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 INTRODUCTION

A Grade Inspectionof I 94 from Laporte Rd northerly to Puetz Rd was
conducted on October 18, 1977 to identify where the surface has deteriorated
to the extent that it must be rehabilitated. In a letter to C. J. Zajac from
G. T. Luther, dated October 25, 1977, sections recommended for rehabil-
itation were indicated and are shown in Figure 1. Bituminous recycling
was mentioned as a possible method to be included in the rehabilitation.
The heavy traffic loading (ADT of 22, 500 with 18 percent commercial) on
1 94 in contrast with the very light traffic loading of the bituminous section
of 1 75 is also mentioned, apparently indicating concern that the procedures
for crushing the bituminous concrete and using it as additional base thick-
ness may not work on I 94 where base rutting is much more likely. It was
also suggested that the eastbound and westbound lanes between Sta. 178+00
and 306+00 be constructed such that one is rehabilitated to include recycl-
ing of the bituminous concrete layer and the other is simply resurfaced.

As a result of Mr. Luther's letter K. A. Allemeier requested that the
Research Laboratory perform sufficient study of the sections of I 94 indi-
cated in Figure 1 to determine the cause of deterioration of these sections
and in particular the cause of rutting.

I 94 was inspected and samples collected on November 9 and 10, and
November 21 and 22. The types of failure occurring were identified by the
crack formations and surface distortion according to field survey proce~
dures developed by the Research Laboratory. Samples of bituminous con-
crete, base, subbase, and subgrade were collected for laboratory analysis.
Because our newly constructed Research facilityisnot yet fully operational,
not all of the planned testing could be completed in time to be included in
this report. The additional data will be summarized later as an addendum
to this report. The purpose of these additional data will be to verity con-
clusions as to the cause of bituminous distress and substantiate recom-
mendations for recycling the bituminous concrete.

Investigative Procedure

The entire section of I 94 flexible pavement was surveyed and three
basic forms of surface distress were found; alligator cracking, transverse
(thermal) cracking, and longitudinal cracking. The forms of distress show |
that the bituminous concrete and aggregate base layers-—and to a minor
extent the subgrade--are, in various combinations, responsible for this
distress. : :




Because of the heavy traffic volume, samples of cach pavement layer
were collected from only the outside, or traffic lane. Generally, samples
representing the right and left wheelpaths (RWP and LWP) and the center
of thelane were collected from sites which varied from no signs of distress
to those which were very distressed. The thicknesses of each layer were
determined inthe field to +1/8 in. Samples were carefully placed in heavy
duty plastic bags. In addition, each test site was cross-sectioned, the rut
depths determined, and each site photographed.

Soil samples were tested to determine the following soil properties:

Gradation

Specific gravity

Density (M. D.) using the one~-point chart
Permeability

Effective porosity

Particle index of combined + No. 4 material
In-situ water content

The bituminous concrete samples will be tested to determine the following
properties:

Layer thicknesses

Asphalt content

Penetration at 77 F

Viscosity in centistokes at 275 F
Percent voids in mineral aggregate
Percent air voids

Agpregate gradation for each layer

Photographs were taken of the bituminous concrete cores since differences
from site to site are sometimes visible.

ANATLYSIS OF THE CAUSES OF DISTRESS
USING FIELD SURVEY METHODS

Transverse Cracking

Transverse cracking, such as that shown in Figure 2, indicates that
the bituminous concrete is temperature-sensitive in these areas. This
form of cracking tends to develop equi-dimensional blocks since thermal




= = R o i R A e e e =t o B B S £oE i

Figure 2a. Typical exa.mpie of a crack susce bituminous concrefe and a
good performing base.
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vFig.ure 2b. Typical example of a crack suscep
poor performing base.

Figure 2. Crack susceptible bituminous concrete over good and poor performing ]
bases. '




stresses are equi-dimensional (Fig. 2). Thus, longitudinal cracks will
normally accompany advanced stages of transverse cracking. The trans-
verse cracks in themselves donot influence riding quality but they do per-
mit the entrance of surface water which can cause softening of the aggregate
base and localized failure around each thermal crack. Figure 2a indicates
the base in this area is performing very well while the area shown in Fig-
ure 2b indicates the base is softening, allowing traffic to develop alligator
cracking in the area around both transverse and longitudinal cracks.

Figure 3adepicts anunusual form of transverse cracking which occur-
red inseveral areas but was restricted to the traffic lane. The bituminous
concrete shows considerable ability to heal and cracking has generally not
progressed beyond the right wheelpath. The aggregate base has also shown
ability toresist softeninginthe presence of surface infiltrated water, hence
no alligator cracks have formed around the transverse cracks. However,
fines from the base are being pumped out onto the pavement surface so as
to form transverse depressions which create a very rough riding surface
for commercial vehicles. The pumped-out fines are normally quickly re-
moved bythe heavytraffic; however, as shown in Figure 3c, they are some-
times visible.

Longitudinal Cracking

Most of the pavement is subject to longitudinal cracking between the
inside lane, which was added two years after the other two lanes were con-
structed, and the center lane. Longitudinal cracking is also frequently
found between the center and traffic lanes. Figures 2, 3a, and 4 show
typical examples of longitudinal cracking.

Longitudinal cracking occurs for several reasons, the most common
of which is differential foundation movements which occur due to the diffi-
cult compaction problems associated with adding a. lane adjacent to pre-
viously constructed pavement. Such crackingcould be avoided only by con-
structing all three lanes at the same time so that the layers are homogene-
ous and uniformly compacted. In some areas (Figs. 2a, 3a, and 4) the
longitudinal cracks are not a significant problem because the base is not

softened by surface infiltrated water and so noother distress is associated

with it. In Figure 2b the surface infiltrating water has softened the base

causing formation of alligator cracking, a serious maintenance problem,

and a distorted pavement surface that can be a traffic hazard for vehicles
changing lanes.
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Figtire 5a. | Typical example of very crack susceptible bituminous concrete on a *
good aggregate base.

Figure 5b. T ypica.lexa.mple of a good aggregate base which ruts very little, in

spite of the heavily cracked surface. .

Figure 5. Typical example of distress in locations where the bituminous concrete
is crack susceptible and the aggregate base performs well. Poor bituminous
concrete performance is characterized by extensive cracking of the entire pave-
ment surface and only slight, if any, rutting.




Other causes of longitudinal cracking are related to foundation move-
ments in fill sections. In Figure 4a, the left side of the pavement is in a
fill section the right side a cut section. The longitudinal cracking to the
left of the paint stripe dividing center and traffic lanes is caused by settle-
ment of the fill area. The magnitude of settlement is shown in Figure 4b.
The base and bituminous concrete in this area are performing very well as
is indicated by an absence of alligator cracking. The longitudinal cracking
shownin Figure 4 isapparently caused by lateral movement and settlement
of the fill along the superelevated section. In this respect, the dune sands,
when not confined, do not provide good support. The result is severely
distressed shoulders and an obvious maintenance problem. A thick shoul-
der section should correct this situation.

Alligator Cracking

Various forms of alligator cracking are occurring along much of the
traffic lane. That which occurs on good performing base is illustrated in
Figure 5, while that which occurs on bad performing base is illustrated in
Figure 6. Generally, bituminous concrete pavements which are suscepti-
ble to transverse cracking are also susceptible to fatigue cracking, and
those which donot tend to develop transverse cracks also have greater re-
sistance to fatigue cracking. Ancother variable to consider is the effect of
asphalt content which as it increases, upto an optimum wvalue, reduces
crack potential of all forms. Therefore, it is possible to varybituminous
concrete quality from excellent, when bitumen content is high and it is not .
crack susceptible, to very poor, when bitumen content is low and it is high-
ly crack susceptible. '

Figure 5 is an example of a poorly performing bituminous concrete
since its penchant for cracking is indicated bynumerous transverse cracks
and increased cracking in the wheelpath area which is the result of com-
bined thermal and fatigue cracking. Good base support is indicated because
only slight rutting is occurring. The slight rutting that is occurring is pri-
marily a result of pumping of base fines through the cracks (¥ig. 5b).

Figure 6 illustrates a good performing bituminous concrete over a base
which tends to soften when wet. The cracking is generally confined to the
wheelpaths and rutting is more severe, as shown in Figure 6a, due toa
combination of lateral displacement of the base and some pumping of the
fines. An example of more severe base problems is shown in Figure 7
where rut depths range between 3/4 and 1-1/4 in. A large percentage of
the traffic lane is rutted in this manner. The poor performanceof the base
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ave
to penetrate the relatively impervious base.

Figure 7. Exa.mpie of the perfo_rmance of crack susceptible bituminOL;s concrete
on a poor performing base. The severe alligator cracking and rutting is attri-
buted to pumping of base fines and softening of wet base under freeze-thaw action.

-11 -




TABLE 1
SUMMARY OF PAVEMENT LAYER PERFORMANCE
CHARACTERISTICS SHOWN IN FIGURES 8 THROUGH 17

Layer Performance Characteristic
Figure | pituminous Concrete Aggregate Base Subgrade
Number
Good | Fair { Poor | Good | Fair | Poor | Good | Fair | Poor
8 X X X
9 X X X
10 X X X
11 X X X
12 X X X
13 X X X
14 X X X
15 X X X
16 X X X
17 X X X

-12 -



shown in Figure 7 occurs whenever the base is both impervious, perme-
ability is less than 0.5 ft/day, and it is over 90 percent water saturated
when gravity drained.

FIELD TEST RESULTS

Figures 8 through 17 summarize the results of the on-site investiga-
tions. The cross~sections indicate that the inside and center lane slope to
the median which means that surface water, in most cases, will tend to
migrate backunder the pavement. This condition could be corrected during
rehabilitation. Correction would, however, require the addition of consi-
derable quantities of aggregate base material,

The thickness of the base plus select subbase is L to 3 in. thinner than
the 12 in. design thickness, with the actual average thickness being a little
over 10 in. Pumping of fines from the base has reduced its thickness inthe
wheelpaths as illustrated by results obtained at Sta. 592+00 and 746+00
(Figs. 14 and 17). It was noted that the aggregate base was of higher den-
sity and more difficult to di g in those areas where the base was the primary
cause of distress. This is attributed to increased coarse aggregate inter-
lock that results as the fines are removed by pumping.

It was also noted that in uncracked areas, cutting bituminous samples
was much more difficult than it was for cracked areas. Figures 13a and
16a indicate that comparatively higher asphalt contents exist in uncracked
sections of pavement. Tentatively, the excellent performance of the un-
cracked pavement sections is attributed to higher bitumen content. Bitu-
minous test results are needed to confirm this conclusion. The thickness
of the bituminous concrete varies within a. range of 4-1/4 to 5 in. which
compares well with the 4-1/2 in. design thickness.

Field test findings are summarized in Table 1. These results show
that the bituminous concrete is most often giving substandard performance
because it is crack susceptible. Once the bituminous concrete cracks, the
base performance is usually only fair to poor. The subbase everywhere
appears to be performing well. The subgrade is moving in some locations
either due to settlement or shear movement, caused by traffic vibrations.
However, the subgrade should not cause problems in the rehabilitated pave- |
ment of sufficient magnitude to require correction.

-13 -
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Figure 8a.

RIGHT WHEEL PATH
STA. 228+00

General view of test area.
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I

ANQ rutting, but slight pumping of base fines.

RIGHT WHEEL PATH Core taken from RWP.
STA. 251+00

w.B. I-94

Figure 9a. General view of test area.
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TABLE 2
SUMMARY OF LABORATORY TEST RESULTS

. In-Flace | Maximum|Permenbility
Lane { Station Location Layer  Iafeisiure, | Density, | Density,

porcent | Wlew ft - Ib/eu ft

[tH K Drsined | Drained | Loss By
* — |} Moisture,] Pereent | Woshing,
pereent fSsturation | pereent

k
ft/day | Ng

Particle U,
Index {BDg 0’010

WL 251400 RWP ‘Base 3.6 146, 8 137.0 0.5 7 5.8 67.2 8.1 -— 63
WB  231+00 RWP Subbase 9.7 109.1 105.8 5.6 170 16.0 77.7 2.1 -— -
WB 251400 WP Subgrade 14.7 114.3 111.3 1 - - - 9.8 - -—-
EB 226400 RWP Dase 3.0 135.8 138.7 1.6 27 5.5 67.8 1.3 - 35
EB  225:00 RWP Subbase 3.8 i03.8 105.4 5.4 85 16.0 711 2.5 - -
EB 225400 HW P Subgrade 8.8 107.9 106.7 6.4 160 19.3 “B9.2 4.5 - —-—
EB 254400 RWP Base 5.0 142.3 138,90 I = -- - 7.7 6:4 35
‘EB 234400 RW P Subbase 3.6 107.8 104.5 14.7 210 17.4 81.2 1.7 - —-—
“En 25i+00 Cen. of lane Base 3.7 140.0 136.1 1 —— - -— 7.6 6.4 as
EDB  254+00 Cen. of lane Subbase 3.8 108.3 106.5 7.6 16.3 77.4 2.1 - _— :
EB 234100 LWP Base 4.4 140.3 137.3 1 — - -_— 5.3 6.4 a5
EB 251200 WP Subbase 4.7 108.4 105.2 1.8 20 16.2 74.4 3.9 - -
B 234400 Lwp Suhgade 15.3 116.3 — i —— -~ - 76.6 —-— —
EB  365+00 RWP Base 3.4 141.7 135.8 1.3 22 5.8 65.4 7.8 6.1 7 ‘
EB 365200 Byp Subbase 5.8 . 111,12 109.2 2.6 2t 14,2 - 69,0 5.0 — — :
EB  365+0D Cen. of lane Base 3.7 140.0 140,2 1 —-— - T— 8.0 8.1 95 :
EB 365400 Cen. of lane Subbase 0.7 110.1 107.9 I _— -~ -— 4.0 - —-—
ER 3630 LWP Base 3.2 143.5 140.3 i ——— - - 8.2 8.1 100
EB 3563400 LWVP Subbase 11.1 108.5 105.1 .0 67 17.2 6.3 3.3 - — ‘
ED 365400 LWP Subgrade 13.3 116.1 — 1 -— - —— 75.0 - — i
EB  574+00 RWP Base 3.6 137.5 139.6 1 —— - - 9.7 - 78 i
EB  5T1+00 RWP Subbase 2.0 108.5 104.8 33.0 AT 19.5 81.7 0.6 -— -— ‘
EB 57400 P Subgrarle 3.3 107.9 104.9 1%.5 18 16.2 75.6 1.3 -— —_— ‘
EB 392400 RWP Base 5.5 137.2 126.8 0.6 80 7.6 2.5 12,4 6.5 136 :
.ER  592+09 RWP Subbase 1.9 106. 8 107.8 47.3 1577 18.5 91.4 0.9 - —
ED  592+00 RWP Suhgrade 2.3 105, 3 102,7 50.1 50k 18.1 T4.6 0.2 -— — 1
. ED 592400 Cen. of fane  Base 1.7 150.2 1485.2 1.6 32 5.8 70,2 11.7 8.8 96 !
EB 582+00 Cen. of lane Subhase 1.9 107.0 104.2 46.8 524 17.0 5.7 0.3 —- - ;
EB 592400 P Base 5.8 139.9 141.9 1 - - - 8.9 8.8 60 ;
EB 59200 LWP Subbase 2.3 107.9 105.2 5G.%2 937 17.% 53.1 6.3 — —_— :
WB 59200 RWP  Base 4.9 13G.5 137.5 . I -—- - - 12.1 7.1 110 i
WE  592:00 VP Subbase 3.3 107.9 105.0 27.7 396 1.4 81.2 1.8 -— _— 'l
WB 592400 Cen. of lanc Base 4.7 133.8 124.4 2.2 55 8.1 82.9 11.6 7.1 126
WD 597409 Cen. of lane  Subbuzse 2.4 1.06.7 14,0 31.8 454 138.7 82.2 0.6 - -— !
SWB 502400 LWP Dase 3.8 136.8 136.2 1.0 20 6.3 73.3 9.4 1.1 100 !
wWp 592400 Lwp Subbase 2.5 106.4 104,17 35.7 1190 13,7 01.9 1.5 - — :
EB  %12+00 RWP Base 4.9 138.0 137.2 1 e - - 11.4 9.2 128 !
EB 712400 RWP Subbase 2.5 106.8 104.3 34.2 634 19.3 87.1 0.8 - -—
EB 712200 Cen. of lane Base 4.3 139.4 137.0 1.1 a7 6.9 £4.3 10.3 9.2 99
EB 712300 Cen. of lanc Subbase 2.3 107.9 106.2 29.0  4a7 16.3 79.2 1.4 - _—
EB  7l2+0¢ LWP Base 4.4 140.1 137.6 T — - - 10.5 0.2 127
EB 712400 LWP subbasc 2.2 108.2 104.4  38.7 553 18.1 8.7 0.7 - -— :
EB 720400 RWP Base 5.6 138.5 135.5 1 ren - - 12.2 10.6 146
EB 720400 RWP Subbase 2.2 107.8  104.5 39.9 570 17.4 81.2 0.9 _— — ;
EDR 720400 Cen. of lane Base 4.6 129.9 i36.2 X . - - 11.7 - 10.6 126 i
ED 720400 Cen. of lane Subbase 1.3 107.3 103,90 40,8 408 16.6 73.0 0.9 - ——
EB 720:00 LWP Baso 3.9 137.8 110.6 1 -— - - 11.9 10.6 151
EB 720400 IWP Suhbnrse 1.2 107.3 105.7 . 3G.2 453 17.4 9.5 0.7 - —
EB  546+00 WP Dase 4.5 139.4 135, 6 0.7 12 6.5 70.5 10.7 2.0 85 :
EB 746400 WP Subbaze 2.1 108.4 105.4 20.3 266 16.0 71.2 1.0 - — !
ER T46t00 Cen. of lane Base 1.8 137.9 1358.4 } —— —_— —-— 10.8 9.0 . 85
ED  746:00 Cen, of lane Subbise 2.0 107.7 104.2 a7.4 228 15.3 £9.1 1.7 - ———
EB TG00 LWP Dase 3.9 140.7 1290.5 0.7 a5 6.5 85.2 8.5 2.0 60
EB 746400 LwP Kubbase 2.5 107.6 103.1 27.7 231 16.0 69.9 0.6 - -—

011 indieates permeability Is less than 0.3 ft/day.
ML /Ne preater tham 35 indicales generally good drainabllity and poor drainability 1 less than 35,




LABORATORY TEST RESULTS

Laboratory analysis of base, subbase, and subgrade samples collected
from1I 94 test sites are summarizedin Table 2, and gradations summarized
in Pigures 18 to 25. In general, these data show that the base is very
densely graded and impervious, the subbase is clean.well-drained sand,
and the subgrade is typically cleanwell-drained sand. Three test sites had
loamy silt subgrades which had no detrimental influence on the pavements!'
performance.

All bases tested have a loss-by-washing content in excess of 7 percent
and many are in the 11 to 12 percent range. TIigures 18 to 25 show that
they also have very dense gradations. These two characteristics combine
to give a base which is generally extremely stable when less than 90 per-
cent water saturated. However, when over 90 percent water saturated, and
subject to freeze-thaw action, volume change and softening (loss of strength)
occurs. The volume change is responsible for some of the wheelpath rut-
ting, while softening is responsible for the alligator cracking.

In areas where the bituminous concrete is not crack susceptible, such
as at Sta. 720+00 (EB) the high fines content of the base gravel has not de-
trimentally influenced pavement performance; i.e., the pavement is not
Tutted or cracked. In adjacent areas with the same base material, Sta.
712+00 and 746+00, the crack susceptible bituminous concrete has cracked,
admitted water to the base, and has initiated rutting and softening with its
associated alligator cracking of the bituminous concrete.

In other areas such as Sta. 251-+00 (WB) and 228+00 (EB) the base is
performing well while the bituminous concrete is not. Although base fines
contents in these areas are relatively lower than for the other bases, they
are still high and could detrimentally influence future performance where
heavier traffic loads must be carried.

Some of the base is exhibiting severe degradation characteristics. In
reviewing gradations for Sta. 592-+00 (EB and WB) and to a lesser extent
Sta., 746+00 (EB) it will be noted that the left wheelpath base samples are
finer than are the right wheelpath samples. This has caused an increased
rutting of the left wheelpath compared to the right (Figs. 13, 14, and 17).

The left wheelpath does receive a greater total number of load repetitions

than does the right because of the lane changes made by the heavy truck

traffic. Normally, the right wheelpath ruts more because of the lower

lateral support hence lower stability in the right wheelpath. The tendency
to degrade could be alleviated by bituminous stabilization.

- 35 -
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It was not possible to compact the laboratory permeability samples to
as higha. density as exists in the field. Therefore, reported permeabilities
are higher and drained percent saturation lower than that which exists in
the field. This means the base gravel actually has greater water holding
capacity than the data indicate. In addition, the base gradations, although
densely graded, have in most cases excess fines. The combination of high
moisture retention and excess fines is responsible for the bases' pumping
characteristics.

The particle index data show that most of the coarse aggregate is mod-
erately angular. This should help achieve good base stability, and there
i8 no question but that the base should be upgraded sothat if the bituminous
concrete surface should crack, the base will not accelerate deterioration.

-This could be done by stripping off the bituminous concrete and stabilizing
the base in-place with the addition of either asphalt cement or slow cure SC
asphalts. Because the hase is so densely graded, its void volume is close
to the volume of asphalt cement normally added (3 to 6 percent by weight).
This condition can cause the base to be susceptible to rutting if the mixture
is inadequately compacted. Compaction is aided if SC asphalts are used;
therefore, it is recommended that the base be stabilized with an SC asphalt
using procedures such as those used to build oil aggregate pavements (1940
Standard Specification 4.0T7).

The test results indicate that the subbase, with only one or two excep-
tions, is super drainable and doing an outstanding job of keeping water away

from the base. It isvery likely that the base performance would not be so

good had the subbase materials not been so drainable. No corrective mea~
sures appearto be necessary for either subbase or subgrade layexrs. How-
ever, subbase drainability in Control Section IR 11014 should be checked
during construction. If inadequately drained areas are found, subbase
drains could be added at that time.

DISCUSSION

Field and laboratory investigations of sections of I 94 selected for re-
habilitation indicate that the pavement has performed reasonably well, but
it is underdesigned for a 20 year life C_ycle. The pavement is roughly 14
years old, and presently carries over 650, 000 equivalent 18-kip axle loads
annually. The observed distress indicates no major pavement deficiencies
exist. The most common cause of distress is related to the crack suscep-

tibility of the bituminous concrete. Indications are that the crack suscep-.

tibility is the result of low asphalt content or temperature sensitive asphalt,
or both. Where asphalt content ig high, the pavement is smooth, uncracked,
and only slightly rutted.

-44 -
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Where the bituminous concrete has cracked, the aggregate base has
generally not performed well. Had the base not been susceptible to pump-
ing and softening when wet, the pavement would have a better riding quality
than it now has, the reason being that pavement roughness is more closely
related to base, than to bituminous concrete performance. On the other
hand, had the bituminous concrete been less crack susceptible, the crack-
free surface would have significantly increased the pavement's life.

Bituminous concrete mixes cannot be designed so that they will not
crack. However, the number of load repetitions required to cause crack-
ing can be greatly increased by increasing bitumen content to an optimum
level, using bitumens that are more crack resistant, and by reducing ten-
sile stresses in the bitumen. The aggregate base can be made such that it
will not pump or soften by eliminating the fines content (minus 30 material)
and by bituminous stabilization.

/

The method of rehabilitation selected for I 94 will depend on how many
years its second life cycle is to last. Present technology is such that a life
cycle as long as 20 years is possible, but this would require removing the
existing bituminous concrete surface; bituminous stabilization of the base;
recycling the existing bituminous concrete, i.e., putfing it through a hot
mix plant, adding bitumen and latex or appropriate viscosity improvers to
reduce crack susceptibility; and, resurfacing with a 3 to 4-in. mat for a
total bituminous concrete thickness of about 8§ in. The resurfacingof exist-
ing 1 94 witha 3 to 4~in. maf should last between 5 and 10 years before re-
flective cracking, pumping, and softening of the base make the riding qual-~

ity poor enough to again require rehabilitation. However, the addition of '

3 to 4-in. of asphalt for a 5 to 10 year life cycle builds up the pavement
thickness at two to four times the rate of rehabilitation for a. 20 year or
more life cycle. Another disadvantage of short life cycles is that the pave-
ment is in poor riding condition for a longer period of time. Assuming all
pavements are resurfacedwithin a year after their serviceability has fallen
below acceptable limits a 5-year life cycle pavement will be performing
poorly for a duration four times that of a pavement whose life cycle is 20
years.

The only apparent advantage to resurfacing I 94 would be lower initial
cost. However, resurfacing will clearly compound future rehabilitation
problems, have a poorer average serviceability, and a higher total cost.

SUMMARY AND CONCIL.USIONS

1 94 was inspected, samples were takenand a determination was made
ag to the causes of existing distress. No gross layer deficiencies exist;
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‘however, the bituminous concrete is crack susceptible over most of the
area to be rehabilitated and the base layer generally does not perform well
once the pavement surface cracks. Inuncracked sections, the base usually
performs well; however, some areas were found to have bases that were
degrading and could cause future problems.

Most of the existing pavement surface has been distorted and is in need
of correction in order to achieve proper surface drainage and supereleva-
tion. Correction would require adding additional materials to the base.

Resurfacing is not recommended because the base and bituminous con-
crete properties are such that a 3 to 4-in. cap would give satisfactory ser-
vice for between 5 and 10 years, at which time rehabilitation would be a
more difficult problem. The crack susceptible characteristics of the bitu-
minous concrete can be corrected through hot mix plant recycling by in-
creasing its asphalt content slightly or adding viscosity improvers or latex
or both. The recycled bituminous concrete, with its crack susceptibility
corrected, should increase the life of the pavement over that obhtained for
its first life cycle. However, the traffic loading is increasing at a rapid
rate so that the deteriorating effects of the traffic will be greater than in
the past. It is therefore recommended that the total bituminous concrete
thickness be increased by about 3 in. or to a total thickness of 8 in.

The aggregate base soffens when wet and is subject to freeze-thaw ac-
tions, and pumps fines when saturated with surface infiltrated water. This -
has caused most of the rutting noted in the pavement surface. However,
the subbase in most areas is super drainable and this helps enhance base
performance. In addition, the base is degrading in some areas and this
can, in time, seriously reduce its performance. Since in some areas the
base will soften and pump should the pavement surface crack, and since it
is degrading, some corrective measures are necessary to ensure that it
will not significantly reduce the rehabilitated pavement life. In this res-
pect, it is recommended that the bituminous concrete layer be removed for
hot mix plant recycling so that the base can be bituminous-stabilized to a
depth of at least 4 in. with SC asphalts using a construction technique simi-
lar to those used to construct oil aggregate pavements (1940 Standard Spec~
fication 4. 07).

About two years after the flexible pavement portion of I 94 was con-
structed, a third lane was added. Because of the construction difficulties
associated with adding a lane to an existing pavement, longitudinal crack-
ing occurs at the construction joint for the entire length of this portion of
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I 94. In areas wherethe base performance is poor, the longitudinal crack-
ing is a safety hazard. To avoid construction joint cracking of the rehabil-
itated pavement, all three lanes should be reconstructed at the same time.
This would enable the contractor to correct the surface grade, construct a
pavement that will not have a built-in point of weakness and distress, and
at the same time he safer for the contractor during construction., Tt will
also be safer for the public since the pavement can be reconstructed to have
proper surface drainage and superelevation, hence improving skid proper-
ties and vehicle control. Also, the surface distortion (a traffic hazard)
that would occur by constructing the passing and center lanes separate
from the traffic lane would he eliminated.
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