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page 17, column 2, reference 4 

Traniportation Researeh Record 797 
page ii, price should be $7.20 

Change "1976" to "1966" 
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page 36, column 2, line 20 
Change "$6000" to "$660 000" 

Transportation RHeareh Record 790 -

page 74, column 1, Equation 1 
Change to "Y = + b1X1 + b2X2 + b 3Xf + b4 Xj 
+ bsX1X2" 

page 75, column 1, Table 1 
Change "Variable" column to 
"Variable 

Xo 
X1 
X2 
xf 
R2" 

Transportation Research Record 792 

page 2, column 2 
Insert the following before the last paragraph : 

"The speakers present papers that indicate how they 
have taken steps to reduce such adversary relationships 
in contractual work, and provide varioua evaluations of 
the resulting work. The various papers are placed in 
proper perspective to provide an overall introductory 
picture of the subjects to follow this introducdon. 
Three teams of three authors each present viewpoints 
on three projects, and two authors add their thinking to 
the seminar." 

"This seminar examines three other projects, each of 
which is addressed by three speakers with three differ· 
ent points of view, namely the owner's, the cont111Ctor•s. 
and the engineer's or the Federll llghway Administra· 
tion•s representatiw. The projects are 

1. West Virginia Department of Highways Quality 
Assurance Program; 

2. Eisenhower Memorial Tunnel, Second Bore, in 
Colorado under Loveland Paa; and 

3. Pittsburgh's South Busway. 

"In addition we have 

1 . A paper by two researchers from Virgin.la. 
2. Some thoughts by a service engineer of a large 

corporation who is constantly out in the field 
looking at all these problems and thus is in a posi· 
tion to observe what is going on." 

Traniportation Researeh Record 816 

page 34, Table 6, line 9, column "Realistic Saving" 
Footnote b-Change to "O to 3.8" 
Change" Annual· liters of fuel saved ... " to "lOOO's of 
liters of fuel saved annually •. .'' 

page 29, column 1, line 21 
Change "millileters" to "milliliters" 

Transportation Research Record 834 
. page ii 

Change subject areas to 13, 15, 25 
Change mode to 01 only 

Preprint Volume for the National Seminar on Port­
land Cement Concrete Pavement Recycling and 
Rehabilitation • 

page 94, column 2; last line 
Change "a 0.241-cm (3/4-in.)" to "0.241-cm (0.095-in.) 
diamond sawblades at 1.9 cm (3/4 in.)" 

page 96, column 2. paragraph 2, line 3 
Change "(3/15-in.)" to "(3/1&in.)" 

page 98, Figure 33, line 3 
Change "apepar" to "appear" 

page 98, column 2, line 5 below Figure 35 
Change "(51,000 sq. yds.)" to "(57,000 sq, yds.)" 

NCH RP Report 238 

title page, author's name 
Change "Shebr" to "Shelar" 

NCH RP Synthesis of HighMAJy Practice 66 
page 5, caption for Figure 3 

Change to " .•. as a type II ... " 

NCH RP Synthesis of HighMAJy Practice 69 
Foreword, page iv 

Delete paragraph 3 

page 13, Table 2. item 2.6 
Change formula to Tt • l;Pi(tj +v'hl 

page 41, column 2 
Change formula to Tt = l;Pi(t1 +v'hl 

page 45, Table 15, title 
Change to "GUIDELINES FOR SERVICE CHANGES: 
(Port Authority of Allegheny County)" 

page 86, box under Toronto, item 2-6 
Change forml!la to Tt = l;Pi(t1 +v'hl 



NCH RP Synthnis of Hi;iwey Practi~ 76 

page 2, line 5 
Change "$50" to "$25" 

page 7, column ~ 
Change "i • 1" to "I • 1" 
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page 13, Table 9, under Pennsylvania 
Change "10%" to "100%" 

page 16, column 1, line 18 
Change "$50" to "$25" 

page 23, column 1, line 29 
Change "$50" to "$25" 
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using platinized niobium anode wire without 
installing a conductive layer on the surface of the 
structure. The experiment with the model deck will 
be continued to optimize design criteria for the 
anode spacing and current densities required to 
protect reinforcing steel in chloride-contaminated 
concrete. 

A cathodic protection system operating in the 
presence of chloride i o ns performs two beneficial 
functions: 

1. It prevents the corrosion of the reinforcing 
steel by maintaining a surplus of electrons on the 
steel surface, thus preventing the migration of the 
iron ions into solution. 

2. The chloride ion is attracted to the anode, 
and this reduces the chloride co ncentration in the 
vicinity of the reinforcing steel (cathode) (see 
Figure 7), thus increasing the pH of the cathode. 

The cost of protecting a reinforced-concrete 
structure by

2 
using a conducti ve paving layer is 

about $30/ m , whereas p latinized niobium wire 
anode~ installed in saw slots would cost about 
$12/m It is anticipated that this cost will 
decrease further as de s ign parameters are refined 
and installation methods perfecteq. 

This new concept of 
2
cathodic protection was 

applied to a new 803-m deck in the fall of 
1979. In that application, 600 rn of 0. 8-mm 
platinized nobium anode wire was installed in 
10xl3-rnrn saw slots cut in the deck at l.:.m 
intervals. The wire anode was grouted in the slot 
and cathodic protection applied. After 
appr~ximately 350 h at a current density of 18.5 
mA/m , a potential of -770 mV to Cu/Cuso4 was 
achieved midway betwee n the anodes, and the 

17 

potential-controlled rectifier output was 
autorratically reduced to approximately 9.0 
mA/m , the current required to maintain -770 mV 
after polarization was achieved. During January 
1980, the circuit resistance varied between 0.9 and 
1.2 n between the unfrozen and the frozen 
condition. 

The deck has been given numerous applications of 
deicing salt and has undergone many freeze-thaw 
cycles without loss of protection or damage to the 
anode grout material. 

The system is a viable method of cathodically 
protecting reinforcing steel in concrete in both the 
vertical and horizontal position without conductive 
overlays. It lends itself to the protection of 
lightweight decks, parking garages, and support 
structures for bridges and docks. 
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Cathodic Protection for Continuously Reinforced Concrete 
Pavement in Minnesota 

R. G. TRACY 

The corrosion of steel in concrete can be suppressed by the use of cathodic 
protection, which involves applying a low-voltage direct current to the steel 
from a remote anode so that corrosion is transferred to the remote anode and 
the steel becomes a protected cathode. The results of the application of 
cathodic protection to continuously reinforced concrete pavement (CRCP) 
in Minnesota are presented and discussed. Several segments of CRCP are 
undergoing rapid, premature deterioration that is directly related to corrosion 
of the embedded mesh reinforcement. Pavement testing revealed that salt 
concentration at the reinforcement is high, and copper/copper sulfate half-cell 
potentials indicated widespread corrosion activity. Essential elements from 
pipeline and bridge-deck applications of cathodic protection were integrated, 
and a prototype system was installed along a 1000-ft section of CRCP. Two 
methods of power (ament) application were examined : (a) burying anodes 
in a trench filled with a conductive aggregate and (bl burying anodes in indi­
vidual postholes along the pavement shoulder. Both installations were con­
nected to a central rectifier controller, which was interfaced with an automatic 
device for monitoring and recording the data. An initial data evaluation, ex­
pected by late summer of 1980, will provide inform8'ion on the performance 
and effectiveness of the system. 

During the past three years, an increasing number of 
continuously reinforced concrete pavements in 
Minnesota ha ve been exhibiting a spalling type of 

deterioration. The frequency and extent of this 
deterioration have progressed from isolated and 
random in 1975 to widespread and concentrated on 
certain pavement designs in 1978. The pavements 
that show severe and moderate delamination and 
spalling are of the two-course construction type 
designed with a steel-to-concrete ratio of 0.6 
percent. The reinforcement used was deformed wire 
mesh with specified clear cover of 2-4 in. In most 
cases, steel was at the minimum cover of 2 in. 

BAC!t:GROUND 

Construction of continuously reinforced concrete 
pavement (CRCP) in Minnesota began in 1963 with the 
placement of a rather extensive test section on 
I-35W near Faribault- It was hoped that this trial 
would provide some specifics on construction 
techniques, design adequacy, and sho rt-term 
performance. Variable ratios of steel to 
concrete--0. 5, 0. 6, and 0. 7 percent--were used, and 
different combinations of base-course thicknesses 


