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PART ONE: . S~Y OF OBSERVATIONS AND CONCLUSIONS 

The principal · observations and conclusions from this · study · of 

bridge deck cathodic protection (CP) are as follows: 

L 1 Based on the results of recent testing. and evaluation, tHe 

study installations on Rt. I-80, Sections 3AD and 4AY are 

performing satisfactorily and preventing further deterioration of 

the.concrete decks froqi. re.inforcing steel corrosion. 

1. 2 The titanium mesh anode system. exhibits the best o,verall 

"' performance of the · systems under: test. Some benefits of the 

titanium mesh system. include: 

a. High level of corrosion protection (highest level of 

rein.forcing steel Polarization) 

b. Low anode circuit. resistance ( lowest d:i::·iving voltage 
I ,I• 

and least: amount' of :power · consumption) 

c. Good current distribution 

d. High .. redbndancy (a break in the mesh will not 

negatively effect system performance) 

e. Longest projected anode life. (estimated 35-40 years) 1 •2 • 3 

1. 3 · Both the mo'l,lnded conductive pol~er and f le:i:cible conductive 

polymer systems exhib.ited increased circuit resistance over the 

first three years of operation (150% and 167% respectively), 
' ' ',, ' ' ' /. ,,, ' 1 / ' ,' 

The latter may be an indication that the anode is depleting or 

portio~s of fh~·anode are no lodger ~n the circuit. 

1. 4 The mounded conductive polymer systems have the highest· 
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' I . 
number . . . J~l,. decay. rea.ciirws :~qtside · Qf ,' vle ;'~pecif iect 1:t:mi ts 

Jor • protect,ion · : 11)~0 ; to 2so . mi,ll~ voH•J • . .·· I ThiS .. •. is • pd~ariJ.y 
~ttri.Pui:ed tor li~ I 18.;Q'el; spacing (12. i,:,O 1~etween . ..;,wicls, .:~ .. 
~ompared to' ·. ti' ~- :) ~trie,r anodes • fl .... 3 iij. };_ rje~ultinQ__ .iri uheveJ:1 

. c1urrent distrib ti'~n tQ ;the reinfo'rcing .steel. I ' ,' 

L 5 The. remo.te m~tjitpring syste~s provide- a c!1 st-effect~ve~method 
,l ,, I I 

f.or ~~ut±ri~. mon tf r[ing qf the CP systems. . · -

' ' 

. PAR'? '?WO: REC . fAi?IONS .·_• .. · . 
! I . . ·.. . ··• · 2:1 Based· on hf\ fin~ings_ fn this· study,. rhe i;ec~nt • national 

', , effort by, SHRP l~nd favor~ble 'reports , by other 'users,• it 7 is 

. recommended_·' tei, bopd 'bby'e thaedoopetp, eadr, +--aesnt .al) . ~ul.r~a te . ~ridge · .. deck 
· ·· · r.ehabili tatibrl 11.J: .lriLL , -. . . .. · · · ·· • · · ':'\ · l I , : •· . · . 

2. 2 ' Future p~rf~e,nt:. , Cl? installations shoul('.f i 1ncorpora te 
. . qui de 1irie" de Ve Q~,d by: MS1.fro.:AGC tllR'rBA Ti!S Jc Force • 2 9. ' SilRJ:>5 •• ' 

and the' recotmne d~ lions :given ,in this repo-rt. ·, . .. -., i . l- ·· .. · . . 

I" 

: • . ·.· .· ··... 1 I 

._2 3 Future use. o( 1:h~ _ ;tl~xibl¢ conduc:tive .. PO yme:r:.: wire CP· system ,1 •·· 

., (Raychem Fer,ex arAn~d~) is ;ne>t recomniendE;'d_d+~ to the follow:1-,ng: 

. . 

· a. The. declared· .•thi 1 
.·. sy~terri · · inadequat.e. 

f.or deck 

c. 

· !( ) zOnes a:re · .. presently . 
11_ ; 

. . anode failure·. 

nirtei . , insta'r;lations have , disbond:l,pg _ ·•• 

and ido ' spalling of'·, the- LMC .• ov~r~:ay .:_.. ' Repair' of . the· ,. 
• .•. ·_. i I t 

ia tte · , irnay n.ot .. be practical dUEf -t4 ·th~ . potential for 

1kJ e~:cayation of the ano\ci~ and associated' 
l · · f 

I 
I 

/, ,I 
: I 

2 
··· 1 . 

I ,,, i 
I 
I 

I I· ... ·. 
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traffic control requirements/cost. 

2.4 Since the flexible condu.ctive polymer systems are susceptible 

to premature. failure, it is recommended that these systems be (1) · 

operated at 1:he lowest possible output providing minimum 

acceptable corrosion protection and (2) monitored· frequently so 
r 

·that complete system failure can be anticipated and anode/overlay 

replacement appropriately scheduled. 

2. 5 The following long 1:erm maintenance program is recommended 

for all CP systems: 

a; Remotely monitor the cathodic protection systems at two 

month intervals for operational data (i .le., rectifier 

voltage.and current). 

b. Inspect the cathodic protection I systems annually and 

perform repa.:i.rs/adjustrrients as required. 

2. 6 To facilitate routine monitoring, it is recommended that 
\ 

remote monitoring systems (EMS) · on existing and future CP 

installations be programmed with an alarm that identifies data 

out of specified range or automatically . initiates communications 

between the . office, PC computer and the rectifier1 •5 • 

2. 7 In view of the Department's c.urrent manpower constraints, it 

is · recommende<;i that monitoring and servicing of existing and 

future CP installations be done by contract. A sample monitoring 

antj.service proposal is provided in Appendi~ F. 

3 
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PART THREE: INT 

3'.1 

· .Pr,emature dete ioration of concrete bridge · ... ·. .. ·. . . I ·. . diecks · resulting from 
I · .. 

chloride-induce c~r~osion of the reinforcemen( steel continues to 

be a major pro 

·New Jersey. 

combat ting 

estimated the 

I 

facing the highway indust~y nationally and in 

need for a more cost-6ffective. means of 

problem is well · known. IIn 1991, · the FHWA 

to rehabilitate abotit 
. i . . 
420,000· deteriora1:ed 

decks national Yfi ·rusing conventional. repa.:ir ~trategies, 

more than $90 iliiOn1 ~ Those .conve.ntional !strategies· 
. : ' : 

would be 

-- which 

include various bypes of special concrete oveflays, membranes 

sealants -- \1 v'i lbeen reasonably successful!. in i:,rotecting 

bridges a1nd ex· st,i~g decks without active cor:i::-osion, but have 
·-, 

-and 

new 

not, 
1 I .. • . .. · ._ .. 

generally. yielde~d j the same degree .of sufcess in arresting 

corrosion i,n s 1~-pontaminated decks. 
1· 

Thus, the above strategies 
. I 

typica!lly extend dee)( life 
. I 

are really 

orily 10 to 

.. 
In -1981, 

. the only· 

g~p measures 
). i 
: I . 

ars8 • 9 
' ! 

I 

I' 
I 

since they 

I 

ic :protection (CP) was recogn~zed by the FHWA as • I I . . . ' I 

i.Jei rehabilitation technique f~r salt-contaminated· 
--•. I \ i 

decks 8 • ntrast to conv~ntiona.1 stratecgies, · CP abates the 

· · h · · I a_ nd_·. ·. off_ers a solution h. hat is t t · 11· c,orrosion mec _ ntim I po en ia .. y 

twice as effec ' To.promote the benefits bt the technique and 
I i . . . .·,• . i 

encourage its s1: ! by the states, the FHWA subsequently included . I 
. I . 

Cathodic Prot~ 'ti, dn of, 'Bridge __ Decks in theii demonstration (No . 
. 1' - · -- . . - I - • 

. I 

rocgram. , Today, more than 1
1
27 5 structures are I . -34)· projects 

I 4 



cathodically protected in North AIµ.erica. A .1988--89 
' 

I survey 

indicated that 90/% of these installations -we.re performing as 

designect1 · 

Basically; cp· employs an electrical current:' to combat corrosion. 

The technique· has been used for many years by the oil and gas 
' 

industry to :safeguard buried pipes and tanks. The process 

requires applying an external direct current to the reinforcing 

steel in a bridge deck (through introduced . anode material) in 

sufficient qµanti ty to neutralize. the current1s generated during 

the electro-chemical process of oxidation. By arresting the 

corrosion of the reinforcing.steel, CP is expedted to ,extend the 

life of a moderately deteriorated·deck by·some 20 to 40 years. 
1· 
I . 

Additionally:, sigpificant • savings in reconstruction costs can be 

realized, since the use of CP eliminates the need to remove salt-

laden concrete. The latter further reduces traf:fic con~estion and 
• • • _i • 

safety hazards .associated with deck re:construction. 

·•· 
3.2 Statement of the Problem 

The premature deterioration of concrete bridge decks resulting 

from chloride-induced corrosion: of reinforcement steel continues I . . 

to be a problem nationally arid in New Jersey that is both 

expensive and a hazard to safety. Conventional protective 

strategies such as special concrete overlays, membranes and 

se~lants hav~ proven effective as stop""'"gap measures, but cannot be 

relied upon to q:,mpletely arrest corrosion~ The above measures 
( 
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' require maintenance and expensive t~affic conrol. 

3. 3 Objecti es 

The obj ecti v s of this research are to (1) determine the 

effectiveness of an overlay-type cathodic protection system 

in controlli g/~rresting corrosion in an existing, salt-

contaminated con¢rete bridge deck under New Jersey conditions 

and (2) gain the hands-on experience neces~ary to determine 

the need or and nature of any improvements in 

specificatio s, Construction procedures, an~ methods used in 

assessing system' perf-ormance. 

6 



·· PARi 'FOUR~ .·· CONSTRUCTION AND. MATERIALS 

4.1 General. 

Test Site DescriptiQn 

. \. .. 

'/ 

The . s~ructu.tei sel~cted. for, this evaluation ,are located on Route 

I-,8Q in th_e nortber:n ·part of the state. Route •· I-80 is · N'ew 

Jersey's primary east:..west · highway ~nd · carr~es an AADT of about 

The structures are. 18 to 22 ·year old ·conventional 

sl~b/girder bridge·s. The reinforced concrete slabs . were · typically . 

8½" to 9" thick with .1 ½'; specified top cover. Condi tiori s.urveys 

of the. dee.ks prior to CP installation reve.aled :that, although they 

'con'.tairied' high 'levels ' of 'chlorides ' and were ~cti vely corroding, 
.,·~ 

the ·decks 

deteriorated. 

were- structurally sound and only moderately 
' c... 

' . 

Because ithe decks did not. require co,plete deck 
. : . . 

replacei:nent, · .these• bridges · wer~ c~nsid~red · excelient candidates 

for an experimental' CP instal.lati~n. Detailed information on the 

test site locat~on and condition 
. \ ,. of. the· decks. pri9r. to 

installation is P+Ovided :i.nAppendix•A. 

4.2 Materia1s 

\ 

CP 

The basic; CP, systems under study. were comprised ot. the' following 

components. Additional information·. is provided in. project 
r 

specifincations and the. post instailation/activation · report8 ; 

CATHODIC ··PROTECT!ON SYSTEM ·COMPONENTS . - . . . r•· . .· .. . 

_A/C ?ower Suppiy 
Anode · 
Corrosometer Probe. 
_Rebar Ptobe · 
Reference Electrode 

· Remote Monitoring System· 
Temperature Probe (Research sites only) 

7 



· Since none of 

records in 

installations 

comparison of· 

Selection was 

favorable 

systems include 

.i 
sta.te-,of-the-art systems had·· extensive track 

it • was felt that the loepartrnent 's first 
! 

h<!>~
1
1d include three differ~nt materials for 

! 

· n1~allation · and perf9rmance :C:haracteristics. · 
I I 

,,;. ' . • . i as~d primarily on experience of other us~rs, 
i .. I 

tor\y t.est results, and ~ase ofi installation. The 
. i. • . . . . . . i ..... ·. . . . . . ·. . 
Ha.rec Anodecrete, Raychern F~rex 100 and ELGARD 

210 Anode Mesh.· ,9neeach of the 

were s.elected or
1 

tthis study. A 

H~rco and1 ~LGARD installations 
i 

descriptionj of the systems is 
/ 

provided in.the 

cost informatio 

•e~oduct./Mfg. 

I • , 

fb~lowing table. 

isl presented in 
, I 

I 

I 

: . \ . 

A· list of t1. 1 e installations and 

Appendix A. 

I 

I I. 
I ANODE MATERJ:ALS 

r. 
Description 

. I . 

Harco Anode<;::re e. n,.ounded conductj,.ve po1Yi:mer· 
Pla~inized-niobium coptjer core wire 
:(primary anode). and ~aribon f.1.:bers 

Harco Corp. 
(System A) 

Raychern Ferex 
Raychem Corp. 
(System B) 

ELGARD 210 Mes 
Eltech Systems 
(System ·C) 

Dow LidaNet * 

*not_ evaluated 

od * 
! 

I 
I 
I 

nitjhis 
I 
i 

(secondary anode) coveried. with a 5/8'' 
mound of conductive po~ymer concrete· 

f1exib1e conduc.tive po~ym.er mesh 
topper wirecore coated iwith flexible 
polymeric compound· / · . 

I 
'cata1yzed ti tanium"".'coate4 wire mesh 
expanded t.iJtaniurtt me'sh /coated with a 
mixed precious.metal oxide catalyst 

' I 

cata1yzed.titanium-c6atiec:i wire grid/mesh 
expanded titanium·mesh !coated with a 
mixed precious metal o~ide catalyst 

study 
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' I 

Latex Modified Concrete (LMC) overlay 

The ELGARD anode systems were topped with 1¼" \inch LMC overlays 

while the thicker Harco and Raychem systems.used a 1½" LMC cover. 

, Remote ~nitoring System 

The study installations are monitored by collecting and analyzing 

readings for current flow~ voltage and corrosion activity. Much 

of this data is provided by remote monitoring equipment installed 

during .construction. This· system consists of a data monitor, 

rechargeable battery, telephone modem and personal, computer (PC}. 

Operating data is .collected and transferred to. the PC located at 
\ 

NJDOT headquarters . in Trenton. The data is processed using 

custom-designed data management and graphics ·software~ Detailed 
. . 

. information on this. equipment is provided in the project· 

specifications and previous reports ~.u / 

4.3 Construction Sequence 

Installation of the studied CPisystems·generally·consisted of the .. 
following: 

1) Preparation of the deck surfac~ for concrete overlay 

2) Continuity testing and connection of system negative 
lead wires to the reinforcing steel (2 per zone) · 

3) Installation, hook-up and testing of· embedded reference 
cells, an~ research probes 

4) Installation, hook-up and testing of anodes 

5) Light waterblast. of the deck after the CP system 
installation 

' 6) Placement of the latex modified .concrete overlay , 
9· 
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... 7) 

9) 

\ 

: .Route NJ 17 .,.< · 

i I 
i I 

.i I. 

I 
I 
I 
I 
I. 
! 
I 
I 

l~Ji<m ·.•of .· <ilectri.C::ai •·· hardjare necessary / to 
t [ ~rtocie, . ground, and ref erencek,cell lead wir~s to 
stei111 -power source · · . · I . · . . . ' , 

: : . . I·.. .. · .. ·. i~1 installation and · co:nnect!o* to· line power 
I • • • \ l I • 
1 comnuss1.on1.ng a_~d ·. eva 1,at1.on, · prioi: 

aade, 1 
. ! l !•. -: . •: ·I. 

i I 
s~llations in New. Jersey ·. ! I. 
il i .. 
·. l . . . . I 

to 

, i . ··. . ., .· I 

An aciditional r 
1
stajrch -~nstallat.i;oil was complefed· in December 1~91 

on Rt. NJ 17, •· Sec:tton 6~. This p~oject incl ded a~. overlay tfl)e 

,system Using anod~s ,on one deck 

,and a· non-CP ( Mq: overla~,) contrq;l installatfon .· on 'the adjacent 
. . . I 

_ s-t_ructµre. A 1 1 
ique . aspect , o,f this p,r1.j ~ct . is · ... that the 

:::::::::d !t~ 5 :::~P ::~: :: ::?::rt::~::n-G:0
::::::: 

1· .1·.· )'. 

installation. P st linst~llation/activation inf1: rmation ~s provided 

in an. earlier , I]eport12 • · .. These•·- installat · ons are performing 
:' I . •··I , .· . . 

satisfactorily' • · _nqi 1•wi\J.* • be. further discus·sed iill a. future repo+t . 

'Interstate Rout 

Although not 
l. . . •. ..-

additional .inst 

. ( . . i ·.·: . 
I 

, -I,· 

! I 
··· .. 1 · 

I 

nder 
. .I' 

·' 
st:uciy in this .. -evarua~icfo, sixte~h _ ( 16) 

;- ' ( .. : r . - .. 
lllttions were inade 

3AD & 4AY contr c:~:l Th'ese in.61-u,ded 'four (4J titanium mesh, three . · I · I ·· · · · · . ·· 
. . . ! ·j .. ' : .. _-.. • .·. . · .. · .. 1. .. . .. . . 

'p.) _mounded co d4cfi~e po1.yme+, and nine. (9). lfle~ible con~uctive -

- pol~er anod~ s s:14ms . A li~t o_f the installaf~ons, locati611, and 

·cos't 1nformat~o - :+1 p~Oylded . in ~ppendix. AC .. · .. wtt,h ,the "'exception of 

several le conductive Polym' er . I t . . h ( b ' > syr ems;~: t e . a ove 
I . 

10 I._,· 
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installations are performing satisfactorily. ·Additional 

information is provided in Section Six herein and previous project 

reports10 •13 • 

PART FIVE: METHOD OF EVALUATION 

5.1 Post Insta11ation and Activation Testing 

The following testing was conducted on the study installations 

September through November 1988. An overview of the test methods 

is presented below. Detailed information and test data is 

provided in the post installation/activation report~ 

E1ectrica1 resistance measurements. 

The following measurements were made to verify.proper operation of 

the CP system and its monitoring components. All measurem<:nts were 

taken with a Nilsson Model 400 AC resistance meter. 

• Anode-to•system ground circuit resistance - verifies that 

each zone will operate within rectifier.• capacity . 

• System negative-to-reference ce11 ground indicates 
! ' (_ .. 

electrical continuity of the deck rebar network· 

Static potentia1 and system energized measurements 
. ' 

The following measurements were made between .various components 

and embedded monitors to verify proper operation and. electrical 

continuity. All potential measurements were · taken with a Miller 

LC-4 high.input impedance voltmeter. 

• Anode.,-to-system · negative and reference ce11 to reference 

ground - normal for operation 
I 

• System negative-to-reference ce11 ,ground. verifies 

electrical continuity of the deck rebar network 

11 



I·, 

.... · . I 
cel:i . 'i)otentia~ ·· and ·. rebar probe 

. . ., ... ·[· 

Corrosion Rate. 

I 
•ei1/ ·.··• f. · _..· 

1
, 1 • . re ere,;ice 

,;',' I ,. .·· . ·,.. .• 

;a~urement.s ' . . verify mohitor iite.: :i,nstalled ah:c;i . . I . : : ·. ·. ·. 
,broper1.y .. 

. ·: 1· ·' ·•, ..... · 
i ., . ·'. ,, 

asurmnents 

,·'· i 

testing ·is to r;nonitor ·both shol=t: and long term 

deck rebar cot 0~ o'n ra.tes. 'A Mode'1:: 4208 (P6r;OSOine~e:r:. ,Systerti 

rnanufactlireci.by R~h~ba;,~ ~sed ;n the s~\ici/structures; .. ' ' 
Rebar Probe Cur eJtl -~as~r~nts' / 

' ··. This . teStin~ . i ~tiiducheii cil!termi~e tJi_i, ~Uni:. 9f •· cathodic 
•. ; t . .. . . ·. .· .·. 

prQ1:~ctiori, corr s~or .9e,n;erat~d.· and. the .amQurtt , + impiressed .currept 

required ·to. mi t' g~t~ cor:rosion . of . macrocelf. re probes· instalh~d 
') l I ' . /' , 
in the study st u~tiures -: c . 

j " ' 
E Log I 'l'estinq ! · .. · · · ·< •. 

Standard test c i~ ria ;recognizec;i by;· the Natip11al Association Qf: 

Corros i6ri e•~J •• (NACE) . 1 ' 7 w~s used. .. . ~h~s testi~g is. . used 

•• :::::lY' it~t~:otte:t::at::r~X:~•r:;ho:::·· p::::::Q;. 
'.I I ,· .,J 1 .. corrosion.·. 'l •· ·: .. • 

. Polar:Lzation' De ·~esti~ . 

. ·.· The :.mqst. ~ide·l 
. .',.,.. l : 

i 

e;'[J~ormt :'. of . pol~riied :potentials is m'easured :by 
.·.····\J.!Jed ~.V·; al·u .. ·a,'t~ .. Qll c. i:. ·1.· teria is ~that recommended · k>y. 

. I ' . ·.·. ,•. 

denergizin9 \the c:klsy.st~mJanq. recording the d lcay in polarization 

o,ter time .. · .· A · ±f f r~n~i:. .,~r · shif"t iti · pot:ellt1h · frqin the instant ·· · 
' 11 dff" value of 'at! ~eas~. 100 ~il,livolts ~sa.~isf Oer tlie. critei:ioll/ 

• l I.. I / 

.Testing was co d1cfed l:5.ing the permanent/ si v~r/s~lver> chloride . 

reference cells £!n, Conj;unction . with the po;tential data .·· 
j / 

.. l. 



logging remote moni torihg computer. 
r , 

,To ·confirm .. the· accuracy of ' 

the ·. reritote monitoring 'system, depolarization testing was _g.lso 
( 

performed at the rectifier. 

5.2, Monitoring of .Test Install-.tions 

Periodic performance testing of the study.installations consisted 

of the following. 

• Visual Inspection 

• Delam,i.nation Sµrvey 

• Polarization Decay Testing 

·•·· Electrical.Resistance Measurements 

• Rebar Probe Current Measurements 

• E log I ,Testing 

• Corrosi9n · Rate Mea,suremeri-t;:s · . \, 

/J 

13 
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PART SJ:X: RESUL SAND DJ:SCTJSSJ:ON 

6.1 General 
j i I 

At this writing the study installa.tions have [been in service for . I 

about five yea s : tg, continue to function •t tisfactorily. The 

following secti n: !presents o.bservations and· cpnclusions from the 

summer 1993 E;!Va uat!ion . 
I 

_6.2 Observatio Conclusions 

Visual Examinat · on I ------.----+---,., I 
: I 

Bridge No. 1415-157, titanium mesh 

I 
I 

i 

I 
I 

overlaly . appears 
i 

very 
i I good condition x~,pt for a 25. s.f. area (leis than 1% of total 

I I 

deck surface ar a!} I in . the outer shoulder where some concrete is 
I I( I 

missing to an a erage depth of 1/2" in several spots· (appears to 
I .. . . .· .·•·. I 

be a construction-related problem -- e.g., upcured concrete was 

·. damaged, then r fin/ished) . 

Bridge No. 1415 

generally good 

the deck surfac 
.. 

Delamination Su 

This testing 

sounding techrii 

1~8
1

, co11ductiye pol,ymer mound overlay appears in 
! . 

ondition; 
I I 
! ·1 

fine cracking over ~bout 10 percent of 

drlea. 
. I 

I 
I 

I 

I 

as . conducted 
•· I uJsf. 

using chain 

! 
I 

I 

I 

di . fagging and hammer 

I 

Bridge No. 1415-1/5f, titanium mesh - four (4). areas totalling 3 

s. f. ation were detected. The to[tal area . affected 

represents· less tAJn 1% • of the deck surface· area . 
. I . I 

'i ! ' . I . 

Bridge No. -i~s, conductive polymer lmourtd - sixteen (16), 
( I 

areas totalling 3j5' s. f. of de lamination were detected. However, 
. I 

14 
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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. 

summarized in Appendix E. 

Depolarization Testing 

Survey results are 

The results of this testing indicate the cathodic systems are 

providing adequate corrosion control to both the top and bottom 

mats of reinforcing steel in the study,decks. Depolarization data 

is presented in Appendix B. 

The mixed metal oxide titanium mesh Anode Mesh) exhibits 

the highest level of reinforcing steel polarization of the systems 

under test, thus providing the greater level of corrosion 

protection. 

One reference cell in the conductive polymer mound system is 
I 

defective and one other cell failed to 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 

the titanium mesh 0.56 -0.87), yet is still operating within 

system design parameters. This data is si..unmarized 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 
. I 

constraints. Results of previous testing13 indicated the rebar 

probe is an effective method for evaluating system performance. 

15 



E Log I Testing 

This testirg 

constraints. ..Re 

project report 

Corrosion Rate 

not performed in 1993 du~ to time/manpower 

of previous testing are ~rovided in earlier 

This data has n t been collected since 1991 due to unreliability 

of the test 

Performance 

While the 

as described section 6.2~1. 

stem Maintenance 

monitoring systems provide a cost-effective 
!\ 

approach to ro tine monitoring/evaluation, this method could be 

enhanced by the inclusion of an alarm that idelntifies data out of 

specified range or. automatically initiates communication between 

the office, PC omputer and rectifier1 • 

All CP systems should be inspected semi-annuaily and remote data 
I 

analyzed 

optimum 
,-

time /manpower 

e~gineer/consul 

a qualified corrosion :engineer to ensure 

In view of the Department's current 

oni~raints, the alternate use of a corrosion 

should be considered to handle system 

maintenance and anngal check ups. 

6.2.1 Perfo ce 10£ Other New Jersey Install~tions 
! 

The results of the evaluation by Corrpro Companies, Inc. in 1991 

indicated that the titanium mesh and mounded conductive polymer 

systems on Rt. -8 0, Section 3AD & 4AY proj ec,t! were performing as 
(. 

designed11 • H wev~r, several problems were detected with the 

flexible condu t4"ve polymer installations. Con cl us ions 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. 

2. ' 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 Increased current 

1414-176 ( 5) 3 Decreased current 

1415-155 ( 8) 1 Decreased 'current 

1415-156 ( 8) 2 Decreased current 

1415-157 ( 11) . 3 Decreased current 

1415-158 ( 12) '8 Decreased current 

0726-151 (14) 7 Decreased current 

3. The following trends for the three (3) different anode 

systems were determined: 

Mounded Conductive 1 Polymer (System A) Circuit 

resistance steadily increased by 150% over the initial 

resistance I in the three years of continuous operation. 

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

current required to maintain levels of corrosion 

protection. These systems produced the highest number 

of reference cell potential decays out of specified· 

protection criteria range (100-250 mV). 

Flexible Conductive Polymer (System B) Highest 

circuit resistance increase (steadily increased by 167% 
17 



4 . 

over · in~ tied) in three yea.r.s on cotjtinuous operation. 

Reduc if1 J,n I protectiorI c"rrent! r~q)li.ted to' maintain 

initi 1 1 ievels of corrosion protect.ion. These are the 

only •f1tem,; · showing · Lili: overlay i damage and failed 

anode mat±eriai. 

Titan'.·~ i !!le.Ill~ · (System C) - Lowesti circuit res.ista~ce 
, I , ' 

inc.re s~ i (steadily inc:tea.sed by 331% over initial) in 
i\ !·· ,· ' ' ' ;· . , '• 

three f1ars of .. continuous, operat~on. 

prote t~~n cu]~rent . requ.:j.red to.- maitjtain initial I levels 

Reduction· in 

: ·1- _; . - ' . ,, ' 

of . c rli-o[sion • protect;ion. These. systems produced the 
I ! • 

i I ' ', ' I least n:~er :of. reference cell :poteintial decays out of 
i'. . i 

ib1 protection criterion · rang.el. 
I 
: I , 

A al i of $even . ( 7) zones · on !flexible conductive 
I ! . . 

rl k.nstallations (Bridge . Nos. 3, 4, 5 & 7) are not 
: ' i 
: i ' 

recei ihq cathodic .. protection due td anode .failure. It 
• I : 

is p oje[cted that at least two oBher zones on these 
i I 

1~ iions (Bridge ,Nos . · 4 & 5) will have anode 
I ! ' ' I 

el tn the near future. · Other !states and Canadian 
I I ! ·, ,• 

. [ I i 
provi c~s have . reported similar pre;mature failures of . . .... !• I . ·... ; .· ... · 
the ayt::hem F,erex anode systems . r~isulting in complete 

i I 

6r patt~!1 lo~s of ciathodic.protectibn. 
, ·I · · ·1, 

' ; I I 
··.' I , , 

Prematuir~ an;ode system failure will occur if t,he 
< r ) I 

flexibl!eJ ccmauctive polymer coppef, core acts as a.n 

anode f~ther I t,han as a current, cqnductor. 

Occu i,·1• 1- the' an.o·de 1.·s tf physically damaged or. if 
! I 

aper. t.~nt at ]too· high 
1
a
8 

current i!~n$ity. The amount of 

This can 

j' 



anode wire· damaged may be minimal · or extensive 

depending on its location(s) along the .network. If 

these failures are few," they can p~obably be exposed, 

· repaired,, and then reactivated with minimal time and 

Techniques for finding . failures and repairing damaged 

anode wire are considered developmental.' To be most. 

technically and economically effective, it is 

recommended that the damaged anode· wire locations be 

determined, repairs made, and testing conducted during 

the same. traffic control schedule. 

5 . Spalled overlay concrete was found only on decks with 

flexible conduct.ive polymer anode systems (Bridge Nos. 

3 I 5 I 7 & 17) • This may be unique to this NJ project 

since .other states using this system have not reporte,d 

this condition. 

It i:s recommended that all Raychem Ferex installations 
n 

be tested for overlay disbanding and spalling. Al~ 

damaged overlay areas .should b~ repaired withr-concrete 

patch material. · Repair to these areas should include 

repair to the dama,ged anode wire, 

6. All rectifier uni ts were·. operational at the conclusion 

of this· evaluation~ Various repairs included power 

module and control card replacement by NJDOT personnel. 

It is recommended that spare rectifier parts be 

maintained .. 

7. Five of twelve remote monitor systems were tested and 
19 



. (' 

I 

. 8. 

tn,~d to<be operational·· at the·. ·conclusion -Qf '.this. 

tf 1n. • ; . T:ypi:c:al problems . · ;1cluded . phone lin.e 

•:_ •.f polyc. or.der. and/or mC:dem fait .. -.. ·.u_·•·.res ._ .. ·.•.·. ··. . . . 
:i;:¢i~rs and · modems wer.e remofd and · inoperative 

·equip' e~,1 appropriately labeled by-. ~JQOT · _persqnne~ _It 
I . . i. . . . ... 

cozrnende_d that. a.11 eqµipment be :,;epaired .. and I, 

. ~~ni!;~,;ing systems \je p1~cef back into service 
i I . : ,• ' I 

.· as so ni-as possibl.e.- · i .. 

. All ,er. de: : refe,re,nce C' ell~ ( ~ncl11 ding extras at thE! 
cp ! sites-) are functioning properly · with the 

·I· i .. . .. 

ibd, of the followi-ng': · . · 
'l 1- ; 
: j !· 

. ~rkdqe ~o .- Zone No. :, ~f1i1;:.• 
·· .. 141b-1so (5) 1 -•~-· 

·.· . 1~~1-iso 1
(~) 2 

!,. i 
1{l~-t53: (8) f ·.· l&j2 
1~15,,..]_53_ ( 8) . 2 . . 11 
4fl·l57 :~_11) 2 2I I 

7:i q-l'--53: ( 15) , C 2 2[ ,. 
1h$-i56: ('.l.B) 1. · 11. 

:· \ . I 

The va!lli.di ty of the · above r_ e_f~r. ence · cells .· 
! ·r . ;- . - I . .. 

· i :•· I · ·· • quest· otJ.1.d because of· their' mea1ured high•. · circ:ui t res is ·~n~~s. i • . 1.· .. 
I ' . . . i .·.· .. ·· .. :. . .· . 

9 · All e*,r pr:obe·s ·embedded in :the I research · -decks •: ate 

d~,g . ·.· correctly with and . without . Cathodic 
t I . . ....... · . . . ... · .· .. ·· .. ·. .. .· ... . 

prote t;iqm · applied .. : The · rebar probes have .·shown. to be · 
. . • "I I· . : . •. ,. •, ., . .:• ·. ,,·:. '.· . . 

an . e f~bbive 'mop;itor fo~ evaluating. the performance of 

CP . t~t• "\the research sites ; · + · 
! 20 
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10. All Corrosometer measurements obtained in December 1991 

are inv'alid. The embedded sensing elements are either 

used-up, defective or the instrument cannot pro,perly 

process the data.· It is concluded that this instrument 

· (C9rrqsomete;i:- Mode.l 4208 with type c..:..sa elements) 
) . . . 

not an effective method to evaluate the performance of 

the CP systems at· the reseaich sites. 

·sased on these 
r 

findings, exper.i,ence with. other 

.corrosometer systems and discussions with other CP 

researchers, the corrosometer system is not an 

effective method to evaluate a CP system for reinforced 

concrete. 

11. Resistance measurements between reference cell ·ground 

lead wires and sy:5tem negative lead wi'res at the 

rectifier for Bridge Nos'. 7 & a, are extremely high. 
I 

The half-cell measurements from these embedded 

reference cells are unstable. Preliminary checks did 

not identify a CP system wiring problem --' a poor or 

non-existing, grounding system for these bridges is., 

suspected. A detailed investigation is recommended to 

determine and ~orrect this con~ition. 

12. In the fall of 19 92, it is. recornrne11-ded that all CP 

monitoring data is reviewed, depolarization testing on 

all zones, and E Log I testing of selected zones be 

conducted after four continuous years of operation. It 

is also recommended that all systems be re"-adjusted for 

~oltage control and with current limit based on 
21 



Summary·. 

, I 

ana ·ysJs '! 
. of: this review and t·est 

1
data obtained,· at· 
I 

tha· 

267 · 1that 
·. ··.·1 

'·, 

It has· been 'shown .·(F~iWA Report Ro..:.99.::.. 
. . . I . 

constant ·voltage . cont~ol with current ' 
:-.-i .··. ··_.·. · .. ·· .• -. . .'_ ' 

lim t ¢an provid,e -effective 
.I 

corrf,sion _ control to : i. : . 
rei foi:tcing stee_l 

1---· ·. ·,: 
i . ' 

pol rl~ed ~under 

\ : J t' 1 cur · e~1 i con; ro _ . 

I 

that h_as · ~een previously_ 

cathodic ~.rqtrct:Loh ·_ constant.· 

It <i.s ·also :mofe: reasonable -. to ,. . . . ' ·'!, .: .·· ·, . 
. ' .. · i ! 

pro. efl opttmum' ariode ·syst~m · li:fe 

con r~~/curr~nt limit·adjusted CP 
i· 'I - . -

, ''1 ·., 

_1_ -I. 

Thi>,' studied s •Hins ai\d mOst, of the 'othe,' c~ instaflations on 

Rt. I-80 cont tq ~~:qction: as de~ignecl a'fter five ye·ars in 

service. The f ~~tem$• will si_·_ 'gnm<,ant_·.~-Y __ ,
1
r_ reduce, if ~<>t 

. ( i . ' I 

compl'etely el minate ·_· l · 

the corrosio J~ rei;,forcing steel eIJl);>edde~ in the subj~Ct 
: i : I ' . · -- · 

dho;tion: or. elimination o·f --· t_ 9r_r_o_ s:i.on .. product_s · 
i I . 

'Will . Signif cf4t1y • decrease · the ·' amou,:i~ . Pf 
. ! i . . . . 1-' 

dela:mination a:~d( · spa;Lling due to co~rqsio ; thus· reducing 
. . '• . ( l I ,. : 

annual rriaint l'l\3-I!iCe .. costs and prolonging . the structural 
' I , 
),'' ' 

. 1 · ·; \ · 

int_egri ty of hf decks . 

decks. 

(:Oncrete· 

. . 

' . i 
\ . 
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PART SEVEN: ECONOMICS 

. The chief benefit of CP- is long,-term protection against the 

corrosion of steel in salt...,laden concrete. Another benefit is the 

savings in construction costs realized by eliminating the need to 

remove sound,' but salt;..laden concrete. (Conventional 

rehabilitation methods normally require all Sp.lt-laden concrete to 

be removed. 

inst,alla tions, 

' 
The presence of salt is beneficial to CP 

since sp.lt promotes the flow of the electrical 
I 

protection current.) The savings in concrete removal is directly 

proportional to the . ,,quantity · of concrete left in place. An 

estimated net savings of $570,000 in construction costs was 

realized on the I-80, .. Section 3AD & 4AY project (18 

installations). About $15,000 of the above total was saved on the 

two ~tudy installations. In view of thJ recent decline in the 

cost of CP systems5 and the hands-on !. ' . experience gained by the 

Department and contractors, even greater savings are expected in 

the future. 

In addition to budgetary savings CP . also eliminates much of the 

traffic congestion and safety hazards as9 ociated with deck 

reconstruction .. One of the goals of the Intermodal Surface 

Transportation Efficiency Act of 1991 . (ISTEA) was to reduce the 

air quality pr9blems anq fuel loss.that result from congestion. 

23 
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APPENDIX A: Cathodic Protection Installations 
/ \ 

Table' 1: Bridge Location and Anode System 

Table 2: Pre-Construction Condition of 
Study Install~tions 

Table 3: Installed Cost of CP Syste~s 
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sr41)y OF BRIDGE LOCATION AfODE SYSTEM TABLE 1: 
, I 

BRIDGE NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11* 

12* 

13 

(14 

15 

16 

17 

18 

: I 
STRUCtTORE NO. ' ANODE SYSTEM 

! ' . 

i i 
l•ll4-i 75 

•··· 1 

: ; Harco, mound 

Elga.rd, me.sh 
i . 

1 U4-178· 
·.· 

Raychem, wire 
' 

I I 

Raychem, wire 
i i 

' I I . 
1 U5-150 Raychem, wire 

I. -I 

: I 
1 U5-1151 , Raychem, wire 

I .• 

1 U5-i152 .. Raychem, wire .. : I . 
1 U5-1153 

i ! I 
I 

, 1 I 
I 

lHS-1156 
. I I 

, I 
! I 

• ·I, I 

1115-1157 
; I 

0 ~26-1150 
i !. ·. 

. , I 

o ~2 9-1151 
J I 

i i 

o nG-1155 
' ' . 

. : Raychem, wire 

Harco; mound 

, Elgard, mesh 

•Elgard, mesh 

' Har co, mound 

1 • Har co, mound 

Elgard, mesh 

Raychem; wire 

Raychem, wire 
I 

:rElgard, mesh 

research·.: it
1
e 
I 

i I 

27 
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i. LOCATION 

I-80 EB 

r:...ao WB 

I-80 EB 

I-80 WB 

I 

I , over 
' 

I I-80 EB·oiVer 
I 

I--80 WB 

I-80 EB 

I-80 WB o~er 
I I 

I-80 EB 

I-80 WB 

r..:.ao EB 

EB· 46 

EB 46 & Ramp D 

Ramp over WB 46 
.... 

WB 46 

Edward Rd. 

Edward.Rd. 

Rockaway River 

Rockaway River 

Hook Mt. Rd. 

Hook Mt. Rd. 

Passaic River 

o~er Passaic River 
i 

I-80 EB o~er Horseneck Rd. 
I 

I 

I-80 .WB o~er Horsene .. c.k Rd. 
! 
I I-80 EB over Two Bridge Rd., 

I-80 WB orer Two·Bridge Rd. 

' i I'-80 EB orer Passaic River 
I 

.I-80 WB over Passaic River 
I 
I 

I 



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

SITE CONC. SPALLING DELAMINATIONS CHLORIDE CONTENT DATA. (lbs/cy} % 
& .\ SPAN AREA COVER Area % .~Area % Depth Avg Range 

. ., 
%Samples % samples POTENTIALS 

SURVEY DATE" {sf) {In} (sf) . (sf) Unl i 1.1 - 2 >2.0 >0;35V 
Rt. 1-80, WB East 5244 1-'1/8 81 2 43 1 A 3.6 -- ... 1.0- 5.9 0 83 10 

· over Passaic B 0.5 0 0 0 ·- . 
· River Center 6315 1-1/4 60 1 33 < 1 A 3.8 . 1.0-6.6 0 75 3 

#1415158 - B 0.4 . 0.4 -0.5 0 0 
May 1988 West 6299 1 160 ~3 70 1 A 3.3 0.7 - 5.7 0 67 14 
Built 1968 B 0.3 0.3- 0.4 ... 0 75 

TOTAL 16808 1-1/8 301 · ,a 2 146 1 A 
.·. 

9 
(HARCO) B J 

Rt. 1-80, EB East 5205 1-1/4 60 1 40 1 A 4.8 2.8-7.4 0 too 14 
over Passaic 8 0.6 0.4-0.6 0 
River Center ~196 1-3/8 15 < 1 11 < 1 A 6.0 - 0.7 -9.7 0 75 3 
#1415157 1· B 0.6 0.3-' 1.6 0 '· 

May 1988 West 5189 1-1/4 . 200 4 76 - 1 A 4.7 2.0:.6.7 0 83 28 
Built 1968 ·, 

, , -, B 0.4 0.2:..0.6 o· 
.,. 

(ELGARD) lOTAL 16588 1-1/4 ,. 265 2 121 1 A , 85 14 
B 

·, 



__ .; 

j . 

: ·/ \. 

; I . .. ..· .· . . . . .. · 
TABLE 3: · INS l:JLED COSTOFCATHODIC PROTEC· ON SYSTEMS .. / 

Rt. 1-80, Section 3 D'. J 4AY . . 1 
.· • ·•· .· 

• S stem 

·A 
8 
B 
8 
B 
B 

·B 
B 

... B 
8 

' ! , I 

·. . . i·' 
1414 75 . . l . 
1414 7q . 
1415 sd 

.. i 
1415 511 · 
1415 52 
1415 5~ 
1414 1a 
1414 7~ 

'0126 5~ 
0726 5~ 
0726 5~· 

: I 
' i 

4,3ea 
,4,368 
27,466 
. 13,4!7 

7,183 . 
. ·. 6;740 
: . 11,804 

. 11,804 
9,254 

11 069 I, .. 

4624 ·.· ' .. 
4,715·· 

19,884 

f .·, 

. System · : ' ., 
,.11 

II 

. . .. •,: i _· ..... 
. · . -: ....... . . =. res ~''f1_ site . · ·· 

• .• I 

, • ' I 

' 
! r 

i 

! I 
I 
i 
I 
I 
I. -., 
: 

$4.35 .•. 
$4.35 .. 
·$3;28 · .. •. 
$3.71 .. ' . 
$4:18 ·. 

·. $43·o··.· ·•···. 
.• I • • 

$3.30. 
. $3:30 . 

~5.08 
$3~79 · > 

.· $4.54 
$4.67 

· $3AT. 

A $3~86 . 
B .. ··'$4_;p7· 
C .' $3.59 

29 
. I 

· total System 
$/s~f •. 

.· . . -... ·_ . . . . 

. ··•. $9-.~1 '.·.·· 
- · .. $8.75·· 

.•·. $11::ae ·· 
.$l1.86 
. $6.65. · 

. $10.15 
·····.$6.97· 

$7:28 
. $8.94 · 

• ... $8i94 
. $15~1Q 

$11.71 . . 

..• $10;17 
· $10.·19 . , 

$6 .. 38 
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APPENDIX B: Depolariz.ation Test Results 

Table 4: Summary of 4-Hour, Polarization Decay Data 
· (Bridge No. 1415-157, 1 Titanium Mesh) · 

Table 5: Summary of 4-Hour Polarization Decay Data 
/(Bridge No. 1415-158, Mounded Conductive Polymer) 

Table 6.: Depolarization ,Test Data 

! ,\ 30. 



I 
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TABLE 4 SUMMARY 4-HOOR POLARIZATION DECAY, (--mV) 
B~ifig,, >10. ,141.5-157, "J:,ita,>;i.tim rsh 

Zone . Nov • I · Dec Jun~ . 
Number J.!l. ! a 1988 1991 1993 

1 317 475 215 
81 ·207 246 

156 195 214 
170 79 ·256 

3 176 270 .288 
210 188 217 

4 179 146 
194 236 

. . ' ' . ( 

TA.BLE_' 5 . fqMMARf 4-HOOR> P_OL;ARIZATION' .~ECAY, ... ·. (-mV) 
Brid e jN9 . ., 14:1$-158, Rigid Co1.1duct1ire l?olymer. 

Zone 
Number 

6 

7 

8 

,9 

10 

·Notes: 
a embedded 

•. b NA= res 
c failed t. 

Nov: Nov Dec 
1988 1990 1991 

144 141 :221 
53 C 86 c. 154 

i / 

179 185 194 
2, 159 181 181 

I I 

177 269 258 
2 219 

1 
324 260 

I I l 234 294 249 
2 137 160. NA 

I 
I i 

1 194 2S3 170 
', 189 0 182 . 1,71 

i I 

I 220 350 386 
2 150 257 326 

I 
--'i. i : . '' ' 

9'[/AgCl 1reference cell . . . , .. 
1 

·l~sl could not be analyzed (~uspect bad 
meiet 100-250 :mV shift criterir, (NACE) 

! 
i 

31 
. I 

b 

'459 
220 

165 
167· 

June 
1993 

126 
102 

236 
58 

235 
58 

175 
148 

146 
172 

NA 
207 

C 

! 

i:, 



Bridge No.: -1415-157 & 158 

ZONE 1 ', 2 
.·. 

,, 

Ref. Cell 1 2 1 2 

'l'ime (min) 
' 

0 390 356 398 408 
' 

15 286 316 361 ,' 378 

30 .--- --- --- ---
45 219 272 337 348 

60 --- --- --- ---
' --

· 75 186 247 329 327 

120 --- --- --- ---
150 --- --- --- . 

' 

180 125 198 298 281 

210 --- --- --- ---
·, 

240 114 183 278' 265 1 

4 hr Decay 459 220 165 167 

Notes: 
a defective cell 

1 

439 

395 

---
'l68 

---
354 

---
---
312 

290 

216 

TABLE: 6 · 

Date: · 06-30-93 

3 4 
·.· 

2 1 2 
,· 

340 278 288 

306 248 260 

--- --- ---
' 

·291 216 240 
.· 

' 

--- --- ---
I 

285 200 221 

--- --- ---
--- ---

263 181 193 

--- --- ---
247 174 179 

162 102 128 

DEPOLARIZATION TEST DATA 

Time: 10:15am 

', ' 7' 5 6 

1 ,.· 2 1 2 1 2 

396 513 398 487 455 309 
· .. 

367 499 361 460 410 280 

--- --- .--- --- --- ---
329 480 325 435 364 259 

--- --- --- --- --- . ---
315 469 309 426 344 250 

--- --- --- --- --- ----· ' ' 
--- --- --- --- --- ---

/' 

314 443 280 404 310 228 

1 

356 

319 

---
291 

---
280 

---
',, 

---
258 

--- --- --- --- --- --- . ---
309 422 269 394 298 220 250 

', 
'' 

126. 102 236 58b 235 161 175 

' b failed to meet 100 - 250 mV shift criteria· 

, , ' 

Ambient Temp.: 84 F 

8 9 10 
,,· 

2 1 2 ill 2 
·-

333 342 325 --- 507 

311 312 293 --- 480 
' 

--- --- --- --- ---
,· 

285 284 260 --- 434 
· .. --- -.---- --- --- ---

279 272 244 --- 420 

--- --- --- --- ' 
,' 

•'' -· 

--- --- --- -- ---
/ 

226 253 215 --- . 390 
,' 

--- --- -- --- ---
211 247 204 --- 375 

148 146 172 --- 207 



.. 

I' 

! 

' . 
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APPENDIX C: Electrical Resistance Test Data 

Table 7: Summary of Electrical Testing 
I 

Table 8: Summary of Anode-to-Structure 
Circuit Resistance 

33 
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i : 
I I ' . -1·. 1-·'· . ·.l· !; . : 

· TABLE· 7: S~Y Olf ELECTal:CAL '?ESTlNGI (June 1993) i · ... 
. . , I_,, J· 

,i 

: , Titanlum Mesh 
I , ·.: 

I . . . 
~0~4ueti_ve Pol~r 

.I .i 
\ r======-====----F;=='-'=· =-=t1=--======----===-=1===--··..,,, -====--=---====--=J . I 1· I . • .. , 

, Operating CurrEa~t. i . r :;:: · 2. 5 - 4 . 0 _·. j'. _•· 2. 5 - ,4,~ 0 .·. 
(Amps DC/zone) I :: 

. · I I 

Curren. t · Densit1 , 
. ~.(.mA_.·. Is f . ) •· i l 

i 

1.5 0.9 -1.5 

i 
r ='0.56 ..;0.87 1.58 -· 3.59 

I 

4-Hou:r Pola:rizc~tLdn .· 
Dec;::a.y . . , i . 

. (mV) 1 

r-=102- 450·· 
. . ... ·1 . . 

X = 184 

58 - 236 
' . . . 
: 160 ' 

.· . _·· ·1.; · ... ·· ,' . _,·_ '·, ':: .J ', · __ ·.· ·, ' 
·. TABLE .. ·_--_ 1~:•0MMAR_:_· _· _-_·_~--OF_. CALC~_ANOPE_-.--~~-o;__ S'mUC:T~ -~ •·•· - · 

·.· ... '. 

/ 

. .. . · . . i ' CIB;CUlT RESISTANC:E (e>hmsJ . ·.• ·· . . , , 
" : .· . ' . : :·. . . . ,· : . ' .;- . . . •, ,i. ::, ' . ' ' 

. :Bridge _& · . 
~one • Nwaber . __ _ 

1415~157 
[11 

. [2l 
. [3] 

1415..;158 
', [5] 

[ 6] 

[7] 
[8] 
[9] 

I 

. -: [ 10] 

b 1442 l "t · · ; , .·:-
I l . <i 
0 l692 ' '. . .,-

6 745· 
I I · • 

. I 1' 

0 ~950 

.I , -· 

--~ J167 ·. fl- I .. · , 

I-- I- . , 
iU370 
I., 

June 1993 

0. 561 . o. 610 · 

-. o. 300 Q.558 

0.818 
' .... j . 

0~935 

Q.745 O·.,E 70 0.837' 
.·. 

2.36E5_ L'585 

·:. 2. 704 · 1. 963 

· 4. 00 
2.594 . 4. '16 l.~03 

1.852 
· 2 .179 

.. I . 

'J. € 07 ,3 • 5 92 , ' '. I 

* rectifier in i.~t.rlent mode . of operation \. 
I • . i 

f. 

/,' 

34 
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APPENDIX D: Rectifier Data_ 
. . . ' \ . 

Table 9:· Summary of Rectifier Operational 1Data 

and Rectifier Maintenance Sheet 

3.5 
,.. ;~ 

,, ,! .. '-\,.'; 

\ 



w 
°' 

j 

TABLE 9: SUMMARY O.E', RECTIFIER•·-OPEJ:UlTIONAL DATA 

Nov ·1988 ·Nov Dec 199_1 June . 1993 
'-

Bridge & Init.j.al Initial 
Zone NUlllber Voltage Current 

-_ (V) (A) 
Vol_tage 

(V) • -
Current· 

(A) 
Voltage 

(V) 
Cux-rent 

(A) 
Voltage 

(V) 
Current 

(A) 

1415-157 
------ --

-"-C-1-l _ 2.6 __ _4 .1 4 ._l __ 4_._Q 
--------~-- -- -~----

(2] 2 .• _ 7 
' 

4.3 2.6 4. 4 - 4.0 4.4 
---
3.2 3.1 

-T.3- - -~-cc-• 3. 7~ - ' 4:3 -__ 4 :o , 
[4] 

1415-158 
[5] 

[6] 

4.3 

4. 6 
4.0 

4.7 

4.0 
2.7 

_--

4. 3 4.7 

10.5 4.1 
8.1 2 .T 

--

4.8 4.4 4 .3 
--

_/ ' _-

4 8 7-. 0 .1 4.0 

-- 12.0 
--

-5 ,_9 2.6 2.7 
4.3 3~0 3.0 13.1 6.1 

- __ 

' ---

- __ J--,--'-c~1_1--___,i,-,-,------,i,-,---------,i,-,--0-._o_--1----------1f--.,,.....---1f--3~·~0-,..,.--1---_,._,,...--1_....;.--2_ .. _1 
3 ._2 14.8 6.5 [8] 4.5 3.2 9.1 , - 3.1 3.1 

- _ 

_ -

[ 9] 4 . 5 2 . 7 7 . 0 , 2.7 10.5 5.6 

- 2.8 10.9 10.05 _[10] 4.6 2.7 6.9 2.8 2.5 
- -- --- ~7==::'.:::::=;....:;:;:=±=::;::::~_:_;;:_~L....,;=;;;;;:;;:;,=;;;;;:;;:;,:,::l...:.;;;;;.;::::=~;,;c==±c;;;::;::=~==±:::c====...J:::~===~==~==~~=~==-i--- ~---

* rectifier in current mode of operation 
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1n;(''l'll•'ll•:I{ M,\IN'l'l~:NANCI•: Slll•:1•:T 
Project T--BD, !:.::cf~n ~-':lbJ .... ~.t!Y . ...... --····----· n,idqt: ld1:1ilific,ili,111 /'-IIS-IS7' 15_8 ___ -,--___ _ 

Rectifier 0Model Ho. ~d.QC..C._..Zg-lg_QC.i!. 1.:,-i, I ili,::-1 Sctiol Mo. M.P.:._~..fJ.£.._QQL _____ _ Remarks -,£1.s -&~nd ___ _ 
) ' f~eclirier Oulrml: __ 2.0 _ Volts DC ~~l99 . /\inps DC _ _/_() A__ Circ(1ils C o.r,,-oS:9.11/t!"-leo c.ts"~ana cc-f,::-d 

/\node System. I ':ii S"-1 S7 ( ~~,£.J.,;. IY.LS.....--:L_S lL( HArc:.o ) _______ _ pr . / 
·Zovies. • I- y ,, ,13r!.£!.$t: IV/~ - I~ 2 

.Tesler . CY ( SD De~I< Gondili,)ns ----'d= __ r-_'1-1--'-------- 11 5-10 1 '' l1/IS"-/f:"8 • 
Dole -~ - 3o -9.3 lime _l!_): I .S::._t:?...,. Ambient Temperature .f;L't_~/:" 

.. ---· .. 
Mode o( Potential Polenliol Reference Reference 

ld Volloge C1.:irrent Operation l~ef. Cell // I Ref. Cell //2 Sel Contr.ol Cell Cell z (rnv) · (mv) 
0 (V) (A) (mv) Switch Switch "ON" Monitor 
N Voltage/ 

Current/ 
,n, IH Position Position 

Drop· OM · Drop ON o¼ I~ 'A Potential r,ee free - Ort . 2 

I>)~ 

3.3 '-I. I 
Cu.n~.,,f I (3, z.5) (If.a) - S73 - G.SG. - '{o3 -'{f-0 on I z.. -,..J 

2 3.2 "f,3~-
C t.<r-rei-\ t - •l'-f 3 -1/<..B (:i.10) ( </, o) -</32.; -~ID on 2. I 

ll(J //:3,8 ".l./ I I . 

(:,', ZB) ~'I, 0) C ,._, .,.,,..d:.,.-t.. - $""0~ - ')!: 7 -'/o<t . -(/30 OYI 2.. I 

4 L(.. (.. '-/, 7 C.µ,v-r(Xd - 27(... - 2.78 -'lo"1 -'5'"-10 . C 'f • Yo) ('f., 3} 0"1 I 2. 

5 
,.:3. <I, I Cu~v-t:1-<-i 

·-'· (... q'i) (tr.oL - "-1"3 s -<f-5°"', - -S-2 'I- - S"~ I ~l-1 2.. I 
•·~ 

t,. I 2.,7 
6 (<:;. "fo) (2,7) C u.n·e..tf - Sos -'f Cj8 -'f5l. - S"o1 01-1 I l.. - \ 

~-3 3.0 ' 
7 (l.,II) ·(2,7) C. t.-t r,.-,;.,,.t - S33 -"5'82 - '381 - '-103 01,-f I 2. . -

C.-7 s I I Cu..r,-,:;.,.f B (l. -5"o) '(),-/) - '-IZ S - 'It.. "t _. 3 S'l -31'r on I Z; 

~-8 2,7 
Cc....vve,,t-f 9 (S",&3) {.2 '~) - 3"f 3 -</1'1 -37~ - 1../03 011 I 2. .. -

/0-~ 2,7 -r b '"It- -¥'- -
10 (to- os) (2, s'"') Cu..,..-c.,lt ~q12.) J-lo<>I (-S-82) -732. Ovt . I "t.. 

V• (tc."':Jt!. dl..,~.i: ..__f ,'llA-f~?-i f"'j-~{./,= 1,-uc..f-,:.,r. 
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APPENDJ:X E: Delamination Survey Resul.ts 

r 
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Structure: Br1doe 41'5-~ 57 · 
Location: l-80 New J~rsey 

FIELD SERVICE ;REPORT I 
I 

Delamination Survey 

i 

Date~ 
Perfotmed ·by: 

OWner: NJOOT '; ~~-+--+-1 -+, ---,-, .-- AnodleType 
, I ! 

l 

DEL.AM# SIZE ARE-"(ft) . LOGATION 

9/16/93- 9/20/93 
J~ E. McNaughton 
El.GARD 

A 0.88 25.25' from North curb. 12.5' west of joint "C" 
8 0.6T ·. 25.25' from North curb. 4' west Of joint uE" 
C 4• X 1[2" i 0.33 25.25' from North curb; 44.75' \west of joint "D" 
0 7• x·2 • i , 1.17 25.25' from North C'Jrb, 39' w;$t of joint "O• 

Delam# 
Total Oelam Area 
Area Surveyed 

4 I ...,;.----,--...., 
1 

: , 3.0 SF, 
12978 SF 

% Delams of total cieai 
I I 

! 0.02 % 

.. 
! 

Structure: Bridoe 14' 5-1.58 
Location: 1-80 New. e•v . I 

Owner: _NJ DOT -------------
DELAM # SIZE ! IAREA(sf) 

i 
Date:\ . 
Perforrm\ e_d by: 
AnOdeType 

I 

LOC~TION 
A 6" x66" 1 2.75, 8.5' from North edqe, 24' East cbf joint "A" 

9/16/93- 9/20/93 
J. E. McNaughton 
HARCO . 

l'Diam 0.79, 20.25' from North edoe, 35' West of joint ·a• 
C 1' Diam j I Q.79: 19 .5' from North edqe. 1' East qt joint "8" 
D 12.25' from North edqe. otonq West side of joint ilC". 
E 6" X 18" I 0.75' 18' from North edoe. otono Ea# side of joint -c• 
F 1 O" x 96" I 6.67 : · 19' from Scum edoe. otono w~st side of joint •o• 
G 24" x 16" 1 2.67: '. 6.3' fromSouth edqe, 7.5' west]of joint110• 
H 34• x 28" i i 6.61 : . 16.75' from South edoe. 12.5' 'l.1est ot joint •o• 

1' Diam ! 1 o. 79 ' 13.5' fromSouth edce. 16' wes1i of joint ''D" 
J 12• x 18• , 1.50 12' from Soutn edge. 33' west qt joint "0" 
K 24" x 18" i : 3.00 • 6.5' frorn South edge. 41' wes; bt jqint "D" 
L 6" x24" 1 : 1.00 ' 18' from Soum curb. ecst ot joirjlt "C" 
M I 3" x 24" I.: , a.so : 8' from South curb .. ecst of join~IIC" 

I 1 S''x 24" I ! : 2;50 i 17' from South cum. 14.6' ecst lot joint "S• 
0 I 24" x 29" 1 4.83 ' · 24.5' fromSouth c:..:rb. 2.5' ecSi 1ot joint "8" 
p I C 24" x r I 1 : l.17 I 16.75' from South C'Jrt:l. wesr ofiJoint "8" 

I: 

Delam # I 16 
Total Detam Area ! 35.9 SF 
Area Surveyed I '13.~ SF 
% Oelams of total er eo I :0.26 % 

I 

3Gf 
I 



APPENDIX F: Proposed Maintenance Plans 

OPTtON #1: Routine monitoring, annua1 inspection 

contract (Estimated lump sum cost, $12,700) 

and service by 

• The consultant will. rerhotely monit.Qr the CP rectifiers at 

• sp~cified intervals for' operational data. This monitoring will 

consist of measuring rectifier DC voltage and c-:.irrent output 

for each zone . (This data is considered essent.:..al to ensure 

that each rectifier circuit is Ot:>erational.) Data will be 

submitted bi-monthly to the NJDOT in a standard report format·. 

If a problem exists the consultant will provide an . exception , 

. report to the Department with recommendations for remedial 

action. 

• The ·consultant will . perform an annual inspection cf the CP 
' \ . . 

installations consisting of the following: 

1) Depo.ia.rization tests using the embedded reference cells at 

selected sites (testipg frequency should ensure that each 

cell is tested on a three-year cycle) 

2) Rectified adjustments as required 

3) Visual inspection· of concrete decks, rectifier, Remote · 

. Monitoring Unit, and conduit. 

4) Rectifier and remote monitoring unit maintenance; 

authorized repair work will be invoiced in accordance with 

the following fee schedule. 

40 l \ 
' 
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'\ 

. i 
1. 

: J 

· qptiq~ ', #,2. .. · , : riine' j moilitoring by . NJDO'l' pe;r:,onnel; ~Ua}-. 
i.risp~ction .. and •,zrvice: ·py cont~act . ,(Esti;~1:r· ct; lumg: sum· .. c;:os~,·. 

"'$'6,:400), J i . : : .. ,. < •· 
· ·· ··~ • ~./DP'l', peUOn . ~l i ,p.,r~orni i:o;,ticne. · l""niY:'~i, ; .. and . repo~l;, ar,y 

· · d~fic;i~·11cies ·. in: · th~ recti.fi~~ or · .. ~U. J op~rat:idn · to ·, tpe · · .. 

·. cqns:Ul'tarit. f r j 1e;c:;ibing/repai!." . as. nec~ssary. ·• ... ~ork W,~tild; pe ,· 1 

· invoi¢.~d :.J~ .. cJofd~nci~ .. with· the. d:ee sche~u1e
1
[ ~·elQw .. , 

! ' L. ." 

ti' wiil i p~rfoz;m .an p.n.nual ".1n~pecti~n ·., of .th~ .CP ·. I ! . . . ! . . , , . ' . . .· 
I., ' . 

installations·. (!same· a;s Qptfon #=1) • , · ' l I 

Pr.ojec1: 

•·· .. Project; 

Technicfan 

I .·· 

(-in.;;house) 
. I·· 

. . i . . . 

(field) 

(hJej.d): • I I . ! 

i.: ,·· ·.. . j;' 
~u. J?atts.· 

.:· i i. 
-i· 

l ; . 

:: ·• __ : . · .... : 

,S1arviCes; )fee Schedule· 
. . -. 

$85. 00/hour ·. 
.. ·. · .... ,. . . 

o' s;a:Gs. 00)4ay · 

. '$68:? .QO/d9,y) 

Cost plus 10% < ·. 
Cost plus 20% , 

.I 

1 Does not · incl ii, ~oSt~ ·. ~or 1;raUJ" ~p'.'trol,, f pair to e{ectrical 

· ·.conduit, -wirirt , i tjelep~OnE! lines and, de,~k ,con<f:rete wo,rk~ ., 

··•·.~ Re9ui:c::e¢. · repa r{rjeplaq~1ttent of exi1S·t:ing .equil r.nent 0 WQUld be 

' acco~pl;ished 'i .. ~dc::ordcin~e ; with the abe>ve< !~e s~hed~le .. 
i'- [· 

·! ; 

i 
I r 
i 

·1-· 

'' ; ,.· 
,; I 

,.. 1 

. ,' 

:.· :'t ... ·-· I 






