the 
voids. During the removal of some badly cracked slabs on a project several years ago 
a saii9>le was tken of old moudjack material. Of particular interest among the test re-
. suits obtained on this saiq)le i s the very high moisture content of 50 per cent. The 
'^^ioil was a very poor subgrade material containing a high percentage of s i l t and having 
.^Jhigh liquid limit and low plasticity index and should not be considered as typical 

.pt a l l mudjack material. 

I n order to overcome some of the objections to the usual mudjack materials, 
the (Mo. Department of Highways i n 1941 began eaq^erimenting with various mixes i n which 
bituminous materials made up a principal part. The f i r s t mixes .tried were mixtures of 
slow curing liquid asphalts, powdered asphalt, s o i l and cement 

I n the summer of 1942 i n an attempt to find a material more satisfactory than 
the mud mixtures, the following materials were used: Mixtures of slow curing liquid 
asphalt and powdered asphalt, 60-70 penetration asphalt cement, and 50-60 penetration 
asphalt cement. The mixture of slow curing liquid asphalt and powdered asphalt was 
found to be inqpractical because of the di f f i c u l t y of pumping the material with the 
equipment available and because the fluxing of the powdered asphalt with the liquid 
asphalt was very slow. 
/2 - See Page 1 3 3 - o f Appendix ' 
/2 - See Page 1 3 3 of Appendix 



TABLE 3 - SUMMARI OF TEST RESULTS AND UDISTOHE COKTEHTS FOH 213 SUBGRADE SAMPLES 
tAKSH IHROUGH HOLES OBILL£S IH CONCRETE PAVEMENTS s 

:Soll 
Depth :Type 
beneath:Ohio 

: : Averaee Test Constants : 
iture Content- t 

: S o l l 
Depth ttype : : Averara Teat Conatanta 

Uoisture Content, i 

:Soll 
Depth :Type 
beneath:Ohio : no. : fass 

: S i l t 
« f 

: Clay: Liquid 
: % :Limit 

: : I b i s iture Content- t beneatbsOhio : No. : Pass 

: S i l t 
: 2 

: Clay 
: X 

: : Uoisture Content, i 
ment t i f i e a - : Saio-: Sieve, 
Inches :tion : pies: % 

: S i l t 
« f 

: Clay: Liquid 
: % :Limit 

:rxas- : : t 
: t i c i t y : : 1 
;Index ; Mmr. t iHn. ; Ave. 

pave­
ment 
Inches 

:Class-: of : £'200 
; i f i e 8 h - : Sam-: Sieve, 
:tion : pies: 2 

: S i l t 
: 2 

: Clay 
: X 

: :Plas-
:Liquid:ticity 
i U m l t •Tnrinir MAY- • Ifin • 

lOHADJ COUNTY, S. H. 291, SECTION E (PT.) & F (PT.), S. R. NO. 18 SCIOTO COUHTI (OMTIHUED) 

13-15 t : < : jo,/» : - : _ 
: 1 : 36.1 , - i _ 

: 29.1 : 10.i : U . 6 : 13.6 1 U . l 
: 27.6 : 11.3 : 12.9 : 12.9 t 12.9 3-6 

15-18 27-30 A_2 — 
: 11 

: 8 : 77.4 
: 7 : 80.4 
: 6 : 89.0 

: - -
! 33.5 : 10.9 : 25.6 
! 34.1 : 11.6 : 24.2 

34.2 : 11.5 ; 27.4 

17.0 
17.0 
16.3 

: 20.7 
: 21.0 
: 20.6 >Z I 9 ~ 

15-18 : 
: 2 : 56.7 : -
: 2 : 68.4 : - : - : 24.6 : 9.4 : 15.9 : 10.6 : 13.2 

: 24.7 • fi.S • 13 6 • 11 7 • 19 A 

3-6 
15-18 27-30 A_2 — 

: 11 
: 8 : 77.4 
: 7 : 80.4 
: 6 : 89.0 

: - -
! 33.5 : 10.9 : 25.6 
! 34.1 : 11.6 : 24.2 

34.2 : 11.5 ; 27.4 

17.0 
17.0 
16.3 

: 20.7 
: 21.0 
: 20.6 

3 - r , — 
15-18 : 11 
27-30 : 

: 5 : 7 i .3 
: 6 : 69.5 
: 8 : 75.0 

t -
: -

: 28.8 : U.5 : 18 .7 : U . 7 : 16.5 " 
: 31.6 : 13.2 : 20.8 : 13.6 : I 7 . 9 
! 3n.l . 13.A . nr 1 . T J r? . ie 1 

3-6 
15-18 
27-30 

i 12 : 1 : 97.2 
: 3 : 92.0 
: 2 : 90.0 

: - : 39.3 : 13.1 : 21.6 
40.0 : 13.0 : 29.4 

' ̂ 'l ' ??-^ 

21.6 
20.3 
24.3 

: 21.6 
: 24.1 
: 2<j.3 3X , 

15-18 : 15 
21:22. ,« 

: 1 : 83.6 
: 2 I 80.2 
: 1 : 81.4 

t - : -
: 36.0 
: 33.6 
: 35.5 

: 16.9 : 20.1 : 20.1 : 20.1 
! 17.0 : 17.0 : 16.1 : 16.6 

16.6 : 19.1 I 19.1 : 19.1 

^ 0 I 
15-18 : 15 
27-30 : 

: 5 : 93.6 
: 4 : 95.2 
= ? • ??•? - • -

41.1 : 16.0 : 26.5 
41.0 : 16.2 : 28.0 
39.9 : 15.3 : 26-9 
i D o . n i . I t c 

21.5 
20.5 
24.0 

: 24.9 
: 25..; 
; 25.0 

3-6 1 17 : 1 : 76.2 
15-18 I : 1 : 83.7 ; : • - : 37.4 

52.5 
21.1 : 21.4 : 21.4 : 21.4 
34.3 : 17.6 : 17-6 : 17.6 

48.9 ; 22.2 : 27.5 25.8 26.6 

SCIOTO COUBTT, S.H. 7. SECnOH 0 (PT.), R-1, R-2a 4 B-2b, U.S.R. ̂ 52 

«ME»Iia OOUJin, S.H. 95. SECnOK A & B (PT.), S.H. ^IS 
SCIOTO COUBTT, S.H. 7. SECnOH 0 (PT.), R-1, R-2a 4 B-2b, U.S.R. ̂ 52 0-10 

10-22 . 
8 3 : 78 .6^ 

2 : 82.5 
52 .2: 26.4: 24.0 : 7.1 : 24.7 : 14 .8 
61,9: 20 .6: 23.1 : 5 .7 : 22.3 : 18.8 

19.:̂  
20.6 

15-18 
27-30 

tSS-112 

t 2 

J J . : n.a 
11 I 5.9 
3 : 7.4 . 
1 • " ^ j . 5 • 

- i - 20.9 : 2.4 : 25.1 
21.0 : 1.2 : 9.2 
Non-Plastic : 7.2 

4.1 
: 4.6 

6.4 

: 9.5 
. 7.0 

6.7 

0-8 : 
8-20 ! 

20-30 : 
9 • 

7 : 63.1 
5 : 69.5 : 
3 : 53.8 

39.4: 23.7: 25.4 : 8.1 : 26.9 : 14.9 
42.9: 26.6: 24.4 : 8.2 : 22.0 : 13.6 
33.0: 20.8: 24.3 : 8.3 : 17.7 : 15.0 

18.3 
16.4 
16.1 

" t r -
15-18 
27-30 

3 ; 
1 : U.O : 
1 : 8.1 : 
5 : 7.7 ! 

- : 
- : 

17.6 : 3.5 : 10.8 
Non-Plastic : 6.3 
Non-Plastic : 6.9 

23.0 
10.8 

6.3 
K 7 

23.0 
10.8 

6.3 
A A 

O-" ; 
8-20 : 

11 4 : 73.1 ! 
5 : 74.9 : 

44.2 : 28.9 : 30.9 : 13.2 : 23.1 : U.6 
44.4: 30.5: 28.5 : 12.0 : 20.1 : 15.4 

18.7 
16.9 

" t r -
15-18 
27-30 

3 ; 
1 : U.O : 
1 : 8.1 : 
5 : 7.7 ! 

- : 
- : 

17.6 : 3.5 : 10.8 
Non-Plastic : 6.3 
Non-Plastic : 6.9 

23.0 
10.8 

6.3 
K 7 

23.0 
10.8 

6.3 
A A 

0-12 : 16 : 1 : 72.9 ! 43.5: 29.4: 47.7 : 27.0 : 15.2 : 15.2 : 15.2 
- 3 = r -
15-18 8 : 

: 

6 : 87.1 : 
6 : 80.2 : 

11 : 82.5 ! 
- ! - : 

30.1 : 7.7 : 31.9 
28.2 : 7.6 : 21.7 : 
28.0 : 6.6 : 26.3 : 

5-7 
18.5 
15.5 . 
12.7 . 

23.1 
18.5 
13.9 0-10 : 9 : 

«P0RTAGE COUNTT, S.H. 322, SECTION L,i7,T,V & U, S.R. tf^ 

3-6 . 
15-18 
27-30 . 

9 1 
8 : 69.5 : 
8 : 67.4 : 
8 : 64.0 : 

- : - : 
25.6 : 6.8 : 20.7 : 
24.9 : 5.2 : 21.1 : 
24.3 ; 5.9 : 18.S : 

15.0 : 
11.0 : 
12.9 : 

17 .6 
16 .2 
16.2 

0-6 : : 
6-18 : U : 

18-30 : : 

ID : 78.5 : 
10 : 79.1 : 

7 : 81.1 : 

43.2: 35.3 : 31.8 : 12.9 : 27.2 : 16.8 : 
39.8: 39.3: 31.1 : 12.1 : 25.3 : 15.1 : 
38.9: 42.2: 31.7 : 12.5 : 31.1 s 15.2 : 

21.1 
18.3 
18-3 uituutuir suuDuse naienaj. rurnlshed under specification shown i n Table 4 . 10-22 : 12 : 1 : 84.1 : 46 .6: 37.5: 40.7 : 12.8 : 25.0 : 25.0 : 25.0 uituutuir suuDuse naienaj. rurnlshed under specification shown i n Table 4 . 

10-24 .- 15 : 1 : 89.8 : 39.3: 50.5: 39.2 s 18.4 : 26.5 : 26.5 : 26.5 
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TABLE 4 - GBADING BEQDIEMEIITS FOR SUBBASE MATEBIALS CQUUONLI OSED IN OHIO 

TOTAL PER CEMT PASSING 
Sieve i Gradinfc 1 i .Grading 2 Grading 3 

3 Inch i 100 i 100 , 
2 « i 100 
1 » 30-70 i i 75-100 
3/2 " ! t 50-90 
ifao : 0-25 i ! 35-75 s 50-100 
#200 0-1^ 0-15 

For the fraction of tbdsi^saaterlals passing the Noo AO ML^V9 
the liquid limit s h a l l be hot ̂ e a t e r than 35 and the plas­
t i c i t y index not greater than lOe 

TABLE 5 - GBADING BEQUIRMENTS FOR SUBBASE UATERIALS PROPOSED FOR OSS OS 
FUTURE PROJECTS 

Sieve 
3 Inch 

TOTAL PER GMT PASSING 

IGO 
arading C 

2 .« i 30-70 i : 100 i 100 t 100 
1 « 70-100 s 70-100 i 
1/2 * AO-lOO X 

V - « 15-i.O, ,, t. . , : 
V 8. : O-AO > I . . i 

Hoo 10 : 0-15 : 0-15 : 35-75 ! ^6-90 
NOo 50 8 : ; O-IO s 0-20 

For the fraction of tiiese materials passing the Noo AO sieve 
the liquid limit s h a l l be not greater than 35 and the^ filas-
t i c i t y index not greater than lOo 
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Approsdinately a thousand Joints and eracks were treated with 6 0 - 7 0 penetra­
tion asphalt i n 191*2 and only a very few of them were punpiog loud i n the early f a l l of 
1 9 A 4 o However0 there were some instances of exuding of the asphalt cement from the 
eracks and Joints» About two hundred Joints were treatdd this same year with the 5 0 = ' 
6 0 penetration asphalt cement and although this asphalt showed less exuding than the 

. 6 0 - 7 0 penetration material g i t was thought that a higher melting point material with a 
lower tenperature susceptibility would be desirableo Therefore j , i n 1 9 4 3 and 19kk the 
Ohio Department of Higfamrays" Specification 1^ 5 o 4 s F-lp approximating the AoAoSoHoOo 
Oil Asiftialt F i l l e r Grade As Designation; U_1S^ was usedo- Thia material has given 
very satisfactory results to date and no difficulty has been eocperienced with bitumen 
exuding from the Joints or crackso I n a few instances i t has been'necessary to go back 
over the pavement after the f i r s t treatment and retreat some joints that s t i l l pOnqpo 

As an indication of the amount of material necessary to. treat puiiQilng Joints i t 
was found that on one project treated this past summer-that an average of 4 0 gallonp 
per Joint was used to treat 2 8 4 Jointso The quantity of material,, of eoursso varied 
considerably for individual JointSo At some Joints as much as 6 0 gallons of material 
have been used without raising the slabo Our USdntenance Bureau outlines the following 
equipment and procedure that has been used satisfactorily'in conducting this worko 

watero 

EQUIPMENT 
Air conqpressoro Jack hammer and d r i l l s to d r i l l holes and blow out mud and 

A bituminous pressure distributor equipped with a patching hose and a home­
made barrel0 bung typoo bituminous pomp nozzle vblcti i s to be put i n the hole i n the 
pavement and driven snug with a hAmnsSr. before asphalt punqoing i s started o See Figures 
3 and 4 o The bituminous distributdr 8lu>uld be equipped with a by pass pressure regu­
lator so that pressures between 2 0 and 4 0 Ibso per sqo iuo can be maintainedo I t 
should also be equipped with a reversible pmp or a suck back arrangement so that a 
small amount of the asphalt may be sucked out of the hole immediately before removing 
the nozzle i n ̂ rder to prevent asphalt q u i r t i n g out on the pavemento 

A sprinkling can and water to wet the pavement around the hole so that any 
asphalt leakage can be easily removedo The water i s also used to c h i l l any asphalt 
that may break out of a crack or Joint before the desired amount has been piui9>ed under 
the pavement o 

Soft wood cylindrical plugs turned to a diameter 1/8 inp larger than the hole 
to be driven i n the hole after the treatment i s conQiletedo 

UBOR 

Six or eight men are required i n the gango Two or three with the conqpressor 
to d z l l l and blow out holes and four or five with the distributor to do the puiq>ingo 

SEQUENCE OF OP^TION 

A short trench i s dug at each end of the Joint or crack to be pumped to s u b t ­
l y below the depth of the pavement slabo This serves as a well for the mad and water 
blown from under the slab and also for observation ithen pmping i n the asphalto A hole 
i s drilled throu£^ the pavement usually located about one foot ahead of the Joint i n 
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F I G U R E 2 . S T O N E D R A I N I N S T A L L A T I O N 

F O R R E M O V A L O F F R E E W A T E R F R O M B E ­

N E A T H P U M P I N G J O I N T S A N D C R A C K S . 

F I G U R E 3 . N O Z Z L E F O R P U M P I N G B I T U M I ­

N O U S M A T E R I A L B M E A T H T H E P A V E M E N T . 

t h e d i r e c t i o n o f t r a v e l a n d o n e t o t w o f e e t a w a y f r o m t h e c e n t e r l o n g i t u d i n a l 

j o i n t . K f a t e r a n d m u d a r e b l o w n o u t b y f o r c i n g c o m p r e s s e d a i r i n t o t h e h o l e u s ­

i n g t h e s a m e t y p e n o z z l e a s d e s c r i b e d a b o v e . I n e s p e c i a l l y w e t a r e a s i t i s d e ­

s i r a b l e t o b l o w o u t t h e w a t e r a n d t h e m u d i m m e d i a t e l y b e f o r e i n j e c t i n g t h e a s ­

p h a l t . I n d r y a r e a s t h i s o p e r a t i o n m a y b e c a r r i e d o u t c o n s i d e r a b l y i n a d v a n c e 

o f p u n p i n g a s p h a l t u n d e r t h e s l a b . 

T h e a s p h a l t t o b e u s e d s h o u l d b e h e a t e d t o a t e m p e r a t u r e o f f J r o m 350** t o 

400*^ F * T h e i n j e c t o r n o z z l e i s a t t a c h e d t o t h e p a t c h i n g h o s e o f t h e d i s t r i b u t o r 

a n d d r i v e n i n t o t h e h o l e . Some w a t e r i s s p r i n k l e d a r o u n d t h e h o l e t o w e t t h e 

p a v e m e n t s o t h a t a n y s p i l l a g e m a y b e r e m o v e d e a s i l y a n d t h e a s p h a l t p u m p i n g i s 

b e g u n . 

P r e s s i i r e s o f f r o m 2 0 t o 3 5 l b s . p e r s q * i n . h a v e b e e n f o u n d t o b e e n ­

t i r e l y a d e q u a t e i n f i l l i n g t h e s p a c e b e n e a t h t h e s l a b a n d e v e n r a i s i n g t h e s l a b . 

U s i n g t h i s c o m p a r a t i v e l y l o w p r e s s u r e i t c a n b e s e e n t h a t a m a n s t a n d i n g o n t h e 

n o z z l e p l a t e w i l l h o l d t h e n o z z l e s e c u r e l y i n t h e h o l e . 

T h e p u m p i n g i s c o n t i n u e d u n t i l t h e a s p h a l t e x u d e s from u n d e r t h e p a v e ­

m e n t a t t h e o b s e z n r a t i o n t r e n c h o r x u i t i l t h e s l a b s t a r t s t o r a i s e . I f t h e s l a b 

s t a r t s t o r a i s e b e f o r e a s p h a l t e x u d e s f r o m u n d e r t h e e d g e o f t h e p a v e m e n t o r 

i f a s p h a l t e x u d e s f r o m o n e e d g e o f t h e p a v e m e n t a n d n o t t h e o t h e r , i t m a y b e 

d e s i r a b l e t o d r i l l a n o t h e r h o l e a n d a t t e n p t t o f o r c e i n m o r e a s p h a l t . S h o u l d 
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the asphalt break out at a crack or joint on the surface of the pavement daring the 
puiqping operation^ pumping should be stopped a short time, the asphalt chilled with 
water and the punning then continued» I f the leakage continues after this treatment 
i t can usually be stopped by placing over i t a chunk of s t i f f clay or mud irtiich i s 
held down by a man standing on ito flhen sufficient asphalt has been punqped i n , the 
paap i s stopped but the nozsle i s allowed to remain i n the hole for 30 seconds before 
i t i s wLthdrawno I f the fdistributor i s not equipped with a suck back arrangement; 
the puiqp motor should be Mversed for a few seconds before the nozsle i s withdrawn so 
that the asphalt w i l l not exude from the hole before the plug can be inserted. Im­
mediately upon the removal of the nozzle the soft wood plug i s driven into the hole 
flush with the pavement and the spillage scraped off. 

This same procedure has been used successfully to raise slabs except that the 
holes are usually drilled 18 to 2A i n . from the crack or Joint and midway between the 
center joint and edge of the pavements, Should the slab start to raise at a high place 
a loaded truck may be backed over i t and thus hold down the part of the slab that i s 
already high enough. We have generally obtained our asphalt shipped hot i n insulated 
tank cart directly from the refinery. However, i t generally arrives at slightly too 
low a teiqierature to be pumped into the distributor and some time i t i s necessary to 
heat eight or ten hours with steam at 80 to 90 pounds pz^ssuroo I t usually can be 
pnnqped into the distributor at a temperature of from 280° to 300°F., after which i t 
can be brought to application ten^ierature i n the distributor i f heating i n the dis ­
tributor i s found to be more desirable than raising the temperature the rest of the 
way i n the tank car^ 

We have expezlenced no casualties i n this operation from men being slushed 
with hot asphalt. However, as a safety precaution i t would be desirable for men to 
wear heavy clothes, gloves and a welder's mask. 

CONCLUSION 

Cie use of bituminous material pumped beneath the. slab to stop punqpdjig of 
concrete pavements i n this State has been much more successful than the various types 
of mud mixtures tried. I n a l l probability one of the principal reasons for the suc­
cess df this material i s the fact that i t forms a tight seal beneath the pavement and 
thus prevents the entrance of surface water. Further i t s s t a b i l i t y i s not appreciably 
affected by water which may reach i t through the subgrade. Bituminous matexial i s 
considerably easier to control when being punqped beneath the pavement since i t apparent­
l y spreads more evenly than slu r r i e s . There i s considerably less likelihood of crack­
ing the slab than with slurries and i t i s easier to keep from raising the slab, or to 
control the amount by which the slab i s raised i f this i s necessary. Although the 
costs of the material using asphalt are somewhat higher than for slu r r i e s , at least a 
portion of this cost differential i s made up i n the labor saved i n assembling and mixp* 
ing of the various materials« 

From the eoqperience gained to date, i t i s our opinion that bituminous mater­
i a l s show considerable promise as an effective treatment for the pumping of concrete 
pavements. 
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INVESTIGATIOH OF CONCRETE PAVEMENT PUMPING 

Ho Lo B^ausero Dsnstruction Engineer 
Ohio Department of Highways 

Chillicotheo Ohio 

SYNOPSIS 

This paper describes the investigation of the piuq^ing at transverse 
Joints i n concrete pavement slabs on a project 4o39 miles i n length on 
UDSO 52 i n Scioto County, Ohio, near the village of Franklin Fuxnacoo 

The s o i l s survey made prior to grading operations .showed that on some 
sections the predominating s o i l was high i n s i l t content and could be 
classified i n the A-4 group. I t was considered necessary to cover these 
areas with suitiable granular material to a depth of 18 inches and provide 
t i l e drainagoo 

The pavement was built without reinforcing or load transfer deviceso 
Records are also included on a short project built i n 1941 i n irtiich com­
plete reinforcing and load transfer devices were usedo Observations were 
made of slab deflections imder moving loads on both projectso 

Pun^iing was found to be much more extensive and severe over the areas 
vAiere no granular material was usedo On the plain concrete section puiqp-
ing was more severe at contraction Joints of the premolded typoo The se-
v e r i ^ on ^he reinforced section was about the same for expansion and 

_ contraction JointSo On the plain ccmerete slabs without granular sub-
' basep 2 per cent of the expansion Joints and 52 per cent of the contrac­
tion Joints were pumpingo On the plain concrete slabs placed on granular 
sub-base l o 5 per cent of the e^ansion and I 6 per cent of the contraction 
Joints were pumpingo On the reinforced sections 71 per cent of the ex­
pansion Joints and 91 per cent of the contraction Joints were pumpingo 

On most of the work^ the gradation of the ba c k f i l l for the t i l e drains 
was trcm the 3/4^ineh to No o 4 sizes o I t was observed that these drains 
sil t e d up badlyo On one section 3/8 inch to Hoo 8 material was used and 
only a small amount of s i l t i i ^ was observed o 

The conclusions of observations on these projects are as follows: 
lo A sub-base con^osed of suitable granular material w i l l appreciably 
reduce the pasuplng at Joints i n concrete pavements» 2o The use of small 
size b a c k f i l l aggregate w i l l extend the useful l i f e of t i l e drains, 
3o The use of load transfer devices prevents excessive permanent defor­
mation at the Joints between concrete slabs after puit9>ing startso 

GMEBAL DESCRIPTION 

I t i s the purpose of t h i s paper to describe the investigations that were made 
and the cmelnsions and recommendations that resulted i n connection with transverse 
Joint pumping on SoNo Federal Aid Project NOo 626-H(l) and SoNo Federal Aid Project 
BOo 240-A(3} located on UoSo Route 52 i n Scioto Countyo Ohio near the village of 
Franklin Fumaeeo 

The length of the project i s 4o39 miles and the plans provided for the pla^eing 
of a Portland Cement concrete wearing surface 24 fto wide and nine inb thicko I t was 
further provided that the "concrete pavement s h a l l be placffl and finished i n single 
lane widths as separate operations and the loogLtodinal Joint separating lanes thus 
placed shall be a key Joinfo 
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Because of wartime restrictions the pavement was designed without reinforc­
ing steel or load transfer bars at any of the Joints. The use of Portland Cement 
containing ^dnsol resin was required i n amounts so that the reduction i n weight of 
the concrete of from four to eight pounds per cuo fto would be effected. 

Host of t h i s project i s on new grade and alignment. As a consequence a con­
siderable quantity (230^000 cu. yds.) of earthwork was involved^ more than 60 per 
cent of which was to be secured from roadway, structure and channel exeavation. A 
s o i l profile was prepared by the Highway Testing Laboratory ifcich set forth the i n ­
formation obtained from the analysis of 112 samples taken throughout the length of 
the.project. An inspection of this profile shows that the predominant s o i l types 
are a i l t s o i l s , P.RoAo Classification A-4> S.HoT.Lo Classifications 8, 9 and U 
(See page 57)o Since these s o i l s are subject to detrimental cap i l l a r i t y and sub­
sequent flrost heave i t was decided thatp irtierever this material would be encountered 
at subgrade elevation9 i t would be removed to a depth of at least 18 i n . and replac­
ed with a suitable granular material. Deep longitudinal drainage was provided ad­
jacent to these backfilled areas leading to the nearest convenient disposal points. 
This treatment was provided for seven areas vMch covered 7858 Un. f t . measured 
along the center l i n e . 

Over one area of 2250 li n o f t . where clay9 PoReAo Classification A^7» 
S.HoT.Lo Classification 16p was encountered a bituminous io^regnated paper insula­
tion course was provided. 

Actual construction work was started on August 25a 19A2 when excavating op­
erations were begun at a point approximately one-half mile south of the noz>them ex­
tremity of the project. Cross road culvert and underdrainage work was begun on 
September 1^ 1942, and the f i r s t classified embankment material was placed the f o l ­
lowing day. 

Approximately 20 per cent of the 9 i n . Portland Cement concrete pavement was 
placed between October 8, 1942 and November 12, 1942 when paving work was suspended 
due to unfavorable weather. 

The grading work was vigorously prosecuted u n t i l November 28, 1942 when 
weather conditions made further progress I s ^ r a c t i c a l . At that time approximately 50 
per cent of the excavation and borrow materials were i n place (See Xable 1 for Me­
chanical analysis of borrow pit materials) and nearly 60 per cent of the classified 
embankment was completed. 

I t was possible to continue the Installation of underdrainage u n t i l late i n 
December at which time approximately 90 per cent of this work was completed. 

The weather during the f i r s t four months of 1943 was unsuitable for the prose­
cution of construction work. Flood waters partially covered the project three timese 

During the f i r s t flood period observations were made between Sta. 254-*- 0 and 
Stao 261-K) where the east half of the pavement slab was I n place. Humorous a i r bub­
bles were i n evidence at the transverse joints and along the edges of the pavement 
slabo The number gradually decreased u n t i l they had entlroly disappeared. Subsequent 
floods failed to cause a repetition of this condltlono This may be due to the fact 
that the f i r s t flood exceeded subsequent ones by approximately four feeto 
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Studies show that a considerable portion of this project was subjected to at 
least partial flooding dxiring the early part of 1943. 

Grading operations were resumed on June 1, 19A3 and pavement placing followed 
i n approximately two weeks<> Except for ordinary delays causad by weather, equipment 
failures, etc., the work continued u n t i l the conqiletion of paving operations on NovesH 
ber 12, 1943. 

SLAB PUMPING OBSERVATIONS 

After the pavement had been opened to t r a f f i c for a period of between two and 
three months the ^ r s t evidences of puDping became apparent. During this time the 
weather had been relatively mild and exceedingly dry. lEthin 30 days after the f i r s t 
pusqping was observed this action had increased at such an alarming rate that i t was 
decided to determine the extent to which i t had progressed and to investigate any and 
a l l contributing factors. 

I n order to compare the action of pavement of this design vdth that built with 
reinforcing steel and load transfer bars at a l l joints the investigation was made to 
include Federal Aid Grade Crossing Project No. 240-A(2) which adjoins this project and 
irtiich was placed during the late f a l l of 19A1. 

For purposes of easy identification the originally described project w i l l be 
referred to as the 'l>lain-slab" project. 

The investigation was begun by locating a l l transverse joints on each project. 
This work was done on March 2 7 and 28, 1944 after a series of rains made pumping joints 
easily identifiable. While i t might seem that results observed at this time would rep­
resent extreme conditions subsequent observations indicate that average conditions pre­
vailed. Each joint was l i s t e d as to type and condition and the results plotted. Fig­
ure 1 shows a typical section with legend markingso 

As a general statement i t may be said that pumping was much more extensive and 
severe vrtiere the pavement slab was placed on s o i l subgrade. I t was noted that where 
puaping did occur over classified embankment areas the large portion of this action was 
confined to the low side of superelevated curves on which edge curbs were used. The 
water was carried to sod gutters spaced at frequent intervals and directed across the 
berm. During the construction of this project the sod gutters were placed one inch be­
low the pavement edge. I t was thought that this would be sufficient to allow for ordi­
nary growth and fluffing of the sod and s t i l l have drainage away from the pavement. 
I t was observed, however, that the sod built i t s e l f up to such an extent that, combined 
with an accumulation'of ice control material, drainage was impeded so that water vfas 
ponded along the gutter l i n e . This ponding with resultant splashing under t r a f f i c 
could have set up a condition vi*iich caused the pumping to develop. 

Table 2 shows the results of this investigation. I t w i l l be observed that on 
the plain slab project the highest percentage of punping occurred at the contraction 
joints regardless of the type of subgrade material. Pumping on the reinforced slab 
project i s generally more severe at a l l types of joints. Following the usual Depart­
ment policy some latitude was allowed i n the choice of the type of transverse j o i n t . 
Figure 2 shows the types of joints that were used on each project. Although surface 
aaaling was not required State Uaintenance forces went over the plain slab project 
during the f a l l of 1943 and performed this operation along the longitudinal center 
joint and along the transverse construction and expansion joints beginning at the 
south end of the project and extending to Sta, 2UU*0o When, on March 27 and 28, 1944» 
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the location of the transverse joints was determined. I t was observed that the surface 
seal was, generally, i n good condition and showed evidence of having been well applied* 
Inquiry developed that asphaltic f i l l e r having a softening point of 75'*' and a penetra­
tion range of 30 to 45 was used and applied when heated to a teiqperature that pendtted 
easy flow of the material. 

SLAB DEFLBCnGN OBSERVATIONS 

On April 20, 21 and 26, 1944 a series of observations were made to determine the 
deflection of the pavement slab under t r a f f i c . The device used consisted of a metal 
stake and bracket to which two Ames gauges were attached. The metal stake was driven 
at such locations that one of the gauges was i n contact with each of the pavement slabs 
adjacent to the transverse joint.. At each joint vdiero observations were made the gauges 
were placed near the pavement edge (See Fig. 3} and near the junction with the center 
line joint. 

An atteiq>t was made, at f i r s t , to observe the slab deflections resulting from 
the passage of each vehicle over the joint. I t soon became apparont that the novement 
vaader passenger cars and light trucks was so slight that i t could not be measurod on 
the d i a l of the Ames gaugeo Observations wero, therofore, confined to the action re­
sulting from the passage of medium and heavy trucks and buses at normal operating speed 
of approximately 35 miles per hour. I n certain Instances tiucks were stopped and asked 
to proceed at very slow speed, and i t was observed that groater deflections resulted 
than when normal speeds were allowed. 

I n making these tests a l l t r a f f i c was routed over the half of the pavement 
imder observation and d i a l readings were recorded on both the forward and rear slabs 
as determined by the direction i n which the vehicle i s moving. Table 3 shows the BUSH 
mary of pavement deflectionse YJhile the amount of the individual deflection i s small 
there i s every reason to believe that over a period of time serious trouble w i l l de- ' 
velop. This i s substantiated by observations on the reinforced slab project. In the 
two years that this pavement has been i n place serious spalling has occurred at some ' 
transverse joints. Reference to Table 3 w i l l show that the movement here i s con9>arable 
to that on the plain slab project. That the repetition of these small deflections has 
affected the relative positions of the individual slabs was demonstrated as follows: 

I t was known that at the time work was completed on the plain slab project a l l 
pavement irregularities i n excess of specification limit (1/4 inch i n 10 f t . ) had been 
removed. On I^y 1, 1944 the smoothness of the pavement was again tested by osans of a 
hand profilometer. I t v/as found that irregularities i n excess of the specification 
limit existed at 111 transverse joints. This ropresents approximately 10 per cent of 
the total number of transverse joints on the project. The distribution of these i r ­
regular joints was f a i r l y even throughout the length of the project. 

I n order to obtain specific subgrade Information, sanqples wero taken one foot 
from the pavement edge whero slab deflections had been measurod. The results of tests 
of these samples are shown i n the l a s t column of Table 3. I t i s Interosting to note 
that at Sta. 417+68 where the most deflection was recorded and iHnere very bad puir9>lng 
was observed the s i l t content was lower than at transverse Joints where less movement 
and pumping wero i n evidence. 
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SUBGSADE INVESTIGATIONS 

I 

The plans for the plain slab project contained the following note: "Exca­
vated material, of vMch the grain size i s of 50 per cent or more between Oo05 mm, 
and O0OO5 mm. (S.H.T.Lo Classification 8 ) , sha l l be placed at least three feet below 
the pavement idien used i n embankment". The S o i l nroflle indicated that a number of 
areas from which roadway excavation material was to be obtained contained more than 
the maximnm allpwable amount of S.H.T.Lo Classification 8. Table 1 shows the amounts 
of this type of material contained i n borrow p i t s o i l s . 

Because of the limitations set forth by the note quoted above and the pres­
ence of SoH.T.L. Classification 8 material i n both the excavation and borrow material 
i t was decided to sample the subgrade s o i l of the completed project. The results of 
tests of these samples are summarized i n Table 4 * While a nmnber of the samples 
(Nos. 9* 13» 2 4 ) indicate an excess of tindesirable material i n embankment ai?eas, the 
amount of punqping does not seem to be particularly affected thereby. This may be due 
to the relatively high percentages of coii9}action that were obtained on this project. 
An average of 99.75 per cent con^jaction was obtained from 299 tests completed during 
the construction operations. The three other samples (Nos. 6 , 17, 18) which contain 
an excess of S.H.T.L. Classification 8 material seem to bear out the statement that 
the amount of punning i s not particularly affected by i t s presence» These la t t e r 
samples are a l l ^om within excavation areas. 

The limitations for fineness of classified embankment material i s that not 
more than 15 per cent sha l l pass a No. 200 opening. Table 5 > which i s a summary of 
tests of saii9>les of classified embankment i n place, indicates that i n a number of 
places this l i n i t a t i o n i s exceeded. I n a l l probability this i s caused, for the most 
part, by the mixing of some of the berm material i n the sample and to the unavoidable 
combining of earth with the classified embankment material during construction opera­
tions. These contentions are further borne out by Table 6 which shows the meehaiiical 
analysis of aaxoples taken from the pit! vAiich was the sowce of the classified enibank-
ment material. Sample numbers^l, S-24 and 3 4 were taken before and during construe^* 
tion operations and sample numbers 4 0 and 41 were taken recently. The gradation of 
the material represented by the two sets of sanples are closely coii;>arable. But re­
gardless of the cause of the presence of an excessive amoiuit of fine material i n the 
classified einbankmeht material, the amount of punqiing does not seem to be affected 
thereby. 

The limitations of the General Specifications provided the control of the type 
of material and i t s manipulation i n the embankment on the reinforced slab project. 
Since practically a l l of this project consisted of eoabankment to be obtained from 
borrow pits a s o i l profile was not needed. Table 7 shows a suniaary of the tests of 
material obtained tr<m these pits, Subgrade samples taken during April 1944 confom 
generally to that shown i n the Table. I t ' i s interesting to note that only one of the 
borrow pit seniles and none of the subgrade samplea indicate the presence of more than 
5 0 per cent s i l t . From. 311 tests completed during the construction of this project 
an average of 1 0 2 . 4 per cent conqpaction was indicated. However, pumping i s prevalent 
t h r o u ^ u t the project to a very high degree. The presence of edge curbs and the 
steepness of the grade which caused considerable longitudinal flow of water over the 
pavement slab may be a contributing factor to the pamping especially dnce the bitumi­
nous seal at the transverse joints was rather poorly maintained. 
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BBEIM AND VmmDEknikGS IBVESTIGATIONS 

On the l e f t of St&o 294-*50 i s located a sod gatter for disposal of pavement 
surface water. I n an effort to check the movement of water throng the subgrade one-
half of th i s sod gatter was dug out for the width of the berm and to a depth of the 
thickness of the pavement slab. I t was not possible to check the movement of the 
water» but i t was observed that the bottom of the trench was daiq> one week after i t 
was opened. 

A trench of similar depth was dug through the berm on the l e f t of Stse yiU*25 
at the end of a contraction joint. Clear water ran from beneath the pavement slab 
Mthen the trench was opened. The bottom of the trench was damp one week later. 

On the l e f t of Stao liX7*68 where a trench was cut through the berm, water was 
being worked from beneath a contraction joint b7 t r a f f i c one week later. Figure 4 
shows this trench. This location i s at the transverse joint where the greatest de-> 
flection was observed as shown b7 Table 3. 

I n order to check the functioning of the Hoo kS size (3/4 i n . to No. 4) po­
rous baokfiU material that was used over the longitudinal roadway drainage pipe 
placed adjacent to classified embankment areaso the material was removed at one l o ­
cation down to the top of the pipe and more or less v e r t i c a l faces of undistiurbed 
material were e3q>osed. Figure 5 shows one such vftrtical face on the l e f t of Sta. 
337-̂ 10. At this location i t was observed that eight inches of heavily silted aggre­
gate was i n place immediately above the top of the pipe. Above this was approadmate-
l y 20 i n . of aggregate with a very small amount of s i l t . Above this was a layer, ap­
proximately 12 i n . thick, composed of predominately s i l t y material. The flow line of 
the ditch has been raised approximately s i x inches by s i l t depositing i n i t during the 
five month period that has elapsed since the contract work was consisted on this proj­
ect. VMle the porous b a c k f i l l i s apparently functioning satisfactorily at the present 
time, i t i s doubtful vAiether i t w i l l do so indefinitely with the continuance of the 
depositing of s i l t . 

Excavation on the l e f t of Sta. 290+20 showed the same general characteristics 
with regard to the s i l t deposited i n and above No. 46 size porous bac k f i l l aggregate. 

On the l e f t of the center line between Sta. 431-K) and Sta. 445-K) i t was planned 
to i n s t a l l roadway drainage pipe with No. 46 size porous b a c k f i l l material adjacent to 
a classified embankment area. During the course of construction operations i t became 
necessary to change the design to the following: The open joints i n the line of pipe 
were wrapped with burlap and No. 6 size porous b a c k f i l l aggregate was placed around 
the pipe and up to a point 6 i n . above the top of the pipe. From here to the flow line 
of the ditch classified enibankment material was used. An examination was made of one 
section, and i t was found to be fiuctioning satisfactorily with very l i t t l e s i l t having 
filtered into the porous material. I t was observed, however, that the flow line of the 
ditch was bui l t up with deposited s i l t to a greater extent than the two previous 
places that were examined irtiere No. 46 size aggregate was used. 

An examination was made of the outfall end of a l l pipe undenlrains on this 
project, and t h ^ were a l l apparently doing the job for which they were intended after 
having been i n place from seven to twelve months. 



80. 

FIGURE 3. AMES DIAL GUAGE IN POSITION TO MEASURE SUB DE­
FLECTIONS. 

FIGURE 4. TRENCH CUT THROUGH BERM FROU. 
PAVEMEWT EDGE. WATER RAN FROM BEKEATH 
THE PAVEMENT JOINT WHEN TRENCH WAS 
OPENH). 

FIGURE 5. VERTICAL FACE OF #46 POROUS 
BACKFILL OVER PIPE. NOTE HEAVY SILT 
CONTENT FOR APPROXIMATELr 8" OVER PIPE. 
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CONCLUSIONS 

As a result of the previously described tests and observations the following 
conclusions are reached and recommendations are madeo I t should be borne i n mind 
that conditions were observed and tests made on only the two projects and the con­
clusions and recommendations may not be universally applicable o They w i l l be pre­
sented i n the reverse order from that i n iirtiich the description was writteno 

When using gravel for porous b a c k f i l l ever pipe underdrainageo i t i s recom^ 
mended that the size be not larger than Noo 6 ( 3 / 8 ino to Noo 8)o Despite the high 
coefficient of permeability (187o5 fto per day) that was obtained from tests of the 
NOo 46 porous backfill material taken from immediately above the xinderdrainage pipe, 
heavy s i l t i n g has occurred and w i l l eventually reach a point where the fVioctioning 
of the system w i l l be greatly iii^}aired i f not entirely invalidatedo I t i s further 
recommended that the open Joints of the underdrainage pipe be wrapped with burlap to 
prevent the finer particles of the porous b a c k f i l l material from being carried through 
these Jointso 

The plans for the plain slab project provided that the porous bac k f i l l material 
extend upward to the flow line of the ditch indicating that i t was the intention to 
dispose of the surface nuv-off through the porous bac k f i l l materialo Heavy s i l t de­
posits ihaveg at least partially» sealed the flow Une so that the surface water must 
travel longitudinally along the ditches for some distance to the nearest inlet or cross 
road culvert o The gradients of the • (IjLtches are not sufficient to prevent further de­
positing of s i l t during the longitudinal flow of the watero The build-up i n the eleva­
tion of the flow line of the ditches previously described has re&ultedo 

I t i s recommended thatg especially where S«HoToLo Classification 8 material i s 
encomitered g the top of the porous b a c k f i l l oiftterial be. at a point approximately s i x 
inches below the flow line of the ditch and ibat acme Vpe of iii^iervious material be 
used above this point» The gradient of tbe dLtdi should be not less than Oo5 per cent 
and suitable vegetation should be provided to prevent erosiono 

The advisability of using c l a s s i f i e d eBjbankment material for subgrade treat­
ment has been clearly demonstrated by the prevalence of puiz^dng over areas where i t was 
not used and the conparative- freedom from, poiqping i n areas so treated o Reference to 
Table 3^ particularly to the l a s t column, would seem to indicate that classified em­
bankment material should be used i n a l l roadnay fixeavation areas where aUt i n excess 
of 25 per cent or more i s encountered at subgrade elevationo The limitations regard­
ing the use of excavated materials provided bytSte plans for the plain slab project 
should be altered to read "Excavated materialo of which the grain size i s 25 per cent 
or more between Oo05 mmo and Oo005 msno s h a l l be placsed at least three feet below the 
pavement when used i n embankment" o 

Based on the successful functioning of the classified embankment on this proj­
ect up to the present time and on the mechanical analysis of s a b l e s taken from the 
projects, i t would appear that the ifinene^s limitations of ̂ e specifications might be 
exceeded without causing harmful results o This statement should be further qualified 
by application only when bank run aggregate i s usedo No recommendation i s made as to 
the ultimate fineness of material that night be used since opportunity was not afford­
ed for any tests on which to base a statement» 

The drainage d i f f i c u l t i e s caused by the fluffing and natural growth of the sod 
indicate 9 that on sections where edge curt) i s usedg some other method of disposing of 
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the vater that aceumolates on the siirface of the pavement should be used i n place of 
sod gutterso Because of the prevalence of pumping on the reinforced slab project 
where catch basins were spaced at approximately 350 fto i t i s recommended that dis­
posal units be placed at not to exceed 2^0 f t , to j^event a detrimental accumulation 
of water on the pavement surfaceo 

By farp most of the pumping occurred at the contraction Joints where the pre-
molded or "ribbon" type was usedo On the assunption that a more positive seal can be 
maintained i t i s reconanended that the alternate provided by most plans p the impressed 
Joints be usedo I t i s also recommended that a surface seal be required for a l l types 
of Joints 9 since p regardless of the amount of care that i s exercised during construc­
tion some variation w i l l be obtained i n the depth of the top of the Joint material be­
neath the pavement surfaceo 

The roughness of the plain slab pavement project at the present time proves 
the advisability of providing dowels and t i e bars at transverse and longitudinal Joints 
respectively. 

I t i s hoped that the foregoing conclusions and recommendati(ms may prove to be 
beneficial i n avoiding on future projects the d i f f i c u l t i e s that were encountered on 
the projects under observatiooo 

Verj helpful assistance and cooperation was extended by the Hl^way Testing Lab­
oratory duxlng these Investigatioos, and appreciation i s herewith expressedo 

DISCUSSION ON BITOSTtfiATION OF COHCEBTE PAVEMENT PUMEIBG 

MRo Ho Bo MAHSHALLp OHIO DEPAHTMEMT OF HtGHWAYSs The author's careful observa-" 
tlon and analysis of the performance of the two adjoining sections of new pavement on 
UoSo Route 52 east of Portsmouth„ Ohio are particularly valuable since they represent a-
study of a project vastde by the same individuals who were responsible for i t s construo-
tlono The intimate knowledge of the project which i s gained by the engineer i n charge 
of i t s construction can rarely be entirely built up by the outside investigator who 
attenpts the study of the performance of a project at some time BK>re or less remote 
from i t s completiono 

A number of very inportant conclusions have been drawn by the author from his 
observation of this project of which the most gratifjilng i s the marked improvement i n 
the condition of the pavement constructed on a granular subbase over that constructed 
on the raw s o i l subgradso The author's principal conclusions appear to be entirely 
Justified on the basis of observations made on these two projects; however, there are 
several points which he makes that are not borne out by eaqperience on other projects 
throughout Ohioo These points are briefly discussed below. 

A note on the plana for t h i s project provided that "Excavated material of which 
the grain size of 50 per cent or more i s between 0,05 and Oo005 mm. ( s i l t ) s h a l l be 
placed at least 3 f t , below the pavement when used i n embanliteent." This note has been 
used on the plans for a number of projects i n Ohio where a considerable quantity of ma­
t e r i a l high in s i l t was l i k e l y to be encountered i n excavationo The objection to the -
presence of these soils closer to the pavement than about 3 f t . I s that they are fre­
quently elastic and rubbery due to the preponderance of the uniform sized s i l t p arti­
cles and that they are very d i f f i c u l t to co]iQ}acto Further these soils are very sus­
ceptible to frost heavingo The author proposes that the restriction on the s o i l used 
in the upper 3 fto of embankment be extended to include a l l materials which contain 
more than 25 per cent elite Study of Table 4 indicates that this restriction would 
exclude a l l materials similar to those taken from the s o i l stibgrade ̂ cm this project 
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from the upper 3 f t . of embankment» Such a note would r e s t r i c t the upper portion of 
a l l f i l l s to either materials so granular or so high i n clay as to have less than 25 
per cent s i l t o This restriction i n the writer's opinion would be neither justifiable 
nor desirableo Present day t r a f f i c does not warrant the use of selected predominant­
l y graniilar material in depths as great as 3 f t . on the us;ial s o i l types encountered 
i n Ohio and the use of non-granular s o i l so high i n clay as to contain less than 25 
per cent s i l t vjould afford a subbase no better and very probably somewhat worse than 
would be obtained i f soils high i n s i l t were used. 

Referring now to the author^s comments concerning the pemdssible quantity of 
fines i n the classified embankment material^ he states that " i t v/ould appear that the 
fineness limitation of the specification can be exceeded vdthout causing harmful re­
sults. This statement should be further qualified by application only v;hen bank run 
aggregate i s used." The grading specification to vHiich he refers i s as follov/ss 

Sieve Size • Per cent Passing Sieve Size • ; G^adinf: 1 : Qrading 2 : Grading; 3 
3 i n . 1 100 s 100 
2 i n . . ! 100 
1 i n , ! '. 30=70 ! 75-100 [ 
1 i n . ; : 50- 90 ! 

NOo 10 ! 0-25 s 25- 70 ! ! 50-100 
Noo 200 ! : 0- 15 ! 0- 15 

Although the observations made on this project apparently j u s t i f y the above 
general statement concerning the effect of s o i l fines slightly i n excess of the 15 
per cent limitation of the specification» this has not been found to be true through­
out the State. I t has been frequently observed that materials which contain the maxi­
mum or slightly i n excess of the maximum permissible quantity of passing the No. 200 
mesh sieve material are by no means as free draining as material for this course 
should be. I n a number of instances free water has been observed ponded on top of 
these materials after they have been spread and coD^cted on the subgrade and prior 
to the placement of the pavement. Low permeability of the subbase i a also indicated 
by the seepage of water from joints.on the low sides of superelevated cvu-ves which 
the author repoirts on this project and has also been observed on a number of other 
projects where the classified embankment material was known to contain a considerable 
fraction of passing the No. 200 mesh s o i l fines. One of the most important func­
tions of this type of subbase material i s the speedy removal of water entering i t 
either from the surface through joints and cracks or £rom the subgrade and the quan­
t i t y of passing the No. 200 mesh s o i l fines has a very important effect on the per­
meability of the material. Recognizing this fact the Ohio Department of Highways . 
i n November of 19hU revised the specification for classified embankment mate r i a l . ^ 
The revision consisted principally of decreasing the quantity of fine sand and s o i l 
fines permitted i n the courseo 

Jl - See Table 5» page 62 of thi s publicationo 
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THE POUPING OF CQISrCRETE tkWSWTS IN NEII7 JERSST, 
OORBECTIVE IIEASURES .EMPLOZED, AND FUTURE DE5IGSS 

BHIIiam Van Breeotn, Qogineer of Special Assignments, 
New Jersey State Hi^xnay Department 

SZNOPSIS 

Pumping at joints i n concrete pavement slabs was f i r s t observed i n 
New Jersey i n 1930. I t occurred on a l l pavement of standard design i n 
irtiich dowels 3/4-ino i n diameter were used for load transfer. A 100 
per cent increase i n the nuinber of dowels did not eliminate the trouble. 
The use of crushed stone drains along the edge of the pavement was only 
partially effective i n stopping pun^dng. 

I n 1932 a test road was built over a silty-elay s o i l . One joint 
with no load transfer device, two with s i x 3/4-in. rouzul dowels i n the 
lO-foot width of pavement, two with twelve 3/4-ino dowels, and several 
with various combinations of hcAvy rectangular and channel type dowels 
were placed i n the slab. Continuous applications of heavy loads under 
adverse moisture conditions indicated that the use of a load transfer 
device coursed of Z-ino channel-dowels was necessary to prevent fault­
ing and subsequent puoqdng. 

A recent survey of 6O0OOO ehannel-dovel joints on heavy duty high­
ways disclosed only three failures that were caused by pumping. No 
faxating was found at these joints and the failures had occurred by 
sagging of the pavement. The stone drains along the edge of the pave­
ment were partially clogged with subgrade s o i l . 

A study of pavements l a i d on sub-bases eoiiqmsed of granular ma­
te r i a l s lead to the conclusions that their use minimized pumping, re­
duced damage due to frost action and increased load bearing capacity. 
A l l pavements built since 1939 ore st^ported on a layer of bank-run 
sand, gravel or cinders 8 inches i n tMckness. To date, irtiere granu­
l a r materials have been used i n conjunction with channel-dowel joints, 
pavements have remained true to gradep cracks are few and far between, 
and there have been no indications of punQ>ing, even under heavy truck 
t r a f f i c . 

A study of wood for use i n eiqpansion joints shows that for most va­
r i e t i e s , loads i n excess of $00 and less than 1000 pounds per square 
inch w i l l be required to cause coiiqp>ression of the fibers. I f loading 
i s continued, a point i s reached where no further eoiqpression i s ob­
tained. Some varieties may be cosqpressed to as much as 50 per cent 
of the original thickness. I f dry wood i s coopressed to $0 per cent 
of i t s thickness, i t w i l l recover to about 65 per cent and remain at 
that thickness as long as i t remains dry. Soaking i n water w i l l cause 
the wood to swell to 94 per cent, and for some varieties more than 100 
per cent, of i t s original thickness. Bepeated eo]i;>res8iono drying and 
soaking w i l l result i n a permanent reduction i n thickness. These 
tests indicate that wood as an expansion joint f i l l e r w i l l have the 
following merits: 

1. Unlike the conventional bituminous f i l l e r s , wood w i l l not extrude, 
regardless of the extent of joint closure or i n f i l t r a t i o n . {TbLa ap­
plies only to wood with the grain direction installed v e r t i c a l l y ) . 
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2. Unlike other fillers« the wood i s expected to retain suf­
ficient swelling capacity and resiliency to prevent the detri­
mental accumulation and distribution of Infiltrated material i n 
the joint spaces which, i n many locations« has caused rupturing 
of the concrete. 

Due to the limited time permitted, the following material i s perhaps not pre­
sented i n s t r i c t accordance with the "Outline of Proposed Studies'* agreed upon by the 
Committee. However, i t i s submitted at this time with the hope that a general des­
cription of puj^ing and faulting as observed i n New Jersey, together vdth comments 
concerning the corrective measures enployed, their effectiveness, and future designs, 
w i l l further the vrork of the Committee. Because pun?)ing and joint faulting have been 
so commonly associated, much of what follows necessarily concerns joints and their be­
havior. For reasons of continuity and completeness, i t has been foimd necessary i n 
frequent instances to include information already presented i n a paper prepared by 
Mr. Harold V/. GS-ffin, Engineer of Survey and Plans, New Jersey State Highway Depart­
ment entitled "Transverse Joints i n the Design of Heavy Duty Pavements". Mr. GS^fin's 
paper which has been published i n the 1943 Proceedings of the Hi^way Research Board 
i s recommended as essential reading to those concerned with the design of concrete 
pavements. 

Pumping and Faulting i n New Jersey 

Pu]iQ)ing and joint faulting f i r s t occurred i n New Jersey sometime preceding the 
winter of 1930-31 on U.So Route 1 and U.So Route 130, the principal routes between 
New York and Philadelphia. By the spring of 1931 i t had become severe on those routes 
and had extended to certain other routes that were cazrying an increasing volume of 
heavy truck t r a f f i c . I t s occurrence i n New Jersey at that early date resulted from 
the rapid increase i n heavy trucking i n the immediately preceding years, especially 
i n those locations such as New Jersey where the short distances between centers of 
large population favored the use of trucks. I n consequence, and as a matter of sheer 
necessity, in^ortant revisions i n design were made 12 years ago, and from time to 
time thereafter, for the specific purpose of preventing pumping and faulting. 

Type of Pavement and Subgrade Involved 
In 1931» practically a l l of the pavements that were pumping, and had faulted 

joints, had been constructed as follows: 
Thickness: 9 i n . unifoniio 
Slab length: Mostly 35 f t . Some variables to maximum of 68-2/3 f t . 
tEdth: 10 f t . miniimim - 14 1/2 f t . maximum. 
Reinforcement: Single mat 2 i n . below top surface. 3/8 i n . longitudinal bars 

7 1/2 i n . c. to c. 
Comer Reinforcement: 1/2 i n . hairpin bars, a l l comers, 2 i n . below top surface. 
Load Transfer: Six 3/4 i n . round dowels, 20 i n . long, 3 at each end of joint 

12 i n . c. to c. 
Joint F i l l e r : 1/2 i n . Thickness Premoulded Bituminous. Poured bitumen at top. 
Practically a l l of these pavements had been laid directly upon whatever native sub-
grade s o i l was encountered. Except i n very infrequent locations v/here the s o i l was 
found to be exceedingly unstable the subgrades had received no treatment other than 
shaping to grade and rolling. Inasmuch as subgrades varied from practically clean 
sand and gravel to s i l t s and clays considerable variation i n behavior resulted 
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under identical conditions of pavement design and t^affico lilany long stretches of 
pavement Icdd on inferior subgrades were carrying heavy truck t r a f f i c shortly after 
completion and i n seme locations serious pumping and faulting had developed after 
but three years of sez^coo 

CoBdiUona Hoted i n 1931 

Oetailsd investigations were made early l a 1931 to determine the causes and 
extexit of pumping and faultingo Conditions noted at that time appear to have been 
more or leas typical of the poiqxing and faulting occurring i n other parts of the 
country firam time to timsg especially recently as a result of heavy o wartime haul-
ingo Ibese conditions have been so adeqiately descxlbed by numerous observers i n 
recast years that no general description spears necessaryo However g some comments 
eoneeming certain conditions noted i n 1931 may be appropriate o 

lo The direction of the faulto step,, or offset i n the pavement surface was 
invariably su<^ that as the idieels l e f t one slab end ("leaving end") and crossed the 
Joint space they dropped domn onto the depressed slab end ("receiving end")o Fault­
ing of as iquch as 3A i^ o frequent o 

2o The "leaving ends" were not depressedo (IBLth but very few exceptions 
the "leavix^ ends" are s t i l l not depressed - have never been nod Jacked even irtiere 
immediately adjacent to "receiving ends" that have required mndjacking several timeso) 

3o Only minor pmping was occurring at the cracks o Ho cracks had faulted 
even i n areas where Joint puiqiing and faulting were severeo ( I n generals this con­
dition i d t i U obtains todayo CQnq;>ared to the noaiber of Joints, that have pampeAo 
faultedp and required mudjacklng, and repetitions of mudjaekingp the noniber of pave­
ment failures at cracks has been insignificanto Within recent years,, however^ some 
cracks have faultedo These instan6es w i l l be discussed latero) 

4o The water contributing to pamsdng was found to be almost entirely surface 
water that had infil t r a t e d to the subgrade throu^ open Jointsp and at points along 
the shoulder linoo (This was substantiated by the fact, that pavements on high f i l l s 
and i n cuts behaved more or l e s s alike with respect to how soon they started to 
panq> after rain began to fallo and with respect to the severity of punning and fault-
logo) 

5o The Joint f i l l e r s or sealers did not exclude surface watero The inde> 
pendent oovement of the slab ends had done much to destroy their sealing value o es^ 
peeially during cold weather when the bituminoas sealing materials were brittloo I t 
was noted that considerable quantities of water were swept into open transverse Joint 
spaces by trafn.Co 

I n Uarcho 1931 p a section of the depressed end of a slab 4t a Joint which had 
faulted 1 iuo was removed for examinationo The pavement was on a 2 foot f i U o 
Heavy rains had fallen two days previouslyo The following xiote was made: 

"The subgr4de under the portion of the slab removed i s d a y - covered with a 
i G ^ r of water 1 / 8 iuo to 1 / 4 in<> deep over an area 5 fto wide par a l l e l to the Jointo 
Apparently this subgrade i s ispervious to watero Unless pumped outp the water seems 
to have no means of escape other than evaporation or s l i ^ t seepagOo A hole 
drilled throng the pavement 14 fto from the Joint showed comparatively diya firmly 
cosseted sabgradSo" S o i l saoqple Hoo 354253 shown i n Table 2 represents the subgrade 
s o i l i n this areao . 
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The 3/4 i n , round dowels were found very much out of parallel and the oon^ 
Crete around them was porouso The midsection of each dowel was bent for a length 
of about 4 i n . i n the shape of a f l a t ''3"p and the dowel holes had been enlarged by 
a cirushing or wearing action of the dowels on the concrete for about 2 I n o Inward 
from the faces of the Jointo These conditions are probably typical of most faulted 
Joints installed prior to 1931 <> 

I n 1932» as a temporary measures the number of 3/4 i n o round dowels per 
Joint was Increased from six to twelve« and various devices were tried to maintain 
them i n prroer alinemento Periodic inspections made of these Joints disclosed that 
the additional number of dowels probably retarded the rate of failure to some extent 
but that serious faulting developed nevertheless. 

I n addition to increasing the number of dowels« shallow cznished stone drains 
of various description were constructed immediately adjacent to the edge of the pave­
ment I n some locationsp and a special effort was made to construct them i n a manner 
most l i k e l y to carry off any free water that m i ^ t tend to collect under the pavement o 
Drains of t h i s type were Installed i n 1933 i n some sections of U.S. Route 1, im­
mediately adjacent to a heavy trucking lane lai d i n 1932 with Joints having twelve 
3/4 i n . round dowels. Their effectiveness i s d i f f i c u l t to evaluate, however, Inasmuch 
as the Joints adjacent to the drains are now faulted Just about as much as those irtiere 
the drains were omitted. There i s at present an average faulting of about 1/4 i n . -
maximum 1 / 2 i n . ̂  and there are some indications of pumping. Probably, due to pro­
gressive pumping^of subgrade material into them, these drains have become less effective 
from year to year. The average daily truck t r a f f i c on this lane (1940 count) i s about 
1 3 0 0 , and many of the trucks are heavily laden truck-trailer units. The subgrade 
s o i l I s essentially clayey and corresponds more or less to Sample No. 354D234O (Table 
2 ) c 

Test Road 

A circular concrete test road was constructed i n 1932 on silty-clay soilp 
primarily to make an accelerated test of various Joint typesp and to further observe 
the process of pumping. Some of the Joint types tested were; 

One plain Joint - no dowels - no load transfer - consisting simply of a 1/2 i n . 
width space f i l l e d with premoulded bituminous f i l l e r . 

Two Joints with s i x 3/4 i n . roxind dowels i n each (same design as used prior to 
1932), 1/2 i n . premoulded bituminous f i l l e r . 

Two Joints with twelve 3/4 i n . round dowels (same as temporarHj adopted i n 
1932), 1/2 i n . premoulded bituminous f i l l e r . 

Several other Joints having various coinbinations of heavy rectangular dowels, 
plus bearing angles for the dowels, plus sheet metal flashing. 

Traffic consisted of one Mack truck pulling a loaded t r a i l e r at approximately 
9 miles per hour. The maxamiim axle loads were: 

Mack Truck Trailer 
Front - 51)500 lbs. Front - 139400 lbs. 
Rear - 17»300 lbs. Rear - 32,800 lbs. 
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As concerns this test, the following remarks seem appropzdate: 

1. From August 1 to 18o during dry weather, the equipment coiig)leted approxi­
mately 1300 trips around the track at various speeds v * i l e numerous deflection read­
ings were made. No visible or measurable deterioration of any kind was noted during 
this period except slight punping at the plain joint during a shower on the afternoon 
of August 3. 

2o During the morning of August 18 water was applied by means of sprinkling 
wagons, and i n the afternoon and evening heavy rains f e l l o Shortly after the appli­
cation of water the pavement at the plain joint started to pomp noticeably and pun5)ing 
to a lesser degree started at most of the other joi n t s . By 8s00 FoM., after 840 trips 
that days the plain joint had faiated 3/l6 i n . By midnighto 1120 t r i p s , i t had faulted 
1/2 ino and a crack appeared 5 i f t . from the depressed endo Running on the track ceas­
ed at midnight. 

3o The following morning an examination disclosed no faulting at any other 
joints, nor any cracking, except at the plain joint as noted above. 

4o On August 22, after 4270 trips since August 18, more cracks were evident 
adjacent to the plain joint vAiich had become faulted l | ino None of the joints with 
dowels had as yet faulted,, and no cracking had developed i n their v i c i n i t y . Sometime 
after the plain joint had faulted 1 i n . or more the "leaving" slab end at this joint 
also became depressed, accompanied by cracking. 

5o On August 230 after 5310 trips since August IB, cracks developed i n the 
pavement adjacent to both of the Joints with s i x 3/4 i n . round dowels. No measurable 
faulting was e'^dent. . But due to the erosion of the subgrade axi<^ the formation of 
cracks near these joints^ the pavement at the joints had sagged somewhat. Eventually 
these joints did fault slightlyo On this date, no faulting or cracking was visible 
at any other joints that had more or heavier dowels. 

I t i s necessary to mention here that the conditions of test were much more 
severe than normally occur i n service. After August 18, the equipment was kept run­
ning continuously each day for 12 hrs. u n t i l the pavement at the plain joint became 
practically inpassable. Prior to August 18, dikes had been constructed along the 
edges of the pavement to prevent the escape of surface water; i n fact for a time the 
entire roadway was flooded and the slabs were more or less under water. The suppo­
sition was that those joints that best survived the ordeal would probably be most 
satisfactory i n actual service. I n consequence o there was a distinct difference i n 
the behavior of the joints i n the.test road as compared to joints i n service. No 
joints, other than those with s i x 3/4 i n . round dowels faulted measurably. The tyi>-
i c a l failure of the joints with various types of load transfer consisted of a pmp" 
ing out of subgrade s o i l from under the pavement at the Joints followed by a sag­
ging of the pavement at the joints - both adjacent slab ends depressing the same 
amount. As the test progressed, the cracks also punned violently - but none fault­
ed. The absence of appreciable faulting, even at the joints with the weakest load 
transferring devices, appears to be e3q>lained by the flooded conditions, magnitude 
of load, and the lack of sufficient repetitions of load to permit the dowels to pro­
gressively crush, chew out, or wear away enou^ concrete to appreciably decrease 
their effectiveness. I n short, the attenpt to accelerate the faulting of the joints 
by the application of a limited number of heavy loads under extremely adverse subgrade 
conditions was, for the most part unsuccessful. 

Althou^ a l l of the joints with sttirdy load transferring devices eventually 
punned and sagged, to date, with but very few exceptions, no comparable behavior 
has been observed at similar types of joints that have been i n service on heavy 
trucking routes for from 6 to 10 years. Considering the very rapid rate of faulting 
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and pavement failure at the plain joint as compared to the joints with load transfers 
this test at least indicated that load transfer at a l l points of interruption i n the 
continuity of the pavement, such as at joints and cracks, i s definitely beneficial,, 

Revisions i n Design 

Uie use of 3/4 ino round dowels was abandoned i n 1933 and a much stronger 
joint structure was designed and adopted the same year. Except for occasional minor 
revisions^ the joint so designed was used i n conjunction with a l l concrete pavements 
constructed during the period 1933-1942o Load transfer was furnished by 2 ino chan­
nels, 20 ino longs an average of 12 ino aparto Bearing angles were provided above 
and below the dowels adjacent to the joint faces to prevent the dowels from crushing 
or wearing out the concrete at points of h i ^ bearing pressurso Sheet metal flash­
ings were provided to exclude as much surface water as possibleo 

Effectiveness of Heavy Joint Design 
* 

More than 6O0OOO channel-dowel joints were Installed dviring the period 1933-
1942o Bany are i n service i n pavement l a i d directly on s o i l susceptible to puiqiing 
which also carries extremely heavy truck t r a f f l C o To datoo failure at these joints 
due to pmpixig has been negligible» A recent survey of the heavy trucking routes 
involving an examination of several thousand channel-dowel joints disclosed pavement 
failnre due to puiqiing at only three Joints. However, i n these instanceso no fault­
ing had occurredo Instead, the pavement immediately at the joints had sagged to a 
maxjnmm of 5/d ino These Joints are a l l i n a heavy trucking lane (laid 1936) with­
i n a few hundred feet of each other i n an area vriiere subgrade and drainage conditions 
are particularly adverse. Alsoo i n this area, appreciable sagging of the pavement 
was found at several cracks {, and one crack had faulted | ino Pu^^)ing i n vazTlng de­
grees i s general i n this v i c i n i t y and, unless prevented0 the pavement i s e3q>eeted 
to become progressively depressed at many other joints and crackso The stone drains 
constructed immediately- adjacent to this lane were found partially clogged by pumped-
out subgrade materialo The average daily truck t r a f f i c over these Joints (1940 
count) i s IO5O0 The subgrade i s represented by Samples Noo 354^253 and 354D254. I n 
considering the performance of these Joints i t i s desirable to add that Joints i n an 
adjacent roadway constructed i n 1928 with six 3/4 i n . round dowels pumped badly and 
faulted as much as 1 ino within three years after construction, under l e s s severe 
t r a f f i c conditionso 

Some 20 miles south of this puiqsing area faulting of 1/4 ino and 7/16 ino, 
respectively, was found at two chaimel-dowel Joinits i n pavement constructed i n 1934o 
However^ faulting at these Joints was not due primarily to structural failure as a 
result of heavy traffico Instead, the effectiveness of the dowels was found to 
have been destroyed by the i n f i l t r a t i o n of practically incoopressible s i l t y , sandy 
material which, having accumulated i n the lower portion of the Joint spaces and dis­
placed the f i l l e r , offered sufficient localized resistance to closure of the Joints 
during pavement expansion as to ruptxire the concrete supporting the dowels. This 
having occurred, the possibility of Infiltrated material eventually destroying the 
effectiveness of load-transferring mechanisms i s a phase of Joint design which 
merits seriovis consideration. The destructive effects of i n f i l t r a t i o n are discussed 
at length i n MTO (ILffin°s paper o 

On other routes, no faulting or defects due to pumping are as yet apparent 
at the channel-dowel joints, even i n lanes constructed directly on native, clayey 
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s o i l which have been carrying i n ezeess of 3000 trucks per day for more than s i x 
yearso Many of these Joints are Immediately adjacent to 3/4 i n . round dowel Joints 
i n adjoining older lanes which have faulted badly. 

In general t> the performance of the channel-dowel Joints from the standpoint 
of preventing faulting and diminishiiig puiq>ing has been satisfactoryo Very llkelyp 
where truck t r a f f i c i s heavy and subgrades are clayeyp there i s some slight puiqjing 
andp i n consequencep i t i s expected that eventually the pavement at the Joints w i l l 
become depressed. On the other hand, except where i n f i l t r a t i o n destroys the effec­
tiveness of the dowels, no faulting i s anticipatedo 

In conqparison with the unsatisfactory performance of weaker Jointsp the bene­
f i t s derived from the use of these Joints are beyond questiono Actuallyp the pavement 
i n the immediate vicinity of most channel-dowel Joints i n heavy duty pavements appears 
to be I n as good i f not better condition than elsei^ere because of more apparent de­
terioration at intermediate cracks. 

I n view of thisp i t would seem that especially i n those locations where the 
cost of granular or other suitable subbase material i s prohibitive p and where suc­
cessful treatment of the native s o i l i s i n doubtp the possibility of at least mini­
mizing paapiag and at the same time completely preventing faulting by the utilizap-
tion of sturdy Joint structures, properly installedp i s certainly worthy of serious 
consideration. 

Drains 

Because the test road demonstrated that sturdy Joints would only retard and 
not coiqxLetely prevent puiiQ>ing xinder extremely severe conditions p longitudinal crushed 
stone drainsp constructed immediately adjacent to the pavement edgep were specified 
i n most contracts during the period 1934-1939<. The effectiveness of these drains i s 
not known due to the indeterminate Influence of the improved Joint structures and be­
cause even irtiere drains were not Included puii9>ing at present appears to be no more 
pronounced than where they weroo The stone drains were ejqpensive and their use was 
abandoned i n favor of subbase material. 

Subbase 

I n view of the generally recognized benefits to be derived from the use of 
granular, subbase material with respect to minimizing or preventing pumping p reducing 
damage due to frost action, and increasing the load bearing capacity of the pavement, 
practically a l l pavements constructed since 1939 are supported on a layer of bank-
run sand, gravelp or cinders, at least 8 i n . thick. Insufficient time has elapsed to 
Justify any predictions as to the effectiveness of these materials on a long-range 
basiso But to datsp irtiere granular subbase materials have been used i n conjunction 
with channel-dowel Jointsp the pavement hps remained practically true to gradep cracks 
are few and feu: between, and there have been no indications of punqdngp even under the 
most severe conditions i^^)Osed by heavy trucking. Although the use of properly grad­
ed subbase material may prevent puBq>ing there i s considerable doubt as to whether, 
I n the absence of adequate load transfer at Joints and cracks, i t w i l l also prevent 
faulting. Some of the older pavements i n New Jersey that have carried heavy truck 
t r a f f i c for years were l a i d on old macadam roads that were scarifiedp regradedp and 
rolled. Although the Joints i n these pavements lacked sturdy load-transferring mec­
hanisms they have not faulted appreciably. But this type of construction isp of 
coursep exceptional. Wherep i n one locationp the pavement constructed i n 1923 was 
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l a i d on a layer of granular materials the Joints i n one area have faulted to a maxi­
mum of 9/16 ino Vlhether faulting was due to pumpingp further conpaction, or progress­
ive rearrangement of the underlying material i s not knowno Subbase Sample Noo 3 5 4 p i l l 
was removed from under a Joint i n this area which had faulted ^/Ih ino Another sec­
tion of the same Job on a different kind of subbase has no faulted Joints» The sub-
base i n this section i s represented Sample Noo 354ollOo This pavement was l a i d 
on a regraded gravel road i thich was about one year o i l p and the subbase materials are 
presumably the original gravel surfacingp scarified» regradedp and rolled» This too 
i s an exceptional type of constructiono 

Unfortimatelyp there are no known locations i n New Jersey where a layer of 
subbase material as i t i s usually thought of was utilized i n conjunction with weak 
Joint structures on jx>ads i ^ c h have been carrying heavy truck traffico Consequentlyp 
i t cannot be stated definitely whether the use of subbase material vdthout the a s s i s t ­
ance of adequate load transfer at Joints and cracks w i l l or w i l l not prevent faultingo 
Howeverp i f the performance of pavements constructed on native granular soils i s any 
criterionp the chances are that subbase alone i s very l i k e l y to prove inadequateo I n 
New Jerseyp the degree of faulting on granular soil s has been very variable0 On one 
route0 short stretches l a i d on native somewhat coarsep sandy s o i l did not fa i l t p and 
perhaps did not ^\mpo even under extremely heavy wartime hauling of sufficient i n ­
tensity to cause conqplete failure i n other areas lai d on clayey s o l l o But faulting 
of more than 1/2 iuo occurred i n other sandy areas on the same routeo The best that 
can be said at this time i s that faulting haSp and has notp occurred on granular 
soilsp a l l depending upon the influence of many factorso So far as i s known, the 
presence of punqping i s not necessarily essential to the development of faulting i f 
the underlying materials are susceptible to further compaction or rearrangements 

Present Views Concerning Subgrades and the Process of Funqping 

Until very recently p no atteiqpt has been made to classify pun^ng and non-
punping types of s o i l on the basis of detailed physical and chemical analysis« The 
practices ratherp has been to Judge subgrade soils primarily i n tewas of their per­
meability and susceptibility to erosiono Wherever punqping has occurred i n New 
Jersey the subgrade s o i l and the adjacent shoulders are more or less iiq)erviouso 
I n addition, the subgrade s o i l i s susceptible to erosiono 

The process appears to take place essentially as follows: Surface water i n ­
f i l t r a t e s to the subgrade through leaking Jointsp and at other points affording en­
trance p and collects i n whatever vacancies may exist between the bottom of the pave­
ment and the subgrade surfaceo Apparently very l i t t l e water i s absorbed by the sub-
gradoo The only part of the subgrade that seems to combine with the water to any 
extent and become susceptible to pumping i s confined to a thin film on the upper sur­
face of the subgrade, 1/4 iUo or possibly less i n thicknesso The thin film of 
water>saturated subgrade frequently has the consistency of thick painto I f the film 
i s scraped off, apparently stable unaffected subgrade i s e^osed. With the agita­
tion of the entrapped water some of the finer particles i n the water-aaturated film 
mix with the water and are carried awayo As the particles are progressively carried 
off new surfaces of unaffected subgrade are exposed which i n turn are softened and 
carried awayo 

There appears to be l i t t l e evidence to indicate thatp i n general,pumping i s 
the result of a softening of the subgrade for any c^preciable depth or that large 
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masses of subgrade are expelled at any one time. I f a considerable depth of soft, 
water-saturated subgrade were involved failure would, i t seems, occur much more 
rapidly than has been observed. Therefore, for the time being at least, i t i s 
assumed that any s o i l that becomes practically inqpervlous when conqpacted but which, 
nevertheless, remains susceptible to erosion fdien i n contact with violently agitated 
water i s , i n a l l probability, a pun^jing type of s o i l . The suitability of subbase 
materials i s also judged i n certain respects from the same point of view. 

At the pTOsent time, numerous samples of s o i l trom parapixig and noi>'puiiq;>ing 
areas are being analyzed and i t i s admitted that the results may modify the foregoing 
views. 

Some years ago an effort was made to devise an erosion test, primarily to de-
temdne the most eroslon^resistant types of subbase, but the resiilts were erratic and 
inconclusive. However, this test did tend to substantiate the opinion that a l l sub-
grade materials that are essentially impervious are susceptible to erosion, unless 
the grains are adequately cemented together by some agent. 

Comments on Subbase 

I f the use of subbase i s indicated, the ideal type of construction might be 
thought to be slabs resting upon a layer of porous granular material which i n turn 
rests upon a more or less inpervious subgrade. Theoretically, the infil t r a t e d suz^ 
face water w i l l drain through the porous subbase to the subgrade surface and thence, 
percolating through the subbase, flow along the siu>face of the subgrade to an outlet 
of some sort. Apparently the desirable functioning of this type of construction 
would indicate that the subbase material be as "open" as possible and that the sub-
grade surface be true to grade so as to avoid the retention of water i n depressions. 
But there appear to be limitations as to how near this ideal of "open" subbase may be 
approached. 

I n 1932, for a distance of several miles on one heavy trucking route, an at-
tmpt was made to end the pumping and faulting problem once and for a l l by construct­
ing the pavement on 9 i n . of 2^ i n . crushed stone. No fine materials were used i n 
oomibination with the stone to f i l l the voids. Not long after being i n service the 
pavement settled considerably i n many places. An examination disclosed that the 
crushed stone had been pressed into the clayey subgrade during wet or thawing weather 
and that the clay i n turn had worked up into the voids i n the stone. After 12 years 
of service, the pavement i s i n much poorer condition than adjacent sections l a i d on 
native, puiq)ing-type s o i l . 

Sometime later, tests were made to detendne whether or not, under conditions 
of pressure, moisture, or softening, clayey or s i l t y subgrades would work up into the 
voids of granular materials consisting of relatively small particles, such as sand 
or sand gravel mixtwes. Atteii9)ts were made to combine adjacent layers of soft clay 
and coarse building sand by the application of pressure and agitation i n the pres­
ence of free water>—without success. The most severe test made was performed as 
follows: A ^ l i n d r i c a l sheet metal container 14 i n . i n diameter, 8 i n . high, was 
f i l l e d to a depth of 4 i n . with s i l t y - c l a y s o i l which had been mixed with water to 
a soft, almost sloppy, buttery consistency. Four inches of f a i r l y coarse, washed, 
idiite sand was then carefully placed on top of the clay and covered with a metal 
disk 13-3/4 i n . i n diameter to which pressure could be applied by means of a lever 
^stem. The container was then placed completely under water and kept submerged for 
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tin> neekso Daring this period a sudden load of not less than 2000 Ibso was applied 
to the disk approximately 12oOOO times» The person who operated the lever was i n ­
structed to make every effort to coinbine the two materialso These efforts were un-
successfolo At the conclusion of the test a perfectly clean line of separation was 
found between the materials o There were no indications v^tsoever that the clay 
had entered the voids i n the sando I n spite of having been submerged for two weeks 
the clay was much more stable than before» The pressure had squeezed considerable 
water out of the clay and stabilized ito Similar tests with cmished stoneo and 
open gravel0 on the same consistency of clay resulted i n coiqplete combination of 
the materials under a single application of loado 

Efforts were made recently to coanbine adjacent layers of softf, sloppy„ clay­
ey s o i l and sand by repeated applications of a pressure of 30^000 IbSo per sqo fto 
without suecesso 

I n view of the foregoing i t i s believed that no subbase material containing 
large voids should be used luiless particular care i s exercised to con9}letely f i l l 
the voids with sandy material even though this results i n an appreciable lowering 
i n the rate of percolationo 

I f sand or similar subbases are used i t appears pivbable that: 

lo No matter how much water i s presento i t i s unlikely that subbase and 
subgrade w i l l combine because of pressure aloneo 

2 o I f the subgrade should become soft or sloppy o from whatever cause p but 
has no la t e r a l means of escapes i t may possibly be stabilized by heavy wheel loads 
squeezing some of the water out of the subgrade into the subbaseo 

3 o Even i f there i s free water i n the lower portions of the subbase layero 
but no free water at the upper surfacep no pumping w i l l occuro 

4 o The subbase acts as a proteetive coating to the subgrade tending to 
keep i t stabilized, and preventing i t s erosion even though there may be free water 
on the surface of the subgrade« 

This probably accounts i n large measure for the success of pavements l a i d on 
a layer of sand or well-graded porous, granular materials 

Although baok-run sands and gravels are usually thought to be more or less 
peznneable numerous tests have shown that many of the bank-run materials available 
frcm. many sources i n New Jersey may be compacted into a practically impervious masso 
Usually the impemeability of these materials i s due to the presence of a very small 
percentage of clay or materials removable by elutriationo Future studies may indi­
cate the desirability of processing most subbase materialso 

At present very l i t t l e i s known as to the effect of the subbase materials 
usedo I t i s very l i k e l y that their effectiveness i s susceptible to considerable va­
riation, inasmuch as they vary from practically clean sand to bank-run gravel con­
taining a f a i r l y h i ^ percentage of clayo Some of the bank-run gravels are capable 
of being compacted into a very firm mass and their use perhaps increases the bear­
ing capacity of the pavement considerably more than sando the other handg ma­
t e r i a l of that kind may be open to the objection that since i t i s l i k e l y to be im­
pervious i t may permit the accumulation of free water immediately under the pavement 
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and thus eventually lead to failure by erosiorio IHlth this thought i n mindf, perhaps 
the most suitable subbase material may not necessarily be that nthich results i n the 
greatest increase i n bearing capacity but rather a material that haso i n addition to 
sufficient bearing value» just enough porosity to prevent the accumulation of free 
watero The determination of the most suitable subbase materials to be used i n con­
junction with the construction of concrete pavements i s regained as one of the most 
iii;>ortant subjects for future studyo 

v?ood Joint F i l l e r 

Tlhen the causes of pu]q)ing and faulting were investigated i n 1931 i t became 
apparent that the conventional bituminous f i l l e r s were unsatisfactory ̂  i n fact i t 
was concluded that because of certain fundamental characteristics bituminous f i l l e r s 
coiad not satisfactorily exclude water and foreign materialo Since then considerable 
study has been devoted to other materials and methods of sealing joints o Having as 
an objective the discovery or development of a f i l l e r that would f i l l the entire 
joint space at a l l times test? were made several years ago on various kinds of wood 
to determine the extent of recovery after eompressiono I t was found that most woods 
after being conqpressed considerably w i l l remain i n a state of con^jresslon indefinite-
lys i f kept dryo but that i f soaked i n vgater w i l l swell a great dealo The p o s s i b i l i ­
ty of using precompressed wood as a joint f i l l e r became apparent and^ i n consequencep 
many tests have been madCg and are s t i l l i n progress,, to determine i t s behavior over 
a period of yearso I n additions a few joints i n service have been f i l l e d with pre­
compressed woodo 

The primary purpose of these tests has been to determine how long various 
kinds of wood retain their capacity to swell„ under what conditions they might lose 
that capacitys and at iriiat rateo 

Since the efficacy of joint f i l l i n g materials must of necessity be judged on 
the basis of long-range performancep and since there appears to be no reliable way 
to accelerate tests of this kindj nor even to subject the materials i n the labora­
tory to conditions comparable to actual service„ much s t i l l remains xmansweredo How­
ever, information concerning the manner of testing and the behavior of the test speci­
mens and installations to date may at least serve to stimulate Interest i n this ma­
terialo 

General Behavior of Wood 

Itost woods r e s i s t appreciable compression at pressures less than 500 IbSo 
per aqo ino At pressures somewhat greater, but usually less than 1000 IbSe per sq«, 
Ino, depending upon the kind of wood and i t s grain structure g the elastic limit i s 
exceeded and appreciable compression occurs with l i t t l e additional pressureo For 
exanploo the general behavior of white pine i s that i t s thickness i s decreased only 
5 per cent by a pressure of 700 IbSo per sqo ino but decreased 25 per cent at IDOO 
IbSo per sqo ino and 50 per cent at 1600 Ibso per sqo ino ( A l l percentages are i n 
terms of the i n i t i a l xmcon^jressed thickness of the woodo) I f compression i s con­
tinued ̂  so-called "hard-bottom" i s reached eventually at which point l i t t l e addition­
a l coispression occurs even under very high loado The amount of compression that 
occurs before hard-bottom i s reached varies considerably vdth different kinds of 
woodso In generals the lower the specific gravity of the wood the more i t may be 
compressedo White Cedars for example^ reached hard-bottom after being coiig)ressed 
about 65 per cent iirtiereas Cypress may reach the same point at 50 per cent, (These 
percentages vary considerably for even the same kinds of woodp depending primarily 
upon the specific gravity and the grain directiono) Wateivsoaked wood i s some^rtiat 
easier to compress» 
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I n general0 i f dry wood i s compressed to 5 0 per cent of i t s i n i t i a l thick­
ness g i n a device that prevents transverse spreading, i t w i l l recover to about 6 5 
per cent and remain practically at that thickness indefinitely ̂  i f kept dryo Humid 
atmosphere does not cause appreciable flirther recoveryo The f i r s t time i t i s soak­
ed i n water i t w i l l swell to within at least 9 4 per cent of i t s i n i t i a l thickness„ 
and some woods swell to more than 1 0 0 per cento I f recompressed i n a clamp to 5 0 
per centg and kept claii9>ed at 5 0 per cent u n t i l dry, i t w i l l shrink to about A S per 
cent - that isp i t w i l l eventually become loose i n the claoqpo I f again soaked, i t 
w i l l not swell quite as much as i t did the f i r s t timeo Repetitions of clamping at 
5 0 per cent, drying while clanq)ed, followed by soaking, cause a further reduction i n 
"swelled thicknes3"o This progressive loss has been termed '*coiq)ression^shrinkage''o 
The rate of loss i s not constant, however, inasmuch as i t diminishes as the process 
i s repeated, u n t i l , at normal temperatures, a point i s reached where the "swelled 
thickness" remains more or less stable» The conditions under vblch the wood i s 
kept clamped have a marked effect upon the rate of losso Oven-dryLng causes the 
h i ^ e s t rate of loss, and the lowest rate occurs i f the wood i s kept wet at a l l 
times o Loss due to air-drying at normal tenperatures i s intermediate between oven-
drying and constant soakingo 

Most of the tests were made as described i n the foregoing, and some of the 
results are shown i n Table lo For exan;>le. Cypress Specimen I65D was compressed to 
5 0 per cent of i t s i n i t i a l thickness on September 1, 1 9 A 2 ( 3 2 2 0 Ibso per sqe ino 
pressure)o I t recovered to 6 3 o 3 per cent,and had swelled to 9 4 o 7 per cent during 
soaking for 2 4 hours» After one cycle of being c l a s ^ d at 5 0 per cent and oven-
dried i t swelled to 8 7 per cent, and after 5 cycles i t swelled to 8 1 per cento As 
w i l l be noted, i t s least "swelled to" thickness was 6 5 o 3 per cent on llay 1, 1 9 4 3 i i 

after 7 1 cycleso After Hay I p 1 9 4 3 , oven-drying was discontinued and the specimen 
was air^lriedo From then on the "swelled to" thickness increased someirtiat and ap­
pears now to have become stabilized at about 7 0 per cento Diuring the 2 7 additional 
cycles between Axigust 1, 1 9 4 3 and August 1, 1 9 4 4 no further loss i n swelled thick­
ness occurredo Cypress Specimen I65W (part of the same piece of lumber as 1 6 5 D ) has 
been kept under water continually and, as may be noted, i t s "swelled to" thickness 
exceeds that of Specimen I65D0 Both of these specimens, and those that are describ­
ed i n the following, have lost an indefinite amount of thickness due to some pro­
gressive transverse spreading i n the claspso 

The relative behavior of various kinds of wood i s indicated by Specimens 
Noo 2 7 2 , 2 7 3 , 2 7 4 i i and 2 7 5 ° A l l of these spedinens were subjected to identical 
treatmento During the f i r s t 1 2 cycles they were oven^dried at 100°F, air-dried 
thereaftero As indicated. Redwood suffered the greatest losso 

I t i s desirable to mention here that the "swelling range" of the wood i s 
considered to be the difference between the thickness shown i n the "Swelled to" 
columns and the "Recovered to" columno I t i s assumed that the wood.will be in? 
stalled at i t s "Recovered to".thickness and that consequently the greater the dif­
ference between i t s "Recovered to" thickness and i t s "Swelled to" thickness the 
more l i k e l y i t w i l l be to always f i l l the joint spaceo Therefore, while the 
"Swelled to" thickness of White Pine Specimen Noo 2 7 5 i s 8 6 o 5 per cent as coiq)ared 
to 77 per cent for Cypress Specimen Noo 2 7 2 i t s actual swelling range, due to i t s 
greater "recovered thickness", i s only I 0 8 per cent greatero 

Other specimens are being tested to determine the loss i n swelling capacity 
due to being kept i n a protracted state of cosqpression such as would l i k e l y occur 
i n service during the summer when the wood may be under considerable compression 
for several monthso These specimens are Noso 172B, 173» and 174Bo They have been 
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stored i n dan;> sand continually„ clamped at one-half their i n i t i a l thickness« since 
September 19A2 except that evexy three months they are released and soaked for 24 
ho\irs» measured, reclaiq>edp and returned to storagCo As w i l l be notedp these spec­
imens now swell less than any otherso Vfliether or not they w i l l eventually f a i l to 
swell at a l l i s not known. I t seems problematical as to vdiether these protracted 
con9>ression tests are indicative of what may be ej e c t e d i n service inasmuch as 
daily as well as seasonal variations i n Joint width w i l l provide some r e l i e f , and 
may tend to keep the wood "alive", so to speako vAiereas long-continued coJi9>res8ion 
at a constant dimension may cause the wood to acquire a so-called "sef'o 

Cypress Specimen 172A has been kept clanqped at one-half thickness and stored 
continually out-of-doors exposed to sun, raino freezingo and thawingo Every three 
months i t i s released and i t s swelling recordedo 

Due to restrictions imposed by the war only a few Joints i n actual service 
have been f i l l e d with preconpressed woodo These installations were made more than 
two yeeurs ago and the perfoxmance to date has been satisfactoryo During dry weather 
some shrinkage apparently occurs i n the wood near the pavement surface permitting 
the i n f i l t r a t i o n of fine material to a depth of one or two incheso Beloiv this depth, 
howeverp the wood appears to remain damp and i n a swelled condition, and has so far 
been found to completely f i l l the Joint space at a l l timeso 

Until the merits of precanQ}ressed wood are more definitely determinedp and 
xmtil the manufacturing process i s worked outp the intention i s to use unconpressedp 
clear, heartwood Qypress specially fabricated so that the grain direction of the main 
body of the wood i s v e r t i c a l i n the Joint spaceo Because this ordinary wood i s not 
expected to coiiQ)letely f i l l the Joint space i n the winter time an extra strip has 
been attached to the bottom to exclude as much surface water as possibleo As men­
tioned i n Mro Giffin's paper» i t i s supposed that infiltrated material w i l l progress­
ively accumulate i n whatever vacancies occur and eventually coiq>ress the wood causing 
i t to function i n time somevdiat l i k e precoiiQ)ressed woodo 

Two of the iii?)ortant merits of wood Joint f i l l e r appear to be: 

lo irnlike the conventional bituminous f i l l e r s , wood w i l l not extrude, regard­
less of the extent of Joint closure or infiltrationo This applies only to wood with 
the grain direction installed vertically and only i f restraining means such as dowels 
are provided to avoid l a t e r a l extrusion at the edges of the pavemento 

2o Unlike other f i l l e r s , the wood ds e^qpected to retain sufficient swelling 
capacity and resiliency to prevent the detrimental accumulation and distribution of 
infiltrated material i n the Joint spaces which, i n many locations, has caused ruptuiv 
ing of the concreteo 

Recent liiUdening and Faulting of Cracks 

As mentioned previously, xio faulted cracks were found i n 1931, i n fact not 
un t i l very recently has the faulting of cracks been of any consequence i n New Jersey. 
Early i n 1945» however, investigations were started to determine the cause of wide 
cracks which were recently observed to be increasing i n nuinber i n a few locations i n 
New Jersey. Due to a lack of time and sufficient personnel these investigations are 
not as complete as desired and, of necessity, the causes i n certain instances are 
s t i l l not conclusive. However, the findings to date are believed to be of sufficient 
iiq)ortance to be brought to the attention of the Committee, and to merit the atten­
tion of a l l others who are concerned with the design of Joints, for the following 
reasons: 
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l o Highway engineers i n general should be Informed as to the conditions 
under which these wide cracks occurred i n order that adequate provisions may be made 
to avoid their occurrence i n future worko 

2 o I n an effort to prevent the faulting of joints i n future work i t appears 
l i k e l y that many engineers may be planning to i n s t a l l larger dowels» or a greater 
number of dowels 9 without giving due recognition to the influence of certain in^wrt-
ant factors (notably the effects of rusting of the dowels or other metallic load-
transferring mechanisms) which i f ignored may soon lead to the development of s e r i ­
ous defectSo 

The following i s not to be regarded as an exhaustive report on the causes of 
wide cracks butp instead» primarily as a word of caution to those whose responsibil­
i t y i t may be to evaluate the merits of various types of joints and to decide upon 
v^ich shall be usedo 

Apparently most of. the cracks which have recently widened i n heavy duty 
pavements i n New Jersey occurred during early li f c p due to differential frost-heaving 
or subgrade settlement0 For some years the reinforcing steel evidently was capable 
of maintaining the cracks.at haiz^-llne widtho I n recent yearsp howeverp some of 
these cracks have widened considerably p present. width averages about 3 / 8 ino — 
maximum width 7 / 8 ino Where there i s heavy trucking the wider cracks have faulted« 
some as much as 5 / 8 ino I n practically a l l Instances where the crack width i s 1 / ^ iî <> 
or more the longitudinal reinforcing steel has brokeno 

These conditions were noted i n the f a l l of 1 9 A 4 on U o S o Route 2 2 i n the v i ­
cinity of North Plainfieldo This route carries heavy truck trafflco I n this location 
9 faxilted cracks, ranging from 1/k i n , to 7 / 8 ino i n widths were found i n a stretch 
of pavement 2 0 0 0 fto longo A l l of these cracks are located within the middle third 
portldn of the slabs. No cracks of any width were found at or within less than 9 fto 
from the transverse jointso At a l l of these 9 cracks the reinforcing steel had f a i l ­
ed. The pavement was constructed during the summer of 1 9 3 8 p as follows: 

Thickness: 1 0 iUo Uniformo Width of Slab: 1 0 f t o Length of Slab: 
5 3 f t o Longitudinal Reinforcement; Sixteen 3 / 8 I n . Diameter bars. Dummy or 
Contraction Joints: Nonso Subgrade: Essentially s i l t y clay — no subbasso 
Load transfer at Expansion Joints: Twelve 2 ino .channel dowels, ( 7 / 8 ino flange and 
1 / 2 ino web)o Prior to installation the dowels were given two coats of paint — 
white lead followed by red leado Immediately prior to embedment i n the concrete the 
dowels were given an additional coating of mineral olio The coatings were applied 
the entire length of the dowelo 

These particular coatings were used because comprehensive tests made i n 1 9 3 5 
indicated that the bituminous coatings previously used on 3/k ino round and 2 i n , 
channel dowels did not prevent excessive resistance to slldingo These tests indicat­
ed that the iriiite leadp red leadp and o i l coatingsp i f applied i n accordance with 
the specifications, would f a c i l i t a t e free sliding of a 2 ino channel dowel ( 1 0 ino 
embedment) at considerably less than 1 0 0 0 Ibso These coatings were applied primarily 
to f a c i l i t a t e free sliding during early l i f e Inasmuch as i t was e j e c t e d that i f 
freedom of slippage had been established i n i t i a l l y the subsequent opening and closing' 
of the joints would cause a continuing decrease i n sliding resistance. I n the light 
of present knowledge, these expectations were erroneous. 
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Inasmuch as measurements of the periodic variations i n width at various 
types of experimental Joints instzdled twelve years ago i n another route indicated 
that for some unknown reason the sliding resistance of dowels might possibly i n ­
crease materially i n time i t was decided to i n s t a l l a series of measuring plugs 
adjacent to a l l Joints and cracks i n this 2 0 0 0 - f t . stretch of pavement to deter­
mine idiether the Joints were opening and closing nozmally, and to measure the vari­
ations i n width occurring at the cracks. Measurements taken immediately before and 
after a considerable drop i n pavement temperature indicated that practically none of 
the Joints i n this location opened to any extent and that contraction of the pave­
ment was accounted for principally by an appreciable opening of the cracks at which 
the reinforcing steel had failed. As a result of these measurements, and on the 
basis of an assumed subgrade resistance, i t was estimated that the sliding r e s i s t ­
ance per dowel was at least 3 0 0 0 lbs. This was later confirmed by removing the 
concrete on one side of a so-called "frozen" Joint and, with a special dowel-
pulling device, ascertaining the force required to cause slippage. The sliding re­
sistance of 5 dowels was determined. The average resistance was found to be ap­
proximately 18 , 0 0 0 lbs. per dowel. Of these five, the dowel which offered the 
greatest resistance remained practically immovable at l̂ pOOO lbs. tlhen subjected 
to a constant pull of 2 4 , 5 0 0 lbs., i t s l i d at the rate of o 0 0 7 5 i n . i n 7 minutes. 
More or less "free" sliding occurred at 2 5 , 0 0 0 lbs. 

I t i s evident from the foregoing that, contrary to what might be supposed, 
the sliding resistance of these dowels has increased very materially within the 
past 6| years. 

Three of these dowels were entirely withdrawn from the concrete for detail­
ed inspection. Considerable rusting of the dowel surfaces was found, especially 
for several inches each side of the Joint space. (See Figure 1). The remaining 
6 i n . or so i n the vicinity of the ends of the dowels was comparatively free from 
rust although some rust was found along the entix^ bottom surface of the channels 
and along the bottom surface of the top flange. The dowels were surrounded by 
vezy dense, well consolidated concrete. The indications are that moisture entered 
at the Joint faces and progressed inwardly for several inches. As the dowels were 
withdrawn, pieces of concrete at the Joint face which evidently adhered to the 
rusted portions of the dowels were broken out. 

I n so far as this particular Joint i s concerned there appears to be no 
doubt that corrosion of the dowel metal i s the pzlmary cause of the resistance to 
sliding. And there appears to be no reason to doubt that corrosion has similarly 
affected the rest of the Joints i n this and many other locations. That corrosion 
i s the primary cause of restraint appears to be substantiated by (a) appreciable 
rusting and pitting of the dowel surfaces and (b) the fact that as soon as the 
pulling had advanced to the point where the rusted portion of the dowels had been 
withdrawn from the concrete the force required to continue sliding was considerab­
l y l e s s . 

So far as i s known, corrosion causes restraint to sliding, for the follow­
ing reasons: 

1. When steel corrodes the volume of the products of corrosion i s several 
times the volume of the metal destroyed. 
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2 o I f corrosion occurs i n a state of confinement the products of corrosion 
exert a considerable aq)ansive effort vMch, under certain conditions, may be as much 
as 2 0 0 0 I b s . p per sq. i n . 

3 o I f corrosion occurs i n immediate association with concrete an exceptional­
l y voluminous form of rust may occuro 

(The foregoing information regarding the behavior of the corrosion products 
i s according to Ulick R. Evans, M o A o » Sco Do, i n his conQ>rehensive treatise "Metallic 
Corrosion Passivity and Protection", Edward Arnold & Co,, London.) 

I t appears, therefore, that as the rust forms i t s tendency to expand iMposea 
a progressively increasing squeezing or gripping action on the dowels which gradually 
builds up sliding restraint. Apparently sliding of the dowels back and forth i n the 
concrete as normally occurs i n i t i a l l y i s insufficient to cotinteract the gripping 
tendency induced by corrosiono 

Evidently the magnitude of the restraint i s a ftmction of the area of the 
corroded surface and that for equal percentages of corrosion the larger the surface 
area of the dowel the greater the magnitude of the restraint. This i s not to imply, 
however, that corrosion i s of no consequence i n the case of small dowels. As w i l l be 
brought out later, the f i r s t wide, fatilted cracks to be observed i n New Jersey oc­
curred two or three years ago on UoSo Route 1 i n pavements i n which Joints with twelve 
3 / 4 ino round dowels were installed» However, this has not as yet been definitely 
detexnined to be due to the same cause o 

I n any event, there i s no question but that any material restraint to dowel 
sliding, from whatever cause, w i l l sooner or later prove detrimental, especially to 
those pavements which carry heavy truck t r a f f i c , mainly for the following reasons: 

lo During periods vAien the pavement tenqperature i s decireasing the sliding 
resistance of the dowels induces tension i n the pavement by tending to prevent i t s 
contractiono The tension thus induced i s additive to whatever tension may be pres­
ent due to other causeso 

2 e The tension induced by the sliding resistance of the doivels imposes an 
additional strain on the reinforcing steel spanning transverse cracks and thus tends 
to elongate the steel and widen the crackso 

Where cracks have recently widened i n heavy duty pavements excessive tension 
was apparently responsible for starting the process of vddening. As soon as a small 
amoimt of widening had taken place, however, the influence of heavy trucking appears 
to have accelerated the process. As mentioned previously, many of these cracks ap­
parently occurred during the early l i f e of the pavement due to causes other than con-
traotiCin.. Evidently for seme years, during which time dowel restraint was perhaps 
more or less negligible, they remained at practically hair-line widtho I n later 
years, however, as dowel corrosion progressed and sliding resistance increased, the 
additional tension caused some further widening. So long as the reinforcing steel 
maintained the cracks at hair-line width i t i s probable that efficient load transfer 
was effected through aggregate interlock« ISith further widening, however, the ef­
fectiveness of the interlocking action was correspondingly decreased and some inde­
pendent vert i c a l movement of the abutting pavement sections at the cracks became 
possiblso When sufficient independence of movement had thus been pezvdtted the re-
forcing steel became subject to some flexing with each passage of load. As a result 
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of thousands of flexings under heavy t r a f f i c within a relatively short time the steel 
became fatigued and failed, apparently while the cracks were s t i l l quite narrow. The 
cracks probably did not exceed l/B i n . i n width at the time the steel failed. After 
the steel failed, however, the rate of widening probably increased. 

That the process of crack widening on Route 22 took place as described ap­
pears to be substantiated by the following observations: 

1. No definite necking down of the fractured reinforcing steel was found. 
IShat appears to be necking down, however, has been noted at wide cracks i n some very 
light t r a f f i c pavements i n which 2 i n . channel dowels were installed; apparently, i n 
these instances, due to direct tension restilting from excessive dowel restraint. 

2. I n some of the cracks which are badly ravelled i n the vic i n i t y of the 
pavement surface, pieces of broken longitudinal reinforcing steel about 1^ i n . long 
have been found i n the broken up concrete i n the crack space. 

I t appears, therefore, that i n so far as heavy duty pavements are concerned 
there i s a c z i t i c a l crack width n^ch i f exceeded w i l l permit excessive independent 
verti c a l movement of the abutting pavement sections. I f the independence of movement 
i s excessive i n conjunction with frequent repetitions of load the reinforcing steel 
may soon f a i l due to bending fatigue vAiile the cracks aTe apparently of harmless 
width, even though the ultimate strength of the steel i n direct tension may have at 
no time been approached. The minimum amount of steel necessary to prevent cracks 
from widening i n excess of a c r i t i c a l maxi.miim under any given conditions, even with 
con^jlete absence of restraint to Joint opening, i s as yet uncertain. But inasmuch 
as the faulting of cracks appears to be by no means infrequent i n other locations 
as well as i n New Jersey the relationship of c r i t i c a l crack width to t r a f f i c i n ­
tensity i s a phase of design which evidently merits further study. 

As mentioned previously, a number of wide, faulted cracks have occurred i n 
a section of U.S. Route 1. This section i s between Trenton and Penns Neck and was 
constructed i n 1932, as follows: 

Thickness: 9 i n . Uniform. Width of Slab: 10 f t . 6 i n . Length of 
Slab: Approximately 69 f t . Longitudinal Reinforcement: Sixteen 3/8 i n . Diameter 
bars. Dummy or Contraction Joints: None. Subgrade: Essentially s i l t y clay — 
no subbase.. Load Transfer at Expansion Joints: Twelve 3/4 i n . round dowels, 
20 i n . long, sliding ends coated with cut-back tar, grade U.C., or K.P., 4 i n . or 
6 i n . length cardboard sleeves with compression caps at ends. 

Wide, faulted cracks i n this pavement were f i r s t noted about two years ago 
and they have become more numerous since then. Most of the wide cracks are located 
approximately midway between Joints, but a few are within 12 to 15 f t , from the 
Joints. At the present time i t i s not possible to make any statement as to the 
cause of these wide cracks, for the following reasons: 

1. None of the dowels has as yet been removed to determine whether there 
i s any corrosion present. 

2, Practically a l l of the joints have faulted from 1/4 to 1/2 i n . and i t 
appears entirely possible that even thou^ corrosion may exist i t s effects at pres­
ent may be substantially counteracted oy the faulting. With faulting there i s 
inevitably some bending of the dowels* and enlargement of the dowel holes i n the 
vicinity of the Joint space. Furthermore, at faulted Joints, independent slab 
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action under passage of load probably induces a small amount of dowel sliding, and 
the whole process of faulting involves a general loosening of the dowels. Whether 
or not there was a time prior to the faulting of the joints that the dowels, due to 
corrosion, offered appreciable restraint to sliding and thus induced the i n i t i a l 
widening of the cracks, and heavy tnick t r a f f i c then completed the process, i s not 
known. But whatever the cause, this Instance i s mentioned simply to point out that 
wide cracks have occurred i n conjunction with 3/4 i n , round dowels as well as i n 
conjunction with 2 i n . channel dowels and that corrosion might have been influential 
i n this instance as w e l l o 

I t appears desirable to add that an indication of the possibility of a pro­
gressive increase i n dowel sliding resistance was found 2^ years agOo I n 1932, for 
experimental purposes, various types of joints were Installed i n series i n some 
sections of a widening lane then under construction on U o S o Route l o The dowels 
i n some of these joints are 3 i n , I-Beams (4, and i n some cases 2, per joint, av­
erage length 21 in,) painted with cut-back tar. During construction Monel metal 
gauge plugs were Installed each side of a l l the joints i n the experimental sec­
tions i n order that subsequent variations i n joint width might be accurately de­
termined. I n 1942 i t was noted that most of the joints with four I-Beams had 
considerably decreased i n width during the preceding 10 years whereas those joints 
that had no dowels or mechanisms to restrain movement had compensated for this de­
crease by opening a corresponding amount. This i s also true, but to a lesser 
degree, i n the case of some of the Joints with two I-Beams, Measurements taken i n 
December, 1932 indicate that a l l of the I-Beam joints opened more or less normally 
(slightly less than completely unrestrained Joints) during the f i r s t winter follow­
ing constructiono Recent measurements indicate, however, that the maximum annual 
variation i n width of a number of these I-Beam Joints i s less than o03 i n o whereas 
the immediately adjacent unrestrained Joints have an average annual variation of 
about ,45 ino 

?ftien this was f i r s t observed i t was concluded that for some unknorm reason 
the sliding resistance had progressively increased during the preceding ten years — 
but the cause was only surmisedo However, the possibility that restraint might be 
due to corrosion of the dowels was suspected, but not investigated — i n fact no 
investigations have as yet been made to definitely determine why no slippage takes 
place at these I-Beam j o l n t s o 

Prior to recently determining that corrosion quite definitely can be the 
cause of excessive dowel restraint i t was the intention to specify 1 3/4 i n , x 1 i n o 
X 20 ino length hot-rolled steel dowels spaced 12 i n . c, to Co, i n future work and 
to f a c i l i t a t e their free sliding by greasing and encasing the sliding ends i n 
sheet -metal sleeves. However, i n the light of recent Investigations the efficacy 
of these measures i n permanently f a c i l i t a t i n g free sliding i s indeed questionable. 
Sleeves, due to some looseness of f i t , might actually permit freer access of mois­
ture to the dowel surfaces than coatings. There are also serious doubts, consid­
ering past e^eriences, as to whether coatings of any kind such as o i l s , greases, 
paints, bitundjious coiQ)oiuids, rust-inhibiting preparations, synthetic resin f i n ­
ishes, galvanizing, cadndum plating, or any purely surface treatment can be relied 
upon to provide any more than temporary protection against corrosion. Without any 
question whatever, white lead, red lead, and o i l coatings applied'to ordinary hot-
irolled steel dowels cannot be depended upon to prevent corrosion and,eventual ex­
cessive restraint. This may hold true for any paint or dip coato 



1 0 4 o 

For the foregoing reasons consideration i s being given to the possible use of 
dowels made of materials that are corrosion-resistant. At present intensive studies 
are i n progress to determine the relative corrosion-resistance of various kinds of 
metals, including several grades of stainless steel, under conditions tending to pro­
mote rapid corrosion. Inasmuch as metals that are corrosion-resistant are generally 
more expensive than ordinary steel studies are being made to determine the mindmum 
dowel size, i n terms of weight of material utilized, that tests indicate w i l l meet 
requirementso Heretofore there has been some hesitancy about using structural shapes 
such as small I-Beams, mainly because of the possibility that their relatively thin 
webs or flanges might rust put completely within a few yearso I f , however, the dowel 
material i s such that i t may be relied upon to r e s i s t corrosion indefinitely the 
dowels can probably be of the most efficient shape such as to provide maximum strength, 
i n conjimction with sufficient area of bearing siurface, per poiind of metal utilizedo 
Some further decrease i n the size of section may also be possible i f the dowel ma­
t e r i a l has a higher elastic limit than materials heretofore employed. 

Present 7iews on Faulting, and Future Joint Design 

I n terms of past e^erience i n New Jersey i t appears essential that some sub­
stantial form of connection be provided at a l l points of interruption i n the continu­
i t y of the pavement i n order to counteract the persistent tendency of heavy truck 
t r a f f i c to cause faulting. At cracks this i s presumably accomplished by the inter­
locking of the irregular surfaces of fracture, or so-called aggregate interlock, pro­
vided the amount of longitudinal reinforcing steel i s sufficient to maintain the 
cracks at hair-line width. At Joints various kinds of connections or means to 
counteract faulting are of course available. But, i n so far as New Jersey i s con­
cerned, the en^loyment of a series of substantial dowels has proved to be the most 
direct, dependable means of accomplishing this purpose. I n view of t h i s , and not­
withstanding the d i f f i c u l t i e s that have recently become apparent i n some locations 
due to dowel corrosion, i t i s the present intention to continue the utilization of 
substantial dowels. This intention i s believed to be Justified for the follov/ing 
reasons: 

1 . Three-fourths inch round dowels spaced 1 0 i n . apart have proved to be 
incapable of preventing serious Joint faulting i n pavements carrying heavy truck 
t r a f f i c . The faulting of Joints vdth 3 / 4 i n . romid dowels i s due primarily to the 
fact that these dowels are deficient i n stiffness. This deficiency i n stiffness 
permits the development of.excessive bearing pressures of the dowels on the concrete 
i n the Immediate vic i n i t y of the Joint space. These excessive pressures repeated 
hundreds of thousands and even minions of times i n the course of a few years on 
heavy trucking routes cause a progressive crushing or wearing away of the concrete 
supporting the midsection of the dowels. This action necessarily enlarges the 
dowel holes for some distance each side of the Joint space and soon renders the 
dowels nouf-effective. 

2. I n the case of dowels with greater bearing area and stiffness there i s 
a correspondingly lesser tendency for the bearing capacity of the concrete to be 
exceeded. Increased bearing area and increased stiffness each contribute to a 
lessening of the unit pressures on the concrete. Tests now i n progress have as 
one objective the determination of the most efficient dowel section and size, i n 
terms of bearing area and bending resistance, consistent with the holding capacity 
of the concrete. 

3 o The more efficiently the load-transferring device prevents independent 
verti c a l movement of the adjacent slab ends the lov/er w i l l be the magnitude of the 
forces and actions tending to cause pu^^)ing and faulting. 
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4 . Notwithstanding the recognized value of granular subbase materials, and 
procedures having as an objective the stabilization of subgrades, the construction 
of subgrades and subbases has not yet reached the degree of dependability necessary 
to guarantee the prevention of faulting at Joimts which lack substantial load-
transferring devices. Considering the numerous complex factors that tend to promote 
faulting, the magnitude of the forces involved, and the degree of s t a b i l i t y i t i s 
necessary to provide, i t appears to be uneconomical, and less dependable, to endeavor 
to counteract faulting by omitting load-transferring devices and resorting to special 
methods of subgrade stabilization alone. Instead, i n the Interests of economy and 
dependabilityp i t appears preferable to u t i l i z e substantial load-transferring devices 
i n conjunction with ordinary methods of subgrade stabilization. 

5 . Due to the absence of adequate load-transfer, should favilting occur on 
granular T u b b a s e because of greater compaction or rearrangement of the materials under 
the "receiving ends", not only w i l l the pavement suffer but mudjacking might impair 
the functioning of the subbase. 

6. During 1942, and since, several miles of pavement have been constructed 
i n which no dowels or load-transferring devices were installed at the Joints. I n ^ 
stead0 the slab ends are supported on 4 i n . thickness plain concrete s i l l s (5 f t . 
wide across practically the entire width of the slabs). Even though these s i l l 
Joints are i n service i n comparatively light t r a f f i c roads their performance to 
date has not been entirely satisfactory. There has been some cracking of the pave­
ment at the edges of the sills» During the past winter differential heaving of the 
adjacent slab ends occurred at many of these Joints even though these pavements were 
l a i d On 12 i n . of apparently good quality granular subbase material. At a number of 
Joints the differential amoxmted to 1/4 i n . , the maximum obsejrved being 1/2 i n . At 
present (April, 1945) some of these raised ends have not returned to their normal 
position. Where frost heaving occurs s i l l s are apparently unsuitable. 

7 . I n New Jersey, no evidence has been found to indicate that strong dowels 
materially restrain warping, or cause warping cracks. 

Subject to minor modifications. New Jersey's heavy-duty concrete pavements to 
be constructed during the immediate post-war period are being planned essentially as 
follows: 

Pavement Thickness: 9 or 10 i n . , uniform. Slab Length: Approximately 
60 f t . Dumoy or Contraction Joints: None. Joint F i l l e r : Cypress, 1 1/8 i n . 
thick, fabricated, grain direction ve r t i c a l , sealing strip at bottom. Longitud­
i n a l Reinforcement: Single or double line of 3/8 i n . diameter bars 7 1/2 i n . C, to Q., 
or equivalent i n welded mats. Longitudinal Joints: Tongue and groove, or t i e 
bars. Subbase: Sand, sand-gravel, stone-sand, or cinders — minimum thickness 
8 i n . under a l l pavements on impervious, erodlble, or frost-susceptible s o i l s . 
Load Transfer at Joints: Dowels of rectangular solid bars, or of structural shape, 
which have a bending resistance within the elastic limit of not less than 7500 inch 
pounds — 12 i n . center to center. The dowels probably w i l l consist of corrosion-
resistant materials, or the sliding ends w i l l be provided with positive means to 
prevent corrosion and to guarantee continued free slippage. 

On the basis of present knov/ledge, the dowel problem appears to be essent­
i a l l y as follows: 
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lo I f the dowels are relatively small the sliding restraint due to corrosion 
may be inconsequentialo Howeverp small members not only lack sufficient strength to 
transfer heavy truck loads and counteract faulting but are also susceptible to rust­
ing out completelyo 

2 o I f 0 on the other hand, the dowels are of adequate size to f u l f i l l their 
intended function the effects of corrosion with respect to materially restricting 
their freedom to slide may have serious consequenceso 

I t i s evident, therefore, that to efficiently counteract the faulting of 
joints i n pavements which v / i l l be subject to heavy trucking the ..dowels must be sub­
stantially largeo But i t i s also evident, particularly i n conjunction with dowels 
that have a large surface a reap that positive means must be provided to insure free 
slippage indefinitely. To this may be added that i t i s probable that the more ef­
fi c i e n t l y the Joint structure transfers load the more susceptible i t I s to being 
restrained by corrosion — due to i t s greater rigidity and resistance to a loosen­
ing effect under t r a f f i c , 

War^Time Hauling 

From December 1943 to August 1944 extremely heavy war-time hauling was 
done on 21 miles of concrete pavement betv;een Perth Amboy and Colts Neck. The av­
erage weight of the loaded tz^cks was approximately 60p000 I b s o Based on counts, 
the estimated average dally number of these imits passing over the pavement during 
this period was 212o No sezious damage seems to have occurred anywhere during the 
winter months. But, during a rainy, thawliag period early i n the spring of 1944o 
serious failure occurred i n several areas vrtiere the pavement was laid on s i l t y -
clay subgrade, Pximping was extremely violent i n these areas, and the slabs soon 
became cracked at very close intervals. Failure rapidly progressed to such an ex­
tent that the pavement i n some locations had to be reconstructed» The destruction 
of the pavements on adverse subgrades continued u n t i l the l a t t e r part of June when, 
due to the setting i n of a long period of droughtp pumping diminished and fi n a l l y 
ceased. On the other hand, similar pavements on granular soils were affected much 
less severely, and none needed reconstruction. Faulting i n varying degrees was 
common at a l l joints with six 3 / 4 i n , round dowels except i n some comparatively 
short stretches v/here the native granular s o i l appears to be of exceptionally good 
quailtyo I n these exceptional locations, no defects of any kind are apparent. 

Samples of the soils supporting these pavements were taken at various 
places along the trucking route, and the general condition of the pavement was 
notedo Information relative to the kind of joints, year constructed, condition of 
the pavement, and the characteristics of the s o i l s i n various locations i s shown 
i n Table 2 o These locations are shown i n miles from Perth Amboyo 

I t i s desirable to point out that the pavement on Route 4 and 3 5 , and Route 
4 , has channel-dowel jointso Route 4 and 3 5 was la i d on native sandy s o i l , and 
Route 4 was laid on 8 i n o of granular subbase. As noted under "Comments", the 
pavement on Route 4 and 35 i s cracked immediately adjacent to some Joints due to 
excessive sliding resistance of the dowels, but no cracking due to t r a f f i c i s 
apparento On Route 4 , of the 225 slabs involved, only 4 have visible cracks, and 
these are at transitions from cut to f i l l o The pavement i n this 3 mile stretch of 
roadway does not appear to have been damaged in anyway by the heavy truckingo 



TABLE 3 o WU JERSEY » 1 9 A 0 BiAFFIC COUNT - INCLUDING TJEIGHTS CF TRUCKS 

Eoutej I«atlon ; Type j j ^ ™ ^ 
: t t i t r a f f i c 

t Daily 
: Truck 
: Traffic 

i Less 
; than 
i5 tons 

:5 to 
: 1 0 
(tons 

slO t o s l 5 to 
5 1 5 s 2 0 
;tons stons 

s20 to 
! 25 
: tons 

t 25 to 
s 30 • 
: tons 

; 30 to 
! 35 
: tons 

35 sSouth Amboy 
• 
• 

i Dual :7599(South-« 9 o 2 
; bcnind) t 

S 6 9 9 (South-
: bound) 

t 4 3 8 : 1 6 4 ; 6 0 : 22 i 9 : 6 

4 :Fram Route 35 
t Southerly 

I Dual 85537(South-: 7 . 2 
i i bound) s 

: 3 9 8 (South-' 
: bound) 

i 250 t 9 3 s 3 4 i 13 t 5 J 3 

4 sNoirUi of 
; Matawan 

i2 Lanest3627(South-t 7 o 2 
; .i bound) s 

: 2 6 1 (South-
: bound) 

! 1^5 : 6l ! 22 8 • I 3 : 2 

3 4 :South of 
: Matawan 

: 2 Ianes :2475(South-s 9 o 2 
; : bound) : 

; 2 2 8 (South-
i bound) 

5 1 4 3 i 5 3 5 2 0 : 7 i 3 ; 2 

2 5 :North of i 
: Camden i 

i Dual $9148(North-s 1 5 . 6 ; 
t bound) g 

! l 4 2 7 (North! 
> bound ; 

4 8 8 ' ! 4 0 4 ' ! 2 0 0 ! 2 0 8 i 1 1 6 ! i 7 ! iv 

2 5 sSouth of i 
i Bordentown 

• Dual s5667(North-
g bound) 

I 1 8 c 5 ' ; 1 0 4 8 (North! 
> bound 

259 ' : 299 ' I 163 ' t 2 0 2 • I 8 9 • I 31 ! 5 

2 5 sSouth of New i 
J Brunswick : 

Dual s 1 5 , 0 7 7 
s (Total) 

! 2 0 . 7 i • 3120 ! 
(Total) t 

9 1 7 i ! 9 7 7 . : 568 : 3 5 3 ! ! 215 i 8 4 ; 6 

25 ;North of New : 
: Brunswick : 

Dual : 1 9 , 8 4 3 : 
s (Total) 

' 2 0 o 7 ! 4 1 0 7 : 
(Total) J 

1 2 0 7 1 1 2 8 6 ! 7 4 7 : 464 : 2 8 4 i 111 ! 
J 

8 

2 5 :At Newark : 
: Airport : 

4 Laness6 2 , 1 8 4 
: (Total) ! 

. 1 6 , 0 ! 9 9 4 9 : 
(Total) J 

2 7 5 6 : 2 8 4 5 : 1751 : 1 6 7 1 ! 667 i 1 8 9 ! 70 

2 6 (North of : 
: Trenton j 

Dual : 1 2 , 4 7 7 ! 
t (Total) J 

1 2 0 , 7 J 2 5 8 2 : 
(Total) s 

7 5 9 ! 8 0 8 : 470 : 292 s 1 7 8 : 7 0 ! 5 

2 9 :Somerville ; 3 L a n e s t l l , 3 4 4 i 
: : : (Tbtal) ! 

1 7 . 6 ! 1 9 9 7 i 
(Total) : 

5 8 1 ! 6 0 7 : 2 6 8 : 3 1 8 : 1 7 7 J 42 J 4 

6 :East of : 2 lanes: 6 0 0 0 
: Hackettstown t : (Total) ; 

i 9 o 3 i 5 5 8 ! 
(Total) J 

1 5 5 ! 1 6 0 : 9 8 s 9 3 J 3 7 i 11 J 4 
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With respect to the grading and characteristics of the various soils shown 
i n the tabulation, i t i s desirable to add that most of these samples were taken i n 
cuts and that every effort was made to obtain samples truly representative of the 
s o i l supporting the pavement. However, due to the extremely variable types of s o i l 
encoimtered, and particularly to the presence of a thick undulating layer of heavy, 
black0 greasy, silty-clay s o i l which was frequently found under only parts of a 
slabp the described condition of the pavement i n some locations may appear,, and per­
haps i s , inconsistent with vAiat might be Inferred from the characteristics of the 
saiq>leso 

As a matter of general information, a tabulation (lower part of Table 2) 
has been added showing the characteristics of some of the soils which have contributed 
to severe pungjing and faulting on other routes. Two of the most unsatisfactory sub-
grade soils i n New Jerseyp with respect to punqping and faulting, are represented by 
Samples No. 354,381 and 354,253. 

Traffic 

The Table 3 shows t r a f f i c counts taken i n 1940 at points on several truck­
ing routes, and the various weights of the trucle. 



109o FUUPING OF CGNCBETE PAVEUMTS IN TENNESSEE 
Cooperative Study 

By 
Tennessee Department of Highways 

and 
Portland Cement Association 

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. 



117. 

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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MAINTENANCE METHODS FOR PREVENTING AND CORRECTING 

THE PUMPING ACTION OF CONCRETE PAVEMENT SLABS 

What Is Pumping? 
During the present emergency, 

Highway Maintenance Engineers are 
faced with the increasingly senous 
problem of maintaining existing pave­
ments under a large mcrease in the 
number of heavy loads passing over 
them. The deflection of slab ends at 
joints and cracks under heavy loads 
after the accumulation of water in 
some subgrade soils causes a displace­
ment and ejection of water carrying 
soil particles in suspension. This ac­
tion is known as "pumping," and its 
continued repetition removes sufficient 
soil to result in lack of subgrade 
support. 

Causes of Pumping 
The pumpmg action of concrete 

slabs at joints, cracks and edges results 
from an unfavorable combination of 
soil type, water and amount and 
weight of traffic. 

The subgrade soil type, where 
pumping occurs, consists of soils con­
taining a predominance of silt and clay. 
Nonplastic granular soils such as sands 
and gravels are not susceptible to this 
action. 

Free water must be present imme­
diately under the joint, crack or edge 
of the pavement for pumping to occur. 
As a result, this action takes place 
during periods of prolonged rainfall 
such as may be expected normally in 
the spring and fall seasons. The 
source of free water is largely surface 
infiltration through cracks, joints and 
edges of the pavement but may be 
from water bearing strata or high 
water tables. 

A large number of heavily loaded 
trucks, in combination with a sus­
ceptible soil type and water, is the 
final and most important factor in 
pumping. The deflection of a slab 
end is dependent upon the total load 
pasang over a joint or crack at any 
given time, l l ius , the load which 
governs the amount of the deflection 
is the axle load regardless of the num­

ber and size of the tires carrying the 
load. The present war effort has 
resulted in an increase in the number 
of heavily loaded vehicles, which in 
turn has increased both the severity 
of the pumping action and the extent 
of its occurrence. 

PREVENTIVE AND CORRECTIVE 
PROCEDURES 

The problem of maintenance in 
relation to pumpmg occurs in connec­
tion with two conditions: 

Case 1. Pavements on which pump­
mg may occur, due to the character of 
the subgrade and expected heavy 
loads. 

Case 2. Pavements on which pump­
ing has progressed to an appreciable 
degree, due to the character of the 
subgrade and the presence of heavy 
loads. 

PREVENTION 
In case 1 an examination should be 

made of the subgrade on any section of 
pavement which is being subjected to 
a greater than normal number of 
heavy loads. Such an examination 
should be made by an experienced 
soils engineer and all the soils on the 
section should be classified by visual 
inspection or by the testing of such 
samples as may be deemed necessary. 
Since examination of many pavements 
has indicated that pumping does not 
occur on subgrades composed of per­
vious sandy soils or gravels, special 
maintenance in areas having such sub-
grades may be reduced to a minimum. 
On sections on which the subgrade and 
shoulder materials are composed of 
types of soils that are conducive to 
pumping, measures to prevent pump­
ing, such as the sealing of joints, care 
of surface drainage, and attention to 
drainage problems, should be taken. 

The complete waterproofing of joints 
and cracks by the use of bituminous 
fillers has never been accomplished. 
Therefore, constant attention to the 
maintenance of a seal will be necessary 
if pumping is to be prevented by this 

method. 
The use of French or other type 

drains through the shoulders of the 
road and into the ditches has been 
reported as only partially successful 
in stopping active pumping The use 
of them cannot be recommended 
except as a temporary preventive 
measure. 

I t has been observed that new 
shoulders sloped to drain storm water 
to the pavement instead of to the 
ditches, high shoulders on existing 
pavements or shoulders which are 
badly rutted, contribute to pumping. 
Therefore, the maintenance of smooth 
shoulders sloping toward the ditch will 
help to eliminate pumping. (This 
seems obvious but throughout the 
United States high and rutted should­
ers on pavements are often over­
looked.) Filling ruts and holes along 
the edges of pavements with pervious 
materials and the use of unsurfaced 
widening strips composed of pervious 
materials may divert the flow of water 
toward the pavement. These condi­
tions contribute to pumping and such 
measures should be avoided in main­
tenance operations. All ruts, holes 
and trenches for widening materials 
should be filled with impervious mate­
rial and sloped toward the ditch. 

CORRECTION 

In Case 2 the most successful 
method of treatment consists in forcing 
a suitable mixture under the slab. 
Several commonly used mixtures for 
this purpose are described later in the 
report. This procedure forces water 
out from under the slab and fills 
the void between the subgrade and 
the slab. Settled slabs may also be 
brought back to proper elevation by 
continuing the operation. 

The materials, equipment and pro­
cedures described hereafter are typical 
of those used by several States in the 
filling of void spaces under pavement 
slabs by means of the mud jack. 
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MATERIALS 
Soils 

The type of soil used in mud jack 
mixtures must necessarily vary with 
the location in which the work is being 
done. There are, however, some soil 
characteristics which will make mud 
jacking more eflScient. A suitable soil 
must be of such character that i t will 
slake readily in water to form a mix­
ture of uniform consistency and shall 
be reasonably free of orgamc material. 
I t must be reasonably free from glue­
like colloids which do not soften readily 
when mixed with water and are pro­
ductive of objectionable packing of the 
mixture in the mud jack. One State 
reports that soil having low shrinkage 
and a small quantity of colloidal clay 
gives the best combination. The clay 
adds to the workability of the mix and 
keeps the coarse particles in suspen­
sion. 

Mixtures 
The kinds of mixtures and the pro­

portions of soil and admixtures used 
m various States differ. All States 
reporting indicate satisfactory results 
with the mixture they use. The mix­
tures and the methods of prepara­
tion used by several States are pre­
sented here for information: The term 
"slurry" used in the following descrip­
tions and elsewhere in the report refers 
to the soil-water-admixture combina­
tion having the consistency required 
for use m the mud jack. 

lUinoti 
The slurry shall consist of a mixture 

of cement, limestone dust, slow curing 
liquid asphalt, soil, and water. The 
percentages of these ingredients by 
volume, exclusive of water, are ap­
proximately as follows: 

Ualmal PacaU 
Cement 11 
Limestone dust 11 
Slow curing liquid asphalt 

(SC-2 grade) . 19 
Soil 69 
Total 100 

or, in terms of parts by volume: 
Cement 1 part 
Limestone dust 1 part 
Slow curing liquid asphalt 

(SC-2 grade) . 1 75 parts 
Soil.. . 5.5 parts 

NOTE' Due to the fact that slow-cunng 
(SC) liquid asphalts arc now unobtainable, 
i t IS suggested by V L Glover, PJngineer of 
Materials, Illinnis State Highway Depart­
ment, that the following grade of medium 
curing liquid asphalt be substituted. 

"Asphalt MC-1 This material shall be 
a medium-cunng cut-back asphalt consist­
ing of a petroleum residuum fluxed with a 
suitable distillate. I t shall be free from 
water, show no separation on standing and 
shall conform to the following requirements 
(a) Flash point (Tag open cup), 

not less than 100°F 
(b) Viscosity, Saybolt Furol, at 

122°F , seconds 75 to 150* 
(c) Distillation test 

Distillate, percent by 
volume of total distillate 
to eSCF . 

Distillate to 437''F., not 
more than 20 

Distillate to SOO°F 25 to 65 
Distillate to 600°F 70 to 90 

Residue from distillation to 
eSCF percent volume 
by difference, not less 
than 60 

(d) Characteristics of residue 
from distillation test. 

(1) Penetration at 77°F", 
100 g , 5 sec 150 to 300 

(2) Ductility at 77°F (when 
the penetration at 77T 
IS between 150 and 200), 
not less than 100 cm. 

(3) Ductility in centimeters, 
at 39 2°F , rate i cm per 
minute, not less than 1*1; 
of the penetration at 
770F 

(4) Bitumen soluble in car­
bon disulphide, not less 
than 09 5% 

(5) Spot test Negative 

The amount of water used shall be 
varied in accordance with the moisture 
content of the soil and the consistency 
desired. Generally, 3.26 parts of 
water will be sufficient. 

Silty clay or clay loam top soils are 
the most suitable. The clay adds 
workability; the sand reduces the 
shrinkage and increases the stability 
of the mixture; the oil is the water­
proofing agent; the cement increases 
stability, helps to absorb the water, 
reduces the shrinkage, and accelerates 
set; the limestone dust accomplishes 
the same purposes as the cement al­
though to a lesser degree, reduces the 
amount of cement required, and aids in 
holding the oil in the mixture. ^ 

A small trial batch should be made 
to determine the amount of water 
required to produce the proper con­
sistency, and also to determine the 
amount of cement and limestone dust 
needed to obtain the necessary initial 
set and stabiUty. The amounts of 
these three ingredients will vary with 
the type of soil used and the purpose * 
for wUch the mixture is to be used; 
that is, whether i t is to be used for 

•The vuooeity mod shauld be from 100 to 160 

lifting the slab back to grade or filhng 
the voids under the slab caused by the 
pumping action. 

In preparing the mixture, part of the 
water and the soil should be mixed 
first, then the liqmd asphalt added, 
and finally the cement, limestone dust 
and such additional water as may be 
needed for proper consistency and to 
accomplish the purpose for which the 
mixture is to be used. 

Kansas 
The mixture used is made by com­

bining 8 parts by volume of cement, 5 
to 8 parts of MC-2 or MC-3 cutback 
asphalt and 84 to 87 parts of soil with 
suflScient water to produce a consist­
ency about like very thick buttermilk. 
The mixing is done in a small concrete 
mixer. 

Missouri 

When mud jack work for the preven­
tion of the pumping action was started 
in 1937, IJ sacks of cement per cubic 
yard of earth were used. For recent 
work more satisfactory results have 
been obtained with a mixture contain­
ing 4 sacks of cement per cubic yard 
of soil. 

Ohio 
On one project Ohio reports the 

following: 
During November and December of 

last year the French drains were sup-
plem^ted by pavement jacking at all 
joints where pumping was observed. 
Various mix proportions were used and 
all of the mixes substantially reduced 
the amoimt of pumping. 

Mix 1 consisted of 50 percent SC-2 
and 50 per cent powdered asphalt by 
weight. For the weather conditions 
at the time this work was done a tem­
perature of about 250 degrees F. was 
necessary. 

Mix 2 consisted of soil, pbwdered 
asphalt and SC-3. This material has 
extruded from the joints and tracked 
the pavement badly. 

Mix 3 consisted of 67 per cent soil, 
25 per cent SC-3, 4.5 per cent cement 
and 3.5 per cent powdered asphalt by 
weight with sufficient water to make 
the mixture workable in the mud jack. 
This was the first mix to be tried and i t 
was gradually changed by lowering the 
percentage of soil, cement and water 
until mix 1 was attained. Mix 2 was 
essentially a stage in this transition. 

Study of the performance of the 
various treatments used indicates that 
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the mixture of SC-2 and powderpd 
asphalt alone, has given the most satis­
factory results. However, all of the 
mixes tried have resulted in condder-
able improvement of the pavement 
when compared to its condition in the 
fall of 1941. 

NOTE: In view of the fact that alow cur­
ing (SC) liquid asphalts are now unobtain­
able Mr. Charles W AUen, Acting Chief 
Engineer, Bureau of Tests, Ohio State De­
partment of Highways, reports that Ohio 
intends to expenment with the lighter 
consistency medium curing (MC) liquid 
asphalts and road tars. 

Admixtures 
The reports received indicate that 

the choice of an admixture for use with 
soil is a matter to be left to the judg­
ment of the engineer. The quantity 
of cement used varies from 0 to 5 sacks 
per cubic yard. The bituminous ma­
terial, where used, may be slow curing 
asphaltic oil or medium curing cutback 
asphalt and the quantity varies from 
8 to 25 per cent by volume. 

The final mixture of soil and cement 
or soil-bituminous material and cement 
must have low shrinkage when dried 
and must flow at a relatively heavy 
consistency. 

Testing Soil and Soil-mixturea 
Laboratory tests should be utilized 

to measure tiie shrinkage and harden­
ing chiuracteristics of the soil and soil-
mixtures. I n an emergency and as a 
routine field test, the shrinkage may 
be judged by mixing a properly propor­
tioned batch of the materitds to the 
consistency desired by the mud-jack 
operator and molding parts of the mix­
ture in the top of ice cream cartons or 
other flat containers and drying in the 
sun or any other available heat source. 
The entire absence of shrinkage or the 
occurrence of a very small smount of 
shrinkage will indicate a satisfactory 
mixture. Appreciable shrinkage will 
indicate the necessitsr for a change in 
soil or the use of an additional quantity 
of admixture. 

Hardening may be judged by means 
of eimilar samples buried at the edge 
of the slab for 24 hours. 

RECOMMENDED FIELD 
PROCEDURES 

The following procedure is typical 
of that being followed by most States 
fmd is recommended by the Com­
mittee. Such variations as local con­
ditions may require are desirable and 
permissible. 

Drilling 
For the expulsion of water and for 

tilling the voids under the slab a hole 
is drilled near the intersection of the 
transverse joint or crack with the 
center joint. The location of each 
hole should be approximately 10 in. 
from the center joint and 10 in. from 
the transverse joint or crack (Fig. 1). 
The hole should be located on the far 
side of the transverse joint or crack in 
the direction of traflic. 

When the pumping action has caused 
settlement of the slab and i t is desired 
to l i f t i t back to grade, holes should be 
drilled 30 in. each way from the inter­
section of the transverse crack or joint 
with the outside edge of the slab 
(Fig. 1). 

The location of both the-void filling 
holes and the lifting holes shown in 
Figure 1 are for average conditions. 
Other positions of the holes may be 

shots of air between shots of slurry in 
order to force the mix the maximum 
possible distance. 

When the slab is not to be lifted, 
pumping is stopped when the slurry 
appears at crac^, joints or the edges 
of the pavement or ^ e n the slab 
starts to l i f t . I n lifting slabs, the 
vents at the edges of the pavement are 
closed by filling with dirt, and, if 
necessary, wooden plugs are driven 
into adjacent holes and clay is tamped 
into leaky joints. Slurry is tiben 
pumped in tiie lifting hole until the 
slab is rwsed to the desired elevation. 

After all the void filling and lifting 
operations have been completed, the 
holes are sealed with clay. Later the 
holes should be cleaned out and sealed 
with bituminous filler. 

The successful filling of void spaces 
under concrete pavements or the 
lifting of depressed slab ends to their 
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Fio. 1 —Typical Locations of Void Filhng and Lifting Holes at Transveise Joints 
and Cracks • , Void filling hole; O, lifting hole. 

desirable under some field conditions. 
In the case of 4-lane pavements, set-
tiement almost always occurs in the 
outside lane which carries the bulk of 
the heavy traflic. The inside or pass­
ing lane seldom settles. 

Filling Void Spaces 

The first step in the void filling 
operation is to force all trapped water 
from under the slab by means of com­
pressed air. This is necessary in order 
to avoid dilution of the soil mixture 
with water and to insure the filling of 
the void space. To allow the escape 
of water, each transverse joint should 
be vented at the outside edge of the 
pavement by digging away the shoul­
der material. Where there is evidence 
of considerable water under the slab, 
i t is sometimes necessary to strip short 
sections of the bituminous filler from 
the joints to allow free escape of the 
water. 

After the water has been forced out 
the sluny is pumped into t^e voids 
until i t appears in the cracks and in 
the vents at the edge of the pavement. 
In some cases, i t is advisable to admit 

oricpnal elevation by means of the 
mud-jack requires cao^ful engineering 
supervision and skillful operation of 
equipment. I t is the opinion of the 
Committee that the entire attention 
of one experienced engineer will be 
required during the operation of each 
mud-jack imit and that operators of 
equipment should be carefully trained 
before being assigned to work on 
heavily traveled roads. The use of 
the mud-jack without adequate super­
vision or with inexperienced operators 
is likely to result in fulure to stop 
piunping at slab ends and may result 
in damage to the pavement. 

Equipment 
For ordinary operations, the stand­

ard mudjacking equipment, which 
most of the highway departments al­
ready have may be used for thid work. 
This consists of: 

No. GO mudjack 
2)-in. mud-jack bit 
Air compressor 
28- to 35-lb. jack hammer 

I t is possible to obtain a reducing 
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nozzle with a U in. opening, which will 
allow smaller holes to be iiseid. 

A smaller machine, which is espe­
cially adapted to this work is also avail­
able. The equipment required is: 

No. 10 mud-jack 
Smaller mixor 
Air compressor 
IJ-in mud-jack bit 
28- to 35-lb. jack hammer 

The mixer may be a concrete mixer 
or a bituminous mixer, preferably the 
latter. Either type may vary from 

5 to 10 cu. f t . in capacity 
For more extensive operations, 

equipment and methods similar to 
those described in the November 1940 
issue of Roads and Streets under the 
title "Subgrade Treatment by Mud-
jacking and Filling" may be used. 
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WARTIME ROAD PROBLEMS 
No 1. Curing Concrete Pavements Under Wartime Restrictions on Critical Materials 
No 2 Design of Highway Guards 
No 3 Design of Concrete Pavements Requinng a Minimum of Steel. 
No 4 ''Maintenance Methods for Preventing and Correcting the Pumping Action of Con­

crete Pavement Slabs. 
No 5. Granular Stabilized Roads 
No 6 Patching Concrete PovementB with Concrete. 
No 7. Use of Soil-Cement Mixtures for Base Courses 
No. 8 Thickness of Flexible Pavements tor Highway Loads. 
No 9. Treatment of Icy Pavements 
No. 10 Salvaging Old High Type Flexible Pavements. 
No. 11. Compaction of Subgrades and Embankments. 

IN PREPARATION 
Soil-Bituminous Roads 

HIGHWAY RESEARCH BOARD 
The Highway Research Board is organized as a project of the Division of Engi­

neering and Industrial Research of the National Research Council. The membership 
consists of the representatives of 32 technical and commercial aesociatione and organi-
eations of national scope. Its purpose is to provide a national clearing house (or 
highway research activities and information. 

In its practical workings the functions of the Board have been: to provide a 
forum for the discusdon and publication of the results obtained by individual research 
workers; to organise committees of experts to plan and suggest research work and to 
study and correlate results; to publish and disseminate information; to provide a 
research information service; and to carry on fact finding investigations when special 
funds are available. 

Associates of the Board are firms, corporaticjos and individuals who are qualified 
by interest and activity in highway research and who desire to further the work of 
the Board by annual contributions to its support. 

Much of the technical work is done by committees of specialists and recognised 
authorities which are organised under ^ departments: Finance and Economics, 
Design, Materials and Construction, Maintenance, TrafBc and SoUs Investigations. 

Regular contacts are maintained ŵith all State highway departments and engi­
neering colleges through regularly appointed contact men. 
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