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

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

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

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

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

A crack survey shoived that mud jacking had been successful i n re­
ducing the eoqpected number of cracks on this tvfo-mile section. The 
data further show that cracks within 13 f t . of a j o i n t are caused by 
slab movement and pumping, and that cracks i n the middle t h i r d of a 
slab are from causes other than punQ}ing. Of the four mixes used, 
those treated with Mix A and WOL D contained less cracks than those 
treated with Uix B and C, 



14o 

Early i n 1942 a performance stirvey was made on a portion of Û So fiOo 30 loeai-
ed between UoSo Sbo 41 and a point just south of Valparaiso» Indiana^^^ "ZlSL A report 
of t h i s survQ7. stressed the seriousness of the pumping action taking place on the out­
side lanes of parts of this.road - not five years old at that time. The report f a r ­
ther contained suggestions for methods of treating punning Joints and presented an 
outline for a research program for the continuation of pumping studieso The results 
of this performance survey and others i n Indiana and other states were presented at 
the Novembera 1943» Highway Research Board meeting i n Chicago (̂ ô 

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

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

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

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

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

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

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

HDD JACK SESE&RCH 

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

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

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

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

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

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

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

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

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

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

supply. 

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

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

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

MDD-JACK AmOZTURES \JSW AND WORK BSOOBD 

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

; Joints : 
; Pumped : 

Cu. Ft. : 
Pumped 

:Av. Uix ~ 
iper Joint 

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

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

! 7 7 

t 7 i 
! 1 6 ! 

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

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

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

> 1 - 5 gal. Bucket 
! . lBa« 

i 7 7 ! 

i 7 1 
I 1 6 

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

C , 
: Soil 
; Water ; 
! Tar 
; Cement 

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

! 7 7 

i 7 
'. 1 6 

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

D ] 
: Soil 
: Water 
. Tar 
Cement 

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

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

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

# o o o o « o o o o o « o o o « o i 

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

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

r o O O O O O 4 

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

4 + 
... 8.7 cu. f t o 

.36.2 cuo f t c 
4 7 
.36 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

7o Drainage without mud Jackingo 

80 Some severely punping Joints were l e f t untreatedo 

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

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

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

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

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

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

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

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

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

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

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

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

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

Pumping Surveys 

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

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

treated by mud Jacking.) 

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

of 
Before Treatment 6 Months After . 2 Years After 

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

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

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

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

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

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

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

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

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

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

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

4-Very 
Severe 

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

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

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

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

Degree of Mix . :Total : 
P : 

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

e B-KJ: C • 
a 

D : 
: Total : 
, Joints i % 

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

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

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

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

Severe : • • • • • • 9 

9 • • • 
• • 

e 

9 
• • • • 

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

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

Degree of ; Mix :Total : 
% 

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

Severe i • • • • • 
• • • • • 

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

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

Degree of : . Mix :Total : 
% : 

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

i Total 
Joints : 

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

Severe • • • • • 
e • • • • 

• • 
• • 

• • 4 
9 9 * 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

: 1 ! , 6 : : 1 0 0 ! 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1 

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

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

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

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

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

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

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

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

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

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

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

This includes treated slabs which had failed because of faulty treatment resixlt-
ing from equipment failure 0 
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Crack Survey 
Detailed crack surveys of this twoHnlle section of D»So 30 vere made i n 1942 

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

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

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

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

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

so that the effect of treatment on craekLng can be studlede 

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

On the 6-lno sand^treatment section a l l of the cracks i n the 40-fto slabs oc­
curred i n the middle t h i r d of the slabs. Figure 23 shows the distribution of cracks 
i n the slabs i n the 6-ino sand seetion. There are only two cracks less than 13 f t . 
either side of a Joint i n f i f t y - n i n e , 40^fto slabs of this section, ^turther, i t was 
found that after seven years, 42 percent of the slabs had no cracks ailid A7 percent 
contained only one crack. Since t h i s section receives the same t r a f f i c and r a i n f a l l , 
i s of the same pavement design, and was constructed approximately at the same time as 
the two-mile section under observation, i t i s believed that the cracking distribution 
on this seetion can be taken as typical of a pavement placed on a firm, well-drained 
support. Assuming this to be the case, cracks occurring less than 13 f t . either side 
of a Joint can be considered as the result of slab movement caused by punq>lng action 
and that cracks occurring i n the middle t h i r d of a 40-ft. slab are the result of 
other causes. 
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YEAR BUILt: ld37 DATE OF SURVEY] DEC. I944i 
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NO. 

CONSTRUCTKM SLABS ' 4 
40FT. 8LARS. W , JOB . . » W » 100% 
40 FT. SLABS WITH NO CRACKS >fcS« 42% 
40fT. SLABS WrTH _ I CRACK . . .» 28 « 47% 
40FT. SLABS WITH t CRACKS • 6 » 11% e" SAND SECTION 

STARt;.STA-.l4B.*0l. 
END: STA IT0 4I6 

lb 2 4 6 S 10 12 .14 16 IS » ) 22 24 2fi 2S JO » 34 M ip 

^ — 4 0 FT. SLAB " 
JOINT 

F|l{6U|f^E 2|[| DISTRIBUTION OF CRACKS IN 59 SLABS IN 
^ _ j • : 6 INCH SAND^ SECTION 
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Figures 2 4 and 2 5 show the distribution of a l l cracks (both forward and rear 
slabs combined) with respect to any Joint for both tz>eated and untreated Joints for 
the 1 9 4 2 and 1 9 4 4 surveys o Both curves show a decided drop i n the number of cracks 
at 1 3 f t o i n the distribution curves o I t I s interesting to notso by coiiq)aiing the 
two curves i n each figure <, that the cracking less than 1 3 f t o from the Joint was con­
siderably more i n 1 9 4 4 than i n 1^U2 and that cracking past 13 f t o from the Joints re­
mained f a i r l y constant during the same two-year period o This observation confirms 
the statement that cracking up to 1 3 f t o from the Joint must be directly influenced 
by slab movement In i t i a t e d by puiq>ing action^ and that cracks past 1 3 f t o either side 
of the Joint are not caused by any movement at the Joint <> 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

1 9 . The results of this s u r v ^ show that mad Jacking -can prolong the l i f e of 
a pavement being destroyed paapLng action* and the above results show a need for 
ftirtber research i n which other materials should be used and i n which various opera­
tional procedures are investigated. 
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RECORD OF MDIWACKQ) JOINTS THAT 111^ PATCHED (FIEIfi NOTES) 

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

Stao 7 2 1 * 6 6 

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

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

euo fto 

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

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

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

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

Stao 7 1 7 * 2 6 

1 0 / 2 8 / 4 2 o Treated by mod-jaekingo The subgrade was dry and there was no 
soupy mud under ̂  pavement o The pavenient could not be raised 
by punplng material into two holes so i t was necessary to use 
three holes along the jointo A ga^et leak dttveloped i n the 
pressure ohaaA>er ̂ c b wa» sufficient to prevent complete nod-
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jaddngo The mix applied on 10/28/A2 uras 4 i cuo fto (Road 
011 mix) o 

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

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

Sta, 695*26 

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

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

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

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

Sta. 694'*d6. 

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

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




