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PART ONE: SUMMARY OF OBSERVATIONS AND CONCLUSIONS '

The »principal 'dbServations and conclusions‘ from this'hstndyn'of
,bridge:deck cathodic protection (CP)‘are as follows:v,
S : . L
1.1 Based on the results‘of recent testingfand evaluation,_the
vtudy installations on Rt - I-80, jSections‘ 3AD and '4AY‘ are
performlng satlsfactorlly and preventlng further deterloratlon of
the. concrete decks from relnforCLng steel corrosion. |
1.2 The tltanlunl mesh anode» system exhlhltS'»the- best overall
performance of 'the\lsystems, under? test. = Some',benefits ¢f the
titanium mesh system lnclude
~a. High level of corrosron protectlon (highestr leyel' of
' 1re1nﬁorc1ng steel polarlzatlon)
- b.  Low anode CirCUit- reslstance (lowest dr1v1ng voltage»
| and least amount of power consumptlon) |
c. Good’current d;strlbutlon |
- d. Highj_redhnoanoy (a break"in‘ the mesh vwlll not.
vnegativelyveffect.system‘performance)
e.  Longest progected anode. llfe (eStimatedz35-40 years) 123

1.3 Both the mounded conductlve polymer and flex1ble conductlve _

polymer systems exhibited lncreased c1rcu1t reSLStance»overvthe o

flrst three years of operatlon (150% and 167% respectlvely)
The latter may be an- lndlcatlon that the anode is depletlng or
portlons of the anode are no longer in the circuit.

1.4 The mdunded conductive polymer - systems have the highest"
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traffic control requirements/Cost.
2.4 Since the flexible'conductive polymer‘Systems are suSceptihle”
to premature failure, it is recommended that these systemsibe (1)
operated :at hthe lowest possible outputv"providing minimum
acceptable corrosion protection,and 12) monitored'frequently SO
‘that complete system failure can be ant1c1pated and anode/overlay
replacement appropriately scheduled | - |
2.5 'The follow1ng long term maintenance program is recommended
for. all CP systems | . |
a. Remotely monitor the cathodic protection systems at two
| month intervals for operational data (l e, rectifier ;
‘zvoltage'and'current) |
bt _-Inspect the cathodic protection systems annually and
perform repairs/adjustments as required
2.6 To 'faCilitate‘ routine monitoring, it is recommended tthat'
remote. monitoring :systems_'(gMS) on existing and future CP
installations‘ be'programmed'with an'alarm that identifies data
out of specifiedirangetor automatically_initiates communications»
between‘the office, PC computer and-the re,ctif_ierl'5 - ,
2.7 In view‘of the Department's current manpower constraints, it
is recommended that monitoring and serViCing of eXisting and

future CP installations be done by contract A sample monitoring

and.service proposal is prQVided in Appendix F.
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cathodically protected in North 'America:'l A 1988 89 survey ?
indicated that 90% of these installations were' performing as
‘designed® |
Basically; Cp employs an electrical current to combat corrosron..
The technique has been used for many years by the 01l and gas
1ndustry~ to safeguard buried pipes -and tanks. The process
requires applying an external direct current to the relnforCing"
steel in a bridge deck ‘(through introduced ‘anode material) \in‘g
sufficient quantityhto neutralize‘the currents.generated duringf‘
the electro—Chemical ‘process 'of,‘oxidation. By arresting the
corrosion of the reinforcinggsteel‘ CP is eXpected to&eﬁtend the

life of a moderately deteriorated deck by ‘'some 20 to 40 years.:

/
!

'Additionally,'Significant saVings in reconstruction costs can be
realized, since the use of CP eliminates the need to remove salt-‘f
laden concrete The latter further reduces traffic congestion andr

safety hazards,associated With‘deck reconstruction.x

3.2 Statement of the Problem

The premature deterioration of concrete bridge decks resulting
from chloridefinduced CerOSlonvOf reinforcement‘steel contlnues‘
to be a. problem ,nationallyf and ,iﬁ- Newn Jersey’ that nis both
expensive and a hazard to safety.?'o Conventionalv‘proteCtive
strategies such as special ~concrete overlays, membranes',and

sealants have proven effective as stop gap measures, but cannot be

{

relied upon to completely arrest corrosion.: The above measures
, ( W e




require on-go

3.3 Objectiﬁes

ing maintenance and expensive traffic conrol.

The objectives of this research are to (1) determine the

effectiveness
in. controlli
cqntdminatéd
(2)

and gain|

the need

specification

assessing sys

of an overlay-type cathodic protection system

/

ng/arresting corrosion, in an. existing, salt-
concrete bridge deck under New Jersey conditions
the hands-on experience necessary to determine

for and nature of any improvements in

s, construction procedures, and methods used in

tem' performance.




- PART :E"OU;:.& CONSTRUCTION AND MATERTALS
4.1 General
Test Site Devscriptionw )
The structures selected for thlS evaluatlon are located on Ronte ‘
- I-80 in the northern part of the state. Route - I-80 is New
Jersey S primary east—west'hlghway and'carrles an AADT of about
.83,000. tThe- structures are 18 to 22 year old conventional
slab/girder bridges. Thelreinforced concrete slabs were‘typically

. 8%" to 9" thlck w1th 19@' spec1f1ed top cover | Condition'surveys
of the decks prlor to CP lnstallatlon revealed that,dalthough they.
contalned hlgh levels of chlorldes and were actlvely corrodlng,
the ,-decks were- structurally“‘sound and only moderately,
deteriorated..' Because :the _d_e_clcs_ did not,'require con}plete deck
replacement,.,these; briddes vwere chnsidered ‘excellent_ candidates
for anbexperimental'CP installation. Detailed.infornation on the
testd.site location_ and-bcondition of ~the’ decks .prior to Cé
lnstallatlon is prov1ded in Appendlx ‘A. |
4. 2 Materlals | B
The basic CR~systeﬁs under study were.compriSed ofgthe'following
' componentst:sAddltional‘.informatiOn-_is' | providedi in project
specifrcations and the*post installation/activation reéortet

) CATHODIC PROTECTION SYSTEM COMPONENTS |

”A/C Power Supply H |

Anode v
. Corrosometer Probe
. Rebar Probe
Reference Electrode

Remote Monitoring System
Temperature Probe (Research 51tes only)



oinstallations

‘Since none of

‘comparlson of

Selectlon was -

”favorableflabor

2:210 ‘Anode Mesh

-

records in 1987,‘ it 1 as felt that the Department s' flrst

‘should lnclude three dlfferent materlals for

Lnstallatlon and performance characterlstlcs.

based prlmarlly on experlence of other users,

atorb test results, and ease of lnstallatlon .The
; :

'»SYStems included Harco Anodecrete, Raychem Ferex 100 and ELGARD‘

: L
he each of - the Harco and ELGARD 1nstallatlons ‘

were selected for thls ‘study. A descrlptlom of the systems is

f-prov1ded in the

: cost 1nformatlon ls\presented in Appendlx A -

foﬁlow1ng table.' A llSt of the lnstallatlons and-

ANODE MATERTALS

'.;ELE:oductﬂufg.g'

Harco Corp.

’Harco'Anodecretel‘“

|
7
|
i .
,ﬂ } o " Description

mounded conductive polymer S
Platinized-niobium copper core w1re‘_;

(System A) f‘y_’. (primary-anode) ‘and carbon fibers .
S a (secondary anode) covered with a 5/8"
; | mound of conductive polymer concrete
| Raychem Ferex 100 * ‘flexible conductive polymer mesh
| Raychem Corp. ! Copper wirecore coated‘w1th flexible
(System B) polymeric compound -
;:ELGARD 210 Mesh ; _‘fcatalyzed tltanlum-coated wire mesh

‘Eltech Systems
(System C)

i ‘expanded titanium mesh |coated with a
o jmlxed precious metal ox1de catalyst

| Dow LidaNet *

'*not evaluated

';catalyzed tztanlum-coated wire grzd/mesh '
expanded titanium mesh coated with a-
mixed precious metal ox1de catalyst

ini thlS study o IR !

|
| : v <
1 : . 1

the state -of-the- art SYStems :had exten51ve trackhi”n



Latex Modified Concrete (LMC) Overlay
The ELGARD anode systems were topped with 1%" ‘inch LMC overlays

while the thicker Harco and Raychem systems used a 1%" LMC cover.

.Reﬁote Monitoring Systeﬁ
The study installations are monitored by'coliecting'and analyzing
readings for current fidw; voltage and corrosion acﬁivity.‘ Much
of this data is provided by remote monitdring equipment installed
during construction. This system consists of ‘a daté, monitor,
rechargeable battery,’teIephone modem and éersénélxcomputer (PC) .
Operating data is éoilected and transfé:red to the éC locatéd at
NJDOT headquarters in Tfénton. - The data is processed using
custom—designed data-mahagement and graphics software. Detailed
information on this equipment is provided in the projéct'
specifications and pre&ious feports 10,11 , | , ¢
4.3 ConstructionfSeqﬁepce

Installation of the studied CPﬁSystems-generally’consisted of the

fdllowing:
1) Preparation of the deck surface for concrete overlay
2) Continuity testing and connection of system negative

lead wires to the reinforcing steel (2 per zone)

3) Inétallation, hook=-up and tésting,of‘embedded reference
cells, and research probes

4) Iﬁstallation;'hook-up‘and testing of anodes

5) Light'waterblast,of the deck after the CP system
installation ‘

6) Placément of the latex modified concrete overlay

g9
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installations = are performing' satisfactorily. ‘*Additiénal
iﬂformatioh is'provided,in Section Six.heféin and previous prbject
reportslml3.. |
EART FIVE: METHOD»OF EVALUATION
5.1 Post Installation and Activation Testing
The following testing Was éonducted on the study installations~
September through November 1988. An overview of the test methods
is presente&"below. Detailed information ‘and ‘test data 1is
provided in the post installation/aétivatibn repbrt 10
'Elecﬁrical Eesistancé ﬁeasuremehts  |
‘The'following measurements were made to verify/pfoper operatioﬂ‘df 
the CP system and its monitoring'components.dAllvﬁeasurements were
taken with a Nilsson Model 400 AC*resistance meter.

* 'Anode-to*sYstem_érSundrcirquit resistance - verifies that

each zone will opeiaté‘within reétifierﬁcapacity

(

® System negative-toFﬁgference cell ground - indicateé
: eleétriéal continuity of the deck rebarfhetwork

Static potential and system ene;gized,measurements |
Thé following measurements were made between various components
and eﬁbedded monitoré to'verify‘proper»dperationrand,electrical
lcontinuity, All poténtial measurements were taken with a Miller
LC-4 high input impedance vqltmeter.v |

d Anodeito-éystem negative and reference céil to reference

ground - ﬁormal‘for operation |
d Systam"negati;e-to-referehce ceil'\ground - verifies

electrical continuity of the deck rebar network

v

11
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' logging remote‘mpﬁitqring computer,‘\To‘cgﬁfirm_the:aécuracy'of
the ;réﬁote monitoring ﬂsystem} bdepolarizatibn ‘testing"was:;glsé
performed at_the.rectifier. |
5.2 ﬁbnitoring of_Test Installations
Peribdi¢ berformance testing of the stﬁdy:instailétions'COnsistéd
of the following. ,
. Visﬁal'Inspéction
. ‘Délaminatign.Sg:vey
. :Polaﬁizagion Bécay‘Testing:'.v
-!~ Elecﬁrical'Reéistance-Meésﬁrements
® Rebar Etobé Curienthéasﬁfeménté.“
é E log I Testin§‘ | |

® Corrosion Rate Measurements R

S13
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overlay disbonding, rather than delamination, is suspected in
several of the above areas. The total area affected represents
less than 1% of the deck surface area. Survey results are
summarized in Appendix E.

Depolarization Testing

The results of this testing indicate the cathodic systems are
providing adequaté corrosion control fo both the top and bottom
mats of reinforcing steel in the study,decks. Depolérization data
‘is presénted in Appendix B.

The mixed metal oxide titanium mesh (ELGARD Anode Mesh) exhibits
the highest level of reinforcing steel polafization of the systems
under test, thus providing the greater 1level of corrosion
protection. ’

One referen;e cell in the conductive polymerl mound system 1is
deféctivé‘and one other cell failed ﬁo meet the NACE 100 mV shift

criteria.

Electrical Resistance Measurements

The conductive polymer mound system continues to ,show a
significantly higher (1.58 - 3.59) anode circuit resistance than
ﬁhe titanium mesh ( 0.56 -0.87), yet is still operétiﬁg within
system design parameters. This data is summarized in Appendix B.

Rebar Probe Measurements

This testing was not performed during the 1993 evaluation due to
malfunctioning of the remote monitoring system and time/manpower
constraints. Results of previous testing®® indicated the rebar

probe is an effective method for evaluating system performance.

15



E Log I Testing

This testing was not performed in 1993 due to time/manpower
constraints. Results of previous testing are provided in earlier
project reportsgt®i3,

Corrosion Rate Measurements

This data has not been collected since 1991 due to unreliability
of the test equipment as described section 6.2.1.

Performance Monitoring/System Maintenance

While the remote:fmonitoring systems providé a cost-effective

approach to routine monitoring/evgluation, tmis method coﬁld be
enhanced by the inclusion of an alarm that id@ntifies data out of
specified range o?,automatically initiates cohmunication between

the office, PC computer and rectifier?.

All CP systems shopld be inépected semi-annually and remote data
analyzed annually ;by a qualified corrosion gengineer to ensuréM
optimum performance. In. view of the Départment's current
time/manﬁgwer - gonstraints, the alternate uée of a corrosion
eﬁ@ineer/consultant should be considered jto handle system
maintenance and |annual check ups.

6.2.1 Pefformancé bf Other New Jersey Installétions

. The results of thegevaluation by Corrpro Comp%nies, Inc. in 1991
indicated that |the titanium mesh and‘nmunded?conductive polymer
‘.systems on Rt. [-80, Section 3AD & 4AY projeqﬂ were performing as
desiéned?l. 'However, several problems were; detected with the

flexible vconductije; polymer installations. 3 Conclusions and

16




\

recommendations by Corrpro are summarized as follows:

1.

Fifty one (51) of fifty eight (58) cathodic protection
zones on the eighteen (18) bridge decks are receiving

a high degree of corrosion protection.

' The following rectifier control adjustments were made

to operational cathodic protection zones:

\
\

Reference

Bridge No. Zone No. | Cell No.
1414-175 (5) 1,3,8&9 Increasedbcurrent
1414-176 (5) 3 Decreased cufrént
1415-155 (8) 1 | Décreésed{curreht
1415-156-(9) 2 Decreaséd current
1415-157 (11)° 3 Decreased current
1415-158 (12) 8 Decreased current
0726—151 (14) . 7 Decreased current‘

The fgllowing trends for the‘three (3) different anode
systems were determined:

Mounded Conductive Polymer (System A) - Cir‘cu,it
resistance éteadiLy inc;eased by_lSO%_over the initial
resistance;in the three years of continubus operation;

At the same time -there has been a reduction in the

current required to maintain ~levels. of corrosion

protectidn}f These systems produced the highest number
of ;eferenCe‘ cell 'potential decays out of spécified'

protection criteria range (100-250 mvV).

Flexible andhqtive Polymer' (System B) - Highest

circuit resistance increase (steadily increased by 167%
' 17
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v systems showrng LMC overlay damage and falled,

(steadlly 1ncreased. by 33% over‘ initialﬂ»

:years, of contlnuous operatlon; ,g Reductlon ‘in

ctﬂon current requlred to malntarn lnltlal(levels
Srr051on"protectlon. f‘ These systems produced the-a

Qumber of reference cell potdntlal decays out of -

of seven,'(7)i zones on ,flexrble conductlve‘.

Vihq CathOdlc protectlon due to anode farlure._';t ,p;f‘”

cted that at least two other zones on these

llatlons (Brldge Nos.yf4if&‘”5)’;w1ll have ‘anode

nce: have reported srmllar premature farlures of

i

rtual loss of cathodlc protectron;“~g*_f‘Q,

l
i

rather than as a current conductor.fd ThiS‘tcanfvﬂof

g at too hlgh a current densrty The amount of

Mbsh (System C) Lowest circuit resistahce-*“"

lnstallatlons (Brldge Nos.‘3 4 5 s 7) are. not.]w"d

Ln~the near~future Other states and Canadlan S
hem Ferex anode systems resultlng rnvcomplete.jt'

31 anodei system fallure dwrll occur- if. the‘jpu

conductlve polymer copper core acts -asvoanifgg~'

f‘fthefranode ‘i physrcaﬂly damaged :'ifbgéﬁffwl



i

anode wire damaged may be uminimal dor extensive
depending ' on itS'.locatiOn(s),kalong the network. »;If
‘these failures,are few,« they can probably be exposed
lrepairedé ‘and then reactivated~ with_xninimal time' and
cost. | . | |

Techniques for findinglfallures and repairing damaged
yanode wire are. conSLdered developmental . To be most
ytechnlcally = and economlcally effective, it is
recommended that the damaged anode wire locatlons be
jdetermlned, repalrs made,'and testlng conducted durlng

the same, trafflc control schedule.

vSpalled overlay concrete was found only on decks with

flex1ble conductlve polymer anode systems (Brldge Nos.
'3,5,7 & 17). This may b.e unique to this NJ project
'31nce other states using thls system have not reported
thls condltlon K
It is recommended that all Raychem Ferex 1nstallatlons
?be tested for overlay dlsbondlng and spalllng ’ All
damaged overlay areas should be repalred w1thﬁconcrete
wpatch materlal Repalr to these areas should include
,‘repalr to the damaged anode wire.
: All rectlfler unlts were operatlonal at the- conclusion

of thlS’ evaluatlon Various repalrs lncluded power

module and control card replacement by NJDOT personnel

-

It is. recommended that, spare »rectlfler jparts be
. malntalned

Five of twelve remote monitor - systems were tested and
19 :
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10. -

-

All Corrééometer measurements,obtained-in-December_1991
‘arevinvélid;, The.embedded sensing elements a:e‘either
_ usedQﬁp} udeféétive or ‘the ‘instrument éannot lﬁrqperly
’process the data.‘;It‘is*cqnéluded'ﬁhat’this inétfument |
i(qurosomete;'.Model ’4208' Wiﬁh‘ type  ¢*$8 ‘elements) 'is
not an éffeé%ive>méthod'to evaluate the performance_of

the CP systems at' the résearch sites.

r

‘Based on these ' findings, n_eiperience ~with  other

corrosometer systems and discussions with other CP

Lo

researchers, the  corrosometer system is not an

effective method to evaluate a CPISYStem for reinforced

concrete. -

11. Resistance measurements between reference cell 'ground

lead wires 'and éystem negétivé lead wires at the

"rectifier fdf Bridge-NosL 7 & 8 are extremely high.

_ : S (. ‘ v
The half-cell measurements from these  embedded

-reference cells are unstable. Preliminary checks did
not‘ideﬁtify a CP system wiring problem --' a poér or

non-existing = grounding  system for theSe' bridges is.

suspected. A detailed investigation is recommended to

determine and correct this condition.

12. In the fall of 1992, it is recommended that all CP

monitoring data is reviewed, depolarization testing on

- all zonés,‘ andt‘E \Lég I testing of selected zones be

conducted after’four cbntinuous years of operation. . It
is also recommended that all systéms be re-adjusted for
voltage control and with current limit based on

21




‘7ianalysis'of\this review and test- pata obtalned at'
an g 1 e

- . . N
I . . o
. . [
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'
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. : e e
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'integrity of thé deoks.
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PART SEVEN: ECONOMICS
‘The chief  benefit of CP- is long—term protection against the

corrosionlof sﬁeel'in salt-laden concrete. Another benefitiis the
'savings in construction costs realized by'eliminating the need to
remove sound,’ but salt—ladenz eencrete. .i(Conventiona;
rehabilitation methode nermally require all sa%teladen cenerete to‘
be removed. | The presence of salt 1is beneficial to CP
installations, since salt promotee the flow of the electrical
' protection current;)f/The savings in concrete removal is directly
proportional to the ,quanﬁity"of concrete 'left in place.'~ An
‘,estimated‘ net savings"of $570,000 in construction costs was
realized on the '1480, . Section 3AD" & ‘4AY ﬁroject:' (18
installations). About $15;OOQ of the above total was saved on the
" two study installations. In view of the‘reeent decline in the
cost of CP' systems® and the ‘hands-en‘ experience 'gained by the
Department and contractors, even greater savings are expected in

the future.

In addition to budgetary;savings CP‘alse eliminates much of the
traffic congestienr and (Safety hazafds associated ‘with deck
feeqnstruction._ -One of the goals of »the‘ Inﬁermodai Surface
TransportationaEfficiency Act of 1991 (ISTEA) was te reduce the

air Quality preblems and fuel loss. that reéult from congestion.

)
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TABLE 2: RESULTS OF PRE-CONSTRUCTION SURVEY OF CATHODICALLY PROTECTED DECKS -

sSiIte | - |CONC. | SPALLING |DELAMINATIONS _ _____CHLORIDE CONTENT DATA, (lbslcy) . %

& "'\ SPAN |[AREA |COVER | Area | % |  Area % |Depth | Avg | Range |%Samples (% Samples |POTENTIALS|
SURVEY DATE (sf) l(im) | (st) | | (sf) | (in) lo14-2 | >20° |  >035v
Rt 1-80, WB.  [East_ 5244/ 1-1/8 | 81 | 2 43 1| A | 365 10-60] o | 8 | 10

" |over Passaic L L R B , . E 0 e e
“|RIver Center | 6315|1-1/4 | 60 1 | 33 <1 ' 38 | 10-66 | R 3
I | BRI o 04 | 04-05 | 0

#1415158 AT RN I ~ o 1 ™ 1
May 1988 . |West | 62091 | 160 |3 [ = 70 | 1| 33 | 07-57 67 | 14
, ' . : . 03 | 03-04 1| 75 '

coooo

| Built 1968

: TOTAL | 16808| 1-1/8 |- 301-f. 2 | 146 | 1 | Y
(HARCO) ‘ N R N S ] ,

Rt 1-80,EB |East | 6206] 1-1/4 60 | 1| 40 - | 1
over Passalc | 1t 1t 1
Rver .~ |center | 6196|1-3:8 | 15 <1 | 11 |<1t
#1415157 - . R _ '
{may 1988 |west | 5189[1-114 - | 200 | 4 76 |1
|Built 1968 ' I R R I I
(ELGARD) TOTAL | 16588) 1-1/4 | 265 | 2 | 121 | 1|

| 48 | 28-74 100 | 14
06 | 04-06 A -
6.0 [*07-97
06 | 03-186
1 47 | 20-67
|04 | 02-06 |

B T

83 - 28

locoocooooo

.85 14
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. TABLE 3: INSTAULED COST OF CATHODIC PROTECTION SYSTEMS
Rt 1-80, Section- 3AD &4AY ? L
R Sl D‘eck Area | Anode - |Total System
|System__|Struc k'@,”“ : (sf) . ($/s f) | ($/s.»f.) o

N

gA‘ | 0726150

| rose | s | w2
’10883 R

| 1414179 | 11,089 | 8379 . | si1.
| 0726153 | | 4624 | $454 | $10.47
0726154 | 4715 . 467 | $1049

' 19884 - $347 |

mmc‘nmm;mmmw>'>>>"z

o AveraJe Cost System. , Al $ R

$3_° 59 ) .

= reseeii'cvrr site -




APPENDIX B: Depolarization Test Results

‘Table 4: Summary of 4-Ho.ur,\ Polariia_tibn Decay Data
. (Bridge No. 1415-157, Titanium Mesh)

Table 5: Summary of 4-Hour Polarization Decay Data

/

(Bridge No. 1415-158, Mounded Conductive Polymer)

-

Table 6: Depolarization Test Data




| TABLE 4
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e falled ta meet 100 250" mV Shlft crlterla (NACE)




o .~ TABLE : 6  DEPOLARIZATION TEST DATA

Bridge No.: -1415-157 & 158 Date: 06-30-93 - Time: 10:15am . Aubient Temp.:_ 84 F

e | 1 | ‘2 | 3 | a4 | s | & | 7 8. | 9 10

Ref. cell | 1|2 |2 |2 [1 [2 |2 |2 |o |2 1 |2 |2 |2 {2 |2 (1 |2 |2 |2

0o 390 356 398, 408"‘ 439_ 340 |278 }288 - 39 6 513  3_98 1487 1455 - 309 356 (333 [342 {325 v———"50‘7”~.

15 286|316 [361 [378 [395 [306 [248 [260 367 |499 [361 [460 [410 280 [319 [311 [312 [293 |-—- 480

‘30 B T P DT Lt o e et B

. a5 |219 [272 [337 [348 [368 [201 |216 [240 (320 |480 325 [435 |364 [259 [201 [285 [284 [260 |-—- [434

60 - - - -\ -4 \—— "} "} |=— - = = |

75 [186 [247 [329 |327 354 [285 [200 [221 [315 469 [309 (426 [344 [250 [280 [270 [272 244 |-— [420

120 USRS, FUNRN R T [y SRR (e —_ — e—— m——_— —— —_— . | :

150 ——— —— —_—— f—— —— —r— ———— ———— ——— — |— ——— |- e ——— ——— ntant] ———— e | o—e——

180  [125 [198 [208 [281 [312 |263 [181 [193 [314 (443 [280 |04 [310 |228 [258 226 {253 |215 |--- 390 |

210 e e T [ O T T R R IR EESIRCII R

240 114 {183 [278 265, [290 247 [174 [179 [309 [422 |269 |394 {298 [220 |250 211 [247 204 |-— [375

4 hr Decay |459 [220 [165 [167 [216 [162 |102 [128 [126 [102 [236 | 58° 235 [161 [175 148 |146 [172 [-— [207

Notes: o g
2 defective cell S -
b failed to meet 100 - 250 mV shift criteria






‘APPENDIX-C Electrlcal Resistance Test Data

Table 7: Summary of Electrlcal Test:.ng

Table 8: Summary of Anode-to-Structure
' Clrcult Res:.stance .

33



TABLE 7: SUMMARY orazﬁzcrnxcaz'TEST:Naf(June’1993)"fi

?@ffTitani@mrMbsh   Q,-CbnductivegPol§ﬁe:5’_:;

-5 - 4 0 _;jﬁ

wll
g

j
. | . . . .
| operating Cﬁrremﬁéb 2.5 - 4.0
|

}f?f 'F  . T e i

(Amps DC/zone)
Current Density |  f0;gvé'1,5 ' ..«" 0. 9 --1 5

[

Cma/s.£ ||

i

- Clrcult Reszstanée 1 £ =o0.56 -0.87 ;-:“l;'l}58 533,59 )
T (ohmsy | L T T T T

1.!,

o

4- Hour Polar;zatlon E . 102 ; 45Q5;>V? ?‘ | 58~-?236L
“Decay R  ‘¢ o g B A PR DT ,

@ ) x=188 | 160

' TABLE 8: sUMMARx OF CALCULAIED ANODE-TOFSTRUCTUREf -
: S cmcun RESISTANCE (ohms) PR

A

I ' A

‘Bridge & | |Nov 1988 | Nov 1990 | Dec 1991 | ‘June 1993 |
Zone Number | | | R T SR 5 T

(0%

| L .
1415-157 | ‘9;4395Q%1_, 0.561 - | 0.

1 59 | .0.610
1 9 (0810

(2] 0.442 | 0.300 545 .558

.935 870 |

q.] P
31 | | 0.6%2 | ~0.818
T

ECEE (745 | 0.745 -870 837

olo cx 6'<f
o ol wolw:m
~rlololo )

| 1415-158 | | 0.950 | = 2.366 976 | 1.585

" el | | 1.185 | 2.704 08 963

. .
u = | w

(81 | ’1*1563E ,  2.594 | 4.316 1903

on

1101 .ﬁ',._?1;407,?‘ ’:2 179

lwlwle el
lwlrlrl=]=]

592

S * rectlfler in vurrent mode of operatlon L

_12_34~




' APPENDIX D: Rectifier Data.

~ Table 9 : Summary of Rectifier Operational Data
and Rectifier Maintenance She_ef_ht', a

~

K}




 'TABLE 3;‘SUMMARYfdE;RECTIﬁinavoPERAIIoNAL~bAiA";~‘”‘”

Nov . 1988 |  Nov. 1990 |  Deec 19901 | June = 1993

Bridge & | Initial | Initial N D T
Zone Number Voltage | Current Voltage | :Current: - 'Voltage | Current | .-Voltage

| current

IETET R R R e e
B R A | b 2.6 | 4. 1__-,,‘, 31 401 3.5
[ tz21 | 2.7 | 43 | 2.6 | 44 | 3.2 |-
> f%jiffI3]i:wffﬁj3j5fff”if33;gff”fffi3f§4*;if%f3}3fjfjjjﬁ3;7ii} jfT

o
bl
i

I

3.1

S w e
=
]

SN O 5
[ 14a15-188 |
R )
BN

T

B DA

T
40 | 105 | a1 | a8 | a1 | 70 |
‘,2;75 f‘:"8;1a[~_; 2.7 | 12.0 | 2.6 | 5.9 | |
3.0 [ 8o [ 30 | 132 | 30 [ 61 | 27
‘Q‘3.2 ,   :§.1: .>,  3.25.:'1u714,8 ,;  v~3;1 f .6? 635v  T 3;1.,,
i;[gl '_ 2;7ut¢;' 7:0  vﬁ f247lA{i;,10.5,<7 ;,217 ~-   ,5;6:7 # -

N | o>

vlojwlofo

sz a0

. - 4.0 - .
a3l a0 o e
T \

slealelalsls |,
. I I . e

_ [10] .6 |27 | 69 | 2.8 | 109 | 2.8 [ 10,05 | 2.5

'fV‘* rectifier in current mode of operation:



N

Rl ("Ill [sR M/\INH N/\N( [ SHIEET

Pro;ecl L- 50, g“:f")” EMD ; ﬁ(AY Bridyge Lienlificalion (Y/5=/575§ (58

"Reclmer Model Mo. vALLC_ _Z_O___/.QQﬁz Reo Lilin Scalal No Remorks "As {;,_,,_,C/
20 volls DC. ';.ZQP" “Ainps ne -./..Q_fj__ Cucmls "-——g;‘ff"c-‘—"l"j-‘—'" a/"g"““c{ed

MP-88F oo .

>~ Reclifier-Oulpul:.
. Anode Syslém» 1+(S=/51 (é"[gangr_.)) A8 L58 ( H“"-‘CO)_ S -Zovieg ! /- ¥, ,Gfu/sc /«//:-/5‘7
Tesler £ Y I 30 Deck Condnlmns C(""-f - i S-te, " . I¥/5-/58 |
Dole _©&-39-23 " Time /O__LS G Aml)len! Temperolure _é’_f_.p
- _ | Modeof | R‘ Call I R( lel /2 Polentlial | Polential | Relerence |  Relerence
ur - - - Operalion el. Ce KRel. Cell jf2. Sel | Conlrol Cell . Cell .
v wrenl| Opera , , Lontr _ > _
5 9(1;:/0)93 Cp(r;;an ' S (mv) (mv) (mv) Swilch - Swilch “ON" Monilor
N . Y gollagié, e R o - - . Position - Posilion
: : - Curren ) oy o
Potential | Per [ ' [ frep | ON o | 7 s
...... EEN LR N D T
w M@z (veed | Cw"m?‘ T573 [-eSc | -Yes)-veo on / z_
4 I e ’ | :
* 113.8 | w4,y B v ' ) . '
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S| (ean)| (yoy | Curvead |- 43S |-4Se|-524|-55| o z !
7| ccoory| (za) | Cerread |-533|-582|-381|-vos3 ou / z
.7 2. | - ' R o
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APPENDIX' E: Delamination ‘Survey Results
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| Structure: * Brid e

2
|

n l
I I

VoA

415-157"

b

' FIELD SERVICEREPORT |

Delammaﬂon Survey

/e

Location:

. 1-80 Ney

- Owner

- NJDOT|

v Jersey

Date
.~ Performed by:
- AnodeType

I
I

"

[

\

. 9116/93-9/20/93

J.E McNaughton
ELGARD

DE!.AM#
7" x1

- SIZE -

—AREA()

— LoC

25.25' from North curb, 12.5'

ATON
west of joint "C*

8" x|

25.25' fror Norih curb. 4' west

totjoint “E*

4" x|\

~ 033

~ }25.25" from North curb. 44.75'

west of joint “D"

odm$

_7"x2

Delam # ,
Jotal Delam Area
Area Surveyed -
. % Delams of total

' .S’ﬂﬁc’rur'e_:’ . Bﬁggéhﬂ

a7

25.25' from North curb, 39" wesi of joint "D

. S
__30SF
12978 SF -
—00Z% _

Dcfe

" Location: 180 New J

Perforry

Owner: - NJDOT _

Anode

SIZE

- 916/93-9/20/93

red by'

J.E. Mchuggfon

HARCO

‘Typev‘ .

| _DELAM # |

AREA(Sﬁ

LOCATION

& x-66" |

275 1

18. 5' from Norh edge. 24' East of joint "A"

TDiam| ||

.;079,

~ |20.25' from North edge, 35' West of joint 8"

| 079

19.5' from North edge. 1' East of joint "B* -

6"x 18"

075

{12.25' from North edge. along

West side of joint “C*

6'x 18"

0.75

18" from North edge. along Eas

1 side of joint “C*

1100 x 96 |

T 567

19" from Soufh edge. along We

st side of joint D"

24" x 1¢":

267

6.3 from South edge. 7.5' west of joint “D*

34" x 287 ¢

T 661

-116.75' from South edge. 12.5' weest of joint o

“1' Diam

079

13.5' from SOU‘l‘h edge' 16 wesf of joint "D"

12°x 18"

150

12' from South edge. 33" west

f joint “D* -

24" % 18"

! 3.00

_|6.5' from South edge. 41" west of joint "D*

) é"x 24"

1.00

18" from South curb. ecst of joint “C*

3"x24

0.50

. |8' from South curb, ecst of joint’

e
e

18" 247

T 483

2:50

17" from South curo. 14.6' ecstof joint 'B*

24%x 29"

-|24.5" from South curb, 2.5' ecstlof joint "8"

VOZZ?XL—IQﬂmUOmﬂ

~

24 x 7

17

116.75' from South.curp, ‘west of

. _Delom" o
- Total Delam Areo

" Area SUNeyed .
"% Delams of total cre

w
m

o

loint 8"
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APPENDIX F: Proposed Maint‘enance Plans

I

\

. oPTIbN.#I:"Routine monitoring,.annual inspection‘ and Serviceu,by

contr'act' .(Esti'mated‘ ‘iu'mp sum cost; $12,7oo')

",specxfled 1ntervals‘for operatlonal data. 'Thls mon1tor1ng-w1ll

’

COn51st of measurlng rectlfler DC voltage and current output

for each zone (Thls data is conSLdered essent al to ‘ensure

Al

B that each rectlfler c1rcu1t lS operatlonal ) Data ‘»will:be

submltted bl—monthly to the NJDOT in a standard reoorc format

If a problem ex1sts the consultant w1ll orov1de ‘an exceptlon;

‘report to the Department w1th recommendatlons “for remedial

actlon.

The 'consultant'#will'  perform anl annual inspection cf the CP

‘\-‘

lnstallatlons con31st1ng of the follow1ng

1) Depolarlzatlon tests u51ng the embedded refe*ence cells at,-

selected sites (testlng frequency should ensure that each

cell lS tested on a three year cycle) \ |

2) Rectlfled adjustments as requlred

15) Vlsual lnspectlon of concrete decks, rectifier,. Remote -

h‘fMonltorlng Un;t, and condult |

,_4)y‘Rectifier"and-.remote vnmnitoring’ unitv maintenance;
authorlzed repalr work Wlll be invoiced 1n accorcance w1th

" the follow1ng fee schedule

.




530ption‘"#2‘!75:Roptlne ‘mon1tor1ng by NJDOT| personnel annuaiafinfnﬁf

) :Lnspect:.on and se:*v:.oe-;-'by contract (Estlmated lump sum COSt,;

$6 400)

T :
\’.

NJDOT personnel perform routlne monltorng and report k ylf;3155-~

def1c1en01es '1q ;theh,rectlfler 'orf RMU operatlon‘fto‘;the;w o
.

.consultant for Serv1c1ng/repa1r as necessary Work would be_ffv

‘;1nv01ced in adcordance w1th the fee schedule below.*itﬁ
.fﬁffThe consultantf w1ll perform an annual lnspectlon of the CP»k]ﬁ_l5"ﬁ‘
1nstallatlons Usame as Optlon #l) v”"rf“f; nj :

b

lQJEStimated Englneerlng Serv1ces Fee Schedule'7f

Projedt‘Enqlneer (1n-house) _lﬂllaki'g,v $85 OO/hour_if”

ijrOJect Enqlneer (fleld)

7;;.[5865 OO/day .

1Travelsz -'ﬁih:e'ifl R ~A;, 7.‘51  f;?fw Cost plus 10% .

~ -

St Does not 1ncluce costs for trafflc control ;fepalr to electrlcal

'-condult,fw1r1nq,

|
|
IN
|
1
|

'elephone llnes and deck concrete work

';2>Requ1red repaqr{neplacement of ex1stlng equlpment,yould be ;ffll“’

; 'accompllshed in accordance with the above fee schedule;

a1
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