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THE USE OF BITUMINOUS MATERIALS AS A CORRECTIVE 
MEASURE FOR PUMPING CC9ICRETE PAVEMENTS 

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

Bureau of Tests, 
Ohio Department of Hi^iways 

SYNOPSIS 

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

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

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

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

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

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

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

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

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

PREVENTATIVE MEASURES 

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

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

UoSo 52 EAST OF PORTSMOUTH, OHIO 

SHTL 
Class : 

i Noo : 
Of s 

; Sa»-: 
, pies: 

: Mechanical Analysis : 
:Physical Char4 
:acteristics : 

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

! Per 
; Cent 

of 
! Joints 
Pumping 

SHTL 
Class : 

i Noo : 
Of s 

; Sa»-: 
, pies: 

:Aggo 
: % 

: Co : 
; Sand: 

% ! 

. Fo : 

. Sand: S i l t 
% I t 

\ Clays 
• % : 

• < 
0 < 

:Liq\iidi 
: Limit 

,Flas° : 
tti c i t y : 
sindex : 

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

! Per 
; Cent 

of 
! Joints 
Pumping 

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

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

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

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

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

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

CORRECTIVE MEASURES 

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

MC-1 
Portland Cement 
Qypsum Plaster 
S o i l 

1< 
1, 
1. 
5< 

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

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

1.0 
loO 
loO 
5.5 

Mix 5 

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

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

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

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

.pt a l l mudjack material. 

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

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



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

:Soll 
Depth :Type 
beneath:Ohio 

: : Averaee Test Constants : 
iture Content- t 

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

Uoisture Content, i 

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

: S i l t 
« f 

: Clay: Liquid 
: % :Limit 

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

: S i l t 
: 2 

: Clay 
: X 

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

: S i l t 
« f 

: Clay: Liquid 
: % :Limit 

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

pave
ment 
Inches 

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

: S i l t 
: 2 

: Clay 
: X 

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

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

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

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

15-18 27-30 A_2 — 
: 11 

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

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

34.2 : 11.5 ; 27.4 

17.0 
17.0 
16.3 

: 20.7 
: 21.0 
: 20.6 >Z I 9 ~ 

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

: 24.7 • fi.S • 13 6 • 11 7 • 19 A 

3-6 
15-18 27-30 A_2 — 

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

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

34.2 : 11.5 ; 27.4 

17.0 
17.0 
16.3 

: 20.7 
: 21.0 
: 20.6 

3 - r , — 
15-18 : 11 
27-30 : 

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

t -
: -

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

3-6 
15-18 
27-30 

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

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

' ̂ 'l ' ??-^ 

21.6 
20.3 
24.3 

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

15-18 : 15 
21:22. ,« 

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

t - : -
: 36.0 
: 33.6 
: 35.5 

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

16.6 : 19.1 I 19.1 : 19.1 

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

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

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

21.5 
20.5 
24.0 

: 24.9 
: 25..; 
; 25.0 

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

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

48.9 ; 22.2 : 27.5 25.8 26.6 

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

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

10-22 . 
8 3 : 78 .6^ 

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

19.:̂  
20.6 

15-18 
27-30 

tSS-112 

t 2 

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

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

4.1 
: 4.6 

6.4 

: 9.5 
. 7.0 

6.7 

0-8 : 
8-20 ! 

20-30 : 
9 • 

7 : 63.1 
5 : 69.5 : 
3 : 53.8 

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

18.3 
16.4 
16.1 

" t r -
15-18 
27-30 

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

- : 
- : 

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

23.0 
10.8 

6.3 
K 7 

23.0 
10.8 

6.3 
A A 

O-" ; 
8-20 : 

11 4 : 73.1 ! 
5 : 74.9 : 

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

18.7 
16.9 

" t r -
15-18 
27-30 

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

- : 
- : 

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

23.0 
10.8 

6.3 
K 7 

23.0 
10.8 

6.3 
A A 

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

: 

6 : 87.1 : 
6 : 80.2 : 

11 : 82.5 ! 
- ! - : 

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

5-7 
18.5 
15.5 . 
12.7 . 

23.1 
18.5 
13.9 0-10 : 9 : 

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

3-6 . 
15-18 
27-30 . 

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

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

15.0 : 
11.0 : 
12.9 : 

17 .6 
16 .2 
16.2 

0-6 : : 
6-18 : U : 

18-30 : : 

ID : 78.5 : 
10 : 79.1 : 

7 : 81.1 : 

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

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

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

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

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

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

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

Sieve 
3 Inch 

TOTAL PER GMT PASSING 

IGO 
arading C 

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

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

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

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

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

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

watero 

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

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

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

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

UBOR 

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

SEQUENCE OF OP^TION 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

b e g u n . 

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

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

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

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

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

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

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

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

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

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

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

CONCLUSION 

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

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




