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The conmittee was organized in 1942 to study the causes of pumping and to
£ind, if possible, corrective measures which might be effective,

The membership consists of representatives from the State Highway Depart-
ments of Oklahoma, Kansas, Missouri, Illinois, Indiana, Ohio, and New Jersey, the
Portland Cement Association, the Koehring Company, and the Public Roads Administra-
tion.

The first activity of the conmittee was the preparation of a Wartime Road
Bulletin No. 4 on Maintenance Methgds for Preventing and Correcting the Pumping
Action of Concrete Pavement Slabs. This bulletin was published in October,
1942 and has been of considerable value to maintenance engineers who were called
upon to use mdjacking methods for the first time.

E - See page 131 of this publication.
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In 1943 the committee sponsored two papers which were published in the Twenty-
third Anmmal Proceedings — one by K. B. Woods and T. E. Shelburne of Purdue Univer-
sity on the "Pumping of Rigid Pavements in Indiana,® and the other by R. W. Couch
of the Missouri State Highway Department entitled, "Deflectometer for Measuring Con-
crete Pavement Deflections under Moving Loads."

For 1944 the cammittee presents as a progress report papers covering experi-
ences and methods of control used in Missouri, Ohio, Indiana, New Jersey, and Tenn-
essee. These papers describe work that has been done in an effort to determine the
causes of pumping, to develop maintenance procedures that will relieve the condition
on existing pavements, and to develop pavement and subgrade details that will prevent
its occurrence on future construction. The conclusions presented are those of each
author and do not necessarily represent the opinion of the cormittee as a whole.

Reports are belng prepared on the work done in 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 its final report dur-

ing 1945.
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MAINTENANCE METHODS FOR FREVENTING AND CORRECTING THE
PUMPING ACTION OF CONCRETE PAVEMENT SLABS

Rex Mo Whitton, Engineer of Maintenance,
Missouri State Highway Department

SYHROPSIS

This paper describes experience in Missouri with the correction of
pumping_at joints imn concrete pavements by the use of a semi-fluid
soil-cement mixture forced under the slab with a mdjack. The slurry
used consisted of four sacks of cement per cubic yard of topsoll and
50 to 55 per cent of waters The spaeing of the holes for elimination
of pumping and cerrection of faulting is discussed. The equipment and
personnel required is given in detail., ©On an average section of pave-
mant, it was found that 354 holes per mile and 35,45 eubic yards of
alurry were required per mile of road, The average cost of the work
was $24.78 for drilling l3-inch holes and $250,66 per mile for the ma-
terial and pumping operation.

In a study of the deflections of the pavement under moving loads,
it was noted that deflections increased immediately after filling the
woids under the pavemsnt with the soil-cement aslurry and then decreased
after a period of tims had elapsed. For a 12,000«pound rear axle load,
the deflections were redused as mmch as 0.007.in. and for a 16,000-pound
wheel load as much as »0ll-in. between measurements made 9 days and 153
days after mdjackingo

It was found that a few of the mdjacked slabs resumed pumping and
that the work had to be supplemsnted with joint and crack water-proofing
20 keep surface water from reaching the subgrade. On pavements that
were cracked extensiwely., the best method of waterproofing joints was

X by the use of a aubstantlal bitugpinous surface or upper deck not less
than )~in, in thickness.

] After a study of design features from the viewpeint of a maintenance
engineer, the author conciudaes that expansion or contraction joints
should not be used in concrete pavemants except at highway intersections,
bridge ends or other locations where the pavement abutts a fixed objecto
The relation of the type of aggregate to the crack interval in concrete
pavamants in wilich no jaints were placed 1s dissussed.

The typo of concrete pavement failure that is causing the most concern today im
Missouri is the result of "slab pumping” or the deflsction of the pavement under a mov
ing lead. "Slab pamping® is the ejection of water thru the joints and c¥icke &n cone
crets pavements earrying soil particles from the subgrade. Contimmed "slab pufiping® re=
saults in voids under the conerete pavement and finally the breakdown of the pavement
itselfs "Slab pumping” is isdeed a malignant disease of aoncrete pavement.

It has bgen proven through both research and obserwation that four factors mast
be present to ereate a "pumping slab”,c They are: (1) heavy axle loads; (2) joints or
eracks in the pavement; (3) unsuitable eubgrade soil; (4) "free" water under the slab.
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The elimination of any one or more of these factors extends the life of the
concrete pavement for many years. -

Since the legal limit for axle loads in Missouri has been increased during
the present war from 16,000 1b, to 18,000 1b., and since it seems to be generally ac-
cepted that an 18,000 1b, axle limitation should be adopted as standard in all the
States, this axle load factor cannot be readily changed.

Joints and cracks which have been delibsrately placed, or cracks which have
occurred from natural causes, in the concrete pavement cannot be eliminated; but
their effectiveness as a means by which free water gets under the pavement can be re-
duced very materially in most instances by keeping the joints and/or cracks properly
f11led and by placing a bituminous upper deck over the entire area of the affected
pavement .,

It is not feasible to remove and replace the undesirable subgrade soil now in
place under the concrete pavements constructed in the days when little or no thought
was given to obtaining the most satisfactory type of supporting soil. It is, however,
possible to stabilize the undesirable subgrade soil to such an extent that it is more
effective in sustaining the load.

The range of soil types on which pumping has occurred is quite extensive. Any
soil that can be puddled into a suspension in water will react to the rocking action
at pavement joints and cracks and in the presence of water will develop pumping. There
are some soil types developed in areas of low relief possessing a distinct clay-pan,
such as the Putnam Silt or Lebanon Silt, which are relatively more susceptible to pump-
ing than the more drainable types such as the Knox Silt or the Marshall Silt. However,
any clay or silt type soil in the proper environment will develop pumping.

It is also possible to overcome the "free" water under the pavement and extend
the life of much concrete pavement until a post war reconstruction program permits the
older pavements to be replaced or adapted tc the needs of today and tomorrow, By pump-
ing a slurry mixture of soil, cement, and water through the pavement, the void is
filled and the reservoir for the accumulation of "free" water is thereby eliminated.
The history of *he development and methods adopted in Missouri will be disecussed brief-
1y for performing this operation.

As early as 1935, attention was directed to "slab pumping" on the most heavily
traveled routes in Missouri, which forced the free water thru the cracks in the pave-
ments, causing erosion and displacement of the subgrade and the resulting woids under
the pavement. In 1937, one division of the State Highway Department used a mudjack to
pump a semi-stiff mixture of soil and cement under the badly damaged pavement to £ill
these voids, force out the free water, stabilize the subgrade, and reduce the "slab
pumping", The soil-cement mix was injected through a hole drilled at the intersection
of each transverse crack with the longitudinal centerline. In 1938 the method was
extended over other sections, but the original single hole at each crack was supple-
mented by two other holes; one being drilled in the transverse crack at the middle
point of each lane of traffic, The results obtained by the use of the three holes
were more satisfactory than by the one hole method of 1937, During the next two years,
the sectlons pumped by both methods did not progress in failure as rapidly as the
sections not treated.

In 1941, when the pumping action was noted on other heavily traveled routes
where the condition had heretofore been present but less intense, a special study was
made of the problem. After obtaining the experience of other States, a decision was
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made to use a slurry mix of leam top soil and portland cement instead of the semi-~
stiff mix. A more fluid mix was necessary to give a greater spread of the mixture
under the pavemsnt and to fill more of the small voids and channels.

This slurry mix was abtained by mixing the soil and cement, the proportions
being four sacks of portland cement per cub:Lc yard of tep soil with 50 to_55 per cent
water; in the pugmill of the mudjack. -

Observations in the fiald indicated that, by the use of this alurry mix, the
sollwecement would be pushed or pumped through to the top of the pavement at eraeks
20 and 25 ft. from the point of injeetion. Also by using this mix the pavement was
not set up on stools as was the probable condition in previous years when ths stiff
mix was employed for raising settlements.

Bxperiments have been instigated and are still being carried on to determine
admud.nres for the present soil=cement slurry mix to improve its quality. A mix is
sought that will set up rapidly, will have strength without too much rigidity, ahd
will have a minimum shrinkagee

The holes for corrective and preventive mudjack work are now placed 10 in. to
12 in, from the centerline and 10 in. to 12 in. beyond the transverse crack or joint
in the direetion of traffic., Since the uae of air in conjunction with the pressure
supplied by the mmdjack has not been utilized due to lack of equipment, we have come
to the conclusion that one hole should be drilled in diagonal corners at the location
mentioned above so that the greatest amount of alurry can be pumped under the pavementy-
Experimental sections were set up using both the one hole method and the two hole meth-
od and it_was found that 0409 cubic yards more slnpry ms pumped per crack where two
holes were used instead of one. When it is neceasary to use a hole on the outside of
the pavement for f£illing or for ralsing purposes, it ghould be placed 30 in. in from the
edge of the pavement and 30 ing beyond the crack in the direction of traffic. By using
this spacing, the inside and outside hole wil]l not be in the same line; which, if it
were the case, would establish a plane of weakness and could cause a break if the

Jtreated joint shonld resume pumping in future years.

The holes are drilled with a pneumatiec jack hammer using 18 in. drlll steel and
a 1 in, removable bit. Where the selected soil desired is not available, it is more
desirable to use a 1l»3/4 ino or 2 in, hole so that a larger nozzle opening ca.n be used
and thus avoid delays from the rocks and roots in the mixture. However, the 1} in.
hole is used in all casaes where desirable soil can be obtained for the worke Usually
a single man not only drills the holes, but moves the equipment ahead as his work pro-
gresses, takes care of the caempressor, and shifts the barmicade which protects him
from trafficc He may drill as many as 325 holes 1% in. 4n diameter per ten hour day,
but the total varies with the condition of the pavemerit to be treated and the mumher
of moves required per mile, as well as with the kind of coarse aggregate that has been

aused in the concrete,

The 1} in. holes cost an averags of $0,07 per hole, and in some sections of the

‘Jtate, 402 holes are required per mile to treat every joint and crack.
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The mudjack is mounted on a four wheel pneumatic tired trailer equipped with a
four cylinder gasoline motor that supplies the power to operate a pugmill and the two
pistons delivering the slurry through a 2 in, diameter, 5-ply rubber hose to a tapered
steel nozzle. The nozzle is equipped with a 2 in, quick opening gate valve and is
tapered from lé-ino to 23-in, outside dimensions.

The mdjack trailer unit is towed by a truck carrying a 500 gallon water tank
and a small gas driven centrifugal water pump. The water tank.is connected to the |
water pump of the midjack by a 1-in., hose, which can be readily disconnected when it is
necessary to refill the water tank,

The mmdjacking work is performed by an eight-man crew, consisting of a foreman,
mudjack operator, nozzle operator, a laborer adding soil and cement to the pugmill, a
truck driver operating both trucks between the mudjack and the dirt pit, a laborer who
plugs the holes and cleans the surface of the pavement after jacking, a laborer at the
soll pit, and a flagman., Such a crew has pumped as much as 28 cubic yards of slurry
per ten hour day and averaged 18 cubic yards per day over the 1943 season.

One division so far this season has treated every Jjoint and crack on 31.7 miles
of U.8. Route 40, drilling 11,212 holes and pumping 1,125 cubic yards of soil-cement |
slurry under the pavement. This is an average of 354 holes per mile and 35.45 cubic
yards of slurry per mile. This work is costing on the basis of $24.78 per mile for
drilling the 1i-in. holes and $256.66 per mile for the material and pumping operation,
or a total cost of $281.44 per mile.

Usually no attempt is made to raise the pavement from its warped position, un-
less a local condition is encountered where the pavement surface still has good riding
quality on either side of the settlement. It is now our policy in Missouri to merely j
£i1l the voids under the pavement, thereby materially reducing the deflection of the |
slab; and then restore the riding surface and relieve the impact by resurfacing the |
concrete pavement with a bituminous upper deck, which will also aid in water-proofing
the surface of the old pavement. {

Deflection tests have been made in the field to ascertain the deflections of
the concrete pavement under a moving load and some of the results obtained are tabu-
lated in Table 1.

Deflections were measured before and after mudjacking or filling the voids
with a soil-cement slurry. It was noted that the deflections increased nine days
after mudjacking. This was caused from the quantity of water necessary to prepare the
slurry mixture which saturates the subgrade, but 153 days after mdjacking, when ad-
ditional tests were made, the deflections had reduced materially. This condition does
not always exist, depending on how badly the pavement is cracked before mudjacking. \
In the case of the 12,000 1lb, rear axle load the deflections were reduced as much as
o007 in. whereas in the case of the 16,000 1lb, rear axle load the deflections were re-
duced as much as .0l1-in., between the tests run 9 days after mudjacking and 153 days

after mdjacking.
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TABLE )
i - Deflection Zasts - Route 40 « Cooper County
—_— Test Slab Nog 1 3 Test Slab No., 1A
Run Velocity _Axle loads Deflec, : Bun Velocity _Axle loads Daflec.

No M.P.H. Rear ront Inches No. M,P.H.. Rear ront. ches
zBefore mdjacm)

1 9.9 12000 3)00 .018
2 18.8 12000 3100 - IOM
3 28.4 12000 3100 «013
L . 38,3 12000 3100 «0Q9

(Same Day -~ After Mudjacking)

9 9.4 12000 3100 <016
19.4 12000 3300 L013
28,6 12000 3100 <010
38,7 12000 3100 «009

(9 Days After Mudjacking)

21 10,2 12000 3200 «020
22 18.8 12000 3200 «035
23 29,2 12000 3200 @ ,018
2L, 38.0 22000 3200 «016

(153 Days After Mudjacking)

No measurements made before mid-
Jackdng ' . -

o metsure-nents made on samg day
- after mudjacking.

»

KES

(9 Days After Mudjacking)

1 10,4 15000 3000 011
2 18,6 16000 3000 008
3 28,2 18000 3000 011
L, 88,0 16000 3000, LOl4

(333 Dags After Mudjacking)

G0 OF 9F 05 80 B0 0 BH G0 GF B3 00 20 00 0 00 S0 PO 00 00 e 69 S0 g Jeo

29 8,3 12000 2900 40)2 7 13.6 16000 3000 JODO
30 949 1200 2900 LO032 8 19.6 16000 3000 4000
31 19,8 12000 2900 «0Q7 i 9 2920 6000 3000 «003
32 29,0 12000 2900 #0086 : 10 39.5 16000 3000 = 4003
33 __40s6 12000 2900 _ ,008 .

Not only do we receive a benefit from the decyease in deflections of the pave-
ment by filling the voids beneath the pavement in the subgrade; but, if the pavemsnt
can be made to stay in contact with the subgrade, the waight of the pavement will keep
the subgrade in compression, and will thereby peduce the quantity of water which can
be absorbed by the aoil, since s0il under pressure will not absard water nesarly as

. readily as soil that is not. undey® pressure.

The slurry mixture is pumped under the pavement uptdl all of the free water
under the pavement is forced out of the wvoids and is drained off through the cracks
and holes dug at the edge of the pavement at the transwerse crack for that purpose,
and the slab begins to rise. This drainage hole,shich is made with a spud bar or a
picke 18 extended about 2-in. below the bottom of Lhe pavement. As soon as the water
has been forced out and the slurry mixture appears at the shouJ.der. the hole is closed
and tamped with earth,

then the nozzle opersgtor has added sufficient slurry at the hole, he inserts a

L4

-tapered vwoodan peg to retain all of the mix under the pavement until the cleanup man
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can plug the hole with a mix of soil and cement. This workman, after the soil and *
cement plug is added, passes his shoe over the hole and so obtains a slick finish
that will not be destroyed by traffic. Enough moisture seeps through from below

to provide the necessary dampness to make this plug set.

After the first pumping, the slab is usually disturbed by traffic before the
mixture has taken its initial set, so that the voids remaining are not completely
filled. Also the shrinkage of the slurry mix due to the high water content leaves
some small voids. Thus, it is usually necessary to repump all sections where pave-
ment failure has prog'essed to any great extent.

Results obtained by mmdjacking, 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 muck in the subgrade
(caused by both "free" water and capillary action), the layer of soil and cement in-
Jected under the slab by mudjacking is not a cure-all and generally lacks sufficient
thickness to withstand heavy loads for long periods. A percentage of joints and cracks
stabilized by mdjacking will in time resume pumping.

In view of the fact that a few of the "mudjacked™ slabs will resume "pumping",
it is our theory that mudjack work mmst be supplemented with some type of joint and
crack waterproofing to keep the surface water from the subgrade and so obtain the best
results in the maintenance of "slab pumping" pavements.

Keeping the joints and cracks in concrete pavement properly filled and water-
proofed 1s a maintenance problem that has not been’satisfactorily solved as yet, even
though it has been a subject for research and field investigation for many years. How-
ever, with the advent of heavy axle loads and "pumping slabs", it seems imperative that
every effort should be made to keep the joints.and cracks fllled and as waterproofed ‘
ag possible in an attempt to prevent surface water from reaching the subgrade.

Depending on the degree of failure in the concrete pavement from "slab pumping”,
another method of waterproofing the joints and cracks is used. This is 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 where the slab pumping has progressed to such a point that the rid-
ing surface of the pavement has been definitely impaired. With this condition of pave-
ment prevalent, the best maintenance procedure is to follow the mudjack work with a
bituminous deck of a thickness of l-in. upward depending on the condition of the con- ‘
crete pavement. It is desirable to prevent the cracks in the concrete pavement from |
contimiing upward thr the bituminous surfacing. The thickness of the bituminous
upper—-deck will affect the mumber of cracks being reflected thrv it from the base. Ex~
periments are now being carried on to determine more accurately the effect of thickness
of the bituminous surfacing on the mumber of cracks reflected thru it from the base. |
It is, however, easier to keep the cracks in bituminous surface sealed than those in ‘

concrete pavement.

It has, also, been noted that if the concrete pavement failure from "slab pump-
ing" has progressed to such a point that the pavement has broken either at the corners
or into narrow half-lane blocks, it is difficult to stabilize such areas by the use of
the mdjack; and so the only solution in those cases is to replace the badly broken
areas with concrete patches. The pavement surrounding a concrete replacement area is
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"midjacked” so as to insure the mimimum deflection of the old pavement in the vicinity
of the new patch. This will prolong the life of the pavement surrounding the patch,
as well as the patch itselfs This mudjacking procedure is performed aliead of the con-
crete replacement worke

Thus it can be concluded that the proper maintenance methods for preventing
and correcting the pumping action of concrete pavement slabs involves the first two
and sometimes more of the following activities: (1) mudjacking, (2) joint and crack
sealing, (3) patching full depth with concrete, (4) wpper-decking with bituminous matss

It is well to keep in mind in this work that the common goal in allk highway
maintenance is a smooth riding surface.

Up to this point attention has been devoted entirely to maintenance; but now,
with the experience that has been obtained, it seems imperative that thought be given
to the design and construction of concrete pavement to the epd fhat "slab pumping" may
be prevented. '

It is generally accepted that "free" water under concrete pavement is one of
the causes "slab pumping". The only way that "free" water can enter the subgrade from
the surface is through the expansion and contraction jeints, through natural contrac-
tion cracks, and along the edge of the contrete pavement. Therefore, the more joints
and cracks present in the pavement surface, the more water will be found between the
bottom of the pavement and the.subgrade.

. It is the opinion of our Bureau of Maintenance Engineers that the use of joints
and/or contriction cracks should be omitted except at such locations where it is re-
quired to maintain adequate expa.ns:.on at bridge ends, at the intersections of two con-
crete surfaced highways, and at other locations where the pavement is abutting any
fixed object.

The theory for the use of expansion joints and cantraction cracks may be well
founded, in that they are designed to allow for pavement expansion and to comtrol trans-
verse cracks in the conergte pavement; but actually to our knowledge a joint has not
been designed that is 100 cent efficient. A joint to be 100 per cent efficient
mst transfer the load from ome slab to the other with no deflection and be absolutely
waterproof throughout its life in the pavementy To date these two features have not
been attained in Missowrie ' .

The maintenance of occasional concrete pavement "blow-ups" due to expansion,
is certainly more economical and desirable than the mainienance of joints construected
at 20 to 50 ft. intervalse It has been the experience in this State thit .cemerete
pavements constructed with expansion joints are shdrter lived, rdugher riding, and
more expensive to maintain than those constructed without jointgs As a rgsult, a
Baintenance Engineer fails to see the justification of expansion:joints, since the
pavements with joints are also more expensive to conatruct.

The crack interval in concrete pavement has a wery definite relation to slab
pamping. The shorter the interval the more apt the pavement is to pump. Due to this
facte it is, therefore, advisable from the viewpoint of present slab pumpipg to have
as great a distance as possible between cracks. This greatest distance passible can



10,

best be accomplished by not putting in contraction cracks., If comtraction cracks are
placed, it is necessary to predetermine the crack interval of a eertain aggregate,
and it almost invariably happens that additional contraction cracks occur between the
installed contraction cracks, This results in a short crack interval that is so con-
ducive to slab pumping. If the pavement is constructed without contraction cracks,
the cracks will then form naturally at the greatest interval for the aggregate; which
is the desired condition.

It so happens that we have two excellent examples in Missouri that very defi-
nitely show the effect of crack interval on pavement life. On Route 40 in Warren
County there is a 17 mi. section of pavement, that was constructed in 1925 and 1926,
using high expansive type coarse aggregate that causes a short interwal - 22,9 ft., -
between contraction cracks, It also happens that there is a half-mile section of
pavement in this longer section constructed at the same time and under the same con-
ditions, but using a low expansive type coarse aggregate which results in a longer
crack interwal - 76.8 ft. {See Figure 1), The difference in maintenance cost and
pavement life has been very material. The pavement with the shorter crack interval
has been patched with concrete, mdjacked and upper-decked, while only minor surface
maintenance work has been done on the short section with the longer crack interwval.
A similar example can be found on Route 66 in Webster County. The crack interval
in 1939 ranged from 21,6 £t. for the high expansive type coarse aggregate to 92.8 ft.
for the low expansive type coarse aggregate. (See Figure 2,)

In view of the fact that a short crack interval encourages "slab pumping", it
seems logical that considerable thought should be given to the aggregate used in the
construction of comcrete pavement .

Another of the generally accepted causes of "slab pumping® is unsuitable sub-
grade soil. Thls condition can be and is being corrected in many instances by the
use of suitable subgrade soil or the proper stabilization of the subgrade prior to
the construction of the concrete pavement.

It has been stated previously, but it can bear repeating, that the common
goal of all highway maintenance activity is a smooth riding surface. This statement
can be enlarged to read that the common goal of all highway design, construction, and
maintenance activity is a smooth riding surface and maximum life. The elimination
of expansion jolnts and contraction cracks, selection of proper aggregate, and the
proper stabilization of the subgrade in the construction of concrete pavement will
constitute a step in the direction of the goal of a long life and a smooth riding
surface,
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CORRECTING PAVEMENT PUMPING BY MUD JACKING

Robert E. Frost
Research Engineer, Purdue University

SYNPOSIS

This report covers some field experiments designed to correct the
pumping action of rigid pavement slabs. In 1942 a performance survey
on a portion of U.S. 30 between U.S. 41 and Valparaiso, Indiana, was
made by representatives of the Joint Highway Research Project covering
detailed analyses of pumping conditions on twenty-four miles of this
road., Among other things the results of the survey showed that all
of the experimental subgrade treatments (with the exception of the
water-saturated section) were successful in minimizing or eliminating
pumping and that pumping prevailed on untreated sections where the
pavement was constructed on silty-clay soils.

Following this survey, a series of joints in a two-mile section
near the Lake-Porter County line was selected for treatment by mad
jacking. . Treatment of these joints was performed in October and Novem-
ber of 1942. Four mixes were used:

1. Mix A; 77 per cent soil, 7 per cent RC-3, 16 per cent cement.

2. Mix B; 77 per cent soil, 7 per cent Road 0il, 16 per cent cement.

3. Mix C; 77 per cent soil, 7 per cent Tar, 16 per cent cement.

L. Mix D; 79 per cent soil, 3% per cent Tar, 17z per cent cement.

Even though work was hampered by cold weather and mumerous equipment
breakdowns, a total of 434 cu. ft. of mix was pumped under fifty pumping
joints (an average of 8.7 cu. ft. per joint) in twelve working days.

Several performance surveys of this two-mile section have been made
since treatment to determine the permanence of the treatments. The most
recent survey (Oct.-Nov., 1944) showed that pumping had been reduced con-
siderably. However, the installation of subgrade drains on U.S. No. 30
between S.R. 49 and S.R. 53 together with a particularly dry year (1944)
made it difficult 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 md-jack treatment. It was found that the av-
erage settlement of the outer edges of treated slabs was 0,093 in. as
compared to 0,194 in. for the.untreated slabs. Further, it was found
that 68 per cent of the treated slabs had settled 0.125 in., or less as
compared to 53 per cent for untreated slabs.

A crack survey showed that mud jacking had been successful in re-
ducing the expected number of cracks on this two-mile section. The
data further show that cracks within 13 ft. of a joint are caused by
slab movement and pumping, and that cracks in the middle third of a
slab are from causes other than pumping. Of the four mixes used,
those treated with Mix A and Mix D contained less cracks than those
treated with Mix B and C.
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Barly in 1942 a performance survey was made on a portion of ﬁo 0o 30 loeat~
ed between U.S, Mo, 41 and a point just south of Valparaiso, Indiana‘®+/°{8 A report
of this survey. stresséd the seriocusness 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 fur-

ther contained suggestions for methods of treating pumping joints and presented an
outline for a research program for the continuation of pumping studies. The results
of this performance survey and others in Indiana and other stateg were presented at
the November, 1943, Highway Research Board meeting in Chicago 2),

Among the new studies were suggestions for treatment of the slabs by mud jack-
ing and by the installation of French drains. As a result of this report, arrangements
were made to conduct mud-jacking research on a section of this road near the lLake-
Porter County line, A two-mlle section of road was selected for experimentation in
which various mixes of soil, cement, and bituminous materials were to be forced under
some of the slabs that had settled due to pumping action.

In October and November, 1942, 50 pumping joints were treated by md jacking.
The remainder of the joints in the two-mile section were left for comparative purposes.
In addition, several joints were treated by draining with various types of drains,
This report is a detailed study of that two-mile seection of U.S., No. 30 under obser-
vation showing how both the treated and untreated slabs have performed during the two-
year period following treatment.

UoSo HIGHWAY NO. 30

This report is concerned with a portion of U, S, No. 30 - a four-lane-divided-
concrete. pavement in Lake and Porter Counties extending from U.S. No. 41 to Valparaiso,
Indiana, a distance of about 24 miles. This portion of roadway is of modern design in
which the 200-ft. right-of-way contains two, 22-ft. slabs separated by a 4l~ft. divid-
. ing-strip and a 56-ft. strip on either side of the pavement. The pavement slabs are
9-in, = 7-in. = 9-in. in section, are reinforced with steel mesh, and were constructed
with joints. The first portion of this road was constructed in 1937 and the last was
completed in 1940, Several experimental-subgrade-treatment sections were installed on
the western end of the road. Seven types were employed including saturating the sub-
grade with water, treating with bituminous materials (AES-1, T~C, MC-1), and replacing
the subgrade with granular materials (sand, limestone dust, and crushed limestone).

The soils and topography of the area crossed by U.S. No. 30 owe their engineer-
ing characteristics to glacial activity. The road crosses or follows a large glacial
deposit known as the Valparaiso Moraine. The topography varies from level to quite
rolling. The topography near Valparaisn is somewhat rugged as the road crosses lake
beds, terraces, sand dunes,and morainic deposits. From the junction of ScR. 330 to
UoSo Noo 41 the topography is level to moderately rolling and near U.S. No. 41 it be-
comes more rolling as the road crosses a series of sand dunes. The engineering char-.
acteristicg of the soils contained in this area vary according to their origin and

/a Humbers refer to the list of references at the end of the report.
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topographic position. The soils of the morainic areas vary from gramlar materials
to silts, clays, and silty clays. The drift soils of the moraine proper contain a
considerable amount of shale fragments which weather readily to silty clay and clay.
In general, the prasence of this weathered shale has produced a plastic, poorly-
drained soil in both the upland flat and the rolling moraine, the only difference
being that the weathered profiles of the soils on the upland flat to rolling topog-
raphy are mich more developed and extend to greater depths than do the weathered
profiles of the soils in the more rolling morainic areas. However, in some of the
more rolling (nearly rugged) areas, the soils vary considerably. Some highway cuts
show laminated soils while others contain silt, clay, or gravel pockets intermixed -
all of which tend to add to the complexity of the engineering problems. Frost heav-
ing occurs where the grade intersects or comes within a few feet of silt deposits

and pumping occurs in areas of impervious, plastic, silty clays.

The dunes of both the east and west ends of this 2h~-mile section consist of
windblown sand are of post-glacial origin. The highway also crosses a few muck de-
posits near Valparaiso.

MUD JACK RESEARCH

Several states have tried mud jacking with soil-cement-bituminous mixtures
as means of correcting pavement pumping. A description of some of the mixtures
used by several states is given in the "Wartime Road blems," Ko. 4, on pumping
corrections, published by the Highway Research Board(3), fThe results of the April,
1942, performance survey showed the need for contimming studies on this section of
UoS. No, 30 particularly in conducting research in mmd jacking several pumping
slabs, i

Through. co-operation with the laPorte District and the Valparaiso Sub-district,
many drainage and mud-jacking experiments were installed on a portion of U.S. Bo. 30
near the Lake-~-Porter County line for the purpose of combating pumping. Field oper-
ations were started on October 21, 1942, and were completed on November 23,. 1942,
Even though the research was conducted under adverse weather conditions accompanied
by mumerous equipment failures, the following was accomplished during 12 working days:

l. 36 French drains were installed.
2, 50 joints were treated by mpd jacking.
30 434 cu. ft. of md-jack mixture were pumped under faulted slabs.

In June, 1942, 47 drains were installed by maintenance crews at some of the
more severely pumping joints. During October and November, 1942, many of these drains
were inspected and it was found that several were effective in stopping pumping. How-
ever, in locations of flat topography where. drainage conditions were poor, many of
the drains had clogged and the joints were pumping again.
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The two-mile section selected for treatment contained soils that, for the most
part, are similar in origin, texture, and engineering characteristics. Since traffic,
rainfall, and soils do not yary in this section, the principle variables incorporated
in the project were: the proportions and ingredients of the md-jack mix; the opera-
tion procedure; the design of the drains installed; and the stone sizes in the drains,.

The mud-jacking equipment used in conducting this research consisted of the
following (See Figs. 1 and 2.):

1. Ingersoll-Rand air compreasor. operating at about 80 pounds, mounted on a
truck,

2, A compressed air drill, operated at about 80 pounds and equipped with sev-
eral 2i-in, drill bits.

3. Mud Jack apparatus consisting of a pressure chamber mixer, hose, nozzle,
and various compressed-air fittings and lines all mounted on a heavy four-
wheel trailer.

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

5. Various types of small concrete mixers,

6. Regular highway maintenance truck for transporting soil, stone, and cement
supply.

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

The soil used in conducting the mmd-jacking research consisted of Lb-per cent
sand, 34-per cent silt, and 20-per cent clay., This soil was found to have a liquid
limit of 29.3 and a plastic limit of 22.2. In choosing soil for this purpose an at-
tempt was made to select material free from organic acids and solids.:

The mixes used are shown in Table I. Four different mixes, A, B, C, and D,
were employed in the entire project. Three different bituminous materials, A, B, and
C, were used, These were RC-3, road oil, and tar, respectively. The fourth mix, D,
contained one~half as much tar as mix C. The percentages were calculated on a dry-
weight basis. However, for convenience in the field, the materials were proportioned
in calibrated five-gallon buckets. For the first three mixes, A, B, and C, the percent-
ages of materials remained the same., They were: soil - 77 per cent; bituminous mater-
ials - 7 per cent; and portland cement-- 16 per cent. On a bucket basis, this was
roughly eight, five-gallon buckets of soil; one, five-gallon bucket of bituminous ma-
terial, and one bag of cement. Mix D called for one-half of a five-gallon bucket of
tar.
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Table I.
MUD-JACK ADMIXTURES US@ AND WORK RECORD

s s : % by : Joints : Cu. Ft. :Av. Mix
Mix: P H 2 Vol s Days : Pumped : Pumped :per Joint

s Soil ¢ 8 = 5 gal, Buckets s 77 : 3 7 s 105.8 : 15.1
A ¢ Water ¢ 3-4 -~ 5 gal. Buckets H : s : :

s RC-3 ¢ 1~ 5 gal, Bucket s 7 $ : H :

¢ Cement _ : 1 Bag s 16 ¢ g s :

s Soil : 8 = 5 gal. Buckets s 77 s 5 22 s 15004 6.8
B} Water ¢ 3-4 - 5 gal. Buckets : : : : g

¢ Road 041 : 1 -~ 5 gal. Bucket s 7 H s : s

: Cement.  : 1 Bag s 16 H $ :

s Soil : 8 = 5 gal, Buckets : M s 2 3 16 : 128.4 : 8.0
¢} Water ¢ 3=4 - 5 gal. Buckets s g H $ g

¢ Tar : 1=~ 5 gal. Bucket s 7 : s H s

: Cement _: 1 Bag s 16 : o2 2

s Soil : 8 = 5 gal, Buckets s 79 s 1 I s 374 9ol
p°: Water ¢ 3=4 - 5 gal. Buckets H H s s s

: Tar : 3 = 5 gal, Bucket : : : s s

: Cement s 1 Bag s 1 $ s s :

Hote: 1 joint "BR + #Cn Mix s 1 I s 12,3 : 12
— TS 12 ;50 h3k.3 -

Average Joints per dayoooooooooooooooooooooooooooooo l&"
Averagemper Jointooo’OQOOO0.00900.009000900.0.00 807 cuo fto
Average mix per daycsccccecccccccscccosccsccsossssccldbo2 CUo Lo
Drains installed in June, 1942.cccccccccecccsccoscoch?
Br&inﬁ inst&lled in octo—NOVOQ 19“200000000.00@0000036

For convenience in makimg future observations of the treated joints, large let-
ters, A, B, C, and D were painted on the pavement opposite each joint indicating which
pdx was used.

It was found that the amount of mixing water needed depended on the prevailing
air temperature and the amount of water in the soil. If the weather was warm, it was
noted that the bituminous materials mixed readily with.the soil and water., Vhen the
weather was cold, the hot Bituminous material did not mix readily with the soll and water.
The chilling of the bituminous material seemed to stiffen the mix, thus requiring more

water to obtain a creamy consistency. In addition, the bituminous material would become
stringy and difficult to mix and pump.

The best mixing procedure developed was as follows:

l. A soil-water mix was made in which just enough water was added to obtain
a fluid mix.
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3.

bo

Bituminous material and additional water were added as needed, to obtain
a uniform mix, A

The cement was added. (The consistency should be such that the mix can
be readily pumped through the hose and under the pavement.)

It was found that prolonged mixing should be avoided.

The following is a description of operations as they were performed on a typ-
ical joint during the experimental work.

1.
2.
3.

Lo
56

70

8,

Holes were drilled at desired joints.
A trench was dug along the pavement where pumping was severe.

If a drain was desired, or 1f there was considerable water under the pave-
ment, a lateral trench was dug to the ditch line.

The mixture was then poured into the mud-jack hopper.

Air pressure was gradually applied which forced the mixture through the
hose and under the pavement.

Note: It was found that if too mich pressure was suddenly applied, the
mix would blow out the sides and out the cracks and other holes
in the pavement and raise the pavement too fast, which in one case
broke it.

A small amount of mixture was pumped in each hole, gradually raising each
side to grade. On several occasions the material could be seen extruding
in a long ribbon from under the pavement (in the open trench, (See Fig. 3).
When this condition was reached before the slab was raised to the desired
elevation the trench would then be filled and compacted in order to confine
the mud-jack mixture.

As soon as the mud-jack nozzle was withdrawn from the hole in 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 left plugged about six or seven hours (See Fig. 4).

Traffic was kept off for 8 period of about two days. This allowed the mix-
ture to harden.

Many methods of operation were tried. Included were the following:

1.

2,

Mud Jacking without pre-draining the joint.
Mud Jjacking with pre-drainage of the pumping area.
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FIGURE 1. DIAGRAM SHOWING EQUIPMENT LAYOUT FOR
MUD-JACK RESEARCH ON U. S. 30.

FIGURE 2. MUD-JACKING EQUIPMENT - AIR FIGURE 3. SUCCESSFUL MUDJACKING. HERE
COMPRESSOR, MUD-JACK, WATER TANK MIXER, THE SLAB HAS BEEN RAISED TO GRADE AND A
TAR KETTLE, AND SUPPLY TRUCK. IONG RIBBON OF THE MUD-JACKED MIXTURE

IS SEEN EXTRUDED FRNOM BENEATH THE SLAB.

FIGURE 4. THE HOLES WERE PLUGGED TO PRE-
VENT THE SLAB FROM SETTLING AND SQUEEZING
OUT THE MIX UPON COMPLETION OF MUD-JACKING.



3. Mud jacking by filling the left pavement hole first, and then the right
(edge hole) second, and vice versa.

L4, Venting the area beneath the slab with air pressure before pumping the
mixture. The purpose of this procedure was to force as mch water out
from beneath the pavement as possible.

5. Admixture variations, such as tar, RC-3, and road oil,

6. Mud jacking at a joint with and without supplemental drainage.
7. Drainage without mud jacking.

8. Some severely pumping joints were left untreated.

The four types of drains used in this project were: dry well; French drain
with a lateral at the joint; Prench drain with a lateral below the joint; and French
drain consisting of a lateral only.

194} PERFORMANCE SURVEY OF 24 MILES

In October 1944, two and one-~half years after the first survey and two years
after mud jacking, another survey was made of U.S. No. 30. A detailed survey of the
entire 24 miles was not made, but several pictures were taken to show the condition of
many of the joints. It was observed that pumping had progressed at a rapid rate and
had become a serious problem. Both the north and south (particularly the outside)
lanes were suffering from pumping but pumping was more severe on the south lane. At
present, this 2)-mile pavement is seven years old and has served as an excellent "test
track". Beeause of the variations in design and construction of the highway, it has
been possible to study the pumping problem, its causes, effects, and, to a limited ex-
tent, its cures. Since the entire 2, miles carries the same amount of traffic (with
the exception that the south lane carries the heavier truck traffic) and receives the
same amount of rainfall, it has been possible to evaluate the various types of sub-
grade soils. A visual inspection of the. 2i-mile section showed no pumping on the nat-
ural sand section, the 6-in. sand section, or the 3-in. stone stabilization section.
Pumping was very slight at a few of the joimts on the limestone, AES, and the TC sec-
tions, Pumping was exceptionally severe on the water—-saturated section and several
of the slabs had settled sufficiently to warrant patching. Figures 5 and 6 show the
condition of one of the slabs on the water-saturated subgrade in October, 194i.

Pumping was found to be severe in the silty-clay drift areas. Figures 7 and
8 are views of the same jJoint taken in 1943 and 1944 and show the extent of the fail-
ure of some of the severely pumping joints on drift soils. One section of this road,
constructed on silty-clay drift, contained a total of 50 patched slabs in a distance
of 2700 ft. (See Fig. 9).



FIGURE 5. PERFORMANCE IN THE WATER-
SATURATED SUBGRADE SECTION IN OCTOBER
1944.

FIGURE 7. VIEW OF A SEVERELY PUMPING
SLAB IN DRIFT SOIL OF THE VALPARAISO
MORAINE IN NOVEMBER, 1943.

FIGURE 6. CLOSE-UP OF A JOINT IN THE
WATER-SATURATED SECTION (OCTOBER, 1944).

FIGURE 8. VIEW OF THF PATCH ON THE SAME
SLAB (FIGURE 7) IN NOVEMBER, 1944. PUMP-
ING IS STILL SEVERE.

FIGURE 9. A SERIES OF PATCHES AT JOINTS

OF SLABS THAT HAVE SETTLED DUE TO PUMPING.
ON ONE SUCH SECTION A TOTAL OF 50 PATCHES
WAS COUNTED IN 2700 FEET.
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PERFORMANCE SURVEYS OF THE MUD-JACK SECTION

In the October, 1942, survey, previous to md jacking, all cracks were station-
ed and counted, and all joints were rated as to degree of pumping (slight, p-1; moderate,
p-2; severe, p-3). Six months after treatment, in May, 1943, another performance sur-
vey was conducted on the same two-mile section. In this survey new cracks were station-
ed and counted and again the joints were rated according to degree of pumping.

The next survey was conducted in October, 1944 (Just two years after treatment)
during which time pumping was found to be slight. The results of this survey were some-
what difficult to evaluate since drainage had been installed beneath the outside edge of
the slabs for the major portion of the road from Valparaiso to U.S. No. 41. These drains
ard a deficiency of rainfall during the months of May to September, 1944, may account
for the fact that pumping was not observed at the time of the October survey. During
that period 14.26 in. of rain fell, which was 72 per cent of the normal rainfall for that
period (a deficiency of 4,53 in.). See Figure 10 for a rainfall curve covering the period

In view of these two conditions, a rating of the degree of pumping during that
survey cannot be taken as a measure of the success or failure of treatment. However,
a crack survey was also made in which the development of all new cracks was observed in
both the treated and untreated section. (For purposes of comparison, a detailed crack
survey was made on the 6-in., sand experimental section.) In addition, the settlement at
each joint, inner edge and outer edge of the slab, was noted for both treated and untreat-

ed joints,

On November 6, 11, and 27, similar surveys were conducted (pumping only) since
that area was receiving rainfall. These three additional surveys were made for.the pur-
pose of studying the effectiveness of the drainage system.

Table 2 shows a comparison of the 1942, 1943, and the 194/ pumping surveys.
Table 3 contains results of pumping surveys of the 50 treated joints only. Tables 4 and
5 contain a summary of the settlement survey made in 1944 for both the treated and un-
treated joints, Table 6 is an analysis of cracking in cut and f£ill areas. Figures 13
to 22 are photographs of typical treated and untreated joints, Figure 23 is.a distri-
bution of cracks in 59 slabs constructed on the é-inch sand section. Figures 24 to 34
are a set of distribution curves that help in the analyzing of the cracking of slabs
with respect to pumping.

Pumping Surveys

The first performance survey of the two-mile mud-jack seetion made in October,
1942, prior to treatment, showed that 69 per cent of 277 joints were pumping. (There
are 280 joints between station 610+10 and 722+86, but three in the Deep River Bridge
are not included.) Of that number, 31.7 per cent were pumping slightly, 26.7 per cent
moderately, and 11.2 per cent severely. (See Table 2). Table 3 shows the results of
a pumping survey of the 50 joints that were treated later. This table shows that all
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Pable 2.

PUMPING SURVEY OF 2-MILE SECTION OF U.S., 30
(This table shows the number and percentage
of joints pumping between stations 610+10
and 722+86. The table includes 50 joints
treated by md jacking.)

OCTOBER, 1942 MAY 6, 1943

OCTOBER 11, 1944

Degree Before Treatment 6 Months After . 2 Years After
_;Pu;é_.gg , Noo. _: Percent J No. : Percent No,_ _: Percent
O-None g 8L s 3003 : 96 34.6 : 259 : 93,5
1-Slight 88 31.7 112 404 7 2.5
2- Moderate : % : 26,7 . 57 ; 2005 5 1,8
3-Severe . 31 f 1.2 : 1 3.9 0 0
L-Very 0 0 1 0.5 6 2.1

Severe : : : : : :
TOTALS s 277 s 99,9 s 277 ¢ 99.9 = 277 ¢ 100.9
*NOVEMBER 6, 1944 : NOVEMBER 11, 194 : NOVEMBER 27, 194%
Degree ::Aﬁ.er 0.71 ino* 0.71+0.L3= L1l in 1.1, +1,21=2,35 in.
_gu_:fgg h?oo . Percent, : No, . Percent. Noo Percent
O-None . 260 . 93.8 259 , 93.5 . 256 92.4
1-Slight 7 2.5 6 2.1 12 Lo.3
2-Moderate . 3 : 1.0 L 1.4 5 . 1.8
3-Severe 1 0.5 1l 0.5 1 . 0.5
L-Very 6 2.1 7 2.5 3 1.0
Severe : : : : : :
TOTALS 277 99-9 277 _100.0 277 100.0

#The October 11, 1944, survey showed that pumping had practically stopped.
Between October 11 and Hovember 6, a total of 0.71 in, of rain fell and
another survey was made. Between November 6 and 11 an additional 0.43 in.
of rain fell, and another survey was made. The last survey was made on
November 27 after an additional 1.21 in. (total 2.35 in.) of rainfall.
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0_JOINTS TREATED BY MUD JACKING
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Between

October 11 and November 6, a total of 0,71 in. of rain fell and another survey was

#The October 11, 1944, survey showed that pumping had practically stopped.
The last survey was made on November 27 after an additional 1.21

in,(total 2.35 in.) of rainfall.

Between November 6 and 11 an additional 0O.43 in. of rain fell, and another

Severe
survey was made.

made,



TABLE: L SUMMARY OF SETTLEMENT SURVEY

Settlement : UNTREATED = 227 i TREATED — 50
Iniﬁes :goﬁz ;zm'%c % NO : %ﬁu:gicc % NO : mjm}mc % NO : %wf%%
o i m i senimaim s maaim el | i
1/8 ; 96 ; 31,8; 7a,5§§ 63 ; 27,5§ 53965; 13 ; 26 ; 7% ;; 10 ; 20 ; 68
1/4 ; 35 ; 15035 89,s§§ 42 ; 21,3; 7a°9§; 6 5 12 ; 86 ;; 2 ; b ; 72
3/8 ; 7 ; 3,o§ 92,3;§ 27 ; 18?8; 33,7;§ 1 2 ; 88 ;; L ; 8 ; 80
1/2 ; 5 ; 2.2; 95,03: 19 ; soz; 91,9;; 2 ; L ; 92 :; 5 ; 10 ; 90
5/8 : 1 : o.A; 95°u;: 5 : zozg 9h,1;; : ; ;o ; :
3/4 2 0,9; 96,3;; 2 009; 95.0; 1 2 : 92
DT R
SEEE DT R
PATCH* ; 8 ; ‘ 3°h; 9908:; 8 ; 3,a§ 990855 L E 8 ;100 ;; I ; 8 E 100
TOTAL %mglm%;wz£&7;m;;£o§§m;moémoééw;moﬁ 100 %
AV. : 0.123% 11 0,194 0.098" 0,093"

#See Text for Patch Explanation.
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TABLE 5 -~ SUMMARY OF SETTLEMENT SURVEY
50 MUD-JACKED JOINTS

Settlement: MIX "AN 3 MIX wB®
H INNER I H .
H H : : s NO.: H $NOo:

0 s 5: 7: 71 2 L4 2 57: 57 210 s h5: 45 9 : 41l : 41

1/8 s 1:l: 8 -z 2:28::8 : 5:23: 68 :L4: 18: 59

%A : s s : s sV s 3:13: 81 :1: 5: 6L B

3/8 : ¢ : i 2 : 1: 5: 8 :2: d0: 74

1/2 : : ¢ : I : : : :t 3 : 13 : 87
’ 5/8 : : 3 : : : : : s :

3/ : 3 : : : : : T :

7{8 : : 3 : : : : : : 3 :
BATCHE + L Wb 90+ 1 ki 99 i 3:33: 99 3 3: 13.: 100
TOTRT T 7 99° g9 ¢t 7t 99: 99 £ 22 ¢ 99 3 99 22 : 100 : 100
AV, s 0,021 : 0.,03" : 0.08" : 0.13"

¥See Text for Patch Explanation
(1 Joint - Mix B+C Had Not Settled)

Settlement; MIX_“Ch

in INER : : OUTER _
Inches : NO.: % s : b s :
0 : 5:31 : 31 : 8:5 : 50 : : 3 : 22
58 s 5331 3 62 : 2: 12.5: 62.5 : 1 : : 100 : 2 : 1
A : L :25 : 87 : 1:60 : 69 ¢ : : : 2 :
3/8 $ : : s 2 : 125: 8l.5 : 3 : 3 :
C 172 s 2 2 12.5: 99,5 2 2 : 125: 94 ¢ 2 3 s 3 $
- ?/8 3 : 3 s : : : : 3 : :
R L B e
1 : g H : : $ : 3 : : 2 :
PATCH® ¢ : : : : : s 2 3 ¢ :
TOTAL : : : 16 :100 : : 4 3100 : : 4 :100 : 100
= 0167 : 0,197 : 0:03____z 0.0%

*See Text for Pa;tch Eh:pla.nation
(1 Joint - Mix B+C Had Not Settled)



TABLE 6 ~ COMPARISON OF CRACKS IN CUT AND FILL
ON A TWO MILE SECTION OF U.S. 30

2 Yr, :No., Cracks

sPer Slab 2:59 ¢ 2051 s 20%
#There are 280 slabs in the section under o

servation. 3 of these are in the Deep River
Bridge.

Date :Pavement Data: Cut : Fill : All
:No, Slabs $ g : 277 ®
Oct. :No, Gracks s 222 : 244 : L6O
1942 :No. Cracks : s :
sPer Slab : 1.65 : 1.70 %gg
Mo, bs s 134 : 143 277
May :NewCracks : 11 : 19 3 %
1943 :No. Cracks : 233 : 3 : 49
6 Mo, :No. Cracks : : :
sPer Sladb s 1,73 : 21.83 : 1.79
:No, Slabs 8 : H
Oct, :Bew Cracks : 110 : s 201
1944 3sBo, Cracks @ : 35» s &7

?q:. the joints selected for treatment were pumping, and that one-third of them were
pumping slightly, one~third moderately, and one third 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). However, of the 50 slabs treated.(Table 3}, 42 percent -. .
were not pumping, 4O percent were pumping slightly, 14 percent moderately, and 4 per
gent.were puming sewerdly. OF the 68 percent of the joints pumping moderately and
-, severaly in 1942,, only 18 percent were rated as pumping aim.larly in 19L3°

Two years -after treatmant, the October, 1944, survey showed that 93.5 percent
of the 277 slabs in the experimental section were not pumping (Table 2}. A survey of
the 50 treated joints showed that 9% percent were not pumping. Three of the 50 treat-
88 joimts had failed to the extant that they had to be patehed. However, study of
the original work record shows that the failures arg reasonable and might be expected
(See Appendix for details).

) Following the October, 1944, survey, three additional smrwmys were made at in-
- bervals .of approximately ons week since that area was receiving reinfall. Study of'"
" “Table 3 shows that the a&ditionnlraiﬂfa.u cansed a slight Winpnmpd.ng on both
the treated and untreated Jo:l.ntao.

It is difficult to measure the success of md Jackdng by-mﬂ.ng surveys, since
the effects of the relatively dry weather apd the dyainage. imstellations are not known
However, pumping (or m dtmming) was pited ab Joimts on other areas of the
entire 24, miles of



FIGURE 11. FIRST STAGES OF CRACKING DUE FEGURE 12, ADVANCED STAGES OF CRACKING IN
TO SLAB PUMPING. WHICH SPALLING OCCURS CAUSED BY SEVERE
SLAB MOVEMENT.

N8

FIGURE 13. SUCCESSFUL MUD JACKING. THIS FIGURE 14, SEVERE PUMPING AT AN UNTREAT-
JOINT TREATED WITH MIX "A"™ HAD NOT SETTLED ED JOINT IN THE SECTION OF PAVEMENT IN
OR PUMPED DURING TWO YEARS OF SERVICE. WHICH JOINTS WERE TREATED WITH MIX "A"

~ FIGURE 15. A SLAB TREATED WITH MIX "B" " FICURE 16. AN UNTREATED SIAB (IN THE
THAT HAS GIVEN TWO YEARS OF GOOD SERVICE.  AREA IN WHICH THE JOINTS WERE TREATED WITH
MIX "B") THAT HAD SETTLED 3/4 OF AN INCH.



FIGURE 17. THIS SLAB TREATED WITH MIX , FIGURE 18. THIS IS A VIEW ‘OFATHE FIRST
nB" HAD FAILED DUE TO AN EQUIPMENT FAIL~ CRACK PAST THE JOINT IN FIGURE 17.
URE DURING TREATMENT.

FIGURE 19. THE JOINT AT STATION 662486 FIGURE 20. THE JOINT AT STATION 662+46
(MIX "C") HAS PERFORMED SATISFACTORI..Y (ADJACENT TO SLAB IN FIG. 19 WAS NOT
FOR TWO YEARS. TREATED AND HAS GIVEN TWO YEARS OF UN-

SATISFACTORY PERFORMANCE.

FIGURE 21. ANOTHER SUCCESSFULLY TREATED
JOINT (MIX "C"). 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 pumping, the settlement at each joint of both treated and untreat-
ed Joints was measured. Since all slabs treated by mud jacking were raised to grade
at the time of treatment, it is believed that this might be used as one measure of the
success of treatment. The results of this surwey are contained in Tables L and 5.
Table 4 shows the settlement at the joints of the inner (centerline) and outer (shoul-
der) ends of all untreated slabs as compared to settlement of 50 mud=jacked joints.
The table shows that the average settlement of the outer edge of 227 untreated slabs
was 0,194 in. as compared with 0,093 in. for the 50 treated slabs, The inner slabs
had settled 0,123 in. for the untreated slabs and 0.098 in, for the treated slabs.

The table shows that settlement at the outer edge of the slab is greater than the
settlement at the inner edge. (This corresponds favorably to severity of pumping with
respect to the shoulder and centerline.) Some of the untreated slabs had settled as
mich as one inch. (A few that were patched obviously had settled to a much greater
degree but were not measured). '

Comparing percentages of slabs settling in increments of one-eighth inch
showed that 48 percent of the outer slabs of treated joints had not settled, and 20
percent had settled one-eighth inch. This means that in two years, 68 percent of the
treated slabs (outer edge of the joints) had settled one-eighth inch or less, These
data can be compared to 26 percent of the untreated joints that have not settled and
27 percent that had settled one~eighth inch; or, that 53,6 percent of the untreated
slabs had settled one-eighth inch or less., It should be pointed out that the percent-
agesare based on the total mumber of cases and that eight untreated joints and four
treated joints requiring patches are included; also, that the table for the treated
Joints includes all four mixes, some of which have failed more than others.

Table 5 compares the settlemeht at the joints by mix design. This table shows
that both mixes "A" and "D" were effective in stopping settling at the joints. Of the
seven joints treated with mix "A", one-had failed and required a patch (equipment
failure), four had not settled (outer portion), and two had settled an eighth-inch.
0f the four joints treated with mix "D", two had not settled and two had settled only
an eighth-inch. The Joints treated with mix "A" had an average settlement (outer) of
0,03 in, and the joints treated with mix "D" had an average settlement of 0,04 in.

Comparison 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 are: Mix "C", outer edge = 0.19 in.,
inner edge = 0,16 in.; mix "BY, outer edge - 0,13 in., inner edge, 0,08 in. However,
50 percent of the Joints treated with mix %C" had not settled and 62.5 percent had
gsettled one-eighth inch or less, This is to be compared to 41 percent with a settle-
ment of an eighth~inch or less.

/b = This includes treated slabs which had failed because of faulty treatment result-
ing from equipment failure.




Crack Survey

Detailed crack surveys of this two-mile section of U,S, 30 were made in 1942
(prior to treatment), in May, 1943 (six months after treatment), and in October, 1944
(two years after treatment), Each survey consisted of stationing all cracks and
plotting their position with respect to joints on plan sheets of the two-mile section.
The results of each survey have been analyzed to determine the mumber of new cracks
occurring during the various periods following treatment and to determine their po-
sitions relative to jointa. The crack survey data hawe been divided into the follow-

ing:

1. Distribution of cracks on cut and £111 (Table 6).

2. Cracks on the 6~in., sand section (Fig. 23).

3. Distribution of all cracks by years (Figs. 24 and 25).

L. Distribution of cracks on the forward and rear slabs by
years (Figs. 26 and 27).

5. Distribution of all cracks within 13 feet of the Joints
(Pigs. 28, 29, and 30).

6. Distribution of new cracks - those occurring in 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 cracking can be studied.

In order to study the possibility of the cracking in cuts exceeding the crack-
ing in fills a table was prepared in which these two variables are compared. Study
of Table 6 shows that there are 13/ slabs in cut areas and 143 in £il1 areas, and that
by 1944 the ®"cut" slabs had 343 cracks and the "£ill" slabs had 354 cracks. This
small difference of the cracking in the cut and fill areas shows that cut or fill sec~
tions had 1little or nothing to do with the cracking in this particular area. This
can be explained because of the similarity of engineering properties of the soils of
both cut and fill areas.

On the 6-in. sand-treatment section all of the cracks in the LO-ft. slabs oc-
curred in the middle third of the slabs. Flgure 23 shows the distribution of cracks
in the slabs in the 6-in. sand section. There are only two cracks less than 13 ft.
either side of a jJoint in fifty-nine, 40-ft. slabs of this section. iurther, it was
found that after seven years, 42 percent of the slabs had no cracks arid A7 percent
contained only one crack. Since this section receives the same traffic and rainfall,
is of the same pavement design, and was constructed approximately at the same time as
the two-mile section under observation, it is believed that the cracking distribution
on this section 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 ft. either side
of a joint can be considered as the result of slab movement caused by pumping action

and that cracks occurring in the middle third of a 4O-ft. slab are the result of
other causes.
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Figures 2L and 25 show the distribution of all cracks (both forward and rear
slabs combined) with respect to any joint for both treated and untreated joints for
the 1942 and 194 surveys. Both curves show a decided drop in the number of cracks
at 13 ft. in the distribution curves., It is interesting to note, by comparing the
two curves in each figure, that the eracking less than 13 ft. from the joint was con-
siderably more in 1944 than in 1942 and that cracking past 13 ft. from the joints re-
mained fairly constant during the same two-year period. This observation confirms
the statement that cracking up to 13 ft, from the joint mmust be directly influenced
by slab movement initiated by pumping action, and that cracks past 13 ft. either side
of the joint are not caused by any movement at the joint.

Additiomal study of Figs. 24 2d 25 shows that the distribution of cracking
less than 13 ft. in 1944 is bi-modal, having a mode between 5 and 6 ft. and one
at 10 fto This perhaps shows that once a slab cracks about 10 ft. from the joint,
a new and smaller slab, lighter in weight and able to move more freely, is formed.
This, in turn, begins to break up usually at a point 5 or 6 ft. from the joint.

Since the curves shown in Figs., 24 and 25 are bi-modal, a second distribu-
tion was plotted in which cracking is divided into cracks occurring in forward and
rear slab areas, This distribution is contained in Figs. 26 and 27. Study of Figs.
26 and 27 shows considerable difference in the cracking of the rear and forward slabs
and that in 1942 cracking less than 15 ft. ahead of the joint was more severe than
cracking 1less than 13 ft. to the rear of the joint. However, by 1944 cracking in the
rear slabs had developed considerably in proportion to cracking on the forward slabs.
The 19/ curve of the forward slab distribution of cracks contains modes at 6 and 10
ft. as compared to 5 and 10 ft. on the rear slabs., However, cracking at 5 f£t. in the
rear slabs was more severe than cracking at 5 ft. in the forward slabs in the 1944 sur-
vey; also, that cracking at 10 ft. on the forward slabs was more severe than at 10 ft.
on the rear slabs in 1944,

In 1942, at the time the pavement was five years old, there were 466 cracks on
277 slabs (1.68 cracks per full slab), This is divaded into 218 cracks on 277 rear
slabs (0.78 per half slab) and 248 cracks on 277 forward slabs (0.89) per half slab -
up to 20 ft. to the rear of a joint. By 1943, six months after treatment of 50 slabs,
there was a total of 496 cracks (or 30 new ones) on the 277 slabs. Of the 30 new
cracks, four occurred on the rear slabs of mix *C" joints; two on forward slabs of
mix "A" Joints; three on forward slabs of mix "B" joints; one on a forward slab of a
mix "C" joint; and the remainder on untreated slabs.

By 1944, two years after treatment, there was a total of 697 cracks in 277
slabs (2.4 per slab) or a total of 231 new cracks in two years. This can be divided
imto 326 cracks on 277 rear slabs (1.18 per half slab) and 371 cracks on forward
slabs (1l.34 per half slab), The above data, stated differently, show that at the
time the pavement was five years old, there were 233 cracks per mile, and that by the
end of the next two years (1944) this had increased to 348 cracks per mile, which is
c - The mode is that value of a distribution that occurs most frequently. A bi-modal

distribution is one in which two sets of values occur as prominent peaks on a
distribution curve,
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an increase of 49,3 percent during the two-year period, Further, the number of new
cracks occurring in the forward slabs was nearly equal to the mumber of new cracks
occurring in rear slabs (of the entire 277 treated and untreated sections), However,
study of Figo 27 shows a remarkable difference between the position of new cracks in
forward and rear slabs with respect to the joints,

Figures 28, 29, and 30 are distribution curves of cracks less than 13 ft. from
the joints of untreated slabs, treated slabs, and individual mixes for each of the
three surveys. Further study of Figs. 28, 29 and 30 illustrate the effect of md jack-
ing on cracking. Assuming that all cracks less than 13 ft. either side of a joint are
caused by pumping action, these data show that treatment by mud jacking has decreased
considerably the expected mumber of cracks on both rear and forward slabs. Study of
Figo 28 shows that in 1942 there were 35 cracks in 227 untreated rear slabs and that
by 1944 there were 114 cracks which 1s an increase of 226 per cent during the two-year
period. This can be compared to the data contained in Fig. 29 which shows that in
1942 there were 17 cracks in 50 rear slabs, that were later treated, and that by 1944
there were 29 cracks, which is an increase of only 70.5 per cent. In other words,
the expected cracking in untreated rear slabs should have been a 226 percent in-
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 117 percent normal two-
year increase to an increase of 51,5 percent for the treated slabs.

The distribution of new c¢racks, those occurring during the two-year period
only, less than 13 ft. from the joints for each class of pavement is <ontained in the
series of curves, Figs. 31 to 34, Study of Fig. 31 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 80 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 five and six ft. to the
rear of the joints and excessive at 10 ft. ahead of the joint. These data, represent-
ing cracking of untreated slabs, can be compared with the data contained in Fig. 33
which is a distribution of cracking in the 50 treated slabs, This curve shows that
cracking of the forward slabs remained fairly constant - that is, 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 is the
modal point of the distribution. The difference in cracking of rear and forward
slabs of treated joints is significant “because 47 of the 50 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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REMOVAL OF FAILED SLABS

On November 27, 1944, portions of three slabs that had failed and settled con-
siderably were removed and replaced with sand and given a limestone surface. Each of
the failed slabs had been patched; some containing two patches. Two of the slabs had
been treated by.md jacking (mix B) and one was of the untreated section. The two
.treated slabs that failed were located in a cut section where the grade was such that
drainage was exceptionally poor. Both were rated P-3 (severely pumping) at the time
of treatment. A description of each joint and the condition during each performance
survey are contained in the Appendix (Record of mud-jacked joints that were patched).
Figures 35 and 36 were taken at the time of removal of these slabs. Figure 37(A) is
a photo of a sample of mud-jack mix taken from beneath the slab at Sta. 694+86. The
mix under this slab was laminated and strings of bituminous material were found in
the mix. This is perhaps because of the fact that mixing and treating were done dur-
ing cold weather and that the hot bituminous material chilled and became .stringy when
it came in contact with the cold mixing water. Figure 38 contains a series of
sketches showing the condition of the subgrade at each location at the time the slabs
were removed.

Examination of the mix under the slab at Sta. 695426 showed the mix to be some-
what disintegrated (cracked) but that it was fairly uniformly mixed and not plastic.
The area in which 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.

It appeared that the broken slab sections were rocking on or being supported by the
drier area in which mud-jack mix was found. This was true in the other treated sec-
tion which was-removed. 4 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 in all three cases had clogged from the bottom of the slab to the
tile. The stone particles-were completely coated with silt and clay pumped from be-
neath the subgrade. Figure 39 shows the condition of the stone in some of the drains.

A sample of the mix under the slab at Sta. 695+26 was compared to a sample
that had been exposed for two years in a ditch on the Deep River hill and found to be
similar in 41l details. Both were hard, non-plastic, uniformly mixed, somewhat porous,
and relatively dry. :



FIGURE 35. REMOVING A SLAB THAT HAD FIGURE 36. AN ILLUSTRATION OF THE ZONE
FAILED DUE TO PUMPING. OF MUD FOLLOWING THE CRACK. 2

FIGURE 37. PHOTOGRAPHS OF THREE SAMPLES OF MUD-JACK MIX., THE SAMPLES IN PICTURES
A AND B WERE TAKEN FROM BENEATH THE PAVEMENT OF TWO TREATED SLABS, AFTER TWO YEARS
OF SERVICE. THE SAMPLE IN PICTURE C WAS EXPOSED TO WEATHERING FOR TWO YEARS IN THE
DITCH LINE. COMPARE THE TEXTURE OF SAMPLE A WITH THAT OF SAMPLES B AND C. STATION
694+86 WAS TREATED WITH MIX B DURING COLD WEATHER AND THE CHILLING OF THE BITUMI-
NOUS MATERIAL RESULTED IN A NON-UNIFORM MIX. NOTE THE LAMINATIONS IN SOME OF THE
SAMPLES IN PICTURE A. b S
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MiX “g" STATION 694+86

The mix under the slad varied in
thickness end texture. The thiekn
varied rrom O to 2%; the thickest being
farthest from the hcles and the maximwm
under the holes. No tresce of the mix
was found in the inmer rear portion of
the section. The mix was leminated.
Mad was found under the parts ad jacemt
to the mix. The stone in the drein hed
clogged to the tile.

Mix "g" STATION 695+26

The mix under the rear slab had
disintegrated and only a slight trace was
found. The mix under the rarward slab
was also disintegrated but there was more

ent. The thickness varied rrom 0 to
S:.ib-umdcurdtoj'mﬂnm
holes. an area of soupy mud was round
the crack areas. ihe drain (stone)
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was clogged to ths tile,

UNTREATED STATION 662+46

This slab was not treated. A zone of
soupy mud was found directly under the
cracks and the joint. The remainder of
the subgrade-pavement contact area was
fairly dry. The drain at this joint had
also clogged to the tile.

FIGURE 38, SKETCH OF SLAB AREAS FOR REPLACEMENT.

FIGURE 39.

JOINT.

HAD

CLOGGED.

COMPARISON BETWEEN CLEAN STONE AND
STONE COATED WITH MUD SLURRY FROM A PUMPING
THIS STONE WAS REMOVED FROM A DRAIN THAT
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SUMMARY OF RESULTS

The following statements summarigze the data presented in this report concern-
ing the perfoma.nce of UoS. Noo 30 from Valparaiso to 0.9, Eo; 41 and the two-mile
gection under observation:

i

1. Ihls work confirms previous studies in that three conditions mmst be sat-
{afied in order to have pumping. These are: (a) A subgrade consisting of a relative-
1y pladtic and impervious clay or silty-clay soil; (b) Heavily loaded vehicles; and
(c) frée water. .

2, oﬁce pumping stapts the rate of progression increases, with severe‘pave-
ment cracking and settlement resulting.

3. Each performance survey conducted on U.S. No. 30 has shown that all of
the experimentsdl subgrade treatments constructed on the south lane (with the excep~
tlon df the water-saturated section) have been successful in minimizing or prevent-

ing"

he hmp does not occur in natural-sand areas or in the sections construct-
ed on 6 in, of o Forty-two percent of the slabs constructed on six in. of sand
contained no cracks after seven years of service and forty-seven percent contained
only one épack. All slabs on the two-mjle aection on silty clay drift m cracked
by the eénd 5f weven years.

5. Cracking within: 33 ft. of a joht, in a 4O-ft. slabywas dne to slab
movement initlated by pumping aekion- @nd that cracks past 13 ft. (middle third of
slab) were hot caused by any movement at the joint but by other causes (applies to
untreated slabs only).

6. The destruction of 4O-ft. slabs by cracking initisted by pumping at
Joints.on U.S. No. 30 appears to follow a definite pattern: the forward slabs pump
and appear to break off first, usually 10 -£t. from the joint and then six ft. from
the joint; the rear slabs follow by breakimg off usually at five feet from the joint,
- which 4s followed by a break at 10 ft. (applies to untreated slabs only).

7. Between the fifth and seventh year of this pavement®s life cracking less -- -

than 13 ft. from the joint increased 154 percent while cracking past 13 ft. (or in
%he middle thi).rd) increased only 10 percent (applies to untreated slabs only).
See Hgo 28

8. During the two-year period (fifth and seventh year) cracking less than
13 ft. 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 ft.
to the rear of treated joints increased only 70.5 percent and on forward sIabs only
51 percent.

" .. 9, Treatment by md gacking reduced the expected increase in two-year
cqus (fifth to seventh year) within 13 ft. from joints from an increase of 154 per
cent“to.an incréase of 58 percent. (See Fig. 28)

10, Each mud-jack mix was effective in reducing cracking. Only one new crack
octurred in 7 slabs treated with mix "A"; none occurred on 4 slabs treated with mix
#p®; and 10 new cracks occurred on 16 slabs treated with mix "C", :

bl
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11l. During the two years following treatment, mud jacking has beeu success=~
ful in reducing the average settlement of slabs at pumping joints., The average set-~
tlement of the outer edge of treated slabs two years after treatment was found to be
0,093 inches as compared to 0,194 inches for untreated slabs. .

12, During the two years following treatment 48 percent of the treated slabs
had not settled as compared to 26 percent not settling for untreated slabs. Sixty-
eight percent of the treated Joints had settled less than one-eighth inch as compared
to 53 percent of the untreated slabs,

" 13, Mixes "A" and "D" were the most effective in reducing both cracking and
settlement. Of mixes."B" and "C", slabs treated with mix "B" settled less than slabs
treated with mix "C",

e It was found that the amount of material pumped from beneath a slab due
to pumping action is appreciable, as indicated by an average of 8.7 cu. ft. of ma=-
terial per joint which was pumped beneath the alabs.

15. When bituminous material is used in mmd jacking, the operation should
be done during periods of warm weather to avoid chilling of the bituminous material
in the mix,.

16." Observations extraneous to the data contained indicate that periodic
maintenance of mud~jacked joints by pouring of the cracks and joints and by keeping
the drilled holes filled will prolong the effective 1life of treatment,

17. These data show that since cracking, settling, and pumping on rear slabs
increases rapidly following the failure of forward slabs, they should also be treated .
by md Jacking which, if done during the initial st.ages, would consist of a void-
£illing operation while that of the forward would be a raising operation,

18. The limited data contained in 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 experienced operator or one
competent to Judge when a slab has been properly treated, since mis-
takes will perhaps prove detrimental rather than beneficial.

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

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

(d) 1In areas where surface drainage is exceptionally poor, the slab
should be given some form of supplemental drainage that should
receive periodic maintenance.

19. The results of this survey show that mmd jacking can prolong the life of
a pavement being destroyed by pumping action, and the above results show a need for
further research in which other materials should be used and in which varioua opera-
tional procedures are mwatigated.
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APPENDIX
RECORD OF MUD-JACKED JOINTS THAT WERE PATCHED (FIELD ROTES)

Mix A. One joint out of seven had been patched and was rated P-4 (pumping very

severely) after two years! service.
Sta, 721466 '

10/21/42 -~ During the md-jacking operations at this joint the hose broke
and operations ceased for the day, and were resumed on October 27.

10/27/l2 - The RC-3 mix was very stiff due to cold westher and more water
had to be added to make the mix workable. Total mix applied -

mmo £t

5/ 6/h3 - Perfomance Survey
Rated the joint as P-2 (moderately pumping)., Pumping was observed
along the edge of the pavement and along the joint. One new grack
had developed in the forward slab. The French drain was plugged.

10/12/lJ, - Performance Survey -
! Rated the joint as P-lic Pumping very severe. Even though the
Joint had been patched with a bituminous patch, the joint was pump=
ing and the slabs had settled an additional ambunt.

Mix B. Three joints out of 22 had been patched, two of which were rated P-4 and one

rated 0K after two years? service.
Sta, 717"’26

10/28/42 ~ Treated by mmd-jacking. ¥The subgrade was dry and there was no
soupy md under the pavement. The pavement could not be raised
by pumping material into two holes so it was . necessary to use
three holes along the joint. A gasket leak developed in the
pressure chamber which was sufficient to prevent complete mmd-



" 5/ 6/b3 -

10/32/ul -

Sta. 695426
1/ 2/42 -

5/ 6/k3 -

10/12/44; -

53

jacking. The mix applied on 10/28/42 was L% cu. ft. (Road
oil mj.I)o .

Performance Survey

The joint was rated as P=2, No new cracks were found in
either slab but two rear slab cracks were pumping P=1 and
P-2. The mud-jack holes were full.

Performance Survey

The joint was rated CK since pumping was not observed. One
new crack was observed in the forward slab and one corner
break in the rear slab.

Mud-jack operations. The treatment at this Joint was some-
what complex. A small amount of mix was added to each hole
to raise both slabs to grade. Each slab had settled and two
holes were drilled in each slab. The forward slab required
12 cu. ft. to raise; the rear slab four cu. ft. or a total
of 16 cu. ft. of Road 011 mix. The joint was then drained
with Prench drain consisting of No. 8 stone. However, the
drain had insufficient outlet as the pavement section was in
a cut area.

Performance Survey

This survey showed three of the mud-jack holes half full and
one empty. The joint was rated P-1 and the first crack in
the rear slab (nearest the joint) was rated P-2 and was spall-
ed severely. One new crack (corner break on inner side of
forward slab) had developed..

Performance Survey

This survey showed the joint to be a complete failure. Even
though the joint had been patched {area between cracks), the
inner section of the slabs had settled 1-3/i inches since

_patching. The joint was rated as P-4 because pumping was se-

il/z?/aa -
Stao 694,486
11/ 2/bdy -

- rear slab four cu.ft. The pavement

vere. Two new cracks had developed in the forward slab.

Slab removed for replacement.

Mud-jack operations. 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 cu.ft. and the

?rear slab) was cracked
during mud-jacking operations (corner break). The pavement
was in a cut area and the Joint was drained using a French -
drain (#8) stone. The outlet was insufficient for successful
drainage.
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5/ 6/43 - Performance Survey
The jJoint was rated as P=1;- -One new orack had developed
(corner crack on inner part of slab) on the forward slab,
The crack nearest the joint on the rear slab was rated P=1l.
One mud-Jjack hole was empty.

10/12/il4, - Performance Survey
The joint was rated as P-/ because t.ha inner part of both
slabs had been patched between the corner cracks and. pump-
ing was severe. = Theé year*slab section had settled one inch
(to the top of the patch). The actual settlement was over
four inches. .
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THE USE OF BITUMINOUS MATERIALS AS A CORRECTIVE
MEASURE FOR PUMPING CONCRETE PAVEMENTS

By Charles W. Allen, Acting Chief Engineer,
and Harry E. Marshall, Geologist,
Bureau of Tests,

Ohio Department of Highways

SYNOPSIS

The pumping of concrete pavement slabs on pavements in Ohio, which
has developed since 1940, has followed the increase in volume of heavy
truck traffic that has resulted from the concentration of war indust-
ries. A survey indicates that pumping has occurred mostly on soils of
the A-L, A-6, or A=7 groups but is not confined exclusively to soils
of these types. A study of the moisture contents of the subgrades at
various depths indicates a maximum immediately beneath the pavements
ard a decrease with depth indicating that surface water is the chief
gsource of the subgrade moisture that causes pumping. The use of trans-
feor devices at joints and of granular subgrades have been found most
effective in the prevention of pumping. The use of French drains in
the shoulder was not effective in stopping pumping.

After experimenting with various soil-bituminous, portland cement
mixtures and several grades of semisolid asphalts, it was fognd that
an oil asphalt filler having a penetration of 30 to 45 at 77 F. was
most satisfactory for filling the voids under pumping concrete slabs.
This material is forced under the pavement by means of the hand spray
equipment of a standard bituminous distributor through holes drilled
in the pavement with a standard jackhammer and drill. The bituminous
material forms a tight seal beneath the pavement and prevents the en-
trance of surface water and its stability is not affected by moisture
from the subgrade. Although the costs of the asphalt is somewhat
higher than any of the various soil-mixtures, a portion of this cost
differential is equalized in the labor saved on the assembling and
mixing of the various materials used in slurries.

Prior to 1940 pumping of concrete pavements was not prevalent in Ohio. How-
ever, the considerable concentration of war industries in the State with its attend-
ant increase in truck loads and in volume of truck traffic has resulted in a very
rapid increase in both the distribution and the rate of pumping concrete pavements.

In this area pumping is particularly prevalent over silty-clay and clay soils,
Public Roads Administratin Classes A-6, A-7 and plastic A-L. However, it is 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 in part of about equal
amounts of silts and clays, considerable pumping ias developed. This project is des-
cribed in detail in a paper by Mr. H. L. Krause and it is sufficient to point out

/1 - See page 67 of this publication.
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in this discussion that 37 per cent of the joints were pumping where the subgrade
consisted of sandy silt and silt, Chio soil classifications Nos, 8 and 9, while 57
per cent of the joints were pumping over the silty clay and clay subgrade, Ohio
classifications Noso 11, 15 and 16, The Ohio soil classifications are shown in
Table 1, The average test constants of the soil on this project are shown in Table
20

It is generally agreed that most of the water contributing to pumping is sur-
face water. A mumber of observations made in Ohio substantiate this point. On a
project constructed about twelve years ago which had shown no signs of distress until
wartime restrictions on a refinery in the southern part of the State resulted in a
tremendous increase in truck shipments, pumping occurred generally throughout the sec-
tion except for areas where the joimts were tightly sealed, preventing the entrance of
surface water. Further evidence that the water is derived principally from the sur-
face is afforded .by the fact that on most of the projects observed there is practic-
ally no difference in the amount of pumping on £ill and in cut sections, It has also
been noted on several projects that less pumping occurs in areas where there is a
paved gutter at the edge of the pavement which carries off the surface water before
it has an opportunity to reach the subgrade.

In connection with our study of pumping pavements during the past two years,
a considerable number of samples have been taken of subgrade through holes drilled in
the pavement, in an effort to learn something of the moisture condition of the sub-
grade soil. _A sheet of a typical soil survey is shown in Figure 1. The locations of
the Joints, cracks and pavement failures together with the points where the pavement
Jacking was done and the samples taken are shown in the lower part of the Figure,
while in the upper portion the soil type and moisture content of the subgrade are
.shown, Xt is of interest to note that the moisture content of the subgrade decreases
with the.depth through the range measured by these samples; averaging 26.l4 per cent
in the 0.6 of a foot immediately beneath the slab, 24.L per cent in the next 0.9 of a
foot and 21.4 per cent in the bottom 0.9 of a foot.

From the summary of test results in Figure 1, it will be noted that the sub-
grade in this section consists almost entirely of clay for which the average lower
liquid limit is 46,8 and the average plasticity index is 25.2.

Table 3 shows average test results and moisture contents for samples of the
subgrade soil on several projects which were treated during the unusually dry summer
€ 1944, This Table shows a considerable variation in moisture contents of the sub-
grade soil in the various groups. Haowever, in about two-thirds of the cases in which
samples were obtained at different depths beneath the pavement, the moisture content
of the subgrade soil was highest immediately beneath the pavement and decreased with
the depth through the range sampled.

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 pumping.

The use of steel reinforcing, load transfer devices, And the spacing and type
of joints all have an important bearing on the susceptibility of a pavement to pumping.
Pumping has been particularly severe on pavements constructed without load transfer
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TABLE 2

SUMMARY OF TESTS OF SUBGRADE SAMPLES FROM SECTION OF
U.So 52 EAST OF PORTSMOUTH, OHIO

s s ::Physical Cham:Total : Per
¢ Noo ::___Mechanical Analysis ssacteristics s:Number : Cent
: of 33 : Cos Fo : $: sPlas- ::Joints : of
SHTL : Sam-::Agg.: Sand: Sand: Silt: Clays:Liquidsticity::(Spacing: Joints
Class ; pless: & : & : & : & : & ::limit sIndex ::20°) : Pumping
8 8 6 s2 1.8 &083 10053 2.8: 30,2:: 28.6: 801} 33 gélh 3 2201
9 : T ss Tol: 4.7: 21.8: 42.4: 24.0::  24.7: 6.2 s 220 : 39.0
Ave., : 8 S : : : $: : ] s
8&9 : 22 4.6: 4.7: 16.1: : 26.8:: 26.5: 7.2 :: 374 :  36.6
pul $ 23 loh: 3.8: 8.2: 51.6: 35.0:s 300.2: 10,7 :: 164 : 43.0
15 : 2 : : : : 2 : s :
&16 : 8 :: 0,1: 1: : 3 3 : 16,1 :: 212 : 68,0

devices of any kind. It has been noted that in pavements which are practically con-
tinuously under compression the severity of pumping is very much reduced.

Perhaps the most generally accepted means of prolonging the life of the pave-
ment is the improvement of the subgrade. During the past several years subbase
courses consisting of predominantly granular materials have been provided under many
of our new pavements. The thickness of the material used varies for different sub-
grade solls and traffic conditions from 6 to 24 in. Most of the material used to date
has met one of the grading requirements given in Table 4. In general, very little dis-
tress has been observed to date in pavements constructed over this type of subgrade.
However, a few instances of pumping have been noted, and it has been rather frequent-
ly observed that material furnished under these requirements may have very low permea~
bility. To assure more positive drainage in this subbase the grading requirements
have been changed to those given in Table 5.

CORRECTIVE MEASURES

The Maintenance Bureau of the Ohio Department of Highways has of necessity in
the past few years done a considerable amount of corrective work in an attempt to mini-
mize the damage done by pumping. Early efforts consisted of attempting to drain away
the free water by stone drains at the edge of the pavement either parallel to the slab
or, as was more frequently the case, by French drains through the shoulder, Figure 2.
The voids beneath the slabs were then filled using the mixture of soil and cement which
had been previously found successful in raising depressed slabs. It was soon found
from observation of the drains, particularly the open French drains extending through
the shoulder, that these drains in themselves were not sufficient to remove the water
and to stop pumping which had already started. During the past several years various
combinations of soil, cement and other materials have been used for mdjacking. Dur-
ing the fall of 1942 the following mixtures were tried on different sections of U.S.
Route 20 near Oberlin:
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Mix 1 Mix 2

Asphalt Cement MC-1 1.0
50-60 Penetration Portland Cement 1.0
Gypsum Plaster 1.0
Soil 5.5

Mix 3 Mix 4 R
- MC-1 1.0 Vinsol Resin - 1.0
' ' Portland Cement 1.0 Portland Cement 1.0
ILimestone Dust 1.0 . Gypsum Plaster 1.0
Soil 5.5 . Soil . K 5.5

Mix 5 0 T .

Vinsol Resin 1.0
Portland Cement 1.0
Limestone Dust 1.0
Soil 55

It was originally planned to get this treatment in during the fall of 1942,
however, freezing weather made it necessary to postpone most of the work until the
following spring, by which time the pavement had become so badly. cracked and broken
that compdrison of the effectiveness of the various mixes is very difficult.

During the past summer voids beneath a considerableé number of pumping joints
,~haye been filled by the use of slurries composed of 1 part-cement, 1 part liquid
. ' asphalt, 1 part limestone dust and 5 parts of soil, by volume, or in ang_o:d.mtely
the proportions reported used by the Illinois State Highway Department. This mix
is reported to be the most satisfactory of any of the slurries tried. . - -

Most of the soil mixes which have been tried in this State to prevent pumping
have been only temporarily satisfactory. Where slurries have been used it has usually
been necessary to return one or two years after the initial fillinz and refill the
voids. During the removal of some badly cracked slabs on a project several years ago
a sample was tken of old mudjack material. Of particular interest among the test re-

. sults obtained on this sample is the very high moisture content of 50 per cent. The
“goil was a very poor subgrade material containing a high percentage of silt and having
.2 high liquid limit and low plasticity index and should not be considered as typical
. .of all mudjack material.

... In order to overcome some of the objections to the usual mudjack materials,

the Ohio.Department of Highways in 1941 began experimenting with various mixes in which
bituminous materials made -up a principal part. The first mixes jried were mixtures of
slow curing liquid asphalts, powdered asphalt, soil and cement. i

In the summer of 1942 in an attempt to find a material more satisfactory than
the md 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 impractical because of the difficulty 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 133. of Appendix
/3 - See Page 133 of Appendix




TABLE 3 - SUMMARY OF TEST RESULTS AND MOISTURE CONTENTS FOR 213 SUBCRADE SAMPLES S
TAKEN THROUGH HOLES DRILLED IN CONCRETE PAVEMENTS .
:Soil : : ] sSoil : [
Depth :Type : Average Test COnstants : Depth :Type : H Average Test COnstants :
beneath:Ohio : No. : Pass s lbistuna Content, % beneath:Ohio : No. : Pass : s : s Moisture Content, %
pave- :Class=: of : 7200 H B .Plas- : 3 pave- :Class-: of : #200 : H .Plaa- :
ment sifica-: Sam-: Sieve, : S1lt: Clay:liquidsticity: : H ment :ifica~: Sam-: Sieve, : Silt' Clay.l.iquid ticity:
Inches :tion : ples: ¢ 1 3 :limit :Index : Max. : Min., : Ave. Inches :tion : ples: &% : slimit :Index : Ave,
LORAIN COUNTY, S. He 291, SECTION E (PT.) & F (PT.), S. R. NO. 18 SCIOTO COUNTY (CONTINUED)
M6 1 2 2 27 34 t = 1 = : 29.1: 10.1: 148 : 13.6 : 1.l 3-6 : Bt TTh : = : = : 33.5: 10.9 : 25.80 : 17.0 : 20.7
: N l 3 = 3 - 3 : B B z 1518 : 11 : 7 : 80uh : = : = 3341 :11.6: 25,2 : 17.0 : 21.0
3 s 2 @ t = 3 o= 2 : : 3 : 27-30 2 6 3 89,0 3 = : o~ :34.2:11,5: 27, : 16.3 20,6
L’&-%g;: : 2 2= = : : 3 : 36 : t 1l s 97.2 1 - i - 3 39.3:13.1 ¢ 216 : 21.6 21.5
t : 5 T - 3 o= 3 : : : : 5 1518 ¢ 12 : 3 : 92,0 : -~ : < : 40,0 13.0: 29.4 : 2043 24.1
1518 : 11 : 6 69.5 : = : =« :31.6:13.2: 20.8 : 13.6 17.9 27=30 2 2 2 90,0 : - : = :39,9 :12.5 : 33,3 : 3 :  23.8
27-30 1 8 2 75,0 : - : - : 30,1 12,6 : 17,1 : A3.7 : 15.4 36 : 5 2 93.6 5 - : - ¢ M.l : 16,0 : 26,5 : 21.5 :  24.9
36 3 t 1l 2 83,6 1 - : - 1 36,0 : 16.9 : 20.1 : 20.1 : 20.1 15-18 : 15 : & : 95.2 : = : « :41.0:16.2: 28,0 : 20,5 : 25,
;.5-18 s 15 i t 80.2 8 - : - :33.6:17.0: 17.0 : 16.1 : 16.6 27-30 2 3.t 975 : = : = : 39,9 : 15.3 : 26,9 : 24,0 : 22.0
-30 3 3 2 8l 2 = - .5 3 Jd 3 3 27-30 _: 16 : 2 : 96,3 : = : =~ 48,9 : 22,2 : 27.5 : 25,8 : 26,
T 17 2 1z T6.2 i - i o« i 37 : 2.1 : 2Lek : 21eh : 21.4
15-18 32 : B30 : o~ : = : 52,5 : 343 : 17.6 3 17.6 : 17.6
#MEDIKA COUNTY, S.H. 95, SECTION A & B (PT.), S.R. #18
SCIOTO COUNTY, S.H. 7, SECTION O (PT.), R=1, R-2a & R-2b, U.S.R. /52 0-10 : 8 : 3 : 78,5 : 5242: 20,42 24.0 : 7.1 : 2L.7 : 1he8 @  19.2
10-22 ¢ 2.2 : 82,5 : 61,9: 20,6: 23,1 : 5.7 : 22,3 : 18.8 20.6
36 sy 1] 19.8 : = : = : 20,9 : 2.4 : 25.1 : Lel : 9.5 0-8 : 1 7 3+ 63.1 : 39.4: 23.7: 25.4 : 8.1 : 258.9 : 14L.9 : 18.3
15-18 1SS-112: 11 : 5.9 = ¢ = 321.0: 1l2: 9.2 z L6 : 7.0 8-20 ¢+ 9 : 5 : 69.5 : 42.9: 26.6: 2h.4 ¢ 8,2 ¢ 22,0 : 13,5 : 164
27-30 $ .3t Ty : - 2 - : Non-Plastic : 7.2 : 6. : 6.7 20-30 : 3 g .0- .3 : 8.3 : :
3 Hl Y io= 2t = :31,2: 12,4 : 23,0 : 23.0 : 23,0 -2 11 : 4 s
] : 1 : = 3 = :17.6 : 3.5: 10,8 : 10.8 : 10.8 8-20 : 5 ¢
1518 ¢ 3 : 1 : 8.1 : -~ : -« : Non-Plastic: 6.3 : 6.3 : 6.3 0-12 : 16 1 :
27-30 ¢ 2ot T.7 s = : - ¢ Non-Plastic : 6.9 : 5.7 : 6.6
36 : 6 : 87. : - : - : 30.1: T.7: 319 : 18.5 : 23.1 #PORTAGE COUNTY, S.H., 322, SECTION L,W,T,V & U, S.R. #5
1518 ¢ 8 : 6 3 B80s2 : = : - :28,2: 7.6: 21,7 : 15.5 : 18.5 —_ —
27-30 3 21l s 82,5 : - : -~ :28.0: 6.6 26,3 ¢ : 0-10 : 9 : 1 : 82,6 : 6.6 :
36 : 8 : 69.5 - - 3 : : s 15.0 : 17. o6 : s 10: 78.5 : s 12,9 ¢ . 16.8 :
15-18 ¢ 9 3 8 : 67dh : = :t = 3 24,.9: 5.2: 21,1 : 11.0 s 1642 618 : 11 : 10: 79.1 : 12 1: 25.3 : 15.1 : 18.3
2 : 3 8 : 64,0 : - : - : : 18.5 : 12.9 | 18-30 : : _8l.]1 ] s 21l : 15.2 : 18.3
¥4 Gramlar subbase material furnished under speciﬂcation shown in Table 4. 10-22 12 : 1: 84,1 : : JL'. 8 : 25,0 25.0 'z 25.0
102, : 15 : 1 : 69.8 : 39.3: 50s5: 39_2 t 18, : 26,5 : 26,5 36,5
#Samples on these projects taken through holes drilled for pavement jacking.
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TABLE 4 - GRADING REQUIREMENTS FOR SUBBASE MATERIALS CCMMONLY USED IN OHIO
TOTAL PER _CENT PASSING

|

Sieve : Gra%g 1 : -Grading 2 : _Grading 3 =
3 Inch : 100 : 100 : —
2 _n : : $ — 3 100
i_n : 20=70 : 75=200 $

2" : s 50=90 $

0 s 0-25 : 20=15 s 50-100

200 § _ 3 0-15 3 0-15

For the fraction of thése waterials passing the Noo 40 sieve
the 1liquid limit shall be not greater than 35 and the plas-
ticity index not greater than 10.

TABLE 5 -~ GRADING REQUIREMENTS FOR SUBBASE MATERIALS PROPOSED FOR USE ON
FUTURE PROJECTS

» TOTAL PER CENT PASSING.

Sieve : Gr A __: Gra B _: Gr (HIF g
3 Inch 100 : s _ 2 e
-2 .Y 3 _30=70 $ 100 : 100 3 100 ~
1l 3 : 70-100 70-100 ¢ L _
2% g ' : 40-100 : $
LA N = 7 T VYN i I P
[ g, — : 0-40 i - etianta
No. 10 ¢ 0-15 $ 0-15 $ 35-75_ :
Noo 50 ¢ : : 0»10 ot - 0=-20

For the fraction of these materials passing the NOo 4O steve
the liquid 1imit shall be not greater than 35 and thephs— :
ticity index not greater than 10.
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Approximately a thousand joints and eracks were treated with 60-70 penetra-
tion asphalt in 1942 and only a very few of them were pumpimg mmd in the early fall of
19&1;_0' However, there were some instances of exuding of the asphalt cement from the
eracks and joints. About two mindred joints were treated this same year with the 50-
60 penetration asphalt cement and although this asphalt showed less exuding than the

.60-~T70 penetration material, it was thought that a higher melting point material with a

lower temperature susceptibility would be desirable. Therefore, in 1943 and 1944 the
Ohio Department of Highways® Specification M=5.4, F=1, approximating the A.A.S.H.0.

0il Asphalt Filler Grade A, Designation: M 18-42 was used,- This material has given
very satisfactory results to date and no difficulty has been experienced with bitumen -
exuding from the joints or cracks. In a few instances it has been necessary to go back
over the pavement after the first treatment and retreat some joints that still pump.

As an indication of the amount of material necessary to treat pumping joints it
was found that on one project treated this past summer that an average of 40 gallong
per joint was used to treat 284 joints. The quantity of material, of course, varied
considerably for individual joints, At some joints as mch as 60 gallons of material
have been used without raising the slab, Our Maintenance Bureau outlines the following
equipment and procedure that has been used aatiafactorﬂy 'in conducting this work.

EQUIFPMENT

Air compressor, jack hammer and drills to drill holes and 'blow out mxd and
water,

A bituminous pressure distributor equipped with a patching hose and a home-
made barrel, bung type, bituminous pump nozzle which is to be put in the hole in the
pavement and driven snug with a hgmmey. before asphalt pumping is started. See Flgures
3 and 4. The bituminous distributdr should be equipped with a by pass pressure regu-
lator so that pressures between 20 and 4O lbs, per sq. in. ean be maintained. It
should also be equipped with a reversible pump 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 in érder to prevent a.sphalt aquirta.ng out on the pavement.

& sprinkling can and water to wet the pavement around the hole so that any
asphalt leakage can be easily removed. The water is also used to chill any asphalt
that may break out of a crack or joint before the desired amount has been pumped under
the pavement.

Soft wood cylindrical plugs turned to a diameter 1/8 in, larger than the hole
to be driven in the hole after the treatment is completed.

LABOR
Six or eight men are required in the gango. TIwo or three with the compressor
to drill and blow out holes and four or five with the distributor to do the pumping.
SEQUENCE OF OPERATION
A short trench is dug at each end of the joint or crack to-be pumped to slight-
1y below the depth of the pavement slab, This serves as a well for the mud and water

blown Trom under the slab and also for observation when pumping in the asphalt, A hole
is drilled through the pavement usually located about one foot ahead of the joint in



FIGURE 2. STONE DRAIN INSTALIATION FIGURE 3. NOZZLE FOR PUMPING BITUMI-

FOR REMOVAL OF FREE WATER FROM BE- NOUS MATERIAL BENEATH THE PAVEMENT.
NEATH PUMPING JOINTS AND CRACKS.

the direction of travel and one to two feet away from the center lomgitudinal
Joint., Water and mud are blown out by forcing compressed air into the hole us-
ing the same type nozzle as described above. In especially wet areas it is de-
sirable to blow out the water and the mud immediately before imjecting the as-
phalt. In dry areas this operation may be carried out considerably in‘advance
of pumping asphalt under the slab.

The asphalt to be used should be heated to a temperature of from 350° to
400° F, The injector nozzle is attached to the patching hose of the distributor
and driven into the hole. Some water is sprinkled around the hole to wet the
pavement so that any spillage may be removed easily and the asphalt pumping is
begun.

Pressures of from 20 to 35 1lbs. per sq. in. have been found to be en-
tirely adequate in filling the space beneath the slab and even raising the slab.
Using this comparatively low pressure it can be seen that a man standing on the
nozzle plate will hold the nozzle securely in the hole.

The pumping is continued until the asphalt exudes from under the pave-
ment at the observation trench or until the slab starts to raise. If the slab
starts to raise before asphalt exudes from under the edge of the pavement or
if asphalt exudes from one edge of the pavement and not the other, it may be
desirable to drill another hole and attempt to forc¢e in more asphalt. Should
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the asphalt break out at a crack or joint on the surface of the pavement during the
pumping operetion, pumping should be stopped a short time, the asphalt chilled with
water and the pumping then contimmed., If the leakage contimes after this treatment
it can usually be stopped by placing over it a chunk of stiff clay or mud which is
held down by a man standing on it, When sufficient asphalt has been pumped in, the
punp is stopped but the nozzle is allowed to remain in the hole for 30 seconds before
it is withdramn, If the ¢{distributor is not equipped with a syck back arrangement,
the pump motor should be Peversed for a few seconds before the nozzle is withdrawn Bo
that the asphalt will not exude from the hole before the plug can be inserted. .Im-
mediately upon the removal of the nozzle the soft wood plug is 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 24 in., from the crack or joint and midway between the
center joint and edge of the pavement. Should the slab start to raise at a high place
a loaded truck may be backed over it and thus hold down the part of the slab that is
already high enough. We have generally obtained our asphalt shipped hot in insulated
tank cars directly from the refimery. However, it generally arrives at slightly too
low a temperature to be pumped into the distributor and some time it is necessary to
heat eight or ten hours with steam at 80 to 90 pounds pressure. It usually can be
pumped into the distributor at a temperature of from 280° to 300°F,, after which it
can be brought to application temperature in the distributor if heating in the dis-
tributor is found to be more desirable than raising the temperature the rest of the
way in the tank car.

We have experienced no casualties in this operation from men being slushed
with hot asphalt. However, as a safety precaution it would be desirable for men to
wear heavy clothes, gloves and a welder‘s mask.

CONCLUSION

The use of bituminous material pumped beneath the.slab to stop pumping of
concrete pavements in this State has been mich more successful than the various types
of md mixtures tried. In all probability one of the principal reasons for the suc-
cess 6f this material is the fact that it forms a tight seal beneath the pavement and
thus prevents the entrance of surface water. Further its stability is not appreciably
affected by water which may reach it through the subgrade. Bituminous material is
considerably easier to control when being pumped beneath the pavement since it apparent-
ly spreads more evenly than slurries. There is considerably less likelihood of crack-
ing the slab than with slurries and it is easier to keep from raising the slab, or to
control the amount by which the slab is raised if this is necessary. Although the
costs of the material using asphalt are somewhat higher than for slurries, at least a
portion of this cost differential is made up in the labor saved in assembling and mix~
ing of the various materials.,

From the experience gained to date, it is our opinion that bituminous mater-
ials show considerable promlse as an effective treatment for the pumping of concrete
pavements.
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INVESTIGATION OF CONCRETE PAVEMENT PUMPING

Ho Lo Krauser, Construction Engineer
Ohio Department of Highways
Chillicothe, Ohio

SYNOPSIS

This paper describes the investigation of the pumping at transverse
Joints in concrete pavement slabs on a project 4,39 miles in length on
UoSo 52 in Scioto County, Ohio, near the village of Franklin Furnace.

The soils survey made prior to grading operations.showed that on some
sections the predominating soil was high in silt content and could be
classified in the A-4 group. It was considered necessary to cover these
areas with suitable gramular material to a depth of 18 inches and provide
tile drainage.

The pavement was built without reinforcing or load transfer devices.
Records are also included on a short project built in 1941 in which com-
plete reinforcing and load transfer devices were used., Observations were
made of slab deflections under moving loads on both projects.

Pumping was found to be much more extensive and severe over the areas
where no granular material was used. On the plain concrete section pump-
ing was more severe at contraction joints of the premolded type. The se-
verity on the reinforced section was about the same for expansion and

... contraction joints. On the plain concrete slabs without gramlar sub-
tion joints were pumping. On the plain concrete slabs placed on gramlar
sub-base 1.5 per cant of the expansion and 16 per cent of the contraction
Joints were pumping. On the reinforced section, 71 per cent of the ex-
pansion joints and 91 per cent of the contraction joints were pumping.

" On most of the work, the gradation of the backfill for the tile drains
was from the 3/4~inch to No. 4 sizes. It was observed that these drains
silted up badly. On one section 3/8 inch to No. 8 material was used and
only a small amount of silting was observed.

The conclusions of observations on these projects are as follows:
1. A sub-base composed of suitable granular material will appreciably
reduce the pumping at Joints in concrete pavements, 2. The use of small
size backfill aggregate will extend the useful life of tile drains.
3. The use of load transfer devices prevents excessive permanent defor-
mation at the joints between concrete slabs after pumping starts,

GENERAL DESCRIPTION

It is the purpose of this paper to describe the investigations that were made
and the conclusions and recommendations that resulted in connection with transverse
Joint pumping on S.N. Federal Aid Project No. 626-H(1l) and S.N. Federal Aid Project
Noo 240-A(3) located on U.S. Route 52 in Scioto County, Ohio near the village of
Franklin Furnace,’ )

The length of the project is 4,39 miles and the plans provided for the plaecing
of a Portland Cement concrete wearing surface 24 ft. wide and nine in, thick. It was
further provided that the "concrete pavement shall be placed and finished in aingle
lane widths as separate operations and the longitudinal joint separating lanes thus
placed shall be a key joint%, ‘



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 winsol resin was required in amounts so that the reduction in weight of
the concrete of from four to eight pounds per cu, ft. would be effected.

Most of this project is 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 excavation. A
soll profile was prepared by the Highway Testing Laboratory which set forth the in-
formation obtained from the analysis of 112 samples taken throughout the length of
the project. An inspection of this profile shows that the predominant soil types
are silt solls, P.R.A, Classification A-4, S.HoT.L. Classifications 8, 9 and 11
(See page 57). Since these soils are subject to detrimental capillarity and sub-
sequent frost heave it was decl ded that, wherever this material would be encountered
at subgrade elevation, it would be removed to a depth of at least 18 in. 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 which covered 7858 lin. ft. measured
along the center line.

Over one area of 2250 lin, ft. where clay, P.R.A. Classification A-7,
ScHoToLo Classification 16, was encountered a bituminous impregnated paper insula-
tion course was provided.

Actual construction work was started on August 25, 1942 when exeavating op-
erations were begun at a point approximately one-half mile south of the northern ex-
tremity of the project. Cross road culvert and underdrainage work was begun on
September 1, 1942, and the first classified embankment material was placed the fol-

lowing day.

Approximately 20 per cent of the 9 in. 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 until November 28, 1942 when
weather conditions made further progress impractical. At that time approximately 50
per cent of the excavation and borrow materials were in place (See Table 1 for Me-
chanical analysis of borrow pit materials) and nearly 60 per cent of the classified
embankment was completed.

It was possible to continue the installation of underdrainage until late in
December at which time approximately 90 per cent of this work was completed.

The weather during the first four months of 1943 was unsuitable for the prose-
cution of construction work. Flood waters partially covered the project three times,

During the first flood period obserwations were made between Sta., 254+ O and
Sta, 26140 where the east half of the pavement slab was in place. Numerous air bub-
bles were in evidence at the transverse joints and along the edges of the pavement
slab, The number gradually decreased until they had entirely disappeared. Subsequent
floods failed to cause a repetition of this condition. This may be due to the fact
that the first flood exceeded subsequent ones by approximately four feet.



TABLE 1, SUMMARY OF TESTS OF BORROW PIT SOILS FOR S°N°FoAcP. No. SES:H%}
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Studies show that a considerable portion of this project was subjected to at
least partial flooding during the early part of 1943.

Grading operations were resumed on June 1, 1943 and pavement placing followed
in approximately two weeks. Except for ordinary delays causcd by weather, equipment
failures, etc., the work contimied until the completion of paving operations on Novem=
ber 12, 1943,

SLAB PUMPING OBSERVATICNS

After the pavement had been opened to traffic for a period of between two and
three months the first evidences of pumping became apparent. During this time the
weather had been relatively mild and exceedingly dry. Within 30 days after the first
pumping was observed this action had increased at such an alarming rate that it was
decided to determine the extent to which it had progressed and to investigate any and
all contributing faetors, ’

In order to compare the action of pavement of this design with that built with
rednforcing steel and load transfer bars at all joints the investigation was made to
include Federal Aid Grade Crossing Project No. 240-A(2) which adjoins this project and
which was placed during the late fall of 1941.

For purposes of easy identification the originally described project will be
referred to as the "Plain-slab" project.

The investigation was begun by locating all transverse joints on each project.
This work was done on March 27 and 28, 194l after a series of rains made pumping joints
easily identifiable. While it might seem that results observed at this time would rep-
resent extreme conditions subsequent observations indicate that average conditions pre-
vailed. Each joint was listed as to type and condition and the results plotted. Fig-
ure 1 shows a typical section with legend markings.

As a general statement it may be said that pumping was much more extemsive and
severe where the pavement slab was placed on soil subgrade. It was noted that where
pumping 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. It was thought that this would be sufficient to allow for ordi-
nary growth and fluffing of the sod and still have drainage away from the pavement.

It was observed, however, that the sod built itself up to such an extent that, combined
with an accumulation of ice control material, drainage was impeded so that water was
ponded along the gutter line, This ponding with resultant splashing under traffic
could have set up a condition which caused the pumping to develop.

Table 2 shows the results of this investigation., It will be observed that on
the plain slab project the highest percentage of pumping occurred at the contraction
Jjoints regardless of the type of subgrade material. Pumping on the reinforced slab
project is generally more severe at all types of Jjoints. Following the usual Depart-
ment policy some latitude was allowed in the choice of the type of transverse joint.
Figure 2 shows the types of joints that were used on each project. Although surface
sealing was not required State Maintenance forces went over the plain slab project
during the fall 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., 244+0. When, on March 27 and 28, 1944,
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the location of the transverse joints was determined, it was observed that the surface

seal was, generally, in good condition and showed evidence of having been well applieds
Inquiry developed that asphaltic filler having a softening point of 75+ and a penetra~-

tion range of 30 to 45 was used and applied when heated to a temperature that permitted
easy flow of the material.

SLAB DEFLECTION OBSERVATIONS

On April 20, 21 and 26, 1944 a series of observations were made to determine the
deflection of the pavement slab under traffic. The device used consisted of a metal
stake and bracket to which two Ames gauges were attached. The mstal stake was driven
at such locations that one of the gauges was in contact with each of the pavement slabs
adjacent to the transverse joint.. At each joint where observations were made the gauges
were placed near the pavement edge (See Fig. 3) and near the junction with the center,
line jomto N

An attempt was made, at first, to observe the slab deflections resulting from
the passage of each vehicle over the joint. It soon became apparent that the movement
under passenger cars and light trucks was so slight that it could not be measured on
the dial of the Ames gauge, Observations were, therefore, 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. In certain instances trucks were stopped and asked
to proceed at very slow speed, and it was observed that greater deflections resulted
than when normal speeds were allowed.

In making these tests all traffic was routed over the half of the pavement

under observation and dial readings were recorded on both the forward and rear slabs

as determined by the direction in which the vehicle is moving. Table 3 shows the sum~
mary of pavement deflections, VWhile the amount of the individual deflection is small
there is every reason to believe that over a period of time serious trouble will de- -
velop. This is substantiated by observations on the reinforced slab project. In the
two years that this pavement has been in place serious spalling has occurred at some
transverse joints. Reference to Table 3 will show that the movement here is comparable
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:

It was known that at the time work was completed on the plain slab project all -
pavement irregularities in excess of specification limit (1/4 inch in 10 £t.) had been
removed. On May 1, 1944 the smoothness of the pavement was again tested by means of a
hand profilometer. It was found that irregularities in excess of the specification
limit existed at 111 transverse joints. This represents approximately 10 per cent of
the total number of transverse joints on the project. The distribution of these ir-
regular joints was fairly even throughout the length of the project.

In order to obtain specific subgrade information, samples were taken one foot
from the pavement edge where slab deflections had been measured. The results of tests
of these samples are shown in the last column of Table 3. It is interesting to note
that at Sta. 417+68 where the most deflection was recorded and where very bad pumping
was observed the silt content was lower than at transverse joints where less movement )
and pumping were in evidence,
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. S.N.F.AP. Noo 26"’“(1)
TABIE 2. SUMMARY OF MVEBSE JOINT INVESTIGATION FOR S N.F.4.P. No. 240-A(3)
F A GO .P, Noo 24,0-A(2)

E!PMBION J OINT H CONS TB.UC ‘I'ION J OIN T H CONTRAC TION JOINT

130 s 52,25
67 2 15,52
2L 3 g 91,25

SoNcFvoPo NOO 626‘“(1)
TABIE 3. SUMMARY OF PAVEMENT DEFLECTION UNDERMOVING WHEEL LOADS F.A.G.C.P. No. 240-A(2)
: S N.F.A.P. No. 240-A(3)
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SUBGRADE INVESTIGATIONS

The plans for the plain slab project contained the following note: 'Exca-
vated material, of which the grain size is of 50 per cent or more between 0,05 mm.
and 0,005 mm. (S.H.T.L. Claseification 8), shall be placed at least three feet below
the pavement when used in embankment®. The Soil Profile indicated that a rumber of
areas from which roadway excavation material was to be obtained contained more than
the maxinum allpwable amount of S.H.T.L. Classification 8., Table 1 shows the amounts
of this type of material contained in borrow pit soils.

Because of the limitations set forth by the note quoted above and the pres-
ence of SocH.T.L. Classification 8 material in both the excavation and borrow material
it was decided to sample the subgrade soil of the completed project. The results of
tests of these samples are summarizad in Table 4., While a number of the samples
(Nos. 9, 13, 24) indicate an excess of undesirable material in embankment areas, the
amount of pumping does not seem to be particularly affected thereby. This may be due
to the relatively high percentages of compaction that were obtained on this project.
An average of 99.75 per cent compaction 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 pumping is not particuldrly affected by its presence. These latter
samples are all from within excavation areas. .

The limitations for fineness of classified embankment material is that not
more than 15 per cent shall pass a No. 200 opening. Table 5, which is a summary of
tests of samples of classified embankment in place, indicates that in a number of
places this limitation is exceeded. In all probability this is caused, for the most
part, by the mixing of some of the berm material in 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 mechanical
analysis of samples taken from the pit which was the source of the classified embank-
ment material. Sample numbers 1, S-24 and 34 were taken before and during construc-
tion operations and sample numbers 40 and 41 were taken recently. The gradation of
the material represented by the two sets of samples are closely comparable., But re-
gardless of the cause of the presence of an excessivé amount of fine material in the
classified embankment material, the amount of pumping does not seem to be affected
thereby,

The limitations of the General Specifications provided the control of the type
of material and its manipulation in the embankment on the reinforced slab project.
Since practically all of this project consisted of embankment to be obtained from
borrow pits a soil profile was not needed. Table 7 shows a summary of the tests of
material obtained from these pits. Subgrade samples taken during April 1944 conform
generally to that shown in the Table. It is interesting to note that only one of the
borrow pit samples and none of the subgrade samples indicate the presence of more than
50 per cent silt. From 311 tests completed during the construction of this project
an average of 102,4 per cent compaction was indicated. However, pumping is prevalent
throughout 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 pumping especially since the bitumi-
nous seal at the transverse joints was rather poorly maintained.
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#These Tests represent Subgrade exclusive of areas where Classified Embankment Material was used.
S8ee Table 5 for this summary. )
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TABLE 6, SUMMARY OF TESTS OF CLASSIFIED EMBANIGENT MATERIAL PR an-b-aeBe J3o 525-§{4)

Proj. : ¢ Depth Taken : s g Mechanical Analysis
Samples: Location 3 in sIiquid: Plastic : Total % Passing

No. s _ s Inches  sIdmit : Index s 2" ¢ 1% s 1/29 : #10 : #200
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TABLE 7. SUMMARY OF TESTS OF BORROW PIT SOILS FOR SN.F.A.G.C.P. Noo 240-A(2)
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Proj. : Depth : : 3 Proctor Compaction : Mechanical Analysis
SamplesSampled:Liquids:Plasticity: :Optimum : Percentage of

Noo s in ‘:Limit : Index : Max, Dry Wt. :Moisture: Sand : Silt s Clay
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, BERM AND UNDERDRAINAGE IBVESTIGATIONS -

" On the left of Sta. 294450 is located a sod gutter for disposal of pavement
surface water. 1In an effort to check the movement of water through the subgrade one-
half of this sod gutter was dug out for the width of the berm and to a depth of the
thickness of the pavement slab., It was not possible to check the movement of the
water, but it was observed that the bottom of the trench was damp one week after it
was opened.

A trench of similar depth was dug through the berm on the left of Sta., 314425
at the end of a contraction joint. Clear water ran from beneath the pavement slab
when the trench was opened. The bottom of the trench was damp one week later.

On the left of Sta., 417+68 where a trench was cut through the berm, water was
being worked from beneath a contraction joint by traffic one week later. Figure 4
gshows this trench. This location is at the tranaverse joint where the greatest de-
flection was observed as shown by Table 3.

In order to check the functioning of the No. 46 size (3/4 in. to No. 4) po-
rous backfill material that was used over the longitudinal roadway drainage pipe
placed adjacent to classified embankment areas, the material was removed at one lo-
cation down to the top of the pipe and more or less vertical faces of undisturbed
material were exposed. Figure 5 shows one such vertical face on the left of Sta.
337+10. At this location it was observed that eight inches of heavily silted aggre-
gate was in place immediately above the top of the pipe. Above this was approximate-~
1y 20 in, of aggregate with a very small amount of silt. Above this was a layer, ap-
proximately 12 in., thick, composed of predominately silty material. The flow line of
the ditch has been raised approximately six inches by silt depositing in it during the
five month period that has elapsed since the contract work was completed on this proj-
ect. While the porous backfill is apparently functioninmg satisfactorily at the present
time, it is doubtful whether it will do so indefinitely with the continuance of the
depositing of silt.

Excavation on the left of Sta. 290+20 showed the same general characteristics
with regard to the silt deposited in and above No. 46 size porous backfill aggregate.

On the left of the center line between Sta. 43140 and Sta, 445+0 it was planned
to install roadway drainage pipe with No. 46 size porous backfill material adjacent to
a classified embankment area. During the course of construction operations it became
necessary to change the design to the following: The open joints in the line of pipe
were wrapped with burlap and No. 6 size porous backfill aggregate was placed around
the pipe and up to a point 6 in, above the top of the pipe. From here to the flow line
of the ditch classified embankment material was used. An examination was made of one
section, and it was found to be functioning satisfactorily with very little silt having
filtered into the porous material. It was observed, however, that the flow line of the
ditch was built up with deposited silt to a greater extent than I the two previous
places that were examined where No. L6 size aggregate was used. -

'  An examination was made of the outfall end of all pipe underdrains on this
project, and they were all apparently doing the job for which they were intended after
having been in place from seven to twelve months.
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FIGURE L.
PAVEMENT EDGE. WATER RAN FROM BENEATH
THE PAVEMENT JOINT WHEN TRENCH WAS

OPENED.

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

TRENCH CUT THROUGH BERM FROM

% g ik e o A i

e

FIGURE 5. VERTICAL FACE OF #4L6 POROUS
BACKFILL OVER PIPE. NOTE HEAVY SILT
CONTENT FOR APPROXIMATELY 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 made. It should be borne in mind
that conditions were observed and tests made on only the two projects and the con-
‘clusions and recommendations may not be universally applicable. They will be pre-
sented in the reverse order from that in which the description was written.

When using gravel for porous backfill over pipe underdrainage, it is recom-
mended that the size be not larger than No. 6 (3/8 in. to No. 8). Despite the high
coefficient of permeability (187.5 ft. per day) that was obtained from tests of the
No. L6 porous backfill material taken from immediately above the underdrainage pipe,
heavy silting has occurred and will eventually reach a point where the fumctioning
of the system will be greatly impaired if not entirely invalidated. It is further
recommended that the open joints of the underdrainage pipe be wrapped with burlap to
prevent the finer particles of the porous backfill material from being carried through
these joints.

The plans for the plain slab project provided that the porous backfill material
extend upward to the flow line of the ditch indicating that it was the intention to
dispose of the surface run—off through the porous backfill material., Heavy silt de-
posits .have, at least partially, sealed the flow line so that the surface water must
travel longitudinally along the ditches for some distance to the nearest inlet or cross
road culvert., The gradients of the . ditches are not sufficient to prevent further de-
positing of silt during the longitudinal flow of the water. The build-up in the eleva-
tion of the flow line of the ditches previously described has resulted.

It is reconmended that, espeeially where S.H.T.L. Classification 8 material is
encountered, the top of the porous backfill material be.at a point approximately six
inches below the flow line of the ditch and that some type of impervious material be
used above this point. The gradient of the ditch should be not less than 0.5 per cent
and suitable vegetation should be provided to prevent erosion.

The advisability of using classified embankment material for subgrade treat-
ment has been clearly demonstrated by the prevalence of pumping over areas where it was
not used and the comparative- freedom from pumping in areas so treated. Reference to
Table 3, particularly to the last column, would seem to indicate that classified em-
bankment material should be used in all roadway excavation areas where silt in excess
of 25 per cent or more is encountered at subgrade elevation. The limitations regard-
ing the use of excavated materials provided by the plans for the plain slab project
should be altered to read "Excavated material, of which the grain size 1is 25 pesr cent
or more between 0,05 mm, and 0,005 mm. shall be placed at least three feet below the
pavement when used in embankment',

Based on the successful functioning of the classified embankment on this proj-
ect up to the present time and on the mechanical analysis of samples taken from the
project, it would appear that the .fineness limitations of the specifications might be
exceeded without causing harmful results., This statement should be further qualified
by application only when bank run aggregate is used. No recommendation is made as to
the ultimate fineness of material that might be used since opportunity was not afford-
ed for any tests on which to base a statement.

The drainage difficulties caused by the fluffing and natural growth of the sod
indicate, that on sections where edge curb is used, some other method of disposing of
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the water that accumlates on the surface of the pavement should be used in place of
god gutters. Because of the prevalence of pumping on the reinforced slab project
where catch basins were spaced at approximately 350 ft. it is recommended that dis-
posal units be placed at not to exceed 250 ft. to prevent a detrimental accumulation
of water on the pavement surface,

By far, most of the pumping oceurred at the contraction joints where the pre-
molded or "ribbon" type was used. On the assumption that a more positive seal can be
maintained it is recommended that the alternate provided by most plans, the impressed
Joint, be used, It is also recommended that a surface seal be required for all types
of Joints, since, regardless of the amount of care that is exsrcised during construc-
tion some variation will be obtained in the depth of the top of the joint material be—
neath the pavement surface.

The roughness of the plain slab pavement, project at the present time proves
the advisability of providing dowels and tie bars at transverse and longitudinal joints
respectively. .

It is hoped that the foregoing conclusions and recommendations may prove to be
beneficial in avoiding on future projects the difficulties that were encountered on
the projects under observation.

Very helpful assistance and cooperation was extended by ¥he Highway Testing Lab-
oratory during these investigations and appreciation is herewith expressed,

DISCUSSION QN INVESTIGATION OF CONCRETE PAVEMENT PUMFING

MR. Ho E. MARSHALL, OHIQ DEPARTMENT OF HIGHWAYS: The author’s careful observa-
tion and analysis of the performance of the two adjoiming sections of new pavement on
Uo.So Route 52 east of Portsmouth, Ohlo are particularly valuable since they represent a.
study of a project made by the same individuals who were responsible for its construc-
tion. The intimate knowledge of the project which is gained by the engineer in charge
of its construction can rarely be entirely built up by the outside investigator who
attempts the study of the performance of a project at some time more or less remote
from its completion,

A number of very important conclusions have been drawn by the author from his
observation of this project of which the most gratifging is the marked improvement in
the condition of the pavement constructed on a gramiler subbase over that constructed
on the raw soil subgrade. 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 arse not borne out by experience on other projects
throughout Ohio. These points are briefly discussed helow,

A note on the plans for this project provided that "Excawated material of which
the grain size of 50 per cent or more is between 0,05 and 0,005 mm, (silt)} shall be .
placed at least 3 ft. below the pavement when used in embankment." This note has been
used on the plans for a mumber of projects in Ohio where a considerable quantity of ma-
terial high in silt was likely to be encountered in excavation. The objection to the -
presence of these soils closer to the pavement than about 3 ft. is that they are fre-
quently elastic and rubbery due to the prepomderance of the uniform sized silt parti-
cles and that they are very difficult to compact. Further these soils are very sus-
ceptible to frost heaving. The author proposes that the restriction on the soil used
in the upper 3 ft, of embankment be extended to include all materials which contain
more than 25 per cent silt., Study of Table 4 indicates that this restriction would
exclude all materials similar to those taken from the soil subgrade Jh this project
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from the upper 3 ft. of embankment. Such a note would restrict the upper portion of
all fills to either materials so granular or so high in clay as to have less than 25
per cent silt. This restriction in the writer?s opinion would be neither justifiable
nor desirable. Present day traffic does not warrant the use of selected predominant-
ly granular material in depths as great as 3 ft. on the usual soil types encountered
in Ohio and the use of non-granular soil so high in clay as to contain less than 25
per cent silt would afford a subbase no better and very probably somewhat worse than
would be obtained if soils high in silt were used,

Referring now to the author?s comments concerning the permissible quantity of
fines in the classified embankment material, he states that "it would appear that the
fineness limitation of the specification can be exceeded without causing harmful re-
sults. This statement should be further qualified by application only when bank run
ageregate is used." The grading specification to which he refers is as follows:

Per cent Passing

Sleve Size : Grading 1 : Grading 2 : Grading 3
34in, : 100 s 100 :
2 in. H : : 100
lin, 30=70 75-100 :
4in, : 50- 90 :
No., 10 : 0=25 : 25- 70 : 50-100
No. 200 3 : O-15 ¢ O~ 15

Although the observations made on this project apparently justify the above
general statement concerning the effect of soil fines slightly in excess of the 15
per cent limitation of the specification, this has not been found to be true through-
out the State. It has been frequently observed that materials which contain the maxi-
mam or slightly in 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. In a number of instances free water has been observed ponded on top of
these materials after they have been spread and compacted on the subgrade and prior
to the placement of the pavement. Low permeability of the subbase is also indicated
by the seepage of water from joints.on the low sides of superelevated curves which
the author reports 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 soil fines, One of the most important func~
tions of this type of subbase material is the speedy removal of water entering it
either from the surface through joints and cracks or from the subgrade and the quan-
tity of passing the No., 200 mesh soil fines has a very important effect on the per-
meability of the material. Recognizing this fact the Ohio Department of Highways
in November of 1944 revised the specification for classified embankment mat.erialoZl
The revision consisted principally of decreasing the quantity of fine sand and soil
fines permitted in the course.

- /1 - See Table 5, page 62 of this publication.



THE PUMPING OF CONCRETE PAVEMENTS IN NEW JERSEY,
CORRECTIVE MEASURES EMPLOYED, AND FUTURE DESIGHS

William Van Breemsn, Engineer of Special Assignments,
New Jersey State Highway Department

SYNOPSIS

Pumping at joints in concrete pavement slabs was first observed in |
New Jersey in 1930, It occurred on all pavement of standard design in
which dowels 3/4~in. in diameter were used for load transfer. A 100
per cent increase in the mumber of dowels did not eliminate the trouble.
The use of crushed stone drains along the edge of the pavemsnt was only
partially effective in stopping pumping.

In 1932 a test road was built over a silty-clay soil. Ome joint
with no load transfer device, two with six 3/4~in. round dowels in the
10-foot width of pavement, two with twelve 3/4~in. dowels, and several
with various combinations of heavy rectangular and channel type dowels
were placed in the slab. Continuous applications of heavy loads under
adverse moisture conditions indicated that the use of a load transfer
device composed of 2-in, channel-dowels was necessary to prevent fault-
ing and subsequent pumping.

A recent survey of 60,000 channel-dowel joints on heavy duty high-
ways disclosed only three failures that were caused by pumping. No
faulting 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 soil.

A study of pavements laid on sub-bases composed of granular ma-
terials lead to the conclusions that their use minimized pumping, re-
duced damage due to frost action and increased load bearing capacity.
All pavements built since 1939 are supported on a layer of bank-run
sand, gravel or cinders 8 inches in thickness. To date, where granu-
lar materials have been used in conjunction with channel-dowel joints,
pavements have remained true to grade, cracks are few and far between,
and there have been no indications of pumping, even under heavy truck
traffic,

A study of wood for use in expansion joints shows that for most va-
rieties, loads in excess of 500 and less than 1000 pounds per square
inch will be required to cause compression of the fibers. If loading
is contimued, a point is reached where no further compression is ob-
tained. Some varieties may be compressed to as smch as 50 per cent
of the original thickness. If dry wood is compressed to 50 per cent
of its thickness, it will recover to about 65 per cent and remain at
that thickness as long as it remains dry, Soaking in water will cause
the wood to swell to 94 per cent, and for some varieties more than 100
per cent, of its original thickness. Repeated compression, drying and
soaking will result in a permanent reduction in thickness. These
tests indicate that wood as an expansion joint filler will have the
following merits:

"l Unlike the conventional bituminous fillers, wood will not extrude,
regardless of the extent of joint closure or infiltration. (This ap-
plies only to wood with the grain direction installed vertically).
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2. Unlike other fillers, the wood is expected to retain suf-
ficient swelling capacity and resiliency to prevent the detri-
mental accumulation and distribution of infiltrated meterial in
the joint spaces which, in many locations, has caused rupturing
of the concrete.

Due to the limited time permitted, the following material is perhaps not pre-
sented in strict accordance with the "Outline of Proposed Studies" agreed upon by the
Committee. However, it is submitted at this time with the hope that a general des-
cription of pumping and faulting as observed in New Jersey, together with comments
concerning the corrective measures employed, their effectiveness, and future designs,
will further the work of the Committee. Because pumping 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, it has been found necessary in
frequent instances to include information already presented in a paper prepared by
Mr. Harold il Giffin, Engineer of Survey and Plans, New Jersey State Highway Depart-
ment entitled "Transverse Joints in the Design of Heavy Duty Pavements". Mr. Giffin's
paper which has been published in the 1943 Proceedings of the Highway Research Board
is recommended as essential reading to those concerned with the design of concrete
pavements.

Pumping and Faulting in New Jersey

Pumping and joint faulting first occurred in New Jersey sometime preceding the
winter of 1930-31 on U.S. Route 1 and U.S. Route 130, the principal routes between
New York and Philadelphia. By the spring of 1931 it had become severe on those routes
and had extended to certain other routes that were carrying an increasing volume of
heavy truck traffic. Its occurrence in New Jersey at that early date resulted from
the rapid increase in heavy trucking in the immediately preceding years, especially
in those locations such as New Jersey where the short distances between centers of
large population favored the use of trucks. In consequence, and as a matter of sheer
necessity, important revisions in 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 all of the pavements that were pumping, and had faulted
Joints, had been constructed as follows:

Thickness: 9 in. uniform. :
Slab length: Mostly 35 ft. Some variables to maximum of 68-2/3 ft.
Wddth: 10 ft. minimum - 14 1/2 ft. maximum.
Reinforcement: Single mat 2 in. below top surface. 3/8 in. longitudinal bars
7 1/2 in. c. to c.
Corner Reinforcement: 1/2 in. hairpin bars, all corners, 2 in. below top surface.
Load Transfer: Six 3/4 in. round dowels, 20 in. long, 3 at each end of joint
. 12 in. c. to c.
Joint Filler: 1/2 in. Thickness Premoulded Bituminous. Poured bitumen a® top.

Practically all of these pavements had been laid directly upon whatever native sub-
grade soil was encountered. Except in very infrequent locations where the soil 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 silts and clays considerable variation in behavior resulted
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under identical conditions of pavement design and trafﬁ.co Many long stretches of
pavement laid on inferior subgrades were carrying heavy truck traffic shortly after
completion and in some locations serious pumping and faulting had developed after
but three years of service.

conditiona Noted in 1931

Doetailed investigations were made early-in 1931 to determine the causes and
extent of pumping and faulting., Conditions noted at that time appear to have been
more or less typical of the pumping and fanlting occurring in other parts of the
country from time to time, especially receptly as a result of heavy, wartime haul-
ing. %These conditions have been so adequately described by numerous observers in
recent years that no general description appears necessary. Bowever, some comments
concarning certain conditions noted in 1931 may be appropriate,. .

1. The direction of the fault, step, or offset in the pavement surface was
invariably such that as the wheels left one slab end ("leaving end") and crossed the
joint space they dropped down onto the depressed slab end ("receiving end"). Fault-
ing of as much as 3/4 in. was frequent.

2, The "leaving ends" were not depressed. (With but very few exceptions
the "leaving ends” are still not depressed - have never been mmd jacked even where
immediately adjacent to "receiving ends” that have required mmdjacking several times.)

3. Only minor pumping was occurring at the cracks, No cracks had faulted
even in areas where joint pumping and faulting were severe. (In general, this con-
dition :8till obtains today. Compared to the mumber of joints.that have pumped,
faulted, and required mudjacking, and repetitions of mmdjacking, the mmber of pave-
ment failures at cracks has been ipsignificant. Within recent years, however, some
cracks have faulted. These instantes will be discussed later.)

4o The water contributing to pumping was found to be almost entirely surface
water that had infiltrated to the subgrade through open joints, and at points along
the shoulder line. (This was substantiated by the fact.that pavements on high fills
and in cuts behaved.more or less alike with respsct to how soon they started to
punp after rain began to fall, and with respect to the severit.y of pumping and fault-

ing.)

5. The joint fillers or sealers did not exclude surface water. The inde-
pendent movement of the slab ends had done mmch to destroy thelir sealing value, es-
peclially during cold weather when the Mtuminous sealing materials were brittle. It
was noted that considerable quantities of water were swept into open transverse joint
spaces by traffic.

In March, 1931, a section of the depressed end of a slab gt a Joint 'hich had
feulted 1 in, was removed for examination. The pavement was on a 2 foot fill. -
Heavy rains had fallen two days previously. The following note was made:

AThe subgrgde under the portion of the slab removed is clay - eovered with a
layer of water 1/8 in. to 1/j in. deep over an area 5 ft. wide parallel to the joint.
Apparently this subgrade is impervious to water. Unless pumped out, the water seems
to have no means of escape other tBan by evaporation or slight seepage. A hole
drilled through the pavement 14 ft. from the joint showed comparatively dry, firmly
compacted subgrade.®” Soil sample No., 354253 shown in Table 2 represents the subgrade
soil in this area. .
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The 3/4 in. round dowels were found very much out of parallel and the con-
crete around them was porous. The midsection of each dowel was bent for a length
of about 4 in. in the shape of a flat "S", and the dowel holes had been enlarged by
a crushing or wearing action of the dowels on the concrete for about 2 in. inward
from the faces of the joint. These conditions are probably typical of most faulted
Joints installed prior to 1931.

In 1932, as a temporary measure, the number of 3/4 in. round dowels per
Joint was increased from six to twelve, and various devices were tried to maintain
them in prroer alinement. 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.

In addition to increasing the number of dowels, shallow crushed stone drains
of various description were constructed immediately adjacent to the edge of the pave-
ment in some locations, and a special effort was made to construct them in a manner
most likely to carry off any free water that might tend to collect under the pavement.
Drains of this type were installed in 1933 in some sections of U.S. Route 1, im-
mediately adjacent to a heavy trucking lane laid in 1932 with joints having twelve
3/h in, round dowels. Their effectiveness is difficult to evaluate, however, inasmuch
as the joints adjacent to the drains are now faulted just about as much as those where
the drains were omitted. There is at present an average faulting of about 1/4 in. -
maximum 1/2 in. * 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 traffic on this lane (1940 count) is about
1300, and many of the trucks are heavily laden truck-trailer umits. The subgrade
sgil is essentially clayey and corresponds more or less to Sample No. 354,23L. (Table
2)0

Test Road
A circular concrete test road was constructed in 1932 on silty-clay soil,
primarily to make an accelerated test of various joint types, 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 in.
width space filled with premoulded bituminous filler,

Two Joints with six 3/4 in. round dowels in each (same design as used prior to
1932), 1/2 in. premoulded bituminous filler,

Two joints with twelve 3/4 in. round dowels (same as temporarily adopted in
1932), 1/2 in. premoulded bituminous filler.

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

Traffic consisted of one Mack truck pulling a loaded trailer at approximately
9 miles per hour, The maximum axle loads were: '

Mack Truck Trailer
Front - 5,500 lbs. Front - 13,400 1lbs,

Rear - 17,300 lbs, Rear - 32,800 lbs,
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As concerns this test, the following remarks seem appropriate:

1., From August 1 to 18, during dry weather, the equipment completed approxi-
mately 1300 trips around the track at various speeds while numerous deflection read-
ings were made. No visible or measurable deterioration of any kind was noted during
this period except slight pumping at the plain joint during a shower on the afternoon
of August 3.

2, During the morning of August 18 water was applied by means of sprinkling
wagons, and in the afternoon and evening heavy rains fell. Shortly after the appli-
cation of water the pavement at the plain joint started to pump noticeably and pumping
to a lesser degree started at most of the other joints. By 8300 P.M., after 840 trips
that day, the plain joint had faulted 3/16 in. By midnight, 1120 trips, it had faulted
1/2 in, and a crack appeared 54 ft. from the depressed end. Running on the track ceas-
ed at midnight.

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

Lo On August 22, after 4270 trips since August 18, more cracks were evident
adjacent to the plain joint which had become faulted 14 in, None of the joints with
dowels had as yet faulted, and no cracking had developed in their vicinity. Sometime
after the plain joint had faulted 1 in, or more the "leaving" slab end at this joint
also became depressed, accompanied by cracking. '

5. On August 23, after 5310 trips since August 18, cracks developed in the
pavement adjacent to both of the joints with six 3/4 in, round dowels. No measurable
faulting was evident. . But due to the erosion of the subgrade and the formation of
cracks near these joints, the pavement at the joints had sagged somewhat. Eventually
these joints did fault slightly. On this date, no faulting or cracking was visible
at any other joints that had more or heavier dowels,

It is necessary to mention here that the conditions of test were much more
severe than normally occur in service, After August 18, the equipment was kept run-
ning continuously each day for 12 hrs. until the pavement at the plain joint became
practically impassable, Prior to August 18, dikes had been constructed along the
edges of the pavement to prevent the escape of surface water; in 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 in actual service. In consequence, there was a distinct difference in
the behavior of the joimts in the.test road as compared to joints in service. No
Joints, other than those with six 3/4 in. round dowels faulted measurably. The typ-
ical fallure of the joints with various types of load transfer consisted of a pump-
ing out of subgrade soil 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 pumped violently - but none fault-
ed, The absence of appreciable faulting, even at the joints with the weakest load
transferring devices, appears to be explained 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 enough concrete to appreciably decrease
their effectiveness, In short, the attempt to accelerate the faulting of the joints
by the application of a limited rumber of heavy loads under extremely adverse subgrade
conditions was, for the most part unsuccessful.

Although all of the joints with sturdy load transferring devices eventually
pumped and sagged, to date, with but very few exceptions, no comparable behavior
has been observed at similar types of joints that have been in 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 transfer,
this test at least indicated that load transfer at all points of interruption in the
contimuity of the pavement, such as at joints and cracks, is definitely beneficial.

Revisions in Design

The use of 3/4 in. round dowels was abandoned in 1933 and a much stronger
joint structure was designed and adopted the same year. BExcept for occasional minor
revisions, the joint so designed was used in conjunction with all concrete pavements
constructed during the period 1933-1942. Load transfer was furnished by 2 in. chan-
nels, 20 in. long, an average of 12 in, apart., 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 high bearing pressure. Sheet metal flash-
ings were provided to exclude as mmch surface water as possible.

Effectiveness of Heavy Joint Design

More than 60,000 channel-dowel joints were installed during the period 1933-
1942, Many are in service in pavement laid directly on soil susceptible to pumping
which also carries extremely heavy truck traffic., To date, failure at these jolnts
due to pumping has been negligible. A recent survey of the heavy trucking routes
involving an examination of several thousand channel-dowel joints disclosed pavement
failure due to pumping at only three joints. However, in these instances, no fanlt-
ing had occurred. Instead, the pavement immediately at the joints had sagged to a
maximum of 5/8 in. These joints are all in a heavy trucking lane (laid 1936) with-
in a few hundred feet of each other in an area where subgrade and drainage conditions
are particularly adverse. Also, in this area, appreciable sagging of the pavement
was found at several cracks, and one crack had faulted 4 in. Pumping in varying de-
grees is general in this vicinity and, unless prevented, the pavement is expected
to become progressively depressed at many other joints and cracks., The stone drains
constructed immediately adjacent to this lane were found partially clogged by pumped-
out subgrade material. The average dally truck traffic over these joints (1940
count} is 1050, The subgrade is represented by Samples No. 354,253 and 354,254, In
considering the performance of these joints it is desirable to add that joints in an
adjacent roadway constructed in 1928 with six 3/4 in. round dowels pumped badly and
faulted as much as 1 in, within three years after construction, under less severe
traffic conditions.

Some 20 miles south of this pumping area faulting of 1/4 in. amd 7/16 in.,
respectively, was found at two channel-dowel joimts in pavement construeted in 1934.
However, faulting at these joints was not due primarily to structural failure as a
result of heavy traffic. Instead, the effectiveness of the dowels was found to
have been destroyed by the infiltration of practically incompressible silty, sandy
material which, having accumlated in the lower portion of the joint spaces and dis-
placed the filler, offered sufficient localized resistance to closure of the joints
during pavement expansion as to rupture the concrete supporting the dowels. This
having occurred, the possibility of infiltrated material eventually destroying the
effectiveness of load-transferring mechanisms is a phase of Joint design which
merits serious consideration. The destructive effects of infiltration are discussed
at length in Mr, Giffin's paper.

On other routes, no faulting or defects due to pumping are as yet apparent
at the channel-dowel joints, even in lanes constructed directly on native, clayey
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soil which have been carrying in excess of 3000 trucks per day for more than six
years, Many of these joints are immediately adjacent to 3/4 in, round dowel joints
in adjoining older lanes which have faulted badly.

In general, the performance of the channel-dowel joints from the standpoint
of preventing faulting and diminishirig. pumping has been satisfactory. Very likely,
where truck traffic is heavy and subgrades are clayey, there is some slight pumping
and, in consequence, it is expected that eventually the pavement at the joints will
become depressed. On the other hand, except where infiltration destroys the effec-
tiveness of the dowels, no faulting is anticipated.

In comparison with the unsatisfactory performance of weaker joints, the bene-
fits derived from the use of these joints are beyond question., Actually, the pavement
in the immediate vicinity of most channel-dowel joints in heavy duty pavements appears
to be in as good if not better condition than elsewhere because of more apparent de-
terioration at intermediate cracks.

In view of this, it would seem that especially in those locations where the
cost of granular or other suitable subbase material is prohibitive, and where suc-
cessful treatment of the native soll is in doubt, the possibility of at least mini-
mizing pumping and at the same time completely preventing faulting by the utiliza-
tion of sturdy joint structures, properly installed, is certainly worthy of serious
consideration.

Drains

Because the test road demonstrated that sturdy joints would only retard and
not completely prevent pumping under extremely severe conditions, longitudinal crushed
stone drains, constructed immediately adjacent to the pavement edge, were specified
in most contracts during the period 1934~1939. The effectiveness of these drains is
not known due to the indeterminate influence of the improved joint structures and be-
cause even where drains were not included pumping at present appears to be no more
pronounced than where they were., The stone drains were expensive and their use was
abandoned in favor of subbase material,

' Subbase

In view of the generally recognized benefits to be derived from the use of
granular. subbase material with respect to minimizing or preventing pumping, reducing
damage due to frost action, and increasing the load bearing capacity of the pavement,
practically all pavements constructed since 1939 are supported on a layer of bank-
run sand, gravel, or cinders, at least 8 in, thick., Insufficient time has elapsed to
Justify any predictions as to the effectiveness of these materials on a long-range
bagsis, But to date, where gramlar subbase materials have been used in conjunction
with channel-dowel Joints, the pavement hes remained practically true to grade, cracks
are few and far between, and there have been no indications of pumping, even under the
most severe conditions imposed by heavy trucking. Although the use of properly grad-
ed subbase material may prevent pumping there is considerable doubt as to whether,
in the absence of adequate load transfer at joints and cracks, it will also prevent
fanlting, Some of the older pavements in New Jersey that have carried heavy truck
traffic for years were laid on old macadam roads that were scarified, regraded, and
rolled. Although the joints in these pavements lacked sturdy load-transferring mec-
hanisms they have not faulted appreciably. But this type of construction is, of
course, exceptional, Where, in one location, the pavement comstructed in 1923 was

-
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laid on a layer of granular materials the joints in one area have faulted to a maxi-
mm of 9/16 in. Whether faulting was due to pumping, further compaction, or progress-
ive rearrangement of the underlying material is not known. Subbase Sample No. 354,111
was removed from under a joint in this area which had faulted 9/16 in, Another sec-
tion of the same job on a different kind of subbase has no faulted joints. The sub-
base in this section is represented by Sample No., 354,110, This pavement was laid

on a regraded gravel road which was about one year old , and the subbase materials are
presumably the original gravel surfacing, scarified, regraded, and rolled. This too
is an exceptional type of construction.

Unfortunately, there are no known locations in New Jersey where a layer of
subbase material as it is usually thought of was utilized in conjunction with weak
joint structures on roads which have been carrying heavy truck traffic. Consequently,
it cannot be stated definitely whether the use of subbase material without the assist-
ance of adequate load transfer at joints and cracks will or will not prevent faulting.
However, if the performance of pavements constructed on native granular soils is any
eriterion, the chances are that subbase alone is very likely to prove inadequate. In
New Jersey, the degree of failting on granular soils has been very variable. On one
route, short stretches laid on native somewhat coarse, sandy soil did not fault, and
perhaps did not pump, even.under extremely heavy wartime hauling of sufficient in-
tensity to cause complete failure in other areas laid on clayey soil. But faulting
of more than 1/2 in, occurred in other sandy areas on the same route. The best that
can be said at this time is that faulting has, and has not, occurred on granular
soils, all depending upon the influence of many factors. So far as is known, the
presence of pumping is not necessarily essential to the development of faulting if
the underlying materials are susceptible to further compaction or rearrangement.

Present Views Concerning Subgrades and the Process of Pumping

Until very recently, no attempt has been made to classify pumping and non-
pumping types of soil on the basis of detailed physical and chemical analysis. The
practice, rather, has been to judge subgrade soils primarily in terms of their per-
meability and susceptibility to erosion. Wherever pumping has occurred in RNew
Jersey the subgrade soil and the adjacent shoulders are more or less impervious.

In addition, the subgrade soil is susceptible to erosion.

The process appears to take place essentially as follows: Surface water in-
filtrates to the subgrade through leaking joimts, and at other points affording en-
trance, and collects in whatever vacancies may exist between the bottom of the pave-
ment and the subgrade surface., Apparently very little water is absorbed by the sub-
grade, The only part of the subgrade that seems to combine with the water to any
extent and become susceptible to pumping is confined to a thin film on the upper sur-
face of the subgrade, 1/4 in. or possibly less in thickness, The thin film of
water-saturated subgrade frequently has the consistency of thick paint, If the film
is scraped off, apparently stable unaffected subgrade is exposed. With the agita-
tion of the entrapped water scme of the finer particles in the water-saturated film
mix with the water and are carried away., As the particles are progressively carried
off new surfaces of unaffected subgrade are exposed which in turn are softened and
carried away.

There appears to be little evidence to indicate that, in general,pumping is
the result of a softening of the subgrade for any appreciable depth or that large
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masses of subgrade are expelled at any one time. If a considerable depth of soft,
water-saturated subgrade were involved failure would, it seems, occur mmch more
rapidly than has been observed. Therefore, for the time being at least, it is
assumed that any soil that becomes practically impervious when compacted but which,
nevertheless, remains susceptible to erosion when in contact with violently agitated
water is, in all probability, a pumping type of soil. The suitability of subbase
materials is also judged in certain respects from the same point of view,

At the present time, numerous samples of soil from pumping and non-pumping
areas are being analyzed and it is admitted that the results may modify the foregoing
views,

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

Comments on Subbase

If the use of subbase is indicated, the ideal type of construction might be
$hought to be slabs resting upon a layer of porous granular material which in turn
rests upon a more or less impervious subgrade. Theoretically, the infiltrated sur-
face water will drain through the porous subbase to the subgrade surface and thence,
percolating through the subbase, flow along the surface 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 in depressions.
But there appear to be limitations as to how near this ideal of "open" subbase may be
approached. - .

In 1932, for a distance of several miles on one heavy trucking route, an at-
tempt was made to end the pumping and faulting problem once and for all by construct-
ing the pavement on 9 in. of 2% in, crushed stone. No fine materials were used in
combimation with the stone to £i11 the voids. Not long after being in service the
pavement settled considerably in 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 in turn had worked up into the voids in the stone. After 12 years
of service, the pavement is in much poorer condition than adjacent sections laid on
native, pumping-type soil,.

Sometime later, tests were made to determine whether or not, under conditions
of pressure, moisture, or softening, clayey or silty subgrades would work up into the
voids of gramular materials consisting of relatively small particles, such as sand
or sand gravel mixtures. Attempts were made to combine adjacent layers of soft clay
and coarse building sand by the application of pressure and agitation in the pres-
ence of free water——without success, The most severe test made was performed as
follows: A cylindrical sheet metal container 14 in. in diameter, 8 in. high, was
filled to a depth of 4 in, with silty-clay soil which had been mixed with water to
a soft, almost sloppy, buttery consistency., Four inches of fairly coarse, washed,
white sand was then carefully placed on top of the clay and covered with a metal
disk 13-3/4 in, in diameter to which pressure could be applied by means of a lever
system. The container was then placed completely under water and kept submerged for
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two weeks. During this period a sudden load of not less than 2000 lbs. was applied
to the disk approximately 12,000 times. The person who operated the lever was in-
structed to make every effort to combine the two materials. These efforts were un-
successful. At the conclusion of the test a perfectly clean line of separation was
found between the materials. There were no indications whatsoever that the clay
had entered the voids in the sand. In spite of having been submerged for two weeks
the clay was mch more stable than before. The pressure had squeezed considerable
water out of the clay and stabilized it. Similar tests with crushed stone, and
open gravel, on the same consistency of clay resulted in complete combination of
the materials under a single application of load.

Efforts were made recently to combine adjacent layers of soft, sloppy, clay-
ey soil and sand by repeated applications of a pressure of 30,000 lbs, per sq. ft.
without success.

In view of the foregoing it is believed that no subbase material containing
large voids should be used unless particular care is exercised to completely f£i11
the voids with sandy material even though this results in an appreciable lowering
in the rate of percolation,

If sand or similar subbases are used it appears probable that:

1. No matter how mich water is present, it is unlikely that subbase and
subgrade will combine because of pressure alone,

2. If the subgrade should become soft or sloppy, from whatever cause, but
has no lateral means of escape, it may possibly be stabilized by heavy wheel loads
squeezing some of the water out of the subgrade into the subbase.

3. Even if there is free water in the lower portions of the subbase layer,
but no free water at the upper surface, no pumping will occur,

L. The subbase acts as a protective coating to the subgrade tending to
keep it stabilized, and preventing its erosion even though there may be free water
on the surface of the subgrade.

This probably accounts in large measure for the success of pavements laid on
a layer of sand or well-graded porous, granular material,

Although bank-run sands and grawels are usually thought to be more or less
permeable numerous tests have shown that many of the bank-run materials available
from many sources in New Jersey may be compacted into a practically impervious mass.
Usually the impermeability of these materials is due to the presence of a very small
percentage of clay or materials removable by elutriation., Future studies may indi-
cate the desirablility of processing most subbase materials,

At present very little is known as to the effect of the subbase materials
usedo It is very likely that their effectiveness is susceptible to considerable va-
riation.inasmuch as they vary from practically clean sand to bank-run gravel con-
taining a fairly high percentage of clay. Some of the bank-run gravels are capable
of being compacted into a very firm mass and their use perhaps increases the bear-
ing eapacity of the pavement considerably more than sand. On the other hand, ma-
terial of that kind may be open to the objection that since it is likely to be im-
pervious it may permit the accumuilation of free water immediately under the pavement



9o

and thus eventually lead to failure by erosion. With this thought in mind, perhaps
the most suitable subbase material may not necessarily be that which results in the
greatest increase in bearing capacity but rather a material that has, in addition to
sufficient bearing value, just enough porosity to prevent the accumilation of free
water, The determination of the most suitable subbase materials to be used in con-
junction with the construction of concrete pavements is regarded as one of the most
important subjects for future study.

Wood Joint Filler

When the causes of pumping and faulting were investigated in 1931 it became
apparent that the conventional bituminous fillers were unsatisfactory, in fact it
was concluded that because of certain fundamental characteristics bituminous fillers
could not satisfactorily exclude water and foreign material., Since then considerable
study has been devoted to other materials and methods of sealing joints. Having as
an objective the discovery or development of a filler that would fill the entire
Joint space at all times tests were made several years ago on various kinds of wood
to determime the extent of recovery after compression. It was found that most woods
after being compressed considerably will remain in a state of compression indefinite-
ly, if kept dry, but that if soaked in water will swell a great deal, The possibili-
ty of using precompressed wood as a joint filler became apparent and, in consequence,
many tests have been made, and are still in progress, to determine its behavior over
a period of years. In addition, a few joints in service have been filled with pre-
compressed wood.

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 capacity, and at what rate.

Since the efficacy of joint filling materials must of necessity be judged on
the basis of long-range performance, and since there appears to be no reliable way
to accelerate tests of this kind, nor even to subject the materials in the lahora-
tory to conditions comparable to actual service, much still remains unanswered., 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 in this ma-
terial.

General Behavior of Wood

. Most woods resist appreciable compression at pressures less than 500 lbs.
per 8q. in, At pressures somewhat greater, but usually less than 1000 lbs. per sq.
in., depending upon the kind of wood and its grain structure, the elastic limit is
exceeded and appreciable compression occurs with little additional pressure., For
example, the general behavior of white pine is that its thickness is decreased only
5 per cent by a pressure of 700 lbs. per sq. in. but decreased 25 per cent at 1000
1bs, per sqo in. and 50 per cent at 1600 lbs. per sq. in, (All percentages are in
terms of the initial uncompressed thickness of the wood.) If compression is con-
timued, so-called "hard-bottom" is reached eventually at which point 1little addition-
al compression occurs even under very high load, The amount of compression that
occurs before hard-bottom is reached varies considerably with different kinds of
woods., In general, the lower the specific gravity of the wood the more it may be
compressed, White Cedar, for example, reached hard-bottom after being compressed
about 65 per cent whereas Cypress may reach the same point at 50 per cent. (These
percentages vary considerably for even the same kinds of wood, depending primarily
upon the specific gravity and the grain direction.) Water-soaked wood is somewhat
easier to compress,
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In general, if dry wood is compressed to 50 per cent of its initial thick-
ness, in a device that prevents transverse spreading, it will recover to about 65
per cent and remain practically at that thickness indefinitely, if kept dry. Humid
atmosphere does not cause appreciable further recovery, The first time it is soak-
ed in water it will swell to within at least 94 per cent of its initial thickness,
and some woods swell to more than 100 per cent. If recompressed in a clamp to 50
per cent, and kept clamped at 50 per cent until dry, it will shrink to about 48 per
cent - that is, it will eventually become loose in the clamp, If again soaked, it
Will not swell quite as much as it did the first time, Repetitions of clamping at
50 per cent, drylng while clamped, followed by soaking, cause a further reduction in
ugwelled thickness"., This progressive loss has been termed "compression-shrinkage®,
The rate of loss is not constant, however, inasmuch as it diminishes as the process
is repeated; until, at normal temperatures, a point is reached where the "swelled
thickness" remains more or less stable. The conditions under which the wood is
kept clamped have a marked effect upon the rate of loss. Oven-drying causes the
highest rate of loss, and the lowest rate occurs if the wood is kept wet at all
times, loss due to air-drying at normal temperatures is intermediate between oven-
drying and constant soaking.

Most of the tests were made as described in the foregoing, and some of the
results are shown in Table 1, For example, Cypress Specimen 165D was compressed to
50 per cent of its initial thickness on September 1, 1942 (3220 1lbs, per sq. in.
pressure). It recovered to 63,3 per cent,and had swelled to 94.7 per cent during
soaking for 24 hours. After one cycle of being clamped at 50 psr cent and oven-
dried it swelled to 87 per cent, and after 5 cycles it swelled to 81 per cent, As
will be noted;, its least "swelled to" thickness was 65,3 per cent on May 1, 1943,
after 71 cycles. After May 1, 1943, oven~drying was discontinued and the specimen
was air-dried. From then on the "swelled to" thickness increased somewhat and ap-
pears now to have become stabilized at about 70 per cent. During the 27 additional
cycles between August 1, 1943 and August 1, 1944 no further loss in swelled thick-
ness occurred. Cypress Specimen 165W (part of the same piece of lumber as 165D) has
been kept under water continually and, as may be noted, its "swelled to" thickness
exceeds that of Specimen 165D. Both of these specimens, and those that are describ-
ed in the following, have lost an indefinite amount of thickness due to some pro-
gressive transverse spreading in the clamps.

The relative behavior of various kinds of wood is indicated by Specimens
Noo 272, 273, 274, and 275. All of these specimens werec subjected to identical
treatment. During the first 12 cycles they were oven-dried at 100°F, air-dried

- thereafter. As indicated, Redwood suffered the greatest loss.

It is desirable to mention here that the "swelling range' of the wood 1is
considered to be the difference between the thickness shown in the "Swelled to®
columns and the "Recovered to" column. It is assumed that the wood.will be in-
stalled at its "Recovered to".thickness and that consequently the greater the dif-
ference between its "Recovered to" thickness and its "Swelled to' thickness the
more likely it will be to always fill the joint space. Therefore, while the
"Swelled to" thickness of White Pine Specimen No., 275 is 86,5 per cent as compared

“to 77 per cent for Cypress Specimen No. 272 its actual swelling range, due to its

greater "recovered thickness", is only 1.8 per cent greater,
) 6ther specimens are ﬁeing tested to determine the loss in swelling capacity
duse to being kept in a protracted state of compression such as would likely occur
in service during the summer when the wood may be under considerable compression
for several months, These specimens are Nos. 172B, 173, and 17/B., They have been
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stored in damp sand contimally, clamped at one-half their initial thickness, since
September 1942 except that every three months they are released and soaked for 24
hours, measured, reclamped, and returned to storage. As will be noted, these spec-
imens now swell less than any others, Whether or not they will eventually fail to
swell at all is not known. It seems problematical as to whether these protracted
compression tests are indicative of what may be expected in service inasmch as
daily as well as seasonal variations in joint width will provide some relief, and
may tend to keep the wood "alive", so to speak, whereas long-continued compression
at a constant dimension may cause the wood to acquire a so-called "set'.

Cypress Specimen 172A has been kept clamped at one-half thickness and stored
continually out-of-doors exposed to sun, rain, freezing, and thawing. Every three
months it is released and its swelling recorded.

Due to restrictions imposed by the war only a few joints in actual service
have been filled with precompressed wood. These installations were made more than
two years ago and the performance to date has been satisfactory. During dry weather
some shrinkage apparently occurs in the wood near the pavement surface permitting
the infiltration of fine material to a depth of one or two inches. Below this depth,
however, the wood appears to remain damp and in a swelled condition, and has so far
been found to completely £ill the Joint space at all times,

Until the merits of precompressed wood are more definitely determined, and
until the manufacturing process is worked out, the intention 1s to use uncompressed,
clear, heartwood Cypress specially fabricated so that the grain direction of the main
body of the wood is vertical in the joint space. Because this ordinary wood is not
expected to completely fill the joint space in the winter time an extra strip has
been attached to the bottom to exclude as much surface water as possible, As men-
tioned in Mr. Giffin®s paper, it is supposed that infiltrated material will progress-
ively accumulate in whatever vacancies occur and eventually compress the wood causing
it to function in time somewhat like precompressed wood.

Two of the important merits of wood joint filler appear to be:

l. Unlike the conventional bituminous fillers, wood will not extrude, regard-
less of the extent of joint closure or infiltration. Thls applies only to wood with
the grain direction installed vertically and only if restraining means such as dowels
are provided to avold lateral extrusion at the edges of the pavement,

2, Unlike other fillers, the wood is expected to retain sufficient swelling
capacity and resiliency to prevent the detrimental accumulation and distribution of
infiltrated material in the joint spaces which, in many locations, has caused ruptur-
ing of the concrete.

Recent Widening and Faulting of Cracks

As mentioned previously, no faulted cracks were found in 1931, in fact not
until very recently has the faulting of cracks been of any consequence in New Jersey.
Early in 1945, however, investigations were started to determine the cause of wide
cracks which were recently observed to be increasing in number in a few locations in
New Jersey., Due to a lack of time and sufficient personnel these investigations are
not as complete as desired and, of necessity, the causes in certain instances are
still not conclusive, However, the findings to date are believed to be of sufficient
importance to be brought to the attention of the Committee, and to merit the atten-

tion of all others who are concerned with the design of joints, for the following
reasons:
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1, Highway engineers in general should be informed as to the conditions
under which these wide cracks occurred in order that adequate provisions may be made
to avoid their occurrence in future work.

2, In an effort to prevent the faulting of joints in future work it appears
likely that many engineers may be planning to install larger dowels, or a greater
mumber of dowels, without giving due recognition to the influence of certain import- !
ant factors (notably the effects of rusting of the dowels or other metallic load-
transferring mechanisms) which if ignored may soon lead to the development of seri-
ous defects.

The following is not to be regarded as an exhaustive report on the causes of
wide cracks but, instead, primarily as a word of caution to those whose responsibil-
ity it may be to evaluate the merits of various types of joints and to decide upon
which shall be used.

Apparently most of the cracks which have recently widened in heavy duty
pavements in New Jersey occurred during early life, due to differential frost-heaving
or subgrade settlement. For some years the reinforcing steel evidently was capable
of maintaining the eracks.at hair-line width. In recent years, however, some of
these cracks have widened considerably, present.width averages about 3/8 in, —
maximum width 7/8 in. Where there is heavy trucking the wider cracks have faulted,
some as much as 5/8 in. In practically all instances where the crack width is 1/4 in.
or more the longitudinal reinforcing steel has broken.

These conditions were noted in the fall of 1944 on U.S. Route 22 in the vi-
cinity of North Plainfield. This route carries heavy truck traffic. In this location
9 faulted cracks, ranging from 1/4 in. to 7/8 in. in width, were found in a stretch
of pavement 2000 ft. long. All of these cracks are located within the middle third
partion of the slabs. No cracks of any width were found at or within less than 9 ft.
from the transverse joints., At all of these 9 cracks the reinforcing steel had fail-
ed. The pavement was constructed during the summer of 1938, as follows:

Thickmess: 10 in. Uniform. Width of Slab: 10 ft. Length of Slab:
53 ft, Longitudinal Reinforcement: Sixteen 3/8 in. Diameter bars. Dummy or
Contraction Joints: None, Subgrade: Essentially silty clay — no subbase.
load transfer at Expansion Joints: Twelve 2 in. .channel dowels, (7/8 in. flange and
1/2 in, web), Prior to installation the dowels were given two coats of paint —
white lead followed by red lead. Immediately prior to embedment in the concrete the
dowels were given an additional coating of mineral oil. The coatings were applied
the entire length of the dowel.

These particular coatings were used because comprchensive tests made in 1935
indicated that the bituminous coatings previously used on 3/4 in. round and 2 in.
channel dowels did not prevent excessive resistance to sliding. These tests indicat-
ed that the white lead, red lead, and oil coatings, if applied in accordance with
the specifications, would facilitate free sliding of a 2 in, channel dowel (10 in.
embedment) at considerably less than 1000 lbs. These coatings were applied primarily
to facilitate free sliding during early life inasmch as it was expected that if
freedom of slippage had been established initially the subsequent opening and closing"
of the joints would cause a continuing decrease in sliding resistance. In the light
of present knowledge, these expectations were erroneous.




Inasmch as measurements of the periodic variations in width at various
types of experimental joints installed twelve years ago in another route indicated
that for some unknown reason the sliding resistance of dowels might possibly in-
crease materially in time it was decided to install a series of measuring plugs
adjacent to all joints and cracks in this 2000-ft. stretch of pavement to deter-
mine whether the joints were opening and closing normally, and to measure the vari-
ations in width occurring at the cracks., Measurements taken immediately before and
after a considerable drop in pavement temperature indicated that practically none of
the joints in 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, it was estimated that the sliding resist-
ance per dowel was at least 3000 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-
gistance of 5 dowels was determined. The average resistance was found to be ap~
proximately 18,000 lbs, per dowel. Of these five, the dowel which offered the
greatest resistance remained practically immovable at 15,000 1bs, When subjected
to a constant pull of 24,500 1lbs., it slid at the rate of .0075 in. in 7 minutes,
More or less "free®™ sliding occurred at 25,000 lbs.

It is evid;nt 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 in. or so in the vicinity of the ends of the dowels was comparatively free from
rust although some rust was found along the entire bottom surface of the channels
and along the bottom surface of the top flange. The dowels were surrounded by
very 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, pleces of concrete at the joint face which evidently adhered to the
rusted portions of the dowels were broken out.

In so far as this particular joint is concerned there appears to be no
doubt that corrosion of the dowel metal is the primary 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 in this and many other locations. That corrosion
is 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-
ly less.

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

1. When steel corrodes the wolume of the products of corrosion is several
times the volume of the metal destroyed.
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20 If corrosion occurs in a state of confinement the products of corrosion
exert a considerable expansive effort which, under certain conditions, may be as much
as 2000 1lbs., per 8q. in.

3o If corrosion occurs in immediate association with concrete an exceptional-
1y voluminous form of rust may occur.

(The foregoing information regarding the behavior of the corrosion products
is according to Ulick R. Evans, M.A., Sco Do, in his comprehensive treatise "Metallic
Corrosion Passivity and Protection", Edward Arnold & Co., London.)

It appears, therefore, that as the rust forms its tendency to expand imposes
a progressively increasing squeezing or gripping action on the dowels which gradually
builds up sliding restraint. Apparently sliding of the dowels back and forth in the
concrete as normally occurs initially is insufficient to counteract the gripping
tendency induced by corrosion,

Evidently the magnitude of the restraint is a function 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 is not to imply,
however, that corrosion is of no consequence in the case of small dowels. As will be
brought out later, the first wide, faulted cracks to be observed in New Jersey oc~
curred two or three years ago on U.S. Route 1 in pavements in which joints with twelve
3/k in. round dowels were installed. However, this has not as yet been definitely
determined to be due to the same cause,

In any event, there is no question but that any material restraint to dowel
sliding, from whatever cause, will sooner or later prove detrimental, especially to
those pavements which carry heavy truck traffic, mainly for the following reasons:

lo During periods when the pavement temperature is decreasing the sliding
resistance of the dowels induces tension in the pavement by tending to prevent its
contraction. The tension thus induced is additive to whatever tension may be pres-
ent due to other causes.

20 The tension induced by the sliding resistance of the dowels imposes an
additional strain on the reinforcing steel spanning transverse cracks and thus tends
to elongate the steel and widen the cracks.

Where cracks have recently widened in heavy duty pavements excessive tension
was apparently responsible for starting the process of videning. As soon as a small
amount 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 life of the pavement due to causes other than con-
traction.. Evidently for some years, during which time dowel restraint was perhaps
more or less negligible, they remained at practically hair-line width, In 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 it is probable that efficient load transfer
was effected through aggregate interlock. With further widening, however, the ef-
fectiveness of the interlocking action was correspondingly decreased and some inde-
* pendent vertical movement of the abutting pavement sections at the cracks became
possible. When sufficient independence of movement had thus been permitted 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 traffic within a relatively short time the steel
became fatigued and failed, apparently while the cracks were still quite narrow. The
cracks probably did not exceed 1/8 in. in 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:

l. No definite necking down of the fractured reinforcing steel was found.
What appears to be necking down, however, has been noted at wide cracks in some very
light traffic pavements in which 2 in. channel dowels were installed; apparently, in
these instances, due to direct tension resulting from excessive dowel restraint.

2. In some of the cracks which are badly ravelled in the vicinity of the
pavement surface, pieces of broken longitudinal reinforcing steel about in. long
have been found in the broken up concrete in the crack space, -

It appears, therefore, that in so far as heavy duty pavements are concerned
there is a critical crack width which if exceeded will permit excessive independent
vertical movement of the abutting pavement sections. If the independence of movement
is excessive in conjunction with frequent repetitions of load the reinforcing steel
may soon fail due to bending fatigue while the cracks are apparently of harmless
width, even though the ultimate strength of the steel in direct tension may have at
no time been approached. The minimum amount of steel necessary to prevent cracks
from widening in excess of a critical maximum under any given conditions, even with
complete absence of restraint to joint opening, is as yet uncertain. But inasmuch
as the faulting of cracks appears to be by no means infrequent in other locations
as well as in New Jersey the relationship of critical crack width to traffic in-
tensity is a phase of design which evidently merits further study.

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

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

Wide, faulted cracks in this pavement were first 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 ft. from the
Joints. At the present time it is not possible to make any statement as to the
cause of these wide cracks, for the following reasons:

l. None of the dowels has as yet been removed to determine whether there
is any corrosion present.

2, Practically all of the joints have faulted from 1/4 to 1/2 in. and it
appears entirely possible that even though corrosion may exist its effects at pres-
ent may be substantially counteracted oy the faulting., With faulting there is
inevitably some bending of the dowels’ and enlargement of the dowel holes in 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 initial
widening of the cracks, and heavy truck traffic then completed the process, is not
known. But whatever the cause, this instance is mentioned simply to point out that
wide cracks have occurred in conjunction with 3/4 in. round dowels as well as in
conjunction with 2 in. channel dowels and that corrosion might have been influential
in this instance as well,

It appears desirable to add that an indication of the possibility of a pro-
gressive increase in dowel sliding resistance was found 2} years ago. In 1932, for
experimental purposes, various types of joints were installed in series in some
sections of a widening lane then under construction on U.S. Route 1. The dowels
in some of these joints are 3 in. I-Beams (4, and in 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 all the joints in the experimental sec-
tions in order that subsequent variations in joint width might be accurately de-
termined. In 1942 it was noted that most of the joints with four I-Beams had
considerably decreased in 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 is also true, but to a lesser
degree, in the case of some of the joints with two I-Beams. Measurements taken in
December, 1932 indicate that all of the I-Beam joints opened more or less normally
(slightly less than completely unrestrained joints) during the first winter follow-
ing construction. Recent measurements indicate, however, that the maximum annual
variation in width of a number of these I-Beam joints is less than .03 in., whereas
the immediately adjacent unrestrained joints have an average annual variation of
about .45 in.

When this was first observed it was concluded that for some unknown reason
the sliding resistance had progressively increased during the preceding ten years —
but the cause was only surmised. However, the possibility that restraint might be
due to corrosion of the dowels was suspected, but not investigated — in fact no
investigations have as yet been made to definitely determine why no slippage takes
place at these I-Beam joints.

Prior to recently determining that corrosion quite definitely can be the
cause of excessive dowel restraint it was the intention to specify 1 3/4 in. x 1 in.
X 20 in. length hot-rolled steel dowels spaced 12 in. ¢. to c., in future work and
to facilitate their free sliding by greasing and encasing the sliding ends in
sheet metal sleeves. However, in the light of recent investigations the efficacy
of these measures in permanently facilitating free sliding is indeed questionable.
Sleeves, due to some looseness of fit, might actually permit freer access of mois-
ture to the dowel surfaces than coatings. There are also serious doubts, consid-
ering past experiences, as to whether coatings of any kind such as oils, greases,
paints, bituminous compounds, rust-inhibiting preparations, synthetic resin fin-
ishes, galvanizing, cadmium 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 oil coatings applied’to ordinary hot-
rolled steel dowels cannot be depended upon to prevent corrosion and, eventual ex-
cessive restraint. This may hold true for any paint or dip coat.



104,

For the foregoing reasons consideration is being given to the possible use of
dowels made of materials that are corrosion-resistant. At present intensive studies
are in 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. Inasmch as metals that are corrosion-resistant are generally
more expensive than ordinary steel studies are being made to determine the mimimum
dowel size, in terms of weight of material utilized, that tests indicate will meet
requirements, 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 out completely within a few years. I1f, however, the dowel
material is such that it may be relied upon to resist corrosion indefinitely the

dowels can probably be of the most efficient shape such as to provide maximum strength,

in conjunction with sufficient area of bearing surface, pér pound of metal utilized.
Same further decrease in the size of section may also be possible if the dowel ma-
terial has a higher elastic limit than materials heretofore employed.

Present Views on Faulting, and Future Jolnt Design

In terms of past experience in New Jersey it appears essential that some sub-
stantial form of connection be provided at all points of interruption in the continu-
ity of the pavement in order to counteract the persistent tendency of heavy truck
traffic to cause faulting. At cracks this is 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 is 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, in so far as New Jersey is con-
cerned, the employment of a series of substantial dowels has proved to be the most
direct, dependable means of accomplishing this purpose. In view of this, and not-
withstanding the difficulties that have recently become apparent in some locations
due to dowel corrosion, it is the present intention to continue the utilization of
substantial dowels. This intention is believed to be justified for the following
reasons:

1. Three-fourths inch round dowels spaced 10 in. apart have proved to be
incapable of preventing serious joint faulting in pavements carrying heavy truck
traffic. The faulting of joints with 3/ in. round dowels is due primarily to the
fact that these dowels are deficient in stiffness. This deficiency in stiffness
permits the development of excessive bearing pressures of the dowels on the concrete
in the immediate vicinity of the joint space., These excessive pressures repeated
hundreds of thousands and even millions of times in 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 non-effective.

2. In the case of dowels with greater bearing area and stiffness there is
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 in progress have as
one objective the determination of the most efficient dowel section and size, in
terms of bearing area and bending resistance, consistent with the holding capacity
of the concrete,

3. The more efficiently the load-transferring device prevents independent
vertical movement of the adjacent slab ends the lower will be the magnitude of the
forces and actions tending to cause pumping and faulting.



105,

Lo Notwithstanding the recognized value of granmular 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 stability it is
necessary to provide, it 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, in the interests of economy and
dependability, it appears preferable to utlilize substantial load-transferring devices
in conjunction with ordinary methods of subgrade stabilization,

5. Due to the absence of adequate load-transfer, should faulting occur on
granular subbase because of greater compaction qr rearrangement of the materials under
the "receiving ends", not only will the pavement suffer but mudjacking might impair
the functioning of the subbase, ‘

6. During 1942, and since, several miles of pavement have been constructed
in which no dowels or load-transferring devices were installed at the joints., In-
stead, the slab ends are supported on 4 in. thickness plain concrete sills (5 ft.
wide across practically the entire width of the slabs)., Even though these sill
Joints are in service in comparatively light traffic roads their performance to
date has not been entirely satisfactory. There has béen 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
laid on 12 in. of apparently good quality gramlar subbase material. At a number of
Jjoints the differential amounted to 1/4 in., the maximum observed being 1/2 in. At
present (April, 1945) some of these raised ends have not returned to their normal
position, Where frost heaving occurs sills are apparently unsuitable.

7. In New Jersey, mo 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 in., uniform. Slab Length: Approximately
60 ft. Dummy or Contraction Joints: None. Joint Filler: Cypress, 1 1/8 in.
thick, fabricated, grain direction vertical, sealing strip at bottom. Longitud-
inal Reinforcement: Single or double line of 3/8 in. diameter bars 7 1/2 in. ¢. to ¢.,
or equivalent in welded mats, Longitudinal Joints: Tongue and groove, or tie
bars. Subbase: Sand, sand-gravel, stone-sand, or cinders — minimum thickness
8 in, under all pavements on impervious, erodible, or frost—susceptible soils.
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 in, center to center., The dowels probably will consist of corrosion-
resistant materials, or the sliding ends will be provided with positive means to
prevent corrosion and to guarantee continued free slippage.

On the basis of present knowledge, the dowel problem appears to be essent-
ially as follows:
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1. If the dowels are relatively small the sliding restraint due to corrosion
may be inconsequential. However, small members not only lack sufficient strength to
transfer heavy truck loads and counteract faulting but are also susceptible to rust-
ing out completely.

2, I1f, on the other hand, the dowels are of adequate size to fulfill their
intended function the effects of corrosion with respect to materially restricting
their freedom to slide may have serious consequences.

It is evident, therefore, that to efficiently counteract the faulting of
joints in pavements which will be subject to heavy trucking the .dowels must be sub-
stantially large. But it is also evident, particularly in conjunction with dowels
that have a large surface area, that positive means must be provided to insure free
slippage indefinitely. To this may be added that it is probable that the more ef-
ficiently the joint structure transfers load the mpbre susceptible it is to being
restrained by corrosion — due to its greater rigidity and resistance to a loosen-
ing effect under traffic.

War-Time Hauling

From December 1943 to August 1944 extremely heavy war-time hauling was
done on 21 miles of concrete pavement between Perth Amboy and Colts Neck. The av-
erage weight of the loaded trucks was approximately 60,000 lbs, Based on counts,
the estimated average daily number of these units passing over the pavement during
this period was 212, No serious damage seems to have occurred anywhere during the
winter months, But, during a rainy, thawing period early in the spring of 1944,
serious failure occurred in several areas where the pavement was laid on silty-
clay subgrade. Pumping was extremely violent in these areas, and the slabs soon
became cracked at very close intervals. Failure rapidly progressed to such an ex-
tent that the pavement in some locations had to be reconstructed. The destruction
of the pavements on adverse subgrades continued until the latter part of June when,
due to the setting in of a long period of drought, pumping diminished and finally
ceased, On the other hand, similar pavements on granular soils were affected much
less severely, and none needed reconstruction. Faulting in varying degrees was
common at all joints with six 3/4 in. round dowels except in some comparatively
short stretches where the native granular soil appears to be of exceptionally good
quality, In 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
noted, Information relative to the kind of joints, year constructed, condition of
the pavement, and the characteristics of the soils in various locations is shown
in Table 2, These locations are shovm in miles from Perth Amboy.

It is desirable to point out that the pavement on Route 4 and 35, and Route
L, has channel-dowel joints. Route 4 and 35 was laid on native sandy soil, and
Route 4 was laid on 8 in. of granular subbase. As noted under "Comments®", the
pavement on Route 4 and 35 is cracked immediately adjacent to some Joints due to
excessive sliding resistance of the dowels, but no cracking due to traffic is
apparent. On Route 4, of the 225 slabs involved, only 4 have visible cracks, and
these are at transitions from cut to fill, The pavement in this 3 mile stretch of
roadway does not appear to have been damaged in any way by the heavy trucking.
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: Matawan $ bound) 2 : bound) : : : : : I

25 :North of s Dual ~911.8Torth —: 15,6 :1427 (North: L88 : LOL : 200 : 208 : 116 ¢ 7 : &
¢ Camden g s bound) g ¢ bound : : : : : $ :

25 -South of ¢ Dual ~5637(North—° 18.5 :1048 (North: 259 : 299 ¢ 163 : 202 : 89 : 31 : 5

¢ Bordentown ¢ ¢ bound) : ¢ bound : : : ¢ : : :

25 :SOuth of New : Dual 315,077 s 20,7 : 3120 s 917 : 977 : 568 : 353 : 215 3 B4 ¢ 6
: Brunswick : (Total) : (Total) : : : : : :

25 :North of New : Dual .19,81;3 ¢ 20.7 : LO7 s 1207 21286 ¢ TLT : LO6L s 284 : 111 ¢ 8
s Brunswick : : (Total) s (Total) : : : : : : :

25 :At Newark N Lanes 62 184 : 16,0 : 9949 s 2756 :2845 :1751 :1671 : 667 : 189 : 70
s Airport : (Total) $ : _(Total) : : : : : 2 3
tNorth of : Dual :l2,h77 s 20,7 ¢ 2582 s 759 : 808 : 470 : 292 : 178 ¢ 70 5
¢ Trenton : g (Total) : (Total) : : : : : :

29 :Somerville +3 Lanes:11,3L ¢ 17.6 : 1997 s 58l : 607 : 268 : 318 : 177 : L2 L
: 3 3 (Total) : (Total) : : : : 2 :

6 :East of 22 lanes: 6000 g 9.3 : 558 e 155 :160: 98 : 93 : 37 : 11 : A
: Hackettstown ¢ s (Total) : (Total) : : : : : :

*L0T
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With respect to the grading and characteristics of the various soils shown
in the tabulation, it is desirable to add that most of these samples were taken in
cuts and that every effort was made to obtain samples truly representative of the
soil supporting the pavement. However, due to the extremely variable types of soil
encountered, and particularly to the presence of a thick undulating layer of heavy,
black, greasy, silty-clay soil which was frequently found under only parts of a
slab, the described condition of the pavement in some locations may appear, and per-
haps is, inconsistent with what might be inferred from the characteristics of the
samples,

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 pumping and faulting on other routes. Two of the most unsatisfactory sub-
grade soils in New Jersey, with respect to pumping and faulting, are represented by
Samples Noo 3510-9381 and 351092530

Traffic

The Table 3 shows traffic counts taken in 1940 at points on several truck-
ing routes, and the various weights of the trucke,
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PUMPING OF CONCRETE PAVEMENTS IN TENNESSEE ?

Cooperative Study
By
Tennessee Department of Highways
and
Portland Cement Association

SYNOPSLS

A cooperative study was made during March and April, 1944 to de-
termine the nature, extent, cause and remedy of pumping in Tennessee.
Approximately 290 miles of pavement on the main traffic routes con-
necting the principal cities were studied in the survey. The proj-
ects studied were representative of the range of traffic, loadings,
pavement designs and subgrade soils encountered over the State.

Reconnaissance surveys were made to obtain a quantitative measure
of pamping of pavements under different traffic loads on various
soll types. Three stages or classes of pumping were recognized;
slab ends where pumping occurred without accompanying faulting; pump-
ing accompanied by faulting; and pumping and faulting accompanied
by a broken slab end.

The reconnaissance surveys were followed by detail studies of traf-
fic, pavement design and soils on individual projects, Sections of
individual projects were mapped and sampled. Mapping included sketch-
es showing pavement jointing, cracking, pumping, typical soil section,
location of sampling, with notes on soil condition and pertinent con-
struction data, Undisturbed as well as disturbed soil samples and
water content samples were taken from under both pumping and non-—
pumping pavement joints and cracks. Density tests, routine soil-
constant tests, mechanical analysis, compaction tests, consolidation
tests and triaxial compression tests were made to determine the re-
lationships between soil types, soil condition and pumping.

Some of the concrete pavements on the more heavily traveled main highways in
Tennessee began to pump at transverse joints and cracks under the heavy axle loads
which the roads carried immediately prior to and since the beginning of the war,

This report gives the results of a cooperative study made by the Tennessee
Department of Highways, and the Portland Cement Association to determine the causes
of pumping and its extent in Tennessee. The laboratory tests of soils was conducted
by the Public Roads Administration.

The investigation was limited to the study of factors related to the pumping
action under repeated heavy loads causing mud to be ejected at cracks and joints and
resulting in eventual loss of subgrade support and breaking of the pavement slab,
The ejection of water, where not detrimental, or the faulting of slab ends due to
permanent compression of coar8e grained soils and not accompanied by removal of soil
were not included in the studies.

NATURE AND SCOPE OF STUDIES

The survey was planned to study pumping under the ranges of traffic loadings
and soil types which exist on the principal traffic routes, A major portion of the
concrete pavement projects on the seven most heavily traveled routes representing
the major soil groups and carrying the largest number of heavy trucks were selected
for study. Selected projects on two routes carrying medium to light truck traffic
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also were included in the survey., The heavy traffic routes were as follows:

1., Memphis north on U, S. Route 51.

2, HMemphis northeast to Nashville on U, S. Route 70 with some added
projects on .State Routes 1 and 76 in the vicinity of Milan amd
Humboldt .

3. Nashville northwest to Clarksville on U, S. Route 41W,

Lo Nashville southeast to Chattanooga on U, S. Route 41,

5. Chattanooga northeast to Knoxville on U, S, Routes 27 and 70,

6, Chattanooga northeast toward Knoxville on U, S. Route 1l.

7. Knoxville east on U, S, Routes 70 and 11E,

Projects on State Route 76 near Paris and U.S. Route 70N between Cookeville
and Crossville which routes carried less traffic than the seven mentioned above were
included in the survey.

Reconnaissance Survey of Pumping

A method of classifying pumping slab ends in terms of the progressive stages
of development was developed prior to the beginning of the reconnaissance survey.
The use of this classification made it possible, by counting the number of pumping
slab ends of the various classes, to express the stage of development of pumping,
and assess the extent of damage to the pavements on various subgrade soils and under
different conditions of traffic.

Pumping was grouped into three classes as follows:

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

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

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

The reconnaissance survey included a count of the number of expansion joints,
contraction joints and eracks for quantitative analysis of pumping. All pumping
cracks and joints were classified and counted to determine the number and percentage
of pumping slab ends of each of the three classes. Counting was done from an auto
driven very slowly over the road. One observer recorded the rumber of pavement
Joints, cracks, corner breaks and related pavement items., A second recorder classi-
fied and recorded pumping. Where practical, each project was separated into sec-
tions according to soil series and horigom, and on some projects between cut and £ill
and the pumping tabulated for each section. Sections of each project on which pump-
ing and no pumping had developed were noted during the reconnaissance survey for
later detailed study.

Detail Survey and Sampling of Selected Sections

Upon ecompletion of the reconnaissance surveys of a mumber of contiguous proj-
ects, the sections noted for detail study were re-examined, Those having the most
nearly uniform soil type and soil conditions throughout their length were selected
for further study and sampling to determine the reason for the absence or presence
of pumping.



The detail survey of selected sections consisted of the following:

1. Mapping the location of all joints and cracks.

2., Describing and classifying pumping and mapping all locations
which were pumping.

3. Making soil borings and sketching the soil section represented
in the soil profile.

4o Determining the pedological soil series classification.

5. Taking undisturbed soil samples, disturbed soil samples and

- samples for water content determination.

6, Observing surface drainage condition of shoulders.

An example of the data obtained in the mapping of the detail study sections
is shown in Figure 1,

Samples for water content determination were taken at depth of 0 to 1, 2 to
L and 5 to 8 in, below the pavement, Exceptions were made where pumping had left a
cavity, and md existed in the cavity. There the first sample was taken from the
uppermost firm soil beneath the liquid mud. Samples were taken at distances of
from two to three ft., in from the edge of the slab, Samples were placed in 6 or 8
ounce metal containers and sealed to prevent loss of moisture.

Undisturbed samples were taken by excavating in from the edge of the slab
a distance of two to three feet and removing an undisturbed column of soil as shown
in Figure 2, Upon removal the column was trimmed to a cylindrical shape 6 in. in
diameter and 8 to 10 in. in height, coated with alternate layers of paraffin and
cloth, and packed in sawdust for shipment, Disturbed samples consisted of 50 to
75 1b, soil set aside during removal and trimming of the undisturbed soil cylinder.

Testing of Soils

Samples for water content determination were tested in the central soils
laboratory of the Department of Highways at Nashville. ILarge undisturbed and dis-
turbed samples were shipped by the Tennessee Department of Highways to the Public
Roads Administration for test. The following tests were conducted by the Public
Roads Administration Laboratory.

1. Liquid 1imit, plastic limit, field moisture equivalent, centrifuge
moisture equivalent, and shrinkage limit.

2, Mechanical analysis.

3. Standard compaction.

4o Consolidation.

5. Triaxial compression.

6, Water content and density on specimens prepared from
undisturbed samples for the consolidation and tri-
axial compression tests.

Traffic Studles

The earliest comprehensive traffic data available were obtained during the
1937 traffic surveys. Additional traffic data were available from the 1942 and 1943
surveys. In some instances the 1942 count and weighing of vehicles showed a greater
number of heavy axle loads than did the 1943 survey. However, since the 1943 sur-
vey represented the count most nearly applicable to traffic conditions existing at
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the time of the study of pumping it was decided to use the 1943 count. Very little
pumping was observed in Tennessee prior to 1937. For these reasons, the data on
traffic were compiled for each project for both 1937 and 1943 to show the change in
traffic loadings which occurred during the incldence of pumping.

ANALYSIS OF OBSERVATIONS AND DATA

In some instances it was found difficult to obtain a. true appraisal of pump-
ing during the reconnaissance survey. It has been mentioned that the progress of
pumping from incidence to loss of subgrade support and the breaking of the slab was
divided into three stages and classification of pumping made on that basis. During
the detail survey when each joint and crack was examined closely it was found that
in some locations pumping had begun but had not yet become visible on the surface
of the pavement. In the earliest stage, a thin film of mud was found under the slab
end on the far side ¢of the joint in the direction of traffic. As the action contin-
ued, the md gradually worked up along the edge of the slab and into the joint or
crack opening until it reached the surface. Therefore, the reconnaissance data in-
clude only pumping which was visible at the surface while the detail study sections
include pumping in its earlier stages where there was unquestioned evidence that a
md had formed and that the mud was progressing toward the surface.

Pumping was found to be a progressive action and its occurrence depended
upon so many factors that close correlation between traffic and any other single
factor of pavement design feature or subgrade soil type with definite amounts and
degrees of pumping was not found. 'In some instances the maintenance of joints and
crack -enings in the pavement had been timely and good and had prevented or
greatly reduced pumping. In other instances on similar soils and traffic but with
less effective maintenance, pumping had become severe and considerable damage done
to the pavement,

The correlation between pumping and the various factors which may affect
pumping differed with the various factors of subgrade soil, pavement design and
traffic. The relationships brought out by the data are given in the paragraphs
which follow, '

Relation Between Traffic and Pumping

BNo pumping of serious consequence was reported in Tennessee prior to 1937
when the first comprehensive traffic survey was made, Although no survey of pump-
ing had been made at that time it is 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 damaged. Traffic counts and weigh-
ings were made again during 1942 and 1943, Since the 1943 count was made only a
few months before this survey of pumping, the 1943 traffic data have been used.
Table 1 shows the comparative 1937 and 1943 traffic count and axle weights for four
projects included in the pumping survey. The projects were located near weighing
stations used in the traffic survey.

In 1937 traffic carried only a small number of axle loads in excess of
14,000 1b, with few to none in excess of 16,000 1b. The 1943 count showed a large
increase in axle weights in excess of 14,000 1b, a large proportion of which ex-
ceeded 16,000 1lb, in weight. The pavements for which the data are shown are 8 in.
by 6 in, by 8 in, parabolic cross section as are many of the pavements examined in
this survey.



TABLE I

1937 AND 1943 TRAFFIC COUNTS AND AXLE WEIGHTS ON FOUR PROJECTS
(Located Near 1937 and 1943 Weighing Stations)

‘it

24 Hour 24 Hour

Year Total Truck 24, Hour Truck Axle Loads in Kips
of Traffic Traffic {Cumlative) Total
Year Traffic (Number (Number Under Over Over Over Over Over Over Over Number
Project Built Location Survey Vehicles) of trucks) 8 8 10 12 14 16 18 22 Axles Remarks
— —
FAP 3 miles 1937 1580 356 586 148 56 33 19 9 - - 734
R.ga(y) north of
(Reop. 1936 Memphis
& Ext.) on US
Route 51_ 1943 5740 1383 2,19 522 372 189 102 48 9 - 3001 No pumping (Loess Soils)
2 miles 1937 3200 547 845 304 182 60 11 - - - 1149
FAP __ east of
36DS 1929 Memphis
on US 1943 3740 748 1302 575 517 367 196 130 40 8 1877 30% of joints and cracks
Koute 70 : pumping (Loess Soils)
10 miles 1937 2560 351 477 22, 183 131 23 - - = 702 Clay soils derived from
FAP north of . dolonitic and cherty
2318 1930 Chatta. limestones.
. nooga on 1943 3780 692 1124 530 457 359 262 131 25 - 1654 17% of joints and cracks
US Rt. 27 pumpj_ng.
17 miles 1937 1180 313 517 150 95 60 9 4 - - 667 Clay soils derived from
NRH east of cherty limestones.
269B 1934 Chatta-
nooga on -
US Routes 1943 2975 690 1054 574 481 398 282 116 23 - 1628 26% of joints and cracks
4 & 6 pumping.
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It appears from the data shown in the table that pumping developed from the
increase in pumber of axle loads of the 14,000 1b, to 18,000 1b, range., The axle
loads necessary to start pumping undoubtedly depended on the type and condition of
the subgrade soil.

A correlation between traffic and pumping was found for the uniform loess
soils in western Tennessee, Table 2 shows the soil analyses, axle loads and pump-
ing found on 11 projects built on loess soils. It is evident that the loess soils
on the various scattered projects are very nearly similar in characteristics,

Under average maintenance conditions the pavement built on loess soils of average
water content and density did not pump until the number of 14,000 1lb, wheel loads
exceeded 50 per day on an 8 in. by 6 in, by 8 in, pavement, A study of the proj-
ects on which slight to moderate pumping occurred showed that such pumping was asso-
ciated largely,with open cracks or poor surface drainage of the pavements. On
project 36DS (7.97 miles in length) 122 of the 135 pumping slab ends were at cracks.
The higher water content of the soil on that project is indicated in Table 2.

An over-all study of pavements built on all soil types failed to show any
direct relation between the amount of pumping and the mumber of axle weights in
the 12,000 to 18,000 1lb, range.

No quantitative data were obtained on the relation between speed of traf-
fic and pumping. It was observed, however that many of the long mountain grades
in eastern and southeastern Tennessee showed a marked difference in surface con-
dition and pumping on the uphill traffic lanes compared to the downhill traffic
laneB. The very marked difference in the density of the oil streak (indicative
of slow speed and tractive effort) found on many long grades is shown in Figure 3,
A second example is shown in Figure 4. Here severe pumping occurred on the uphill
lane while the downhill lane showed little pumping.

The influence of traffic on pumping also was evident on 4 lane roads where
nearly all pumping occurred in the outside lane which carries nearly all truck loads.
Almost no pumping occurred in the inner passing lane of L lane divided or undivided

highways.
Relation Between Roadbed Design and Pumping

A tabulation of pumping slabs on multi-lane divided and undivided highways
showed the undivided highway had a tendency to pump somewhat less than the divided

typeo

No effort was made to determine the relative effeet of lip curb on pumping
during the reconnaissance survey., General observations were that its use did not
increase or decrease pumping to an extent which was significant,

On four lane divided and undivided highways both traffic lanes drained to-
ward the shoulder. There was no evidence that such drainage resulted in more pump-
ing than occurred on many two lane roads.

Relation Between Pavement Cross Section and Pumping

Of 36 projects on which muming was studied during the survey, 26 were of
8 in, by 6 in. by 8 in. cross section. Ten of the 36 projects were 18 ft. wide,
18 were 20 ft. wide and 3 were 22 ft. wide. Two projects were of 7 in. uniform
thickness and 4 were of 9 in. by 7 in, by 9 in. by 20 ft, cross section,



TABLE 2
SUBCRADE SOILS DATA, AXLE LOADS AND FUMPING OB LOESS SOILS

21

County Project

Sample
Loca-
tion

L.L. P.L. P.I. F.M.E. C.M.E. S.L.

Dyer
Henry 280F
Shelby 31CS
Gibson 147C8-DS

Madison 51C8

S8helby R-8-4 IV
Reop.
Ext,

.
Fayette 36AS
Shelby 36DS

Gibson 147C3-DS

R-8-A
I11
3688

Shelby
Shelby

Shelby 36C8

Shelby 36DS

Shelby

Samples 13C,

Sample 37 as Lexington Series.

13C
n

12b
UL

1n
10¢

15b
1¢

10

40
37
32
35

>
19
21
18

23

18
18
11
17

20
15

22

24
19

23

32

B8 RYR

wi
N

3

s

25
22

19
22

24
25

LI S

RS GRES

'
&

8

UC, 9, 15b, 11C end 10 were classified as Loring Series;

24, Br. Truck Axle

Loads in Kipe
P.R.A. _Mochanical Analysip Textural Soil Water Soil {Cumlative)
8011 Gravel Col- Soil tent (Per Cent) Density Over Over Over Over
Group & Sand 8ilt Clay loids %ype 0-17 20-4° 57-8* (p.c.f.) 12 14 16 18 RBemarks on Pumping
A-7 10 & 29 16 1L, - - - - % 2 U 3 None
4-7 18 52 30 4 8ic 18 18 18 - 54 29 Q9 6 None
A4 2 6 1 7 8iL - - - - 57 3 15 3 None
A-T-4 19 6 20 8 84CL - - - - 92 49 23 4 None
A-7-6 22 53 25 10 8icL a 24 2 101-108 93 50 33 w None
A-4 10 61 23 10 81CL - - - - 189 102 48 9 None
- - - - - - - - - - 21 12 80 24 None
A-7 n & 28 12 81CL 23 21 9396 367 196 130 40 Bome (for detail Study
Section) only
A-7 10 5 34 19 sic - - - - 92 49 23 4 Slight Pumping
(No Count Made)
A-7 n 6 24 W sicL - - - - o 76 36 7 Moderste Puamping
(No Count Hade)
- - - - - - - - - - 174 93 62 19 MKoderate Pumping
(3% of Joints and
Cracks Pumping)
- - - - - - - - - - 199 106 70 21 Moderate Pumping
(3% of Joints and
Cracks Pumping)
AT 9 60 3 6 81C 25 26 26 9% 367 196 130 40 Severe Pumping

Samples 12b, 11, and 10C as Memphis Series and

All samples not followed by the letter "C" were from the B Horison.

(30% of Joints and
Cracks Pumping)
8light Pumping
(0.5% of Joints amd
Cracks Puaping)

415 253 168 51

—
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FIGURE 2, UNDISTURBED COLUMN OF SOIL REMOVED FROM UNDER A
PUMPING EXPANSION JOINT. NOTE THAT A SOFT MUD HAD FORMED ONLY
UNDER THE FAR SIDE OF THE JOINT IN THE DIRECTION OF TRAFFIC.

FIGURE 3. NOTE THE DIFFERENCE IN THE OIL
STREAKS RESULTING FROM DIFFERENCE IN UP-
HILL AND DOWNHILI SPEEDS AND TRACTIVE RE~
SISTANCE OF VEHICLES ON A LONG GRADE.

FAP 486 A (2) STA. 380 COFFEE COUNTY
(4~6-L4)

FIGURE 4., ANOTHER EXAMPLE SHOWING THE
DIFFERENCE IN THE OIL STREAKS IN THE UP-
HILL AND DOWNHILL LANES DUE TO SPEED OF
TRAFFIC ON A LONG 6% GRADE. NOTE THE
PUMPING AND DAMAGE TO PAVEMENT IN THE
UPHILL TRAFFIC LAND. FAP 269 B MARION
COUNTY (3-22-44)
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Pumping occurred on all pavement cross sections where other conditions eon-
ducive to pumping were present. The 9 in. by 7 in. by 9 in. thickness showed an
average of approximately 1/3 as mach pumping as did the 8 in. by 6 in. by 8 in.
pavements, but the former carried about two thirds as many heavy axle loads as did
the 8 in. by 6 in. by 8 in. pavements,

Relation Between Pumping and Joint Type and Spacing

The counting of the total mumber of joints and cracks made it possible to
determine the joint and crack interval for various expansion 'joint spacings and com-
binations of expansion Joint and contraction joint spacing. Pavement with longer
expansion Joint spacings had longer joint and crack intervals. A trend in reduc~
tion of pumping is indicated for pavements with expansion joints at 300 ft. inter-
vals. For pavements with the 500 ft. expansion joint spacing there was a consid-
erable reduction in the amount of pumping.

Pumping was classified and recorded separately at joints and cracks on 33
of 41 projects studied. The 33 projects represent a total of 229 miles of pavement
and cover the range of soils encountered in Tennessee. A summary of observations
on 41 projects is given in Table 3. In the average, the amount of pumping at
Joints differed but little from the pumping at transverse cracks. However, very
few individual projects showed the same amount of pumping at joints and cracks,
the amount being influenced by the occurrence of cracks, the spacing of expansion
Joints and resulting width of crack opening, the relative maintenance condition
of the sealing material at joints as compared to cracks, and apparently, whether
the dowels at joints permitted free movement of the slab ends., The following ex-
amples illustrate the wide difference in pumping at joints as related to pumping
at cracks on individual projects: On one 4~lane divided highway, having no trans~
verse cracks, 6 per cent of the joints pumped. On another project pumping oc-
curred on 1 per cent of the joints compared to pumping at 21 per cent of the trans-
verse cracks. The expansion joints weres uniformly of the width constructed but
cracks had opened from 1/8 to 3/8 in. indicating definitely that the dowels were
restricting normal slab movements on that project.

Table 3 shows that in 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),.

It was difficult to differentiate between expansion joints and contraction
Joints in the reconnaissance survey on many of the projects investigated., There-
fore, observations on the relative pumping at expansion and contraction joints were
limited to six projects having a combined length of approximately 62 miles. It may
be seen from the average values in Table 4 that pumping occurred in almost equal
amounts at expansion joints, contracpion joints and cracks.

Considerable pumping occurred along the longitudinal center joint near
transverse joints and cracks, A deformed metal plate was used to form the center
longitudinal joint on most projects. Likewise, pumping occurred along the outside
edge of the pavement. All pumping at the edge and at the center joints was cred-
ited to the nearest transverse crack or joint. In only one instance was pumping
found along the edge of uncracked slabs of 20 to 30 ft. in length and that was on
the inside of a superelevated curve in a deep cut near the top of a long steep
grade,
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It should be noted here that distributed reinforcing was used on only a part
of one of the projects studied. Also that the data available did not permit a study
on the influence of expansion joint fillers. Construction records showed that near-
ly all projects were built with premolded or poured bituminous fillers.

load Transfer Devices and Their Relation to Pumping

Twelve projects on which load transfer devices were used and 30 projects
without load transfer devices at Joints were investigated in the reconnaissance sur-
vey. Four of the projects on which no load transfer devices were used were located
on soils of loess origin. Inasmuch as the other projects were on clay and cherty
clay soils having generally similar characteristics, the four projects on loess
soils were left out in assembling the average values shown in Table 5. Inclusion
of pumping data from the four projects on loess soils would result in only very
amall changes in some of the values for pumping shown in the table.

The total per cent of pumping joints was only slightly greater for the proj-
ects without load transfer devices. However, the truck traffic on the projects in-
volving the use of load transfer devices was mich heavier than on the older pave-
ments built without load transfer devices. The load transfer devices did appear to
reduce to marked degree the per cent of classes 2 and 3 pumping joints which in-
volve faulting and breakage. However, it should be noted that more severe pumping
of classes 1 and 2 was found at intermediate transverse cracks where the pavements
were built with load transfer devices at joints,

Close inspection of transverse joimts 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 expanded or comtracted on those projects. The total ef-
fect of restricted movement due to frozen dowels could not be determined for all
projects, but it may account for the more severe pumping generally indicated at
transverse cracks in pavements having doweled joints.

The Effect of Shoulder Drainage on Pumping

Pumping occurred under conditions of good surface drainage as well as poor
surface drainage. Severe pumping was observed on grades and on heavy clay soils at
many locations where shoulders were lower than the pavement edge, had slopes in
excess of one inch per foot and where runoff was not impeded by vegetation. Con-
trariwise, pumping occurred on some projects having loess subgrade soils only where
poor surface drainage existed.

The Subgrade and Its Relation to Pumping,
Soil Parent Material and Soll Series

The reconnaissance and detail study surveys were planned for the principal
traffic routes traversing the major representative soil groups of Tennessee. Begin-
ning at Memphis and proceeding eastward the survey covered the following soil areas
in the order given:

1. The yellow silty clay loams and silty clay soils of western Tennessee
which originate from deep loess to the soils derived from shallow loess
underlain by coastal plains materials,



TABLE
COMPARISON OF PUMPING AT EXPANSION JéINTb‘, CONTRACTION JOINTS AND CHACKS
(5ix Projects totaling 62 Miles in length)

Pumping Exp. JointJ Pumping Contr. Joints
(Pex Cent) , in; Cent)

Projects Cl

1, 2 3_Totall 1

18.7

L1AB
(4)(5)

41AB 0.2

(Reop.)

404

2081 (2) 3.0
4864(2)

22885 15.7 7.4

231BS
231GFC

2,0 0.2

0.1 40.7

0.3 3.3

009 2400

0.2 ,2.4

Pumping Cracks
{Per Cent)

Pumping Joints & Cracks
(Per Cent

Classg

2

3__Total]

9.7

36.8 0.1

0.3

R0.2 4.5

4.7 2.1

2.6 0.2

9.7

36.9

0.3

0.5 25.2
6.8

2.8

C

| __Clags
1 2 2 Toga;

27.3 27.3

9.2 10.8 1.0 21.0

20.5 8.1 1.2 29.8

1.6 1.6 3-2

2.1 0.4 2.5

Class

1 2 Total

Remarks

12.7 12,7

38.0 0.2 38.2

W
.
vy,

31l 0.4

20.0 6.9 1.0 27.9

3.6 1.7 5.3

2,4 0.2 0.1 2,7

2-22 ft. lanes - 8 ft. grass
dividing strip. 7% unif. 30-
90 ft. Jt. spacing. Edge curdb
along dividing strip. Univ.
or Nat'l Load Transfer.

Heavy clay soil.

2-22 ft. lanes - 4 ft. con-
crete dividing strip. 7"
unif, 30-90 ft. Joint spacing
Spec. base plate under Exp.
Jts. Heavy clay soil with 2"
loose sand mixed to depth of
6"'

8-6-8-6-8%22' 30-90 ft. Joint
spacing. "x24% dowels at Exp.
& Contr.Jts. at 12" c.c. A-4
clay soll with 2" to 3% loose
sund mixed to depth of 6" to 8"

9-7-9x20' 50-300 ft. joint
spacing. No load transfer.
[A-6-~7 cherty clay soils.

8-6-8x20' 50-300 ft. joint .
spacing. No load transfer.
A-6-7 cherty clay soils.

9-7-9x20' 50-300 ft. joint
spacing. No load transfer.
Cherty clay soils.

Average 13,3 1.3

0.3 14.9

12,4 1.2

Note:

0.1 13.7

10.1 3.5 0.4 14.0

13.4 2.0 003 15.7

No cracks were observed on Project 41AB (4)(5)

‘T



TABLE 5

RELATION BETWEEN LOAD TRANSFER DEVICES, PUMPING AND TRAFFIC
(33 Projects Having Clay, Clay loam and Cherty Clay Subgrades)

: Inter— Pumping Joints
¢ Pumping Joints mediate Cracks & Cracks
Number s ___(Per Cent) (Per Cent) (Per Cent)
of Load Transfer s___Class : Class Class
Projeets g l. 2 3Total 1 2 3 Total 1 2 3 Total
pil None :13 6 3 22 12 5 3 20 1 6 3 20
12 3/4"x2ht at 12%ceok 318 2 1 2 17 17 3 37 17 6 1 2

2], Hour Traffic
Total Total Truck Axle loads in Kips

Ruober s Vehicles Trucks (Cumlative)
of Load Transfer : : Over Over Over Over Over
Projects 2 _ 10 12 14 16 18
21 None s 2,186 419 ° 256 200 142 5 12

3,1 690 Lhl 362 258 109 22

#One projeet; nséd a spt;cial type of load transfer device and a second project used
3/4 in. x 48 in. dowels spaced on 36 in, centers.

12 3/L"x2L" at 12%cck

2, Sandy soils derived from coastal plains materials,
3. Cherty clay soils in west central Tennessee derived from cherty limestones.

4o Clay soils derived from limestones and shales and massive limestones, in-
cluding phosphatic limestones,

5. 8Sandy and silty soils derived from sandstones and shales.

6. Gravelly clay soils derived from cherty limestones and limestones in east
central and east Tennessee.

Soils which originate from the deeper loess formations were investigated on
UoSe Route 51 north of Memphis in Shelby, Lauderdale and Dyer counties; on U.S, Route
70 in Shelby, Fayette, Madison and Carroll counties and on State Route 76 in Gibson
county, Thin loess underlain by coastal plains deposits was investigated in Henry
county on State Route 76.

The deep loeas is classified pedoligically into three soils series as follows:

l, The Memphis series occupies the narrow highland ridges and forms on roll-
ing to hilly land, It has a slightly to moderately plastic B horizon of yellowish *
brown to faintly reddish brown silty clay loam. Relatively good surface and sub-
surface drainage are characteristic of the Memphis series.
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2, The lering series occupies the nearly level to rolling uplands. It de-
velops a more plastic and more compact B horizon which is characterized by slower
drainage than that of the Memphis series. The brownish silty clay loam and clay B
horizon is splotched with gray, rust-brown and yellow characteristic of less per-
fect drainage.

3, The Granada series consists of loess overlying coastal plains material
at depths of 4 to 15 ft. It develops a semi-clay-pan B horizon which restricts
drainage and occupies undulating to gently rolling topography ranging in slope from
about 2 to 7 per cent,

A fourth series, the Lexington, consists of a few inches to about 2 ft.
of loess over ferruginous sands and sandy clays of the coastal plains deposit.
Roads on the Lexington soils lie mostly in the sandy materials although one location
investigated in Henry county was in the B horizon of a soil classified as Lexington.

No pumping was found during this survey on loess soils of the Memphis group,
all pumping being found on the B horizon of the loring series which is a compact,
imperfeetly drained soil. Although no pumping was found on the more lightly travel-
ed roads built on loess soils of the Granada series, it is believed that its compact
and imperfectly drained B horizon needs:.attention to avoid pumping under a large vol-
ume of heavy axle loads.

A summary of soils test data, axle weights and pumping is given in Table 2
for all loess soils tested, Neither the soils constants nor the mechanical analysis
indicate a wide difference in the physical characteristics of these soils.

It is evident from the test data that there is a very small difference be-
tween the loess soils where pumping has or has not deweloped. The difference is main-
ly one of compactness and movement of water in the soil profile.

No pumping occurred on the sandy soils of the coastal plains materials which
are classified in the Ruston series and which form the C horizon of the Lexington
series.

Pumping prevailed on pavements built on all cherty clay soils in west central
Tennessee which were derived from cherty limestones. These soils were classified in
the Baxter, Dickson and Bodine series. Pumping occurred in both the B and C horizons
of all 3 series except where the sand and gravel content prevented its occurrence.
The relation between sand and gravel content of a subgrade soil and pumping is dis-
cussed later in the report. '

Pumping occurred throughout the Hagerstown, Maury and Mercer groups derived
from limestones and also from gravelly clay soils derived from cherty and dolomitic
limestones except for subgrades having high gravel content which will be discussed
later, These gravelly clay soils are represented by the Clarksville, Fullerton and
Dewey series, '

No pumping occurred on the more sandy soils of the Muskingum and Hartsells
series which were formed from sandstones and shales. However, the occurrence of
strata of fine plastic clay in some areas of sandy soils created localized areas of
poor drainage which resulted in severe pumping of the clay soils even under relative-
].y ]ight traffic.



PRA Soil Groups

Pumping was found on the 4~7, A~6 , 4=5-7 and A-L soil groups. It was also
found in the A-2-/4 and A-2-6 borderline groups having near the minimm sand content
in the soil mortar for those soils.

No pumping was encountered in soils of the A-2 and A=-3 groups nor on many of
the borderline A-2-4 and A-2-6 and A=-2-7 groups containing near maximum sand and
gravel content for those groups,

In many instances soil samples taken from under pumping and non-pumping slabs
showed generally similar soil constants, This is true for some of the clay, silty
clay and silty clay loam soils., It is difficult, for that reason, to make a positive
statement regarding the limiting values of soil constants for pumping or non-pumping
goils. It is of interest to note in Table 6, which shows soil constants of all soil
samples taken from detall study sections that both the range of values and the average
values of all soil constants are considerably lower for the soils of the clay, silty
clay, silty clay loam and clay loam soils where no pumping occurred than for soils of
similar textural types found under pumping slabs.

Consolidation and Triaxial Compression Characteristics

Tests were made to determine the relative consolidation characteristics of
soll types and soil conditions associated with pumping as well as those found where
no pumping occurred. Undisturbed samples were taken immediately under or adjacent
to transverse joints and cracks. A portion of each sample was tested in the condition
in which it was received at the laboratory. A test was made on another portion of the
sample in an inupdated condition, .

Nine soils from under pumping slabs and five soils from under non-pumping slabs
were tested for consolidation. The average values of per cent reduction in height for
various loads and average per cent consolidation between load increases at various time
periods for both pumping and non-pumping soils are given in Table 7.

The data, although representing relatively few samples, do indicate a trend of
greater total and residual compression for pumping soils than for non-pumping soils.
Soils from under pumping slabs resulted in greater consolidation under all loads in
both the "existing" and "inundated" conditions and consolidated in a shorter time than
did the samples from under non-pumping slabs. The data therefore indicate a trend of
greater total and residual compression for the pumping than for the non-pumping soils,

A tabulation of per cent reduction in height and maximm difference between
vertical and normal pressures obtained in the triaxial compression test for both pump-
ing and non-pumping soils is given in Table 8. The values for per cent reduction in
height follow a trend similar to that observed in the consolidation tests. The values
for shearing stress computed from the maximum differences between vertical and lateral
pressures shown in Table 8 are erratic and do not show a well defined trend.

Permeability tests were made on nine pumping soils and six non-pumping soils.
All were fine grained silty clay loam to clay soils except one sand. No significant
trends are evident from the data obtained.
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TABLE 7
SUMMARY OF DATA FROM CONSOLIDATION TESTS
¥ethod of
Conducting Per Cent Reduction in Height
Consolida~ at Load of (Kips /.s.f.) Remarks
tion Tests 0,02 0,10 0,35 1 2 Y Y 8 0.10
Tested as 0,0 0031 0,52 0.89 1.36 2.38 3.94 2,69 Pumping
Received Slabs
Tested as 0.0 001‘} 0028 0052 009‘& 101}8 205‘) 1075 Nothump‘lng
Received Slabs
Inandated 0.0 o411 0,01 0.40 1,10 2.13 3.87 2,18 mns
Slabs
Inundated 0.0 0,0 0,10 0036 0078 1056 2072 lobB NOXPM‘.DS
' Slabs
Method of ’
Conducting Average Per Cent Consolidation
Consolida- at Time of (Minutes) Remarks
tion Tests 0,09 00,25 0049 1. h . 9 25 ol
Tested as 37 42 L7 51 60 66 " 79 Pumping
Received Slabs
Tested as L8 54 60 66 73 78 82 86 Non-Pumping
Recelived : Slabs
Imindated INN 52 56 62 yal 78 83 8s
. Slabs
Inundated 51 57 62 68 Vi 81 86 90 Non-Pumping
' Slabs

Sample 38, a non-plastic sand, not ineluded in above tabulation.

Soil Texture

Data obtained from sieve and hydrometer analysis on all samples of soil from
detail study sections are shown in Table 6. The data obtained on soils from under
pumping and non~pumping slabs show a definite relation between textural soil type and
pumping, when the grading of the total subgrade soil is considered. The percentages
shown in Table 6 as sand and gravel, comprise all sand and gravel in the total soil
sample, i.e., all materials coarser than 0,05 mm, diameter (retained on No., 270 sieve),
The relation between pumping and soil texture is illustrated in the triangular chart
in Figure 5.

No pumping was encountered in Tennessee on soils having more than 55 per .
cent sand and gravel (coarser than 0,05 mm. diameter) in the total soil., It may be
seen that pumping did and did not occur on some soils having a combined sand and
gravel fraction of less than 55 per cent, Many of these non-pumping soils having
less than 55 per cent sand and gravel, had relatively high silt content and low clay
content. These soils permit more rapid movement of water away from leaky joints and
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TABLE 8
Triaxial Compression Test Results
Pumping ‘ Non-Pumping

loco  Max, Py-Ph Red, in height  § Max, Py~Py Red. in height @
Noo (Kips /.s.£.) (Per Cent) (deg.) (Kips /os.f.) (Per Cent) (deg,)
l 309 500 20‘.- 106 ]..2 .
5 Lo.L L.k 6.0 4.8 0
7 3,0 3.8 2,3 2.5 9
8 2.3 2.6 0.8 1.1 5
9 1.3 2.6 1.5 2,0 14
10 201 300 500 105 1005 '
11 4,0 4.0 0.5 0.6 (4]
12 8.8 - 1.0 o= -
].llr loo - 009 - bt
26 3.0 2.9 1.2 1.7 0
27 1.0 1.0 3.0 4.0 0
29 . 562 3.0 1.5 2.5 0
30 200 3.3 Lo5 Lod o5
31 0.8 3.2 0.9 12,5 21,5

cracks in the pavement and thus either prevent pumping or limit its occurrence to pro-
longed periods of wet weather, Such soils have been observed to be wet weather pumpers
and do not pump during periods of infrequent rains as do the more plastic and more im-
pervious clay soils. -

Soil Water Content and Density

Soil water content determinations were made at 14 locations where pumping oc-
curred and 15 where no pumping occurred. The results of soil water content determina-
tions are shown in Table 6, Water contents of less than the plastic limit were found
in only two of the 14 locations where pumping occurred. The major portion of the pump-
ing locations had water contents of 3 to 5 percentage points greater than their cor-
responding plastic limits, The overall average water content exceeded the average
plastic limit by 3.

Five of the eleven tests of plastic soil from under non-pumping slabs had water
contents below their plastic limits and six 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 19.4 per cent compared to an average plastic limit
of 18,9 per cent. ‘

Density and water content tests showed that in nearly every instance the soil
was at or near saturation. Thus, the higher densities shown in Table 6 for non-
pumping plastic soils limited the water holding capacity of the soils and prevented
the absorption of sufficient water to soften the soil, reduce its bearing capacity,
permit greater slab deflections and start pumping.



The variation in soil structure and compactness of different horizons in
the soil profile had little or no influence on pumping in some soils and much in
others. Pumping was often equally severe in the B and C horizons of soils derived
from limestones and cherty limestones., However, in 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 soils. The soils of the Muskingum
and Hartsells series formed from sandstones and shales sometimes had compact clay
strata underlying more pervious sandy soil. The less pervious compact clay strata
restricted drainage, 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 in. of loose sand mixed with the
existing clay subgrades to 4 to 8 in. compacted depths were employed on three proj-
ects included in the survey. Detail study sections were included on 2 of the 3
projects. The natural subgrade soils on all three projects consisted of heavy clay
soils derived from cherty limestones and are representative of the worst pumping
soils in the State.

Some pumping occurred on all three projects. However, the soil samples
taken during the detail study showed that where the sand and gravel content (portion
having particles larger than 0,05 mm. diameter) in the treated subgrade soil was
greater than 55 per cent, pumping did not occur., Two of these projects carry a
moderate number of heavy axle loads. The third carried the greatest number of heavy
axle loads encountered in the State,

There was evidence on some projects that the use of applications of sand-
gravel to provide temporary surfacing for local traffic during the period between
grading and paving had been effective in materially reducing pumping.

The Effect of Pavement and Shoulder Maintenance

Inasmuch as very little mmdjacking as a maintenance operation to fill cavi-
ties under pumping slab ends had been done in Tennessee at the time of this survey
observations could not be made regarding its effectiveness.

It has been mentioned previously that pumping on heavy clay soils occurred
where shoulders were well sloped and permitted rapid runoff of surface water. How-
ever, it was observed that often the most severe pumping occurred in cuts and at
the bottom of hills at low points in the grade where surface drainage was poor.
Likewise, on borderline soils, that is, soils which pump only during prolonged
periods of wet weather, pumping occurred only when associated with poor surface
drainage due to high shoulders or to ruts in shoulders at the edge of the slab.

In summary, the observations showed that good maintenance of joints, cracks
and surface drainage either prevented pumping of materially reduced the progress of
pumping.



Summary and Correlation of Data

The data and observations indicate that methods and designs for preventing
pumping on new construction can be grouped into two categories., First, a group of
minor factors which tend to reduce or minimize pumping and second, a group of major
factors to prevent the occurrence of pumping.

The first group includes the following factors:

l. The design of pavement and shoulders to obtain rapid runoff of surface
water.

2, The use of minimm provisions for expansion or a maximum spacing of ex-
pansion joints of a given width. This tends to keep the pavement in
restraint and reduces the amount of opening of intermediate contraction
Jjoints or cracks.

3. The use of a pavement thickness adequate for prevailing wheel loads.

Lo The provision for load transferance at transverse joints to prevent
faulting.

5. The control of water content and density of the subgrade during con-
struction to obtain the greatest supporting value which the soil can
be expected to maintain under service conditions.

6. 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 first group are not conclusive
but they do give positive evidence that all of the above factors will tend to re-
duce pumping. The observations on loess soils showed that pumping was often asso-
ciated with poor surface drainage and that no pumping occurred on contiguous slabs
on similar soils where the surface drainage was good.

The longest spacing of expansion joints was associated with less pumping.
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 percentace of pumping joints as was found on pavements without
provisions for load transfer. It is significant however, that the amount of Class 2
and Class 3 pumping at tranverse joints was less where load transferance was provided.
Where "frozen" dowels restricted normal slab movements, transverse cracks showed
greater pumping 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 soil water content and pumping indicated that
compaction with control of water content is of considerable value in reducing pump-
ing. It is known that heavy clay soils having high volume change, although compacted
to high densities, may swell and eventually absorb water in excess of their plastic
limits, For such soils compaction with water content control may be of temporary
value, However, for some soils having moderate volume change which will not swell
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and absorb water in excess of their plastic limits, the data indicate that compaction
prevented the occurrence of pumping on those soils.

The second group includes the following two major factors which prevent the
occurrence of pumping:

1. The use of a natural subgrade soil, an admixture of sand with natural
soil or subbases of gramular material which will not erode readily under
normal expected movements of the slab. ‘

2, The compaction of the better graded friable soils which do not erode
readily to provide the maximum supporting value for the slab, which the
soils can be expected to maintain.

Soils having more than 55 per cent retained on the No. 270 sieve have prevent-
ed pumping under the conditions found in Tennessee at the time of the survey. The
above statement is based on normal corditions of drainage found on the projects stud-
ied and does not pertain to locations where drainage conditions permit abmormal ac-
cumlation of water. The statement likewise pertains to the combinations of pavement
thickness and traffic loads which prevailed.

It should be noted from the mechanical analyeis of the soils that most of the
sandy soils encountered were fairly well graded. It is possible that very poorly
graded sandy soils having a large fine sand fraction might pump under heavy traffic
and abnormal drainage conditions,

The data regarding thickness of subbases and subgrade treatments over pumping
goils are not extensive., However, the thicknesses of treatment used, which consisted
of mixing sand with the natural soils subgrades to form compacted depths of four to
six in. (in one instance 8 in,) were effective in preventing pumping where the total
a:il mixture contained more than 55 per cent of material retained on the No., 270
sieve,

The data and observations indicated that adequate compaction was a major fac-
tor in preventing pumping on the better graded friable soils having relatively low
volume change, by limiting the water holding capacity of those soils. Such soils
were found to maintain good support at water contents near saturation.



APPENDIX

Wartime Road Probléms

* * %

No. 4

MAINTENANCE METHODS FOR
PREVENTING AND CORRECTING THE
PUMPING ACTION OF CONCRETE
PAVEMENT SLABS

DEPARTMENT OF MAINTENANCE
W. H. Roor, Chairman

Committee on Maintenance of Joints in Concrete Pavements
as Related to the Pumping Action of the Slabs

HagoLp ALLEN, Chairman, Materials Engineer, Public Roads Administration,

CuARLES W. ALLEN, Acting Chief Engineer, Bureau of Tests, Ohio Department of High-
ways,

A. A. ANDERsSON, Manager, Highways and Municipal Bureau, Portland Cement Association,

C. N. CorNER, Senior Highway Design Engineer, Public Roads Administration, “\

V. L. GLovEer, Engineer of Materials, Illinois State Highway Department,

Joun W. PouLTER, Research Engineer, Koehtring Company,

CarL REip, Engineer of Materials, Oklahoma Highway Department,

C. H. SceoLER, Head, Department of Applied Mechanics, Kansas State College,

Rex WaiTTON, Maintenance Engineer, Missouri Highway Department,

K. B. Woobs, Assistant Director, Joint Highway Research Project, Purdue University

HIGHWAY\ RESEARCH BOARD
2101 Constitution Avenue, Washington, D. C.
October, 1942

131.



132.

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 serious
problem of maintaining exsting pave-
ments under a large increase 1n 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 pumping 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 oceur.
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
passing oveér a joint or crack at any
given time. Thus, 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 pumping occurs in connec-
tion with two conditions:

Case 1. Pavements on which pump-
ing 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 a8 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.

It 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.



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 efficient. A suitable soil
must be of such character that it will
slake readily in water to form a mix-
ture of uniform consistency and shall
be reasonably free of orgamc material.
It 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 soill and admixtures used
n 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 1n the report refers
to the soil-water-admixture combina-
tion having the consistency required
for use 1n the mud jack.

Illinod

The slurry shall consist of a mixture
of cement, limestone dust, slow curing
hquid asphalt, soil, and water. The
percentages of these ingredients by

volume, exclusive of water, are ap-
proximately as follows:

Malerval Percens
Cement 11
Limestone dust 11
Slow curing hquid asphalt

(8C-2 grade) . 19
Soil 59
Total 100

or, in terms of parts by volume:

Cement

Limestone dust

Slow curing liqud asphalt
(SC-2 grade) .

Sail.. .

1 part
1 part

175 parts
5.5 parts

Note* Due to the fact that slow-curing
(SC) hquid asphalts are now unobtainable,
it 18 suggested by V L Glover, Engineer of
Matenals, lHinms State Highway Depart-
ment, that the following grade of medium
cunng liquid asphalt be substituted.

“Asphalt MC-1 This matenal shall be
a medium-curing cut-back asphalt consist-
ing of a petroleum residuum fluxed with a
swtable distillate. It shall be free from
water, show no geparation on standing and
shall conform to the following requirements
(a) Flash point (Tag open cup),
. not less than 100°F
(b) Viscomty, Saybolt Furol, at
122°F , seconds
(c) Distillation test
Distallate, percent by
volume of total distiilate
to 680°F .
Distillate to 437°F., not
more than 20
Distillate to 500°F 25 to 65
Distillate to 600°F 70 to 90
Residue from distillation to
680°F percent volume
by difference, not less
than
(d) Charactenstics of residue
from distillation test.
(1) Penetration at 77°F;,
100 g , 5 sec
(2) Ductility at 77°F (when
the penetration at 77°F
18 between 150 and 200),
not less than
(3) Ductility 1n centimeters,
at 39 2°F , rate $ cm per
minute, not Jess than 5
of the penetration at
77°F
(4) Bitumen soluble 1n car-
bon disulphide, not less
than 99 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, 3.25 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 1n 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 stability. The amounts of
these three ingredients will vary with

75 to 150*

150 to 300

100 em.

the type of soil used and the purpose*

for which the mixture is to be used;
that is, whether it is to be used for

*The visooeity used should be from 100 to 150
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lifting the slab back to grade or filhing
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 liqud 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-
bmming 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
sufficient water to produce a consist-
ency about like very thick buttermilk.
The mixing is done in & small concrete
mixer.

Missouri

When mud jack work for the preven-
tion of the pumping action was started
in 1937, 1} 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
tollowing:

During November and December of
last year the French drains were sup-
plemented by pavement jacking at all
joints where pumping was observed.
Various mix proportions were used and
all of the mixes substantially reduced
the amount 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, powdered
asphalt and 8C-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 it
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 powdered
asphalt alone, has given the most satis-
factory results. However, all of the
mixes tried have resulted in consider-
able improvement of the pavement
when compared to its condition in the
fall of 1941. '

Norte: In view of the fact that slow cur-
ing (8C) liquid asphalts are now unobtain-
able Mr. Charles W Allen, Acting Chief
Engineer, Bureau of Tests, Ohio State De-
partment of Highways, reports that Ohio
intends to expeniment with the lighter
congistency 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-mixtures

Laboratory tests should be utilized
to measure the shrinkage and harden-
ing characteristics of the soil and soil-
mixtures. In an emergency and as a
routine field test, the shrinkage may
be judged by mixing a properly propor-
tioned batch of the materials 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 shzinkage will
indicate the necessity for a changein
soil or the use of an additional quantity
of admixture.

Hardening may be judged by means
of similar 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
and 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 erack (Fig. 1).
The hole should be located on the far
side of the transverse joint or crack in
the direction of traffic.

When the pumping action has caused
gsettlement of the slab and it is desired
to lift it 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 is not to be lifted,
pumping is stopped when the slurry
appears at cracks, joints or the edges
of the pavement or when the slab
starts to lift. In 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 then
pumped in the lifting hole until the
slab is raised 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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F1a. 1 —Typical Locations of Void Filing and Lifting Holes at Transverse Joints \
and Cracks @, Void filling hole; O, lifting hole.

desirable under some field conditions.
In the case of 4-lane pavements, set-
tlement almost always occurs in the
outside lane which carries the bulk of
the heavy traffic. 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 evidenca
of considerable water under the slab,
it 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 slurry is pumped into the voids
until it appears in the cracks and in
the vents at the edge of the pavement.
In some cases, it is advisable to admit

original elevation by means of the
mud-jack requires careful engineering
supervigion and skillful operation of
equipment. It is the opinion of the
Committee that the entire attention
of one experienced engineer will be
required during the operation of each
mud-jack unit 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
is8 likely to result in failure to stop
pumping 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 this work.
This consists of :

No. 50 mudjack

2}-in. mud-jack bit

Air compressor

28- to 35-1b. jack hammer

It is possible to obtain a reducing



nozzle with a 1} in. opening, which will
allow smaller holes to be used.

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

No. 10 mud-jack

Smaller mixer

Air compressor

1}-in mud-jack bit

28- to 35-lb. jack hammer

The_ mixe.ar may be a concrete mixer
or 8 bituminous mixer, preferably the
latter. Either type may vary from

5 to 10 cu. ft. in capacity

For more extensive operations,
equpment and methods stmilar to
those described in the November 1940
issue of Roads and Streets under the
title “Subgrade Treatment by Mud-
jacking and Filing” may be used.
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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 associations and organi-
gations of national scope. Its purpose is to provide a national clearing house for
highway research activities and information.

In its practical workings the functions of the Board have been: to provide a
forum for the discussion and publication of the results obtained by individual research
workers; to organize 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, corporatigns 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 recognized
suthorities which are organized under six departments: Finance and Economics,
Design, Materials and Construction, Maintenance, Traffic and Scils Investigations,

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