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PREFACE

This report was prepared in cooperation with the U.S. Department of
Transportation, Federal Highway Administration.

The contents of this report are experimental in nature and reflect the
views of the author who is responsible for the facts and the accuracy of
the data presented, which is published for informational purposes only.

The contents do not necessarily reflect the official views or policies of the
Federal Highway Administration or the State Department of Highways
and Public Transportation. Any discrepancies with official views or
policies of the Texas State Department of Highways and Public Trans-
portation should be discussed with the appropriate Austin Division
prior to implementation of the procedures or results. This report does
not constitute a standard, specification, or regulation.
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METRIC CONVERSION FACTORS

Approx. Conversions to
Metric Measures

Approx. Conversions from
Metric Measures

(hectares = 10,000 sq. m.)

Multiply By To Obtain Multiply
LENGTH
inches 2.54 centimeters millimeters
feet 30.48 centimeters centimeters
yards 0.91 meters meters
miles 1.61 kilometers meters
kilometers
AREA
sq. in. 6.45 Sq. cm. sq. cm.
sq. ft. 0.09 sq. In. sq.m,
sq. yd. 0.84 5q. m. sq. km.
$q. mi. 2.59 sq. km. hectares
acres 0.4 hectares
MASS (weight)
ounces 28.35 gram grams
pounds 0.45 kilograms kilograms
shorttons 0.9 tonnes tonnes
(2000 lbs.) (1000 kg)
VOLUME

teaspoons 5 milliliters milliliters
Tbsp. 15 milliliters liters
fluid oz. 29.6 milliliters liters
cups 0.24 liters liters
pints 0.47 liters cubic meters
quarts 0.95 liters cubic meters
gallons 3.79 liters
cubic ft. 0.03 cubic meters
cubic yd. 0.76 cubic meters

TEMPERATURE (exact)
Fahrenheit Celsius Celsius

5/9 (after

subtracting 32)

By

0.04
0.39
3.28
1.09
0.62

0.16
1.20
0.39
2.47

0.035
2.21
1.1

0.03
2.11
1.06
0.26
35.31
1.31

9/5 (then
add 32)

To Obtain

inches
inches
feet
yards
miles

sq.in.
sq. yd.
sq. mi,
acres

ounces
pounds
short ton

fluid oz.
pints
quarts
gallons
cubic ft.
cubic yd.

Fahrenheit



ABSTRACT

This report concludes a study of three bridge deck protective systems which were
utilized on a bridge deck constructed over the Brazos River on SH 67 south of
Graham, Texas. As noted in the Interim Report of July, 1986, the protective systems
applied were as follows:

(1) Calcium nitrate was applied to a single test span as a concrete additive to
inhibit steel reinforcement corrosion through pH adjustment of concrete
(with non epoxy “plain” reinforcement),

(2) High molecular weight (HMW) methacrylate was applied as a surface
dressing on two test spans as a means of restricting Cl- ion penetration
through membrane action (with epoxy coated reinforcement and with plain
reinforcement), and

(3) Linseed oil surface dressing was also applied for the purpose of
restricting Cl-ion penetration through membrane action (with epoxy coated
reinforcement and with plain reinforcement).

For reasons detailed within this report, current flow readings from corrosometer
probes were not attainable, and removal (core drilling) of any test bars was
determined to be premature. Also, surface friction with respect to each protective
system is addressed. The report summary identifies future work to be conducted and
documented in this regard.



SECTION 1
INFRODUCTION
1.1 GENERAL
As noted in the Interim Construction Report,

“The utilization of deicing salts on bridges has posed serious problems in long
term bridge deck serviceability. Bridge deck steel reinforcement exposed to
winter salt applications and which subsequently commences to rust has
displayed serious concomitant concrete spalling and delamination distress.
Protective systems to restrict chloride contamination have been employed
with varying degrees of success. A major concern with protective systems
which utilize asphaltic seals and an asphaltic concrete overlay is that any
concrete distress which subsequently takes place is hidden from observation.
Problems which could have been corrected by timely maintenance when they
were minor are likely to be obscured until major distress becomes evident.
Further, labor costs, traffic disruptions, and motorist and worker safety are
factors which must also be evaluated when considering effective alternate
proteclive systems.”

The intent of this project was to address the application, benefits and any
shortcomings associated with the utilization of several protective systems, including
their potential impact to surface friction.

1.2 PROJECT BACKGROUND

This project was initiated in accordance with a Cooperative Agreement Work Order
issued by the U.S. Department of Transportation Federal Highway Administration.

The originating scope of this project (September, 1983) was to evaluate the
application, maintenance and effect of linseed oil as a protective system for the
Spring Creek Relief Bridge, S.B., 195-1-166 on IH 35, south of Gainesville, Texas.
Also, the decks were to be evaluated for potential loss in frictional resistance of the
deck surface after routine linseed oil applications. Linseed oil, the proposed
protective system, was and continues to be extensively used throughout Texas.

In a subsequent modification to the agreement in November, 1984, the scope of work
was expanded to include the use of calcium nitrate as an additive to the concrete deck
for the Spring Creek Relief Bridge.



The final agreement, in May 1985, further modified the scope of the work to include
the use of a high molecular weight (HMW) methacrylate monomer surface dressing
as a third bridge deck protective system. This agreement also changed the project
location. In this agreement, the systems were scheduled for utilization on a bridge
deck to be constructed over the Brazos River on SH 67 south of Graham, Texas. See
Figure 1, Project Location Map.

To summarize, this project evaluates: (1) calcium nitrate as a concrete additive,
(2) HMW methacrylate surface dressing and (3) linseed oil surface dressing as bridge
deck protective systems, and potential loss of frictional resistance to the deck after
routine applications,

1.3 EXCERPTS FROM INTERIM REPORT

Project Layout

1. The Brazos River Bridge decks were treated with three separate protective
systems by District 3 of the Texas SDHPT in cooperation with the W.R. Grace and the
Rohm and Haas Companies.

2. The primary construction activity occurred in August and September of 1985.
3. The bridge was open to traffic on December 18, 1985.

4. Control and test spans were set up as noted in Table 1, Surface Treatments (sand
was also applied to spans 6 & 7).

CONTROL* STEEL PROTECTIVE SURFACE
SPAN REINF. TREATMENT TEXTURE
#3 Epoxy Linseed Oil Tine
#4 Epoxy Linseed Oil Tine
TEST
SPAN
#5 Epoxy Linseed Oil Saw Groove
#6 Epoxy Methacrylate Saw Groove w/sand
#1 Plain Methacrylate Saw Groove w/sand
#8 Plain Linseed Oil Saw Groove
#9 Plain Calcium Nitrate Saw Groove

* See Figure 2, Schematic Layout of SH 67 Brazos River Bridge

TABLE1 SURFACE TREATMENTS
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5. Spans 5 through 9 were saw grooved as part of a field change to.compare benefits
with tine textured surfaces. Saw grooves for spans 5, 8 and 9 were 3/16 inch in depth,

span 6 saw grooves were 7/32 inch in depth and span 7 saw grooves were measured at
1/4 inch.

6. As part of a field change, plain rebars were installed in spans 7, 8, and 9 to
compare with epoxy coated bars.

7. The deck is comprised of 4 inches of prestressed panels, with 3 1/2 inch thick
reinforced concrete surface overlay.

8. With only a few exceptions, reinforcement steel concrete cover ranges from 2 to
2 3/8 inches.

Instrumentation

1. Current Flow Measurement Devices

a.  Nine corrosometer probes, of plain #5 reinforcing steel bars, six inches in
length, were typically installed in each of the experimental spans as noted in
Figure 3, Corrosometer Probe Installation Data.

b. Two ground wires were Cadwelded to the deck reinforcing steel in each
experimental span.

c.  All leads were fed into locking waterproof junction boxes attached to the
outside of the east parapet wall for each span. Figure 4, Corrosometer Probe
Circuit, illustrates the schematic diagram of the instrumentation contained in
each junction box.

d. The circuits incorporated an interchangeable precision resistor placed in
series with a rotary selector switch.

e. Eightfifteen-amp breakers were used in each box as switches to compute the
rebar circuit as electrical measurements were made.

2. Retrievable Reinforcement Specimens
a. A setof paired reinforcing steel bars, 7 feet in length of plain and epoxy were
installed in each span as noted in Figure 5, Location Schedule - Retrievable

Reinforcing Bars.

b.  Theretrievable bars were placed at steel mat level.



+ #7 +#4 1 #1 \
t #8 1 #5 )
B t#Y 1 #6 +#3
R 20’

Typical Span *

* Southernmost span is No. 9, northernmost is No. 5

Span  Date Installed by Probe Color Code Ground
Probes #1 #2 #3 #4 #5 #6 #7 #8 #9
Installed
1985

9  7/31 Canaduy & Red Blu Blk Wht Org Pur Grn Gry Brn Wht
Reed (knotted)

8 8/6 Canaday & Red Blu Blk  Wht Pur Pur Grn Gry Brn Wht
Reed {knotted) {knotted)

7 8/13 Hustace & Pur Red Brn Wht Gry Blu Blk Grn Blu  Wht
Golding (knotted) {knotted)

6 816 Reed & Red Blu Blk  Wht Grn Pur Wht
Braddock (Lied)

5 9/9 Hustace Gry Blk lav Wht Grn Ben Red Bl Blu Org

(knotted)

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986

FIGURE3 CORROSOMETER PROBE INSTALLATION DATA
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Probes

Circuit Breakers
#1 \#1
2000000

Corrosometer Voltage Drop Monitoring Procedure

—

. Open all circuit breakers.
. Rotate rotary switch three complete revolutions to clean contact points.

. Check ground continuity.

= W N

. Set rotary switch to corrosometer probe position and read voltage drop across precision
resistor, R1 and R2.
5. Repeat measurement for each probe three times and record the data on the following

format and forward it Lo File D-10R, State Department of llighways and Public
Transportation, Austin, Texas 78763-5051.

Corrosometer Probe Measurements

Brazos River Bridge SH 67, Young County
Texas SDH&PT Project 1-10-84-562

Bridge Span No.* 5 6, 7, 8, 9 (circleone)
Ground continuity check

Date Precision Probe Voltages
Resistor
Da/Mu/Yr | Value 1| 2] 3] 4[5 6| 7( 8] 9 Recorded by:
Average

* Span #9 is southernmost span

6. Closc all eircuit breakers and rotate rotary switch to neutral position (N) until next
scheduled reading.

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986
FIGURE4 CORROSOMETER PROBE CIRCUIT



inside parapet face (b) ‘ |
‘ A Y
DU P!
(d) (©) 8]
S A
(e) (g) -
< s db —\ armor joint
span #9
..................................................................... q‘
Typical Span
Span Measurements {{fect)
# (a) (b) (c) (d) (¢) (N (g)
5 40 3.9 10.6 13.1 15.1
6 45 3.8 10.5 13.6 15.4
1 40 38 10.5 13.5 15.2
8 40 3.9 10.7 13.5 154 -
9 40 39 10.7 -- -- 17.55 276

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986

FIGURES5 LOCATION SCHEDULE - RETRIEVABLE REINFORCING BARS



2.1

1.

SECTION 2

EVALUATION

INTERIM REPORT FINDINGS
Pavement Surface

a. Construction related problems which might influence expected performance
comparisons between test spans were not apparent.

b. Only two separate deicing salt applications were made to the structure in the
first year.

¢. Table 2, Sand Patch Texture and Saw Groove Depth Measurements Record and
Table 3, British Pendulum Tester Measurements reflect surface texture and friction.
The results of the Sand Patch tests indicated that the tine texture was rougher than
that of saw grooving. The British Pendulum tests also indicate greater frictional
qualities with tine texture as opposed to that of saw grooving. While variations
existed, the examination of this data indicated that all surfaces had an adequate
frictional level when open to traffic and through all subsequent measurements.

Current Flow Measurements

a. Since from the equation, E=IR, current is proportional to voltage, a high
voltage indicates a high current flow. Control test probes suspended in tap water in
the laboratory indicated potential between probes to be 10 to 15 millivolts with a
current flow of 15 X 10% amperes.

b. Initial voltage measurements of test probes, taken on April 15, 1986, resulted in
readings from 1.0 to 37.9 millivolts. These measurements, noted in Table 4,
Corrosometer Probe Voltage Measurements, did not reflect decisive patterns.

Retrievable Reinforcement Bars

In accordance with the project work order, recoverable reinforcing steel bars were
to be examined at periodic intervals to verify comparative corrosion protection.



location Protective Measurements Averuge  Texture  Saw Remurks
Span # Treutment tinches) (inches? T Groove
Depth
tn.)

1 Lansced oi! 45 47| 48| 4 41 D86

2a) 591 581 691 5.7 58 as7 smoother than
typical

2(b) o 38| 39| 37| 36 3.4 132 rougher than
typical

2(¢) " ’ 45| 48| 46| 45 46 090 lypical

3 " " 49| 45| 47| 448 4. 86

E ix 48 4.6 S5u 44 ARG

5 1o 6.9 69 7.0 b9y 040 3/16

6la) Methnerylate 68| 70| 60| 69 67 044 7132 Lietore
methacery late

tib) 60| 58| 58| 59 54 055 after
methacrylate

Ttn) " 68! 641 601 6/ 65 04n 144 belore
methucreylate

Tihy b 60 6.0 6.1 61 (LM utler
methacrylate

H Lanseed ol T 67T 65| T 6K 041 36

9 Calctum 67| 13| 68| 68 69 040 316

nitrute

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986

TABLE 2

SAND PATCH TEXTURE AND SAW GROOVE DEPTH

MEASUREMENTS RECORD

10




ASTM E303-83

Recorded by Dave Hustace Date 12 19 85
Outer Wheel Path 9° G,
Rt

Station I'riction Pad Values Sum x 0 X Var

Surfuce

Contact (in)
Coutrol: Linseed il Tine Texture
Spans #3 & 4
348+ 13 ) 6 i B 9 1V} H1 412 e
J8H + 63 4 15/16 Hi) 84 B H& 85 8o 502 83/
JH9 +13 415/16 83 44 H5 H5 85 85 507 84.5
349 t 53 47/8 ‘15 15 T6 71 8 11 458 76.3

3.9 808 156

Span #5: Linsced O1l, Suw Groove
389 + 94 4 79 81 i 9 80 80 4y KO3
390+ 19 415/16 81 84 2 82 87 #4 499 8.2
390 + 46 47/8 75 T6 ¥ 78 79 79 464 1.3

3.0 80.3 8.7

Span #6: Theh Molecular Werght Monomer twith Sundy, Saw Groove

390 +78 418 13 15 15 13 75 T3 444 Ve
391 + 04 4°1/8 65 %] 6Y 69 10 70 411 68.5
391 +28 47/8 Y 0 12 T 72 13 428 71.3

28 1.3 1.6

Spun #7: Eligh Motecular Werght Monomer (with Sundy, Saw Groove

391 +67 b 67 67 6O 67 67 68 404 67.3
391 + 91 415/16 73 76 17 77 71 74 454 757
392 + 16 4 15/16 T3 13 13 14 72 75 439 13.2

4.3 721 186

Span #8: Linseed O1l, Saw Groove

392 + 47 4 10/16 o' bl 68 (It 69 69 409 HH.2
3924 72 4 15/16 66 67 68 68 68 68 405 67.5
392 + 94 h 67 64 69 69 70 70 413 68.8
0.7 64.2 4
Span #9: Culcium Nitrate, Saw Groove
393 +12 108 64 6 64 67 68 67 401 66.8
393 + 54 1778 4 65 65 65 66 67 d92 65.3
393 1174 h 61 64 61 62 62 64 370 61.7
2.6 646 69

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986

TABLE 3 BRITISIHH PENDULUM TESTER MEASUREMENTS

11



Spun #9
CatNO ),
tPluin bars)

Span A4
Lainseed o
(plain bars)
Spau #7
[BRUAYAS

{(plan burs)

Span #£6

HMWM

fepaxt Dac o,

Corrosometer Probe Voltage Measurements

4

(millivolts)

11 %

o Wheellath

L)

JUTIER A

6.0

14

10 4

Mceasurements made

orpinal vipned by P

Yoo Hutaer

1

i

At

214

15 86 by

s Huostace

Y ]

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986

TABLE4 CORROSOMETER PROBE VOLTAGE MEASUREMENTS

12



2.2 SUBSEQUENT FINDINGS
1. Pavement Surface

Visual observation conducted on January 25, 1989 shortly after a light rainfall
revealed numerous, but minor (in appearance) surface cracks. Under dry conditions,
these cracks were not apparent. There was also no visible evidence of pavement wear.
The methacrylate (with sand) surface especially appeared to be in excellent condition.

The SH 67 structure experiences traffic volumes of 1700 AADT. Based on the minimal
traffic volumes and the visual observations noted, further surface friction tests were
not scheduled.

The initial scope of the project (to determine potential loss of frictional resistance “after
application”) was, however, fully addressed in the interim report. The findings, as
stated in Section 2.1.1, indicate that all surfaces had an adequate frictional level when
opened to traffic.

2. Current Flow Measurements

Voltage and current measures taken subsequent to the Interim Report on September
23, 1986 are included in Tables 5A, 5B, 5C, 5D, and 5E, Voltage and Current
Measurements. In virtually all instances, the recorded current flows indicated a
transient condition where current values dropped over time and as with the initial
readings of April 15, 1986, the values did not reflect decisive patterns. To emphasize
the inconsistencies and variation in changes with time, a comparison (see Table 6) of
the April and September readings is presented.

Based on these findings, there was minimal confidence in obtained values and in the
established procedure.

On January 25, 1989, in a subsequent site investigation, it was apparent that the
instrument boxes had been disturbed. Several resistors utilized during the initial
readings were missing. Based on this finding and with the inconsistencies of previous
values obtained, use of the test probes was not pursued in evaluating performance of
the bridge deck protective systems.



Voltage and Current Measurements
recorded by Dave Hustace  September 23, 1986

Span #5 Linseed oil (epoxy bars)

Parapet Wheel Path ﬁ"t
Milliamps
1 4 7 avg. 2 b 8 uvg. 3 b 9 avg.

Initial* 69 12 15 19 16 23 14 - 17
@ 30 sec 34 56 1713 5.4 105 96 120 10.7 7.7 - 9.2 8.5
Inttial*® 8 14 16 21 18 24 16 - 19
@ 30 see 30 63 80 58 114 105 134 118 8.6 - 93 9.0
Initial® 9 16 17 23 19 27 17 - 20
@ 1 min. 3.7 57 11 5.5 11.0 101 120 110 8.1 - 8.9 8.5
Millivols

154 269 28.0 376 308 403 271 .02 245

15.6 27.2 287 379 312 416 275 -0.2 262

15,7 275 293 238 38.0 315 427 410 277 0.2 272 267

*Note: initial current measurements all evidenced a substantial immediate drop from peak values.

srm-39

TABLE 5A VOLTAGE AND CURRENT MEASUREMENTS

14



Span #6 Methacrylate (epoxy bars)

Purupet Wheel Path (}j
Milliamps
1 4 7 avg. 2 5 B avg. 3 6 9 avg.
Initial* 26 51 - 17 14 - 29 6.6 -
@ 30 sec. 102 1422 - 122 63 7.1 - 6.7 11.2 2.1 - 6.7
Initial* 22 47 - 16 14 - 29 6.6 -
@ 30 sec. 86 126 - 106 57 6.7 - 6.2 105 2.0 - 6.3
Initial* 23 46 - 15 14 - 29 6.2 -
@ 1 min. 63 96 - 8.0 43 5.7 ~ 5.0 8.5 1.6 - 5.1
Millivolts
8.9 206 -0.1 68 105 -0.1 165 45 0.1
146 296 -0.1 10.1 128 -0.1 224 57 -0.1
182 347 -0.1 120 140 -0.1 254 63 0.1
205 380 -0.1 231 13.3 148 -0.1 11.8 272 6.7 0.1 143

*Note: initia) current measurements all evidenced a substantial immediate drop from peak values.

srm 39A

TABLESB VOLTAGE AND CURRENT MEASUREMENTS

15



Span #7 Methacrylate (plain bars)

Purapet Wheel Path Q
Milliamps
1 4 7 avg. 2 5 8 avy. 3 6 9 avg.

Initial* 27 1.7 3.0 - 70 33 55 14 -
@ 30 sec. 15 05 08 2.4 - 22 11 1.7 1.6 7.1 - 44
Initial* 45 20 36 - 89 34 79 14 -
@ 30 sec. 21 05 08 1.1 - 26 1.1 1.9 18 178 - 48
Initial* 54 21 54 - 91 39 49 169 -
@ 1 min. 21 05 08 1.1 - 21 10 1.6 16 7.7 - 47
Millivolts

79 31 35 -0.2 139 36 8.2 227 3

80 32 36 02 145 44 86 232 03

82 33 38 5.0 -02 149 47 9.3 87 236 -03 15.8

*Note: tnitial current measurements all evidenced a substantial immediate drop from penk values.

srm-39B

TABLE5C VOLTAGE AND CURRENT MEASUREMEN'TS

16



Span #8 Linseed oil (plain bars)

Parupet Wheel Path Q‘
Milliamps
1 4 7 avg. 2 5 8 avg. 3 6 9 avg.

Initial* 34 27 61 31 21 186 1.5 70 540
@ 30 sec. 20 10 27 1.9 1.3 06 06 038 05 34 26 22
Initial* 8.9 36 16 50 24 22 2.1 104 66
@ 30 sec. 35 13 31 2.6 19 07 06 1.1 06 41 298 2.5
Initial* 10,0 44 86 61 27 20 24 125 1.2
@ 1 min 30 12 29 24 18 07 06 1.0 06 38 27 2.4
Millivols

172 6.9 109 115 50 34 35 168 174

176 171 113 118 5.1 3.6 36 173 8.2

179 73 116 12.0 121 62 3.7 68 36 178 8.7 9.7

*Note: initial current measurements all evideneod u substuntiul immediate drop from peak values.

srm-39C

TABLESD VOLTAGE AND CURRENT MEASUREMENTS



Span #9 Calcium nitrate (plain bars)

Milliamps
Initial*
@ 30 sec.

Inital*
@ 30 sec.

Initial*
@ 1 min.

Millivolts

*Note: initia) current measurements all evidenced a substantial immediate drop [rom peak values.

srm-391)

TABLE 6E

Parapet

4 7
40 56 19

209 251 57
61 54 19
223 239 5.2
61 51 20
198 194 40
722 744 238
73.1 753 24.7
73.6 75.7 263

avy.

17.2

17.1

20.7

81.9

23
10.6

21
10.8

21
9.6

38.7
39.0
39.3

Wheel Path

58
28.3

44
27.9

56
241

75.3
15.6
76.0

8 avy.
50

21 200
654

22 202
48

169 169
66.2

684

69.5 60.9

20.5
71

24
8.0

22
6.3

358
36.4
37.0

7.0
2.7

6.9
2.6

9.7
9.8
99

VOLTAGE AND CURRENT MEASUREMENTS

18

6.4

1.2

avg.

4.1

4.2

3.4

17.7



(51" FROM PARAPE'T) (-RT. WHEEL PATH-) (DECK CENTER LINE)

PROBE # 1 4 7 2 5 8 3 6 9
SPANS

4-15-86 17.1 22.4 - 2517 20.6 23.2 23.2 - 214
9-23-86 15.6 27.2 28.7 37.8 31.2 41.6 27.4 -0.2 26.0
CIIANGE -9% +21% - +47% +52% +79% + 18% - +22%
SPAN 6

4-15-86 23.6 379 - 11.8 4.8 - 10.4 3.4 --
9-23-86 15.6 30.7 -0.1 10.6 13.0 -0.1 229 58 -0.1
CHANGE -34% -19% - -10% +171% - +120% +71% -
SPAN 7

4-15-86 7.8 7.0 8.6 18.5 15.8 12.7 19.9 26.7 --
9-23-86 8.0 3.2 3.6 -0.2 14.4 4.2 8.5 23.2 -0.3
CHANGE +3%  ~-54%  -58% -101% -9% -67% -57% -13% --
SPAN 8

4-15-86 24.0 118 58 - 8.3 5.2 13.8 14.1 14.9
9-23-86 17.6 7.1 113 11.8 b.1 3.6 3.6 17.3 81
CHANGE ~27% -40% +95% -~ =39% -31% -74% +23 —46%
SPAN9

4-15-86 229 19.6 10.9 10.7 13.1 30.2 6.0 6.5 1.0
9-23-86 73.0 5.1 246 39.0 75.6 68.0 36.4 98 6.9

CHANGE  +219% +283% +126% +265% +477% +125% +507% +51% +690%

TABLE6 VOLTAGE COMPARISONS
3. Retrievable Reinforcement Specimens

As previously noted, pavement surfaces for all decks appeared to be in satisfactory
condition. Also, the interim report noted that only two separate deicing salt
applications were made to the structure in the first year. Asof January 25, 1989, only
two additional applications had been made in the subsequent years. Three consecutive
mild winters accounted for the limited deicing applications. Finally, as previously
stated, the structure is being subjected to minimal traffic volumes (1700 AADT).

In regard to these findings, it was determined that removal of any of the retrievable
reinforcement specimens (core samples) was premature, and therefore not pursued at
the time.



SECTION3
CONCLUSION

3.1 SUMMARY

As great efforts were taken in the planning and placement of numerous corrosometer
probes, it is unfortunate that measured current and voltage values appeared to be
unreliable.

This study has, however, concluded that proper application of linseed oil and high-
molecular-weight methacrylate (with sand) surface dressings will not adversely affect
surface friction.

While failure of the various protection treatments in regard to their ability to inhibit
steel reinforcement corrosion is not evident at this time, the structures will need to be
monitored for several more years, before final conclusions can be reached. It is
recommended that core samples of the structure not be obtained for at least three
years, unless visual disturbance is noted. These samples and samples taken beyond the
three year period can continue to provide structural engineers with useful data in their
analysis of steel reinforcement corrosion.

3.2 IMPLEMENTATION

Since additional observation of the structure is essential for deriving conclusive
results, recommendations concerning the implementation of the protective systems
used in this project cannot be made at this time.
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F.R. DlvV.e [ TEXAS l C 68-8-34 SHEET 4

HOWARD COUNTY | HUY US 87 ]CONT 68-8-34

GENERAL NOTES ANO SPECIFICATION DATA--

BEFORE BEGINNING HORK ON THIS PROJECT, THE CONTRACTOR SHALL SUBMIT, FOR APPROVAL BY THE ENGINEER., A PLAM
OF CONSTRUCTION OPERATIONS OUTLINING IN.DETAIL A SEQUENCE OF WORK TD BE FOLLOWED SETTING OUT THE METHOO
HANDLING TRAFFIC. IF AT ANY TINE OURING THE CONSTRUCTION THE CONTRACTOR'S PROPOSED PLAN OF OPERATION FC

HANOLING TRAFFIC DOES NOT PROVIOE FOR SAFE, COMFORTABLE MOVEMENT, THE CONTRACTOR SHALL IMMEQIATELY CHANC
HIS OPERATIONS TO CORRECT THE UNSATISFACTORY CONOITION.

THE CONTRACTOR'S ATTENTION IS HEREBY DIRECTED TO UTILITIES EXISTING IN OR NEAR THE UORK AREAS OF TH!;

PROJECT. ANY ACTIVE UTILITIES THAT ARE ENCOUNTERED BY THE CONTRACTOR SHALL IMNEDIATELY BE BROUGHT TO T
ATTENTION OF THE ENGINEER.

ANY UORKXSITE OUTSIOE THE RIGHT-OF-HAY ANO CLOSE ENOUGH TO THE HIGHWAY FOR ITS CONDITION TO AQVERSELY

AFFECT THE VIEW FROM THE HIGHUAY SHALL BE LEFT IN A NEAT AND PRESENTABLE CONOITION ACCEPTABLE TQ THE
ENGINEER, .

1
-=~1TEN 421---

THE ENGINEER UWILL SARPLE ALL CONCRETE ANO HAXE ANO TEST ALL TEST BEAMS AND CYLINOERS [N ACCORDANCE HITH
TEST HETHOOS TEX-41B-AR ANO TEX-420-A. ALL TEST HOLOS HILL BE FURNISHED BY THE ENGINEER ANO THE CONTRACT
SHALL BAINTAIN THEM IN THE PROPER CONDITION., IN ADOITION, THE CONTRACTOR SHALL BE RESPONSIBLE FOR
FURNISHING PERSONNEL TO RENOVE THE TEST SPECINENS FRON THE NOLOS AND TO TRANSPORT THER TO THE PROPER
CURING LOCATION AT THE SCHEOULE DESIGNATED BY THE ENGINEER ANO IN ACCORDANCE UITH THE GOVERNING
SPECIFICATION. FOR ALL CONCRETE ITENS THE CONTRACTOR SHALL HAVE A WHEELBARROH, OR OTHER CONTAINER
ACCEPTABLE TO THE ENGINEER, AVAILABLE TO USE IN THE SANMPLING OF CONCRETE. ALL LABOR ANO EQUIPRENT
FURNISHED BY THE CONTRACTOR WILL BE CONSIQERED SUBSIOIARY TO THE VARIOUS BID ITEMS AND WILL NOT BE PAID

FOR DIRECTLY.

---ITEN 437---

HIGH RANGE WATER REOUCERS WILL BE USED ONLY TO MEET SPECIAL REQUIREMENTS ANO UWILL REQUIRE THE URITTEN
APPROVAL OF THE ENGINEER ON EACH SPECIFIC PRDJECT. A SATISFACTORY UORK PLAN FOR CONTROL SHALL BE
SUBMITTED BY THE CONTRACTOR FOR APPROVAL AND AN EVALURTION OF THE CONCRETE CONTAINING THE AOMIXTURE WILL
BE PERFORMED BY THE ENGINEER.

~—=1TEN 446--- v
PAINT PURCHASED FROM THE DEPARTHMENT UILL BE CHARGED AS FOLLOWS:

PROTECTION SYSTEM 1 PRINE COAT $63.08/5 GAaL.
PROTECTION SYSTER [I PRIME COAT $24.39/71 174 GAL.

«
~-=1TEN 442--~
NEW STRUCTURE STEEL ARMOR JOINTS SHALL RECEIVE PROTECTIVE SYSTEHM 1.

~-~ITEN 518~~~ ¢

FOR THIS PROJECT THE STATE SHALL FURNISH 1415 FEET OF PORTABLE CONCRETE TRAFFIC BARRIER (PCTB) SECTIONS
AND 2 TERAINAL SECTIONS. STOCKPILEOD ON IH 20 AT EAST HOUARD FIELD ROAD, NEAR THE MITCHELL COUNTY LINE.
UPON REMOVAL, THE PCTB AND TERMINAL SECTIONS, SHALL BE RETURNED TO THE STORAGE AREA. THE CONTRACTOR SHaL
MAKE ARRANGEMENTS FOR THE LOAOING AND UNLOAQING OF THE PCTB AT THE STORAGE AREA.

ITEN 618~~~

ALL CONDUIT RUNS CROSSING THE BRIDGE SHALL BE SECUERLY ATTACHED TO THE SUBSTRUCTURE OF THE BRIDGE.
EQUIVALENT TO APPLETON CH-50S(1/2- 3/74") AND CH-125S(1") SHALL BE USEO. THE NURBER OF CLAMPS REQUIRED A’
THEIR SPACING SHALL BE DETERMINED BY THE ENGINEER. THIS UWORK SHALL NOT BE PAIO FOR DIRECTLY, BUT SHALL £
CONSIDERED AS SUBSIDIARY TO ITEM 4642, “CATHODIC BRIDGE DECK PROTECTION SYSTEN".

--~1TEM 664~--

1F ABBREVIATED PAVEMENT MARKINGS ARE NEEDED FOR TEMPORARY ALIGNMENT ON ON A FINAL SURFACE. THESE MARKINGS

SHALL BE APPLIED IN A MANNER THAT UILL ALLOU EASY AND COMPLETE REMOVAL WITH NO UNDUE INJURY TO THE FINaL
SURFACE.

CLAtt

YELLOUW ABBREVIATED PAVEMENT MARKINGS SHALL BE USED TO SEPARATE TRAFFIC FLOH IN OPPOSITE OIRECTIONS.

UHIT
ABBREVIATED PAVEMENT MARKINGS SHALL B8E USED TO SEPARATE TRAFFIC FLOW IN THE SANE DIRECTION.
~=—1TEM 676--=
BITUMINOUS AOHESIVE SHALL 8E USED ON THIS PROJECT.
~--1TENM 3003--- s
SURFACE TEXTURE ANDO SURFACE TEXTURE TESTS MILL NOT BE REQUIREO.
---GENERAL -~~~
ALL PAVEMENT MARKING SHALL BE IN ACCORDANCE MITH THE H.U.T.C.O.. v
---1TEN 4685-~-~

A S0 DAY TEST PERIOD 1S REQUIRED AFTER INSTALLATION OF THE CATHOOIC PROTECTION SYSTEM IS COMPLETED.

SPECIFICATION OATA

REU. 1-24-87
REV, 9-11-87 SHEET A

.4
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ESTIMATE SUMMARY
PROJECT C 68-8-34
CONTROL 68-08-034 a ITEM- u
8R10GE ROROURY L CODE DESCRIPTION N TOTAL
us 87 us 87 - I
EST. FINAL EST. FinAL EST. FINaL EST. ¥ ENAL €57, FINRL AN T €sT, FINAL
3615.000 1156,000 428 |oot CONC SURF TREAT sv 4771.000
3615.000 1156.000 438 loo2 UENSE CONC OVERLAY (2 INI sv 4771.000
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1545.000 442 }003 J602) STR STL (ARNOR JT) Lo 1545.000
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. 4.000 s02 001 BRARCO,SION AND TRAF HANDLING no 4.000
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RATLROAD FORCE ACCOUNT UORK
NPRR £O. FORCE ACCOUNT MORK
FLAGGING 1.000
\)
o]
B —
[
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CONSTRUCTION PAVEMENT MARKINGS

Ahen uqulnd slaswhare in the plens, the Contrector will be

onafl thet
ars open to lulhc within the fimits of the project. On projects in-
-solving roadway surfecing which will require psvemant merking for
=ontrol of tratfic during l:onluucuon the markings may include
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NCW20 mnay be wed, provided ot o mirkoasn laller size of 8

Q7150 A Worning Ligw R CROSSROAD SIGNING AND BARRICADING [ - .
ROAD R0A0 Excapt as noted below or hare in the plang, the sign- (9, \A
CousTRUCTION CoNSTRUCTION Ing 0n & croesrosd spproach shauld be one CW20-1 ROAD CON- )
1S00FT, KEXT § MILES || mn STRUCTION AHEAD sign with 8 Type A Warming Light when work o0 CoNSTAUCTION

Soth and ings a9 delined below:
nchey con be sccommadeted on tThis sive with the eppropricte
ligend.  Additional wigne much s FLAGMAN AHEAD, LOOSE . o
GRAVEL, or other spproprists signs mey be requirsd; snd whan re-
"’;“-Nﬂ--ﬁ-wﬂuw the minkmum -
1. Pavement - plsced In au "h-'-:-. Whan Type It Sarricades sre used on the project roed- s
with the requi of the Texas MUTCO. “":‘r'; ;M:-":uded.hhwmmhmzc fest or
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fic durd new
dnour;‘: ather ys whers mey EXCEPTIONS - TO BE NOTEO ELEEWHERE IN THE PLANS
have covered of axisting i mark-
Ings should be placed 83 300n a3 possibis and practical. When 1. On higher volurme or whers major nihe
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:w\hu- e then the

e required. mouu-m-*rmmc:mmumm
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sequances of the wark. However, uniass the need for additional
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e

2. A Pavemnant -
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not Intendad 10 substitute for ste: ridegs for pedods ROAQ = 0o R0AD e 3. The G20-1c may be requived an major crossroady to advise 0
prestar then two (2) weeks. To sep: trattic flows In op- CONSTRUCTION NOT CONSTRUCTION o ""‘:"" of the length of construction In elther direction from- 8
poaing the nga shall be yaflow, NEXI S M . . =00 e intersection. S
EXT 5 MILES || cwrmacme STATE LAY
White psvement markings shali bs ussd 1o delineste the L PASS
sepanation of traffic flows in the asme directon, : .
Whan sbbrevisted pavement markings sre vsed, s DO NOT PASS M[NIMUM CONSTRUCT'ON WARNING SIGN SPAC,NG
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) .- 1] -m M are 'm 1l hearast o]
REMOVAL OF PAVEMENT MARKINGS V. o T Ty 70 | #0240 {320 [300|  #he shouid be piaced spprosimately $00 feat from the point of
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00 min 1. As detaled sbove snd an sheet BCI2), the ROAD CONSTRUC- ? Dmed [ O I e Teed | 53 | wowed
shall be to the fulfast extent possk 3 / TION NEXT X MILES, CONTRACTOR NAME snd END CON- See Yd- i win
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Where mechanicsl mesns of marking ramovst have been em- — ROAD the project fmits shoukt only be usad In thoss :uu wh’:‘o » LT Lt 1 B STATE DEPARTMENT OF HIGHWAYS
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TYPE I1(B) BARRICADE

1. The plan shown shove k1 to be used when na locsl osffic by per.
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- sonct )

TYPE Il (A} BARRICADE

e |

Shond oy e swbetiutad e poett

. The pian shown 3bove ks 1o be used when locsl traffic s permitted 3. Fiest barricade panel on each side of roadwsy thould be epprox-
Inside project o parmitied 1o use the roed beyond the intsrsection Imataly lovel, Additionel panets, it needed, mey foNow contour of
with the temporary outs. Othar digns end barricades (Type L 3l or Aght-of-way. 2
) may be required inuide thae project Amits based upon the con- .
4 " 4. Advencs signing, including construction waming signs, and
n wquence of work thons,
frictor’s sequance ¢ S other condi detour sigring shed b +a specified etsewhers in the plans.

vPmmeriond on foca iy wih !
lzo-unzoc

ﬂ&'na;,—? D u,.,.«

ﬁ ()«L“

e

. Advence signing, Including waming signs, snd
detour signing shall be ss spacifiad eisawhers In the plans.

on esch

tangth of

. Whers wilt permit, Bled~Sroctianal]
side ot rosdway thould be 12 feat ht'uﬂ

GENERAL NOTES FOR TYPES L I & i BARRICADES

o Normes

Type | or U Barricades (ses Sheet BCIIN are for temporary use to
conurol tratfic within the Bmits of » project whenever it s necessery
to confine treffic to a specific 2ree becauss of some particuls: con-
struction

rficades have more reflective ares, they en intended for uss on ax-
pressway snd fraawsys or other high speed roadweys.

Type MILA) Barricades and sccompanying signa are to be used »t
wasch end of construction projects closed 1 ofl but locel tratfia.

Type MY Bemicades and accompanying signs are to be uted ot
sach end of construction projects closed W ofl tratfic.

Type IHC) Barricades and sccormpenying signs ere to be uied et
#sch end of construction projects whars traffic is melntained
through the project. Type THC) Bamicedes May also be used where
traflic from other highways, county roads or city strasts ks pyrmit-

ted to snter the project erea. Typical signing for Type MNC) Bar
tesdes in shown on Shaet BC(TH,

Type M(D} Barricedes 3¢ 10 be used on auivert widening projscts
whare vatfic is routed over tha structurs. They shell be sructed so
23 10 provide the maximum rosdway width for traffic and 1o aflow
sufficient space for construction operstions bahind the barmicsdes,

" Werning Lights pisced on Type LA], {81 or (C) barricades should be

maunted st a minkmum height of 36 Inches to the battom of the lens
snd may be artached 10 the barricade or mounted on 2 separete
channeliring h snd of the project shall
etziled on this shest. For
8l othar berricades, used at night, warning fights ere to be used es
detafied on Shast BC(3).

For dimensions of berricads paneis see Sheet BC(J).

Troe I reieciritnd
€20-1 8 $20-8 igm.

TYPE I (C) BARRICADE FOR DIVIDED HIGHWAYS

LENGTH OF HIGHWAY ZONED BY COMISSION MINUTE

SPEED LTS SHOWN ARE FOR ILLUSTRATIVE PURPOSE QMY

PROJECT LBNT

NOTES FOR TYPE M {C} BARRICADES

1. The plsnt shown above are 10 be vesd when ol treffic ls mein-
ained through the project. Tha signs shown spply to the first snd
st berricadas of 8 project, Other signs and barricedes (Types L 8
o M) will be raquired Inside tha project imits based upon the con-
tractor's saquencs of work and other conditions,

2. VWhers conditions will permit, minimum length of berricede on sach

WORK ¥ PROGRESS WORK N PROGRESS tide of rosdway shouid be 12 feet sxcepl as noted.
reflectorized. oS j / 1 3. Fiest barricads penel on each tide of rosdwey ehould be spprod- -
Type A 8-Okrectionsl Worning Light PLAN [ —— e e e X e f. __________ PR R ;I:JT:"AGGNMIMMMM may follow contowr of
! / ’W 1 \ I £
A\ Estend borricods on ide of : . + e~y SYATE DEPARTMENT OF HIGHWAYS
ooy l——’”""" oz-20m 2 e \ \ ' @ AND PUBLIC TRASPORTATION

TYPE i {D) BARRICADE
FOR CULVERT WIDENING SITE WITHIN
THE PROJECT LIMITS

NOTES: -

1. Where positive redirectional capablitty is provided, drums snd
barricedes may be omitted,

2, mmt-ummw-m-d!!mubﬂm

Sasricedas mey be used in Beu of barrets where necessery lor

=) (Ii
SPEED SPEED p
LIMIT

TYFICAL APPUICATION OF SPEED JONE SIGMS .

~Froquancy of weed
beve o 0.2 10 1.0 miley for sprech 33 MPH end

~Raduce speeds when required Should andy be posied in The vicinity of werk baing parfermed

M*Mpmuz-mmva”ﬂm-d
betow,

~ SPEED ZONE SIGNS ARE

SPEED SPEED)
LINIT LMt

LLUSTRATED FOR ONE (IRECTION OF TRAVEL
OMLY AND ARE NORMALLY POSTED FOR EACH OIRECTION OF TRAVEL

= REGULATORY CLASS SPEED ZONE SIGNS SHALL HAVE BLACX LEGEND

BARRICADES
SPEED ZONING

BARRICADE AND GONSTRUGTION
" STANDARDS

. phm— 0ate: 3-890
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CONSTRUCTION $1IGN NOTES

Contruction signs shall be made
wood 81 rmaterinty lor sig:
1igi0 matarials now or hereafler

'wood or matal. The designation of metal and
701 be Intarprated to exciude other siabie

Wood for sigha shell be watemroot resinbonded extrior grade plywood, a3 Fi

Dowgi —————

Ptywood Assoclstion, or squsl, of minimum 172 Inch thickness, All waod pigns made - <] N :

up of 2 or mara pleces shail have one or mdre clexts, 172 Inch Dy § Ich plywood o - r .

{astened to 1he back of the sign and extending fully 8croas the skon. On plywood igns 1% - N T -
stes running the fength of the foinds. # Kcallties i 1 n——F {]

s recommanded that wood vsed for signs be
1raalad aithar wilh chromalad zine chiorde, Wolman salts, or pentachiorophenol.

Ty e
LX)

oo thckmane 1 14 phoa, o o1 080" Bivel ign Blanka _A__% : V4 "'__!f': ARLY

s oy o0 wiad i 26 45557%] 0 (e Erginerond 1 i g iz 1o - e PPy —H

,ﬁﬁﬁ“&%m :‘J:E"‘"“":m ST g!'(z;gqs%[r‘c ! chg- !: Aty l chzg- zE T:[ IO:.gnoo-EJ :[ﬂ 100 0 FT_I""
s 500FT T~ 500 FT_F 500 FT T

projsct specificalions, Signs shatl comply with the Genseat requirements specifivd kn LIGHTING Isx
Ihe "Standard Specificstions for Construction of Highwys, Stresta and Sridges™ In CW20LT~1

e ‘ 00FT | 500 FTT

CW20-1A CcwW20-1C CW20 - 2A Cw20-2C CW20- 3A
. y BRIDGE e 48" x 48" . . 48" x 48° . . Cw20-4cC
g oot st et OO e, |y AHEADLT™ v e AHEADT Ceo it

ngencies, - o I e AH EA D]:‘r'n 48° x 48° ]

and as publlshed by the Federat Highway Administration. Signs snd leftering shall be Tamerels o _ e - Mae X

of firstclass 0 that of the a slandard signe, SIGNAL Js< e . - 3 MM“SWZO 1o Bt 1 e OW20-20 ek CW20-3p st T A H A D e
CW 20561 Sreots Bflonttve i b "

Standard signa shalt be used s required by Shasts BCIT) thru BCIT), the plens, or s :-- s u -:.. - CwW20-40

directed by the Engineer 10 reguiste, wirn, and guide tralfic. ATl sign srection and
usequ Shalt 58 in strict sccardance with the “Tauzs Manual on Unlicrm Yratfic Contrel
Devicas for Straets and Highways.™ The Conlractor shaf! maintain asch sign in 8 cless
and good condition.

IYPIGAL SIGN SUPPORTS

Signs shall ba remaved vpon completion of the wark,

$igns moy be erected on portodle, temporory , or fixed swpperts, RTABL - S T3

for use on consiryction projacts o wam or quide tha traific through
ond/or around the octual canstruction areqHowews, at the end of the work
day I the signs do Mot wam or reguiste treific reaitve 1o night thme Idway condi

RIGHT! LANE N\
" RIGHT LANE

Wwmed 90° Lo the dirsction of kalfic snd on two-wsy rasdweys of SXPIVEIWEyS O
Ireewaye with madisns less than 11° fwhen 1he Sign is instaiied in the Mmadisn wes)
1he sign ahalt not be turned 180° to the of traffic When the
matensl used shall be opaque such as Meavy mift black plastic. Buviap shal not be us-
90 10 cover signs.

Sigma srected on portadle spports for use on comstruction projects Borricods Typas I, or I moy be waed,
mvenn 9igns which ers used during tha diry to wam or guide traffic through srel/or cw20-78
-:;:-umnu-lmmuuuu-.mnmc\dclmmmd’-n |

«ither remaved or tumed ewey from the visw of irsffic. Portsble supports shall T
b;“n.hmoamuulu:l,npmbywlwhu.mm.;m Cw20-3AL 500 FU“ 500 FT ¢

3ign shatl be g minimom of one {1} feot sbave the pevement edge. Sigm required W20~ w20-7
fo¢ mighttime ussge should not normally bs mounted on pon::hm .- CW20 - 5AR ow20-5¢ Cw20-7A ¢ ¢

cet when approved by the Englesr. 48" x 48" AHEAD T 487 x 48 AHEAD:["

Signs erectad on Mind supports for vas on conetruction projects Aormally mess sipna Lenuewe « Jseh - Lettars » Blseh "

that are 1 rermain In place for both dey and night usage 1o reguiate, wem end ke Bmarle - Mok Cw20~30 Bmarals = Sl CwW20-70
or - rda - x

mm::::nm;mg?unu:;nm':nuw: Mookgremt -« Srmpe Jallssttve Machgrowsd = Orengs Jaflearive

for & few days durstion and [f¥en [5 60 fonger NEeSed or where 2 3ign lo moved trom

mhbwlmmlndmumnnhmwuﬁwuma

Nxed mounting, such 8igme may be or typeof

suppPorie shati De 63 shown oa thls ehest or a9 spproved by the Englneer. Signa

erwcted On tamEOrary supponts shoutd be 81 ¢ minimum helght of 3 tet. Signs eracted

on fixed SuPporta Shouid be Bt & Minimurm height o! fiva (3) feat tn rursl erses and

saven {7) 1891 1n urban areas 3nd other runyl locations whare elght diatance obatruo-

{lons ars present. Regardiess of the type of suppon used, reguletory sigha should not
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Control: 68-8-34
Project: C 68-8-34
Highway: US 87
County: Howard

SPECIAL SPECIFICATION
ITEM 4685
CATHODIC BRIDGE DECK PROTECTION SYSTEM

I. JOB DESCRIPTION: Five impressed current cathodic protection

systems will be installed on the U.S. 87 overpass in Big Spring, Texas
in Howard County. There shall be 5 separate systems. Each system will
utilize a different type of anode material. These five systems shall be
further sub-divided into zones. Each zone shall be separately energized
trom an enclosed rectifier asscmbly.

A. Terms and definitions

Resident Fngineer: The representative of the state who shall have
the final decision in all matters concerning this job.

Contractor: The company or business that this job is awarded to.

Cathodic Protection Engineer: A professional Engineer supplied by
the contractor who shall be licensed and fully accredited in the area of
bridge deck cathodic protection systems. (The Cathodic Protection
Engineer shall assist the Resident Engineer in all aspects of the
complete cathodic protection installation).

Manufacturer: The company that manufactures the anode material used
in each system.

Technical Representative: A representative chosen by each anode
material manufacturer to assist in the installation of the represented
material.

B. General Information

l. Material suppliers should attend the pre-letting conference at
the Resident Engineer's office in Big Spring on September 16, 1987 at
10:00 a.m.

2. The contractor shall furnish, install, and put into operation
tive complete i1mpressed current cathodic protection systems as described
in these plans and specifications. The contractor shall have a
technical representative qualified in the field of Cathodic Protection
of bridge decks to supervise the installation, energizing and adjusting
of the complete systems.
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3. The contractor shall have a technical representative from each
manufacturer of the anode materials used in traffic lanes to advise in
the installation of the represented material.

4. The contractor shall coordinate installation of the cathodic
protection systems with all other construction operations. Special
caution and scheduling may be required to prevent damage to installed
components by subsequent operations.

5. The contractor shall contact the Resident Engineer prior to
installing each system,

6. The contractor shall hold a preconstruction conference with the
subcontractors installing the cathodic protection systems at least seven
days before the installations. The Resident Engineer, Cathodic
Protection Engineer, and the cathodic protectioun system manufacturer's
representative(s) shall be present at the conference.

7. The cathodic protection systems shall include all the materials
identified in these plans and specifications. Substitutions may be made
only with the written permission of the Resident Engineer.

7. The cathodic protection systems shall be of the impressed
current type and shall consist of the following:

a. Direct current power supply (rectifier) with at least seventeen
(17) separate voltage and current regulated outputs meeting the
requirements of the plans and specifications.

b. Seventeen (17) zones of cathodic protection consisting of five
different tvpes of anode material meeting the requirements of the plans
and specifications.

¢c. A negative pround return {cathode) wiring system connected to
the reintorcing bars as described in these plans.

d. Bonding of the following to the reinforcing bars:

(1) armor joints (2) guard rail supports (3) dowel bars used to
connect adjacent deck slabs (4) steel diaphrams and girder supports
under or contacting a cathodically protected member (5) illumination
poles, clamps, conduit, electrical enclosures, supports or metallic
members in contact with a cathodically protected member.

e. Reference cells in each zone with continuous lead wires
terminating at rectifier enclosure.

9. The electrical installation shall in all applicable ways conform
with the National Electrical Code and all local codes.
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10. The contractor shall arrange for power service and the
connection to the system. The contractor shall arrange for all
inspections and obtain all necessary permits.

1. The contractor shall furnish all material to the Resident
Engincer for inspection and samples for testing when specified or
requested. The Resident Engineer may accept material on the basis of
the manufacturer's certification when testing 1is performed by a
qualified independent laboratory. A copy of the independent laboratory
report documenting the test results and testing procedures shall
accompany the certification. The Engineer may accept or reject these
materials on the basis of these certifications or other tests performed
by or tor the Department.

12. SPECIAL NOTE:

THE RESIDENT ENCINEER SHALL BE INFORMED OF ANY FUTURE SLAB WORK OR
EQUIPMENT MOUNTING ON THE NEW OVERLAY SURFACE. CONCRETE CHIPPINGS, HOLE
DRILLINC OR CORING, DETECTOR LOOP SAWCUTTING AND OTHER SUCH OPERATIONS
MUST NOT BE PERFORMED UNTIL THE ENCINEER HAS BEEN CONSULTED. ‘

13. The Contractor shall purchase the following instruments for use
by State personnel for taking measurements of the performance of the
various cathodic bridge deck protection systems being installed on the
bridge structures:

Portable "Three Electrode lLinear Polarization Rate of Corrosion Device',
complete package with single portable probe and twenty (20) permanent
probes.

The device purchased shall include training for at least three personnel
into the operation and use ot the device and any related computer
programs.

Currently the only known portable device of this type is a "3LP" unit
made by Ken Clear, Inc. The permanent probes to be used with this unit
are "3LP" permanent probes and must be installed according to the
manufacturer's specifications. Complete package by Ken Clear, Inc. is
as follows:

(1) Three Electrode Linear Polarization Device (Portable)

(2) PC-8 Pocket Computer with Printer

(3) "Corrate II" Program ftor use on IBM PC

(4) Single Paortable Probe

(5) Permanent Probes as Required

(6) Training for Personnel

Two permanent probes shall be provided by the Contractor in each
zone on the bridge deck traffic lanes. A total of twenty (20) permanent
probes will be provided by the Contractor for the complete cathodic
protection installation.

Two areas per zone will be provided for portable rate of corrosion
measurements 1in zones not in the traffic lanes. These measurement areas
consist of locations on the sidewalks, median and on a bent below the
bridge deck.
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IT. Structural Integrity of Bridge

A. After scarification of the deck surface, the contractor shall
verify that the concrete surface is sound. The contractor shall correct
unsatisfactory conditions before continuing with the installation of the
cathodic protection systems. The Resident Engineer will determine that
the structure is sound and has been prepared according to specification.

B. Removal ot concrete will be necessary to:

1. Expose the top and bottom (or outer and inner) rebar mats for
continuity testing

2. Install reference electrodes

3. Install instrument and system negatives
4. Install rebar bonds

5. Install rebar probes

6. Install "3-LP" probes

C. The contractor shall be responsible for the physical concrete
removal and bar exposure. The contractor shall ensure all exposed steel
is cleaned to bare gray metal and all debris is removed from the
cavities.

D. The reference electrodes, rebar probes, instrument negative and
system negative installation cavity shall be located within ten (10)
feet of the location marked on the drawings, or as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer. An
existing cavity from delamination removal may be used if approved by the
Cathodic Protection Enpineer and Resident FEnpincer.

E. The contractor shall be responsible for proper repair of all
concrete of the bridpge structure. An anode system will not be installed
until repairs have been completed on the area of installation.

ITI. Rebar Preparation and Connections

A. The contractor shall have the responsibility of making sure that
the entire bridge structure has been made electrically continuous.

B, Following the continuity survey and before any anode materials
are installed, 1t is the responsibility of the contractor to ensure that
all conduits, signs, markings, drains, and other embedded or surface
mounted metallic fixtures within the area of protection are electrically
continuous ' with the reinforcing steel.

l. Rebar bond wiring is not shown in the plans. Rebar bond wiring

shall be installed as directed by the Cathodic Protection Engineer and
approved by the Resident Engineer.
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2. REBAR BOND WIRES SHALL BE COPPER WIRE WITH WHITE INSULATION.
WHITE INSULATED WIRE MAY NOT BE USED FOR ANY OTHER CONNECTIONS. (Except
where local electrical codes specity otherwise.)

3. Wherever possible the bond wires shall be thermite brazed to the
rebar or metallic fixtures. Where this is not possible the bond shall
be established as directed by the Cathodic Protection Engineer and
approved by the Resident Engineer.

4. Rebar bonds shall be made to reinforcing bars having no more
than 5% section loss at the connection location.

S. Rebar bond wires do not have to be labeled except for the wires
within the rectifier enclosure.

6. The length of the bond wire shall be kept to a minimum.

7. Bond wiring shall be well secured to the structure using cable
ties.

8. Bond wires shall be anchored within six (6) inches of their
termination (thermite braze).

9. Bond wires may not be spliced.

10. All reinforcing steel lead wire and other metal to metal
permanent lead wire connections, except those in the junction boxes and
rectifier enclosure shall be made using the thermite welding process in
accordance with the manufacturer's instructions.

11. The discontinuous objects must be connected (bonded) to a rebar
which is electrically continuous with the rest of the structure using
copper wire with white insulation.

12. All mats not electrically connected shall be connected together
using copper wire and thermite bonding.

13. A discontinuous rebar or metallic fixture shall be bonded to a
nearby continuous rebar.

l4. Bonding shall be provided for all of the following to the
reinforcing bars:

. Armor joints

Guard rail supports

Dowel bars used to connect adjacent deck slabs

. Steel diaphrams and girder supports under the deck or other
structures contacting a cathodically protected member

a0 o
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8. FEach reference cell lead wire and corresponding instrument
negative lead wire shall be brought through a 1/2 inch diameter hole
drilled in the deck. The hole shall be tilled with a non- conductive
epoxy approved by the Engineer.

9., The reference cells shall be positioned as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer. The
reference cells shall be located within one (1) inch, but not in direct
contact with top-mat reinforcing steel.

10. Each reference cell shall be cast in an air- entrained portland
cement concrete patch with a chloride content about equal to that of the
surrounding concrete and a water-cement ratio of about 0.50.

11. Rebar probes shall be installed by the contractor as necessary.
V. Wiring

A. The contractor shall be responsible for installation of all
wiring concerning the five cathodic protection systems, system negatives
and related instrumentation.

B. The Cathodic Protection Engineer shall consult each of the anode
material manufacturers and prepare a complete wiring diagram subject to
the Resident Engineer's approval., All wiring changes made during the
project shall be documented and subject to the Resident Engineer's
approval.

I. Wiring shall run according to plans prepared by the Cathodic
Protection Engineer and approved by the Resident Engineer.

2. All wires shall be properly labeled. Labels used shall have a
long life expectancy and be resistant to destruction by insects local to
the region. Each label used shall not easily separate from the wire
rhat 1t has been attached to.

3. Wiring shall be run in conduit or saw cuts as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

4. Wiring run in saw cuts shall be fastened down every twenty (20)
feet.

S. Wiring connected to reinforcing stee! shall be securely anchored
to the rebar with a cable tie within six (6) inches of the thermite
braze.

6. Care shall be taken during cathodic protection system
installation and concrete overlay installation to avoid damaging the
wiring. '

7. Any damaged wiring shall be repaired or replaced as directed by
the Cathodic Protection Engineer prior to placing the concrete overlay.
All repaired or replaced wiring shall be documented and approved by the
Resident Engineer.
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e. Illumination poles, clamps, conduit, electrical enclosures,
supports or metallic members in contact with a cathodically protected
member.

C. All wire to rebar connections shall be made using thermite
brazing techniques unless otherwise directed by the Cathodic Protection
Engineer and approved by the Resident Engineer.

l. Specific attention shall be directed to the processes of
connecting lead wires to reinforcing steel and other metallic
components.

2. Each project thermite weld shall be made to the satisfaction of
the Resident Engineer and may be hammer impact tested.

3. Slag from the thermite weld operation shall be removed and the
weld approved by the Resident Enpgineer before a coating is applied.

4. All thermite brazing connections shall be coated with a non-
conductive epoxy as directed by the Cathodic Protection Engineer and
approved by the Resident Enginecr.

IV. Reference Cells

A. The contractor shall install reference cells in each zone.
Locations for reference cells are to be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

l. At least one reference cell shall be installed in each zone 1n
an area of high chloride content.

2. Reference cells shall be silver-silver chloride furnished in an
ton trapping, chloride rich backfill or equal approved by the Resident
Fngineer.

3. The reference cell assembly shall be approximately five (5)
inches long and one (1) inch in diameter.

4. The reference cells shall not be placed in direct contact with
reinforcing steel or other metallic embedments.

5. The reference cell lead wires shall be No. RG-58U coax-cable or
approved equal. The lead wires shall be continuous from the reference
cell to the rectifier enclosure.

6. An instrument negative lead wire will be attached to the
reinforcing steel by a thermite weld not more than twelve (12) inches
trom the cell location, coated with non-conductive epoxy. No splices
shall be allowed in the instrument negative lead wire.

7. Instrument negative lead wire shall be made only to reinforcing
bars having no more than 5% section loss at the connection location.
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8. Wiring shall be spliced only at locations determined by the
Cathodic Protection Engineer and approved by the Resident Engineer,

9. All direct current and instrumentation conduit shall be PVC.
PVC conduit size shall be 1.5 inch inside in diameter for all runs
except as otherwise designated in the plans.

16. All PVC used on the project shall be Polyvinyl- chloride (PVC)
conduit conforming to NEMA TC-2, Schedule 40.

11. PVC conduit expansion and contraction sections shall be placed
at all appropriate locations and not to exceed 75 feet apart. These
sections shall provide at least 4 inch of movement.

12. Rectifier power supply (AC) shall be run in Galvanized Rigid
Steel conduit (RSC) which conforms to ANS1 C 80.1 and bears the U.L.
Label. RSC conduit size shall be | inch diameter with RSC fittings
unless otherwisedetemined by the Cathodic Protection Engineer and
approved by the Resident Engineer.

13. All components of conduit hangers and clamps shall be made of
stainless steel or galvanized steel approved by the Engineer. Conduit
clamps for PVC conduit shall permit movement of the conduit and shall be
placed at 4 foot maximum spacing.

l4. CARE SHALL BE TAKEN TO MAKE SURE THAT CONDUIT HANGERS AND
CLAMPS DO NOT CAUSE SHORT CIRCUITS WITHIN THE CATHODIC PROTECTION ZONES.

15. All connections and splices shall be made in junction boxes
approved by the Resident Engineer.

16. All wires within junction boxes shall be properly labeled.
17. Junction boxes shall be constructed of the same material as
joining condult, of sutficient size to house wiring and splices and

shall be sealed against entry by nest buillding insects and have
provisions to prevent water retention.

18. All wires within the rectifierinclosure shall be properly and
thoroughly labeled.

19, All conduit shall enter the rectifier inclosure from the bottom
with provisions for drainage of conduit water at a level beneath the
rectifier. The drainage site shall be sealed against entry by nest
building insects.

B. Size of wire to be used will be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

C. All wiring shall conform to the following specifications for
color, mimimum size and insulation type.

1. White = Cathode leads for System negative and Rebar bond wiring
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a. Minimum 8 AWC stranded copper
b. Type HMWPE on the deck or within structures
c. Type XHHW or approved equal below deck to the rectifier

inclosure
2. Red = Anode leads
a. Minimum 8 AWG stranded copper
b. Type HMWPE on the deck or within structures

c. Type XHHW or approved equal below deck to the
rectifier inclosure

3. Brown = Reference cell rebar grounds
a. Minimum 14 AWG stranded copper
b. Type HMWPE on the deck or within structures
c. Type XHHW or approved equal below deck to the
rectifier inclosure
4. Black = Reference cell lead wires and rebar probe lead wires
a. RG-58U or equivalent

5. Creen = Rectifier cabinet ground

a. Minimum 4 AWC
b. Type XHHW or approved equal

D. Color code for AC line power shall be per all
applicable National and local codes.

VI. Rectifier Specifications

A. The contractor shall locate the rectifler enclosure in an area
accessible to maintenance personnel.

B. The rectifier enclosure shall be attached to a controller box
support as shown 1n the plans.

C. The contractor shall take care to avoid damaging the rectifier.
Any damage caused by the contractor's operations shall be repaired at

the contractor's expense.

D. The contractor shall connect the rectifier as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

1. All wiring shall be fully documented. A copy of the final
wiring diagram with all corrections noted shall be stored in the

rectitier enclosure tor future reference by maintenance personnel.

F. The rectitfier shall conform to the following specifications:
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l. The rectifier shall be suitable for cathodic protection of a
bridge. It shall operate from 120/240 VAC single phase 60 Hz mains and
provide seventeen (17) independent and individually controlled outputs
for connection to seventeen (17) independent anode zones.

2. The unit shall be designed for a 20 year minimum working life
under continuous operation. The unit shall be convection cooled with no
fans or moving parts and shall operate at full capacity in ambient
temperatures from 0 degrees F to 110 degrees F.

3. Each zone shall be controlled independently using modular DC
controllers.

A. Output DC controllers shall be of modular plug in construction
for simple field replacement.

B. Each module shall be removed and replaced from the front of the
rectifier enclosure.

C. Each module shall have a method of current limiting which does
not require manual resetting.

D. Each module shall be independently controlled.

E. Output adjustment of one circuit must not effect the output of
any other module and must be continuous over the entire rated range of
output current.

F. Each module shall be capable of supplying continuous full-rated
output at temperatures from 10 F to 140 F.

G. Each module shall be air cooled by natural convection.

H. Each module shall be provide with lightning protection separate
trom AC power lightning protection.

I. The rectifying elements shall be silicon diodes. The diodes
shall be protected apgainst high voltage surges with metal oxide
varistors.

J. The peak inverse voltage rating of the SCR's shall be no less
than 600 volts. Protection.

K. Following assembly of the modules, each module shall have been
individually tested over the full range of its rated current to insure
proper operation. The card shall then be coated with a heavy coating of
Dow Corning 2577 or equivalent conformal coating.

4. An LCD meter coupled with suitable switching arrangement shall
be provided to monitor DC voltage, current, structure to electrolyte and
rebar to probe potentials. A power on/otf switch shall be provided to
remove AC power from the meter when it is not in use. Meter jacks shall
be provided which enable all readings to be taken using a portable hand
held meter.
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5. An AC circuit breaker shall be provided. It shall be of the
manually resect type.

6. THE STATE OF THE AC CIRCUIT BREAKER SHALL BE INDICATED BY A
LICHT VISIBLE FROM OUTSIDE THE INCLOSURE THAT CAN BE SEEN FROM TRAFFIC
LANES ON THE BRIDGE.

7. Protection against lightning surges shall be provided to protect
against 1) AC line to ground overvoltage, 2) ground to structure
overvoltage, and 3) structure to anode overvoltage.

9. A service manual shall be provided with each unit which explains
operation, operating principles, maintenance, installation, and
schematics.

10. The rectifier shall be equipped with compression type
connectors for all positive and negative output cables and be sized for

up to No. 6 AWGC wire.

11. Acceptable line input voltage shall be 120 VAC or 240 VAC +10%
- -5%, 60 HZ, single phase.

12. The 1nstrument panel shall be clearly labeled as to the
functions 1t performs,

13. All switches and instruments shall be clearly labeled as to
their functions.

l4. A light shall be provided which is easily visible from the
traffic lanes. This light shall indicate the status of the AC circuit
breaker within the rectifier assembly. The light shall be armor encased
for protection from vandalism.

F. Rectifier Enclosure

l. The enclosure shall mect all the requirements of NEMA STANDARD
MR-20-1958, "CATHODIC PROTECTION RECTIFIER UNITS'".

2. The enclosure shall be NEMA 4 water tight and dust tight with
condult access in the bottom to accommodate AC and DC wiring.

3. The enclosure shall have a tront opening door.
4. Provisions for padlocking shall be provided.

5. The rectifier cabinet shall be constructed of one of the
following materials or equal approved by the Resident Engineer:

A. One-ecighth inch-aluminum sheet (5052-H32) and one-quarter inch
aluminum back panel or

b. Minimum 1l gauge galvanized steel and coated with white baked on
enamel .
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6. A grounding lug for connecting No. 4 AWG wire to earth ground
shall be provided on the enclosure exterior.

7. All components shall be mounted on the back panel easily
removable through the front opening door.

8. Mounting bolt holes shall allow for 3/8" diameter bolts.

9. A hinged door with over-center latches and locking hasp shall be
provided. A neoprene gasket 1/5" thick and 1" wide shall seal the door .
opening against moisture and dust. When closed, the door shall form a
dust tight, water tight closure and shall be equipped with lift off type
hinges providing easy removal of the door for access to internal
components,

10. Each rectifer shall have provisions for permanent storage of
the manual, schematic, and system wiring diagram in the door of the
rectifier.

11. The cabinet and door shall be essentially '"square and true"
such the the door does not sage when opened and does not require force
when opening or closing.

12. The cabinet shall be equipped with panel support a brackets -
with hinges and panel stops which are of sufficient strength to support
the instrument panel in both the closed and open positions.

13. All welds and sharp edges shall be completely deburred and
rounded.

G. Transformers

l. Power transformers shall provided rated oulput aver the full
range of input voltages, be of E-I laminated construction to provide
tsolated secondary voltages appropiate tor circuit operation, and have
independent primary and secondary windings. Adjustment of output by tap
bars 1s not acceptable. Varnish impregnation and Farraday shield
between primary and secondary must be provided. Transturmer efficiency
shall be at least 95% and the regulation shall not exceed 3% when
measured from }/4 to full load.

2. Control transformers for module power shall be of E-I lamination
construction and shall have primary power su,plied trom the power
transfomer secondary tfor line surge isolatic..

H. Filter Chokes -

l. Filter chokes of E-I lamination or other suitable core
construction shall be used in each rectifier output circuit to: )
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a) Improve efficiency

h) Provide some surge protection from transients externally
penerated

c) Provide full outtput current capability at low output voltage
d) To reduce R.F.I. 1In the load circuit.
[. Circuit Breaker

1. A two (2) pole fully magnetic circuit breaker shall be provided
as an input power switch and for protection to the line against
rectifier fault.

2. The breaker shall be rated tor 240 volt AC.

3. The breaker must hold 101% rated current and must trip at 125%
of rated current.

J. Meter

l. Metering shall be provided for monitoring the operating current,
operation voltage, and reference electrode potentials.

2. A 3 1/2 digit L.C.D. (Liquid crystal display) meter with 200 MV
2000 count sensitivity shall be provided to take readings.

2. The meter shall have input impedance sufficiently high to cause
no appreciable (1 micro amp max) loading of circuits connected to it
such as sensitive half cell.

3. Appropiate scaling and switching circuits shall be provided to
give direct meter displays 1n amperes and volts.

’

4. Srructure potentials shall be displayed in volts up to 1.999
either positive or nepative with respect to the half cell,

5. The meter shall have the capability of being removed from the
circult when readings are not beiny taken,

6. The meter shall have the capability of monitoring reference
electrndes when the rectifier 1s shut offt,

K. Wiring inside the enclosure

l. Wiring shall be sized tor a minimum of 500 CM/ampere for power
circuits and No. 28 AWG minimum for signal circuits.,

2. Power wires shall have 600 volt i1nsulation and be stranded
copper wire such as MTW or similar.

3. Wires shall be neatly bundled, tied and clamped as necessary to

provide a clean neat appearance.
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4. Signal wires shall be stranded copper and routed separately from
power leads wherever possible.

5. All wiring shall be of sufficient length to avoid tension at
terminal connections,

6. All connections either electrical or mechanical shall be tightly
secured with lock washers.

7. Any electrical connection through the instrument panel shall not
rely on pressure to the panel to maintain good connection.

L. Cable Entry
1. All wiring shall enter through the bottom of the cabinet.
2. AC INPUT AND DC OUTPUT BE KEPT SEPARATE,

3. Reference cell leads shall be kept separate from all other anode
and cathode wiring.

M. Complete Rectifier Dialectric Test

The insulation and spacings of a rectifier unit shall be capable of
with-standing without breakdowm, for a period of one minute, the
application of a 60 cycle alternating-current rms voltage of 1000 volts
plus twice the rated primary voltage between current-carrying parts of
the primary circuit and (1) non-conductive-carrying metal parts which
may be grounded and (2) current- carrying metal parts of an insulated
secondary circuit. When operating below 60 volts, an insulated
secondary circuit shall be capable of withstanding an alternating-
current rms test voltage of 600 volts to any non-current-carrying metal
parts which may be grounded; when operating within the range of 60 to 90
volts, the alternating-current rms test voltape shall be 900 volts.

If the rectifier unit includes devices which normally fall within
the scope of other recognized standards requiring dielectric test
voltages lower than the ftoregoing, such devices shall be disconnected
before the remainder of the equipment 1is subjected to the test. The
disconnected devices shall be tested separately for dielectric strength
in accordance with the applicable standards.

N. Circuit Operation Test

Each circuit shall be tested to insure that all of its components
are properly interconnected and function normally at 5% low and 107% high
AC input line voltage. The unit shall then be tested with all circuits
energized and operating at rated output current to insure normal
operation at 5% low and 10% high input line voltages. It the rectifier
is designed for more than one input line voltage, the test shall be run
at each,
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With all circuits energized, an adjustment of one or more of the
circuits' output current shall not effect any of the other circuits'
outpul amps. Any circuit must be able to be adjusted over its full
ranyc without changing the output ot any other circuit.

0. Current Regulation

The current regulation of each circuit shall be checked and shall
not exceed +- 1 when the load resistance is varied between 0 and rated
load resistance. The current repgulation of the entire unit with all
circuits energized shall not exceed +- 1% when the total load resistance
is varied between 0 and total rated lovad resistance.

VIT. Post Installation Tests.

The contractor shall be responsible for performing the following
tests as detailed in this specification and will be required to document
results, procedures and train at at least three State employees to
conduct subsequent required tests as dirccted by the Resident Engineer.

A. It log I tests shall be performed prior to system energizing at
each of the reterence locations 1n each zone. The data shall be plotted
and explanations ot the data shall be provided to State personnel. The
system will be adjusted based on this data.

B. Two sets of polarization tests ,shall be performed by the
contractor and adjustments made if the system is not within a minimum of
100 millivolts to a maximum of 150 millivolts range.

l. The tirst set of tests shall he performed after 45 days of
contlnuous system operations. Adjustments to the system shall be made
as necessary by the contractor and explanation of the adjustments shall
accompany the data.,

2. The secound set ot tests shall be performed after 90 days of
continuous system operations. Adjustments to the system shall be made
as necessary by the contractor and explanation of the adjustments shall
accompany the data.

C. Rate of corrosion tests shall be performed by the contractor
priocr to system energizing and upon each depolarization test. The rate
ot corrosion test shall be performed tor each of the two areas per zone.
The data from these tests shall be documented and analyzed using the
Corrate Il computer program.

VIII. System "A"
A. This system shall utilize an anode of expanded titanium metal
mesh anode ‘as manufactured by Eltech or equivalent. The installation

will be on the bridge deck main lanes between Station 8+18.49 and
Station 10+24.62,
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B. Zones

There shall be four separately energized zones in this system. The
areas of coverage for these zones shall be determined by the anode
manufacturer's representative and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the anode strands, traffic on the deck shall
be limited to vehicles required for delivery and installation of the
overlay. Recesses or grade changes of greater depth that one (1) inch
must be temporarily bridged for vehicles with gross vehicle weight
greater than two (2) tons.

2. Gasoline and 0il on the Deck

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
1s sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.

C. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the arca of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement 1s one-quarter
(1/4) inch or less, one of the following procedures must be followed:
(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious material.
(3) Insert insulating spacers.
(4) Route the anode material to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer. The Cathodic
Protection Engineer shall ensure that the minimum anode to cathade
separation is one-quarter (1/4) inch.

e. Anodes shall be fastened to the deck with insulating fasteners
supplied with the anode material and approved by the Resident Engineer,
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to not more than one-half (1/2) inch (may be more or less depending on
the thickness of the overlay) from the surface of the deck. At least
one fastener shall be used for every five (5) square feet of deck
surface.

f. As directed by the Resident Engineer, fasteners may need to be
attached to the concrete to ensure the anode mesh lies flat during
concrete overlay placement.

g. The contractor shall take care to prevent damage to the anode
mesh during anode installation and concrete overlay placement. Damaged
anode mesh shall be repaired or replaced as directed by the Resident
Engineer.

h. Anode fasteners and installation aids shall be supplied by the
anode material manufacturer.

i. Anodes shall be terminated within two (2) inches of the
expansion joint, fixed joint or other integral steel members at the
surface of the deck. Layout of anodes and anode zones shall be
determined by the anode manufacturer's representative after
scarification of the bridge deck and approved by the Resident Engineer.

jo« Current shall be distributed to the anodes via titanium current
distributor bars or equal approved by the Resident Engineer.

k. Current distributors shall be attached to the anode mesh by
resistance welded metallurgical bonds. There shall be at least one weld
for every three linear inches of distributor bar.

l. Current distributors shall be at locations determined by the
anode manufacturer's representative and approved by the Resident
Engineer. :

M. Current distributors shall be bent to extend through a one inch
diameter hole to junction boxes located beneath the deck as shown by the
plans. Current distributors shall be covered within this hole by an
insulating heat-shrinkable sleeve approved by the Resident Engineer.
Holes shall then be filled with a non-conductive epoxy approved by the
Resident Engineer.

n. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using spade
lug connectors, and connections shall be coated with an epoxy approved
by the Resident Engineer. Wires shall be tagged to indicate their
position. No splices shall be allowed.

IX. System "B"
A. This system shall utilize Ferex 100 anode strand as manufactured

by Raychem Corporation or equivalent. The installation will be on the
bridge deck main lanes between Station 10+24.62 and Station 12+30.74.

17-26 4685.000
9-87

63



B. Zones

There shall be four separately energized zones in this system. The
areas of coverage for these zones shall be determined by the anode
manufacturer's representative and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the anode strands, traffic on the deck shall
be limited to vehicles required for delivery and installation of the
overlay. Recesses or grade changes of greater depth that one (1) inch
must be temporarily bridged for vehicles with gross vehicle weight
greater than two (2) tons.

2. Gasoline and 0il on the Deck:

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

3. Installation

a. Anode strand installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatlsfactory
conditions before 1nsta11at10n of the anode material.

C. Prior to installing the anode strand, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures mnust be followed:

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material.

(3) Insert plastic cleats or rebar clips as spacers.

(4) Route the anode material to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer. The Cathodic
Protection Engineer shall ensure that the minimum anode to cathode
separation is one-quarter (1/4) inch.
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e. The contractor shall fasten each anode strand end loop to the
concrete. The anode strand shall be fastened to the concrete a minimum
of every five (5) feet at cleat locations between end loops.

f. As directed by the Resident Engineer, additional cleats may need
to be fastened to the concrete to ensure the anode strand lies flat
during concrete overlay placement.

g. The contractor shall take care to prevent damage to the anode
strands during anode installation and concrete overlay placement. Anode
strands shall not be bent through a radius smaller than two {(2) inches.
Damaged anode strands shall be repaired or replaced directed by the
Resident Engineer. '

h. Anode splicing shall be done in accordance with the anode
manufacturer's representative and shall be subject to the Resident
Engineer's approval. Anode splicing material shall be supplied by the
anode manufacturer.

i. Anode to anode or anode to insulated wire splices shall be
covered with a heavy wall heat shrinkable tubing internally coated with
a specialized meltable sealant as supplied by the manufacturer.
Substitutions shall be made only with the anode manufacturer
representative's recommendation and the Resident Engineer's approval.
Only the appropriate heat shrinkable splice seal shall be used.

j. Anode strand fasteners and installation aids shall be supplied
by the anode material manufacturer.

k. Anodes shall be terminated within two (2) inches of the
expansion joint, fixed joint or other integral steel members at the
surface of the deck. Layout of anodes and anode zones shall be
determined by the anode manufacturer's representative after
scarification of the bridge deck and approved by the Resident Engineer.

L. Insulated anode lead wires shall be AWC No. 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using
connectors supplied by the anode manufacturer and approved by the
Engineer. Connections shall have non- conductive coatings approved by
the Engineer. Wires shall be tagged to indicate their position. No
splices shall be allowed in the anode lead wires.

X. Bu System "C"
A. This system shall utilize an anode of platinized primary wire,
carbon filament secondary strands and anodecrete -backfill. The

installation will be on the bridge deck main lanes between Station
12+30.74 and Station 13+99,49,
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B. Zones

There shall be two separately energized zones in this system. The
areas of coverage for these zones shall be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the platinized wire and anode strands, traffic
on the deck shall be limited to vehicles required for delivery and
installation of the overlay. Recesses or grade changes of greater depth
that one (1) inch must be temporarily bridged for vehicles with gross
vehicle weight greater than two (2) tons.

2. Gasoline and 01l on the Deck:

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

4., Anode Materials and Backfill
a., Compostion of Primary Anode Wire

Each primary anode wire shall be a continuous length of 0.062 inch
diameter platinized niobium copper core wire. The wire shall have a
minimum coating of 25 micro-inches of platinum. At least 35% of the
wire cross sectional area shall be niobium (outside the copper core).
Electrical resistance of the wire shall not exceed 4.0 milliohms per
foot.

B. Composition Secondary Anode Strands

Secondary anode strand shall be a 20,000 filament high purity carbon
strand (99% minimum carbon) with a tensile strength of at least 250,000
P.S.I., a cross sectional area of 240 x 10 exp -5 inches squared, a
resistivity of .00075 ohm—cm and a maximum electrical linear resistance
of 2.0 ohms per foot. The strand shall be wrapped with Dacron or
equivalent thread, to prevent fraying during handling.

C. Anode Backfill
(1) The anode backfill material shall be extremely resistant to
degradation by acid, chlorine, freezing, thawing, and thermal cycling

while bonded to concrete, and shall have the following properties:

(A) compressive strength, more than 4,000 psi (4 hrs. @ 70 F)
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(b) electrical resistivity, less than 10 ohm-cm
(c) water absorption (24 hrs.), less than 0.5%
(2) Composition

The composition of the anode backfill shall be as follows unless
otherwise approved by the Engineer.

% by wt.

;;j——_- Resin - Vinyl Ester Resin D-1115 Hetron
as manufactured by Ashland
Chemical Co., Columbus, Ohio.

0.35 Silane Coupling Agent - A-174

0.35 Wetting Agent - S$-440

0.35 Coba{t Naphthemate (Con)

0.70 Titanium Dioxide (TiOZ).RHD 6x

65. Coke Breeze DWI

0.70 Methyl Ethyl Ketone Peroxide (MEXP)

4. Installation of the Anodes

a. The deck surface shall be cleaned immediately prior to placing
the anodes. The deck surface shall be free of moisture, dirt, grease,
oil, asphalt, or other foreign matter when laying out anode materials.
Anodes shall be held in place by a method approved by the Resident
Engineer until placement of the anodecrete backfill.

B. All exposed reinforcing bars and other metallic material shall
be covered with a non-conductive epoxy, approved by the Engineer.

c. Testing to prevent shorts in the anode system shall be conducted
by the contractor to insure that no reinforcing steel or other material
continuous with the reinforcing steel is within 1/2 inch of the primary
or secondary anode materials. Areas found to be in such condition shall
be covered with non- conductive expoxy prior to placiag the anode
system. :

d. Primary anodes, secondary anodes and anodecrete shall be
terminated within two (2) inches of the expansion joint, fixed joint or
other integral steel members at the surface of the deck. Layout of
anodes and anode zones shall be determined by the Cathodic Protection
Engineer after scarification of the bridge deck. Layouts shall be
approved by the Resident Engineer.

e. The primary anode wire shall not be kinked or scored. Damage to
the anode wire shall be grounds for rejection.
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f. Current shall be distributed to the anodes via platinized wire
approved by the Resident Engineer. The current distributors shall be
laid perpendicular to the carbon strands. At the end opposite the
current distributor for the carbon strands, another platinized wire
shall be placed. The platinized wire shall be attached at each end of
the carbon filaments.

g. Current distributors shall be at locations determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

h. Current distributors shall be bent to extend through a 1 inch
diameter hole to junction boxes located beneath the deck as shown by the
plans. Current distributors shall be covered within this hole by an
insulating heat-shrinkable sleeve approved by the Resident Engineer.
Holes shall then be filled with a non-conductive epoxy approved by the
Resident Engineer.

1. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using methods
specified by the Cathodic Protection Engineer and approved by the
Resident Engineer. Connections shall have non-conductive coatings
approved by the Resident Engineer. Wires shall be tagged to indicate
their position. No splices shall be allowed in the anode lead wires nor
in the primary anodes.

S. Installation of the Backfill Material

a. The anodecrete backfill shall be packaged in kits sized for the
project.

B. The quantity of backfill material mixed at any time shall not be
in excess of the amount that can be used within 30 minutes.

c. The backfill material shall be installed only when the deck
temperature is expected to be about 40 degrees fahreheit for at least
four (4) hours following the installation.

d. The manufacturer's inétructions, including likely safety and
handling measures, must be followed explicitly.

e. The deck surface shall be free of moisture, dirt, grease, oil,
asphalt, or other foreign matter when covering the anodes with
anodecrete backfill.

f. The anodecrete backfill shall be mounded over the primary and
secondary anodes immediately after the anodes have been placed and any

drill holes are completely sealed.

g. The backfill material must not come in contact with the
reinforcing rods or any other metallic object of the bridge.

h. The. anodecrete backfill mounded over the anodes shall be
approximately one (1) inch wide and three-eights (3/8) inch high.
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i. The mounded anodecrete backfill shall have dry, fine silica sand
broadcast to excess over them within 15 minutes of pouring. The excess
sand shall be broomed from the surtace after the material has set.

6. Laboratory Tests

a. Prior to contract approval the contractor must submit
independent laboratory tests certifying that the material proposed for
use on this project meets the requirements as specified.

b. A sample shall be obtained from every fourth batch of material
produced in the field. The sample shall be evaluated by an independent
engineering laboratory to assure compliance with the resistivity and
water absorption requirements. The test results shall be submitted to
the Resident Engineer for approval.

c. The independent laboratory shall not be owned or connected in
any way with the contractor, material supplier or Cathodic Protection
Engineer.

XI. System 'D"

A. This system shall utilize an anode of hot sprayed zinc, 20 mils
plus or minus 3 mils thick. The installation will be on the bridge
sidewalks and median between Station 8+18.49 and Station 12+430.74.

B. Zones

There shall be six separately energized zones in this system., The
areas of coverage for these zones shall be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer,

C. CGCeneral Information
l. Gasoline and 0il on the Sidewalks and/or Median

2. When cathodic protection material are exposed, the contractor
shall ensure that gasoline and oil do not drip onto the cathodic
protection materials from equipment being used. Refueling and servicing
equipment shall be performed away from the area of coverage by the anode
material.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
1s sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.
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c. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures must be followed:

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material.,

(3) Use approved masking to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer.

e. The contractor shall take care to prevent damage to the anode
material during the installation. Damaged anode areas shall be repaired
or resprayed as directed by the Resident Engineer.

f. Areas not to be sprayed shall be masked off with an appropriate
masking material. Anode material application shall be terminated within
two (2) inches of the expansion joint, fixed joint or other integral
steel members at the surface of application area. Layout of masking for
anode zones shall be determined by the Cathodic Protection Engineer
after any repairs have been made. Layout approval by the Resident
Engineer must be obtained.

G. Current distributors shall as determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

h. Insulated anode lead wires shall be AWC No. 10 stranded copper
wire with THHN insulation or approved equal. Wires shall be tagged to
indicate their position. No splices shall be allowed in the anode
distributor lead wires.

1. The Cathodic Protection Engineer shall be responsible for
determining what type of coating (if any) is required to alleviate any
hazards to pedestrian traffic as a result of the installation of the
cathodic protection material.

j. The contractor is required to take all necessary precautions to
protect contractor personnel and pedestrians.

XIT. System "E"

A. This system shall utilize an anode of Porter DAC-85 Conductive
coating or equivalent, The installation will be on bent 4 located at
Station 12%30.74 of the bridge.

B. Zones

There shall be one zone in this system. The areas of coverage for

this zones shall be all surfaces of the bent.
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C. General Information
1. Gasoline and Oil on the Bent

2. When cathodic protection material are exposed, the contractor
shall ensure that gasoline and oil do not drip onto the cathodic
protection materials from equipment being used. Refueling and servicing
of the equipment shall be performed away from the area ot coverage by

the anode material.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete. '

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.

c. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures must be followed:

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material., ‘

(3) Use approved masking to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and appruved by the Resident Engineer.

E. The contractor shall take care to prevent damage to the anode
material during the installation. Damaged anode areas shall be repaired
or re-applied as directed by the Resident Engineer.

F. Areas not to be coated shall be masked off with an appropriate
masking material. Anode material application shall be te~minated within
two (2) inches of the expansion joint, fixed joint or ot er integral
steel members at the surface of the bent. Layout of masking for anode
zones shall be determined by the Cathodic Protection Engineer after any
repairs have been made. Approval of layouts by the Resident Engineer
must be obtained.

G. Current distributors shall as determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

H. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Wires shall be tagged to
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indicate their position. No splices shall be allowed in the anode
distributor lead wires.

I. The Cathodic Protection Engineer shall be responsible for
determining what type of coating (if any) may be required to alleviate
possible shorting of the system due to small debris falling onto the
bent. (Note: The current configuration of the finger joint immediately
above the bent allowed a significant amount of trash to collect on the
top surface of the bent - ie. Cans, bottle tops

4, The conductive coating system shall employ platinum wire primary
anodes layed on the surface and covered with fiberglass screen adhesive
tape.

5. The conductive coating shall be graphite/acrylic consisting of
42% solids.

6. The conductive coating shall have a resistivity of 1 ohm-cm. or
less after curing.

7. The applied dry film thickness shall not be less than 16 mils.

XI1I. MEASUREMENT. The complete Cathodic Protection System as
indicated on the plans and as described herein when completely installed
will be measured by the complete Cathodic Protection System.

XIV. PAYMENT. Payment shall be made at the contract lump sum bid
for "Cathodic Protection System'", which price shall be full
compenstation for all tools, labor, equipment, and incidentals necessary
to complete the work.
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