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DESIGN RECOMMENDATION FOR
CONTINUOUS REINFORCED PAVEMENTS IN MICHIGAN

At their January 6, 1971 meeting, the Pavement Selection Committee
requested the Testing and Research Division to make a study and prepare
recommendations concerning continuously reinforced pavement thickness,
and percentage of reinforcing steel for general use throughout the state.
We have reviewed Research Report No. R-609, "Procedure for Design of
Continuously Reinforced Concrete Pavements' (October 1966) and made
gome comparisons of this procedure with the American Concrete Institute
Committee 325, '"Recommended Design Procedure for Continuously Rein-
forced Concrete Pavement for Highways'' soon to be published by the ACL
Results from application of the two methods are discussed and recom-
mendations for construction of continuously reinforced pavements in Mich-
igan are presented. ‘

Both methods presented are based on determining the traffic to which
the pavement will be subjected, in terms of equivalent 18 kip single-axle
loads. This requires estimates of future total traffic flow, percent com-
mercial traffic, and commercial axle load distribution data, so that the
traffic flow can be converted toa certainnumber of equivalent 18 kip single-
axle loads. The concept of 18 kip equivalent axle loads was proven by data
collected at the AASHO Road Test.

In Table 1, 10 typical locations throughout the state were selected to
determine what the resulting pavement thickness should be, using the two
design methods. The traffic volume data were obtained from the Research
Laboratory's Highway Planning and Research Project, 'Statewide Deter-
mination of Highway Loadings and Conversion to 18 Kip Single-Axle Load
Equivalents. " In obtaining the percent commercial in the traffic (right)
lane for a four-lane divided highway, Figure 2 of Research Report No.
R-609 was used. The number of 18 kip single-axle load equivalents for
1967 was projected to 1985 onthe basis of a 5-percent increase each year.
The 1985 traffic was used to determine the number of repetitions of 18 kip
single-axle load equivalents which might be expected in a 25 year life of
the continuously reinforced pavement. Finally, the thickness requirement
for the 10 locations is shown on the basis of the ACI Committee 325 Recom-
mended Design Procedure and Research Report No. R-609.



Figure 1 is taken from the ACI Committee 325 report and shows the
nomograph used to determine pavement thickness. For Michigan the sug-
gested parameters for use with the chart are as follows:

k = Subgrade Modulus of Support = 200 psi/inch
MR = Modulus of Rupture = 650 psi
Ec = Modulus of Elasticity of Concrete = 3,500,000 psi

The value of the Westergaard Subgrade Modulus 'k’ used by the Mich-
igan Department of State Highways is taken from the chart on page 121 of
the Field Manual of Soil Engineering. The chart is based on work done by
now retired O. L. Stokstad inrelation to airport work during World War IL
The Department normally uses a 'k' value of 200 for 12-in. subbase. This
value is almost identical to that given in Table 1, p. 4 of the current PCA
Thickness Design for Concrete Pavements. The PCA chart lists a 'k' value
of 190 for a 12-in. subbase. The PCA values are based on extensive plate
load tests conducted by them.

The modulus of Rupture of 650 psi is the minimum value for 28-day
flexural strength as shown in Table 7.01-1, p. 534, 1970 MDSH Standard
Specifications for Highway Construction. The Modulus of Elasticity of
3,500,000 psi is about the most realistic value which can be selected for
concrete with a minimum compressive strength of 3,500 psi at 28 days.

To illustrate the method of determining the thickness by ResearchRe-
port No. R-609, Figure 3 of that reportis reproduced here as Figure 2. It
is based on the daily equivalent 18 kip single-axle repetitions inone lane and
the service life to be expected, while the ACI method is based onthe para-
meters given above plus the total number of equivalent 18 kip single-axle
applications expected during the life of the pavement. As shownin Table 1,
traffic volumes dictate a thickness of 6.3 to 10.0 in. by ACI Committee 325
method and 6.5 to 9.8 in. by the method of Research Report No. R-609.
However, the Department feels that it is more feasible from overall eco-
nomic considerations rather thaninitial costonly, to use a minimum thick-
ness of. 8 in. for continuously reinforced pavement. The reduced main-
tenance resulting from this thickness and the added service life would more
than offset the slight saving resulting from a pavement thickness decrease .
of 1 in. to a 7 in. thickness in lower traffic areas.

Michigan's oldest continuously reinforced pavement is now 12-1/2
years old. It was constructed 8 in. thick with 0.6 percent steel. On the
basis of 1967 traffic data we would expect this pavement to last approxi-
mately 25 years in accordance with Research Report No. R-609. By ACI



Committee 325 recommendations we would expect it would take 6 million
18-kip single-axle load equivalents, or a life of approximately 30 years.
However, assuming a 5-percent traffic volume increase eachyear and based
on projected 1972 traffic volumes this would reduce to 20 and 24 years by
the two design methods.

Pavement Thickness Recommendation:

Nine inch thickness for pavements where the traffic lane is subjected
to 9 million or more 18 kip single-axle load equivalents in a 25 year ser-
vice period.

Eightinch thickness for pavements where the traffic lane is subjected
to less than 9 million 18-kip single-axle load equivalents in a 25 year
period.

Percentage of Steel:

ACI Committee 325, '"Recommended Design Procedure for Contin-
uously Reinforced Concrete Pavements, ' gives five formulas to calculate
the. proper percentage of reinforcing steel with the specification that the
largest amount resulting from these five formulas should beused. The fol-
lowing formula based on the minimum amount of steel to control restrained
volume changes due to temperature results in the greatest steel require-
ment.

f’t 365
Py 7 £, - nfy 100 = | 0500 - 8.5 @65y | X 1%
= 0.642
128 642%
where,
Py = gpecified percentage of longitudinal steel
f’t = tensile strength of concrete in psi= 365 psi based on min-

imum Modulus of Rupture of 650 psi and average value of
f't/MR = 0,564 from Table 6, p. 77 of '"Relations Between Var-
ious Strengths of Concrete'" by Sandor Popovics, Highway Re-
search Board Record No. 210. -




fy = yield strength of steel in psi = 60,000 min.
E Elastic modulus of steel 30 x 10°

n =— = & = 8.6say 8.5
Ec Elastic modulus of concrete 3.5 x 10° ' '

Research Report No. R-609, p. 7, bases the steel percentage deter-
mination on an approximation of the above formula, using an allowable steel
stress of about 45,000 psi which limits the crack opening to about 0. 025 in.
for No. 5 bars, and a minimum concrete tensile strength of .08 f't or 320

20 ~

. . . 3 o
psi. This results in a steel rate of 15, 000 x 100 0.7%.

‘Currently we have CRCPwith both 0.6and 0.7 percent steel in Mich-
igan. However, the smaller steel percentage allows wider crack openings,
resulting in greater possibility of steel corrosion due to salt infiltration.
Therefore we believe that the use of the higher steel percentage is war-
ranted in areas of heavy salt usage.

Recommendation for Steel Reinforcement

In areas of the state where heavy applications of maintenance chem-
icals are used we recommend 0.7 percent steel for both 8 in. and 9 in. con-
tinuously reinforced pavements.

In areas of the state where lesser applications of maintenance chem-

jcals are used we recommend 0. 6 percent steel for both 8 in. and 9 in. con-
tinuously reinforced pavements.
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