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Introduction

The six bridges at two railroad crossings and the Newburg Rd grade
separation, located as shown in Figure 1, have pavement approach slabs
that are heaving as much as 2 in. or more above the bridge decks. As a

- result of this surface level differential, the pavement edge was chipped
down to the level of the bridge deck to form a transition section as shown in
Figure 2. In spite of this corrective measure, traffic still hounced and
pitched when going on and off the bridge deck. When a thawing condition
exists, the pavement settles so that its edge is lower than the bridge deck
(Fig. 3). '

SITE NO. 4
; ¥

»
SITE NO. 6~ 3

—t—=,

)

SITE NO. |

NEWBERG RD.

Figure 1. Location of the test sites.

This study was conducted to identify the pavement layer or layers re-
sponsible forthe frost heave, determine whythe heave occurs, and recom-
mend remedial measures that may be used to attenuate frost heave of the
pavement.

Test Procedures

Test Sites 1, 2, 3, and 4 were selected for foundation study including
the installation of frost-depth indicators. At each of these sites, a 6-in.



Figure 2. Typical pavement transition formed by chipping down the _
pavement. Note the presence of surface water, trapped by heave of :
the pavement slab and shoulders. .

: P : s e T Vil | j
Figure 3. Settlement of the pavement slab after thawing creates a L |

"reverse' bump at the abutment during summer.

'



pavement core was taken in the outside lane for access to the pavement
foundation. At Site 3 the median lane was also cored so that base thickness
could be determined. Each base sample was tested to determine its per-
meability, frost susceptibility, and gradation. Undisturbed 3-in. diameter
Shelby tube samples of the subbase and granular backfill were taken to a
depth of about 5-1/2 ft fromthe pavement surface. Disturbed subbase sam-
ples were collected for gradation analysis and frost susceptibility testing.
Shelby tube samples were tested to determine in-sifu water content, per-
cent saturation, permeability, and effective porosity. '

Frost heave measurements were made by taking level readings at the
bridge deckadjacent to the pavement slaband at every pavementtransverse
joint, transverse crack, station marker, and terminal beam joint for a
distance of roughly 150 £, Bridge deck elevations are used for reference,
and weretaken in March and May. Additional elevations will betaken again
in the fall of 1979.

It was planned that the frost-depth indicators would be used to monitor
frost depth which could then be correlated with frost heave measurements.
However, frost depth on February 27 was only about 12 in. below the bot-
tom of the pavement.

Test Results

Figure 4 summarizes the laboratorytest results. Frost susceptibility
tests were conducted in accordance with procedures outlined in Ref. (1),
and permeability-effective porosity tests were conducted inaccordance with
_procedures outlined in Ref. (2). Other tests were performed in accordance '
with standard Department procedures.

Figure 5 summarizes the frost heave data by pictorially showing the
. difference between March and May pavement elevations. These figures in-
dicate the degree towhich the pavement has settled between March and May.
They also indicate the differential elevation of the bridge deckand pavement
glab at the end transverse joint. At the bridge abutment, the pavement
elevation was always taken at the unchipped edge of the transition section.
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CONCRETE Percent Passing
T Sieve
- Base Subbase
7 i-in, 100.0 106.0
0 7 3/4-in. 98.2 99.3 -
BASE 1/2-in. 83.3 98,2
i K = IMPERMEABLE 3/8nin. 69.5 98.9 .
- .4 48. 98. 5
SUBBASE No 8.1 8-
- No. 8 32.3 98.0
20— ~——==—TOP OF FIRST TUBE No. 16 22.5 97.6
1 No. 80 16.8 95.2
) Einiuiita 6.0 % H0 No. 50 13.2 75.2
T h - | Ne. 100 10.1 23.2
30 s SAT. = 89.5 No. 200 7.5 9.8
r K= 3.2 FT/DAY
Z -1 k/ne = 89
-~ jy (SR _J Frost Susceptibility
T —— 8.2 % Hp0
[ i ) Base =1.4 mm/day = Low
& - Subbase = 0.5 mm/day ~ Very Low
a Yo SAT. = 74,0
40— - k= 3.8 FT/DAY
E k/ne = 4}
i T TR :
________ | N~—BOTTOM OF FIRST TUBE
T - 7.0 ®/o ﬁzo
B - ————- —
] % SAT. = 96.3
7 - k=88 FT/DAY
- K/ne = 533
60 4T~~~ —J‘-‘—5.3 Yo HZO
i - k = IMPERMEABLE
70 —
1T T -— 7.5 %6 HpO g
T T T T T T ~—_BoTTOM OF SECOND
TUBE

Figure 4 (Cont.). Summary of
test data for Site 4, south side
of north railroad bridge.-
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Analysis of Results

The thickness of the slag base varies considerably as does the heave
measured at each site. Figure 6 is a plot of the frost susceptibility of the
slag vs. the measured heave at bridge Sites 1 through 4. As can be seen,
there is no correlation. At Site 3 (Fig. 7) the traffic lane is heaved more
than the median lane. Consequently, the thickness of the base in the inside
lane was also determined. The base was found to be 9 in. thick in the in-
side lane compared to 20-1/2 in. in the outside lane. Figure 8 compares
frost heave with base thickness at each site, no correlation exists, how-
ever.

Only at Site 3 did the slag base sample have a frost susceptibility in
the range normally obtained with dense graded slag (3, 4). No explanation
could be found for the low frost susceptibility test results. Greatest heave
was noted where the greatest quantity of surface water was present (Fig.
2). The frost heave could occur predominantly as a result of freeze-thaw
action inwhich additional water is absorbed by the slag on each thaw cycle.
Refreezing causes additional heave. Such conditions can cause ‘heave to
exceed 10 percent of the layer's thickness.

The slag base was found, also, to be impervious. As Figure 9 shows,
the slag's gradation follows the densest gradation line, ensuring the mate-
rial to be essentially impervious. Since the slag base is essentially im-
pexrvious, the addition of supplemental drainage would not remove water
from it. However, supplementary drains, if specially designed, may help
limit the quantity of surface water saturating the slag base as it thaws.
Such drains would be experimental innature because it is not known to what
degree they may be able to attenuate frost heave.

The subbasewas found to be either of very low ornegligible frost sus-
ceptibility. This indicates little or no frost action should come from the
subbase layer unless it should freeze when over 90 percent water saturated.
The permeability data indicate the subbase and granular fill both have gen-
erally fair permeability and they tend to have a good volume of gravity
drainable water. Only at sample Site 4 does the sand tend to have a high
water holding capacity. In addition to the fact that the subbase would be
considered fair material, the in-situ moisture contents also indicate that
the sand was relatively dry at the time when the pavement was subject to
the most frost heave. Gradation of the subbase samples indicates it to be
a medium fine sand. Such sandsnormally have a fair permeability and can
have low water holding capacity under high moisture tensions. On the basis
of these results, it is concluded that the sand subbase and granular fill ma-
terial are adequately drained so that they should contribute little, if any,
to the frost heave noted at the bridge abutment.
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Analysis of the differential pavement heave, Figure 5, indicates that
the CRC terminal beam joints frost heave less thanthe rest of the pavement
because of the presence of the sleeper slab (Fig. 10). That is, the sleeper
slab in which the terminal beam is anchored heaves, but to a lesser extent
than the adjacent pavement slabs. As can be seen from Figure 11, which
is the plan drawing from which these joints were constructed, no indication
is made as to what material the sleeper slab is to rest on, i.e., base or
subbase material. Also, no indication is made asto what minimum subbase
thickness is to be used under the sleeper slab. Since the materials used
under and around the sleeper slab are not known, the material causing the
sleeper slab heave cannot be identified. However, it is concluded that the
heave noted at each terminal beam is the result of the difference in thick-
ness of frost susceptible granular foundation materials and that the granu-
lar material underthe sleeper slab is also subject to frost heave. Because
the slag base is not gravity drainable, supplemental drainage about the
terminal beam area should have little value in attenuating the differential
frost heave.

Figure 10. As indicated by the shoulder line in the background, the
terminal beam, which is embedded in a sleeper slab, heaves less
than the adjacent pavement.

-12 -
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Conclusion

On the basis of the field and laboratory study conducted at four bridge
sites and the monitoring of frost heave at six bridges, conclusions are as
follows:

1) The differential frost heavenoted at the bridge abutments of the six
bridges shown in Figure 1 is caused, predominantly, by frost action in the
slag base material.

2) The subbase layer may be contributing to frost heave of the pave-
ment but such frost heave should be negligible.

3) The use of supplemental subbase drains at the pavement-shoulder
construction joint would not be effective in significantly attenuating frost
heave of the pavement. :

4) No damaging frost heave would have occurred if the pavement sur-
. face was constructed to provide more positive surface drainage; if the base
thickness was limited to its specified 4-in. thickness; if 10 in. of subbase
sand were placed under the sleeper slab; and, if a non-frost-susceptible
base material were used.

5) The CRC terminal beam joint design is poor since it does not at-

tempt to eliminate the possibility of differential frost heave nor does it pro-
vide for adequate drainage under the sleeper slab.

Recommendations

The only positive means of preventing the pavement from heaving at
the bridge abutment is to remove the slag base and replace it with a free-
draining material such as 6A or 9A gravel. Of the six bridges identified,
in Figure 1, frost heave correction is recommended at each end of each
bridge with the exception of the south end of bridge No. 1 and the north end
of bridge No. 5 which do not frost heave significantly., The recommended
corrective action is shown in Figure 12.

-14 -
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