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INVESTIGATIOH OF CONCRETE PAVEMENT PUMPING 

Ho Lo B^ausero Dsnstruction Engineer 
Ohio Department of Highways 

Chillicotheo Ohio 

SYNOPSIS 

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

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

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

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

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

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

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

GMEBAL DESCRIPTION 

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

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

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

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

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

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

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

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

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

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

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

SLAB PUMPING OBSERVATIONS 

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

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

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

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

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

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

SLAB DEFLBCnGN OBSERVATIONS 

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

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

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

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

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

I 

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

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

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

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

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

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

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

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

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

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

An examination was made of the outfall end of a l l pipe undenlrains on this 
project, and t h ^ were a l l apparently doing the job for which they were intended after 
having been i n place from seven to twelve months. 
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FIGURE 3. AMES DIAL GUAGE IN POSITION TO MEASURE SUB DE
FLECTIONS. 

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

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

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

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

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

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

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

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

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

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

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

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

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

DISCUSSION ON BITOSTtfiATION OF COHCEBTE PAVEMENT PUMEIBG 

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

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

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

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

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

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

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

Jl - See Table 5» page 62 of thi s publicationo 




