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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 1'ransportation. 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 CONV .. :RSION FACTORS 

Approx. Conversions to Approx. Conversions from 
Metric Measures Metric Measures 

Multiply By To Obtain Multiply Hy To Obtain 

LENGTH 

inches 2.54 centimeters millimeters 0.04 inches 
feet 30.48 centimeters centimeters 0.39 inches 
yards 0.91 meters meters 3.28 feet 
miles 1.61 kilometers meters 1.09 yards 

kilometers 0.62 miles 

AREA 

sq.m. 6.45 sq. em. sq.cm. 0.16 sq. m. 
sq. ft. 0.09 sq.m . sq. m. 1.20 sq. yd. .. 
sq. yd. 0.84 sq.km. 0.39 sq.m. sq. m1. 
sq. m1. 2.59 sq. km. hectares 2.47 acres 

• acres 0.4 hectares (hectares = 10,000 sq. m.) 

MASS (weight) 

ounces 28.35 gram grams 0.035 ounces 
pounds 0.45 kilograms kilograms 2.21 pounds 
short tons 0.9 tonnes tonnes 1.1 short ton 
(2000 lbs.) (1000 kg) 

VOLUME 

teaspoons 5 milliliters milliliters 0.03 fluid oz. 
Tbsp. 15 milliliters liters 2.11 pints 
fluid oz. 29.6 milliliters liters 1.06 quarts 
cups 0.24 li tcrs liters 0.26 gallons 
pints 0.47 liters cubic meters 35.31 cubic ft. 
quarts 0.95 liters cubic meters 1.31 cubic yd. 

• gallons 3.79 Jiters 
cubic ft. 0.03 cubic meters 
cubic yd. 0.76 cubic meters 

• 
TEMPERATURE (exact) 

Fahrenheit Cebius Celsius Fahrenheit 
5/9 (after 9/5 (then 

subtracting 32) add 32) 
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AHS'I'RAC'l' 

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 CI- 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 . 
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S~:C'I'ION 1 

I N'l'ltOUUC'I'JON 

As noted in the Interim Con~truction Report, 

mrhe 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 
protective 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 PHO~t~:C'I' HACKGROUNil 

This project was initiated in accordance with a Cooperative Agreement Work Order 
issued by the U.S. DepartmentofTransportation 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 RXCa.~RP'I'S a.•ttOM IN'I'a.~RIM Hfi~POR'f 

Project Layout 

1. The Brazos River Bridge decks were treated with three separate protective 
systems by District 3 of the Texas SDHPI' 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 I, Surface Treatments (sand 
was also applied to spans 6 & 7). 

CONTROL* 
SPAN 

#3 
#4 

TEST 
SPAN 

#5 
#6 
#7 
#8 
#9 

STEEL 
REIN F. 

Epoxy 
Epoxy 

Epoxy 
Epoxy 
Plain 
Plain 
Plain 

PROTECTIVE 
TREATMENT 

Linseed Oil 
Linseed Oil 

Linseed Oil 
Methacrylate 
Methacrylate 
Linseed Oil 

Calcium Nitrate 

SURFACE 
TEXTURE 

Tine 
Tine 

Saw Groove 
Saw Groove w/sand 
Saw Groove w/sand 

Saw Groove 
Saw Groove 

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

TABLEt SUHFACRTREATMENTS 
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5. Span::; 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 ::;aw grooves were measured at 
114 inch. 

6. A::; part of a field change, plain rebars were installed m spans 7, 8, and 9 to 
compare with epoxy coated bars. 

7. The deck is comprised of 4 inche::; of prestressed panels, with 3 112 inch thick 
reinforced concrete surface overlay. 

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

Instrumentation 

1. Current Flow Measurement Devices 

a. Nine currosometer probes, of plain #5 reinforcing steel bars, six inches in 
length, were typically in::;talled in each of the experimental spans as noted in 
Figure 3, Corro:wmeter Probe Installation Data. 

b. Two gruund wires were Cadwelded to the deck reinforcing steel m each 
experimental span. 

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

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

e. Eight fifteen-amp breaker::; were used in each box as switches to compute the 
rehar circuit as electrical mea::;urements were made. 

.. 2. Hetricvablc Reinforcement Specimens 

a. A :set of paired reinforcing ::;teel bar::;, 7 feet in length of plain and epoxy were 
installed in each span as noted in Figure 5, Location Schedule - Retrievable 
Reinforcmg Bars. 

b. The retrievable bars were placed at steel mat level. 

5 



i #7 + #4 + #1 
'-at 
~ 

.. 
t #8 i #5 t #2 

/ j #9 + #6 + #3 _:1 .. 

I 
2o· I 2o· .. 

1 ..... ----+• +-4 ----+!,.-

Typical Span * 
* Southernmo~l span is No.9, northernmost is No.5 

.. 

• 

Span Date ln~talled by Probe Color Code Ground 
Probes # 1 #2 #3 #4 #5 #() #7 #8 #9 

Installed 
1985 

9 7/31 Canaday & Hcd Blu Blk Wht Org Pur Grn Gry Brn Wht 
f{ccd (knotted) 

8 8/6 Canaday & Hed Blu Blk Wht Pur Pur Grn Gry Brn Wht 
Reed ( knolteJ) (knotted) 

7 8/13 llustace & Pur Red Brn Wht Gry Blu Hlk Grn Hlu Wht 
Golding ( k notledJ { k nottcd) 

6 8/1 () l{eed & l{ud Blu Blk Wht (~rn Pur WhL 
Braddock (lied) .. 

5 9/9 Hustace Gry Blk Lav Wht Grn Brn Hcd BJI, Blu Org 
{knotted) 

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986 

I?IGUR~~ 3 COKKOSOM~:'l'ER PKOHE INS'I'ALLA'I'ION llA'I'A 

() 
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Probes Circuit Breakers 
#I #1 

#2 #2 

#3 #3 

Corrosometer Voltage Drop Monitoring Procedure 
I. 01>en all circuit breakers. 

2. H.otale rotary switch three complete revolutions to clean contact points. 

3. Check ground continuity. 

4. Set rotary switch to corrosometcr probe position and read voltage drop across precision 
resistor, Rl and R2. 

5. Repeal measurement for each probe three times and record the data on the following 
format and forward il Lo File D-1 OR, Stale Department of Highways and Public 
'rransporlation, Austin, Texas 78763-5051. 

Corrosometer Probe Measurements 
Brazos Hi vcr Bridge SH 67, Young County 

Texas SDII&PT Projectl-10-84-562 

Bridge Span No.• 5, 6, 7, 8, 9 (circle one) 
Ground continuity check __ _ 

Date 

Da/Mu/Yr 

Average 

Precision 
Resistor 
Value I 

• Span #9 is :oouthcrnmm;t span 

2 

Probe Voltages 

3 4 5 6 7 8 9 Recorded by: 

6. Close all circuit breakers and rotate rotary switch lo neutral position (N) until next 
scheduled reading. 

SOURCE: PROJEC'r 562 IN'rERIM CONSTRUCTION REPORT, 1986 

J1'1GUKJ1~ 4 CORROSOMit~TER PROBJ1~ CIRCUIT 
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Span 

# 

5 

6 

7 

8 

9 

inside parapet face 

(d) 

(e) 

(a) 

(f) 

(g) 
4----=--•111\ armor joint 

~:~pan #9 
-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· ·-·-·- «t. 

Typical Span 

Mea!lurcmcnls (feel) 

(a) (b) (c) (d) (c) (I) (g) 

40 3.9 10.6 13.1 15.1 

45 3.8 10.5 13.6 15.4 

40 3.8 10.5 13.5 15.2 

40 3.9 10.7 13.5 15.4 

40 3.9 10.7 17.55 27.6 

SOURCE: PROJECT 562 INTERIM CONSTRUCTION REPORT, 1986 

FIGURJ.~5 LOCA'I'ION SCHJ.~IlULJi~- Rr.~TRI .. ~VAHLJ.~ R .. ~INFORCING HARS 
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Sfi~CTION 2 

fi~VALUATION 

2.1 IN'I'fi~IUM R(.~PORT FINUINGS 

1. 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. 

c. 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. 

2. 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 106 amperes. 

b. Initial voltage measurements oftest probes, taken on April15, 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. 

3. 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 . 

9 



l.ocatwn Prulet·t• ve MeasunmwnUi Av~rug" Tux tun· Saw Hernurks 
Span # Treatment !lnrhebl ( m~hl;S I 'I' l~roove 

u .. pth 
(Ill I 

,,,~.::.l 
- -·-------~-

4.5 4.7 4 H 4.'1 4 'I .OHti 

lfal 5J~ 5.M 5.~ 5.7 5.H 0!')7 onwutlwr than 
typ~<.:al 

2tb) 3.1! 3.9 37 3.6 3.H l :l:l muj!her thltll 
typical 

2ld 4.5 4.11 4.6 4.5 4.6 J)YO I YJHcul 

3 4.~ 4.5 4.7 4.H 4.'1 .OHt. 

4 ~ /\ 4./i 4.ti ;,o 4 H OH.> 

5 ; u 6.9 69 70 11~ 0411 :l!lti 

61dl McthH(ryiHI• tUl 7.0 60 6!! h'l 114:\ 7/:J:! before 
m!'lbucry t,,l•: 

(tb) 6.0 5.H 5 I! 5.9 5!1 II .'if> lifter 
m<:thacrylak 

7ltt) ti.H 6.4 tlll {; I tif> o .• :} I t4 beJ.,,e 
111dhu, rvL•t•· 

7il>l h :t ti 0 i)!) 6.1 ti l i>'· l .utlt r 

l 
nu·lh,\cryldtt· 

H l.lllot••··l <>I I 'f (I li.7 1}5 'I I !;.H U41 :uti 

9 Caktlllll t.i'l 7.:J 6.H 6H ti y I 040 :Jilti 
nltrut(· --~-----L-. __ , '' ----- - ·----- -·------------~~ 

SOURCE: PROJECT 562 INTEHIM CONSTRUCTION RJ<;PORT, 1986 

TARLE2 SA Nil PATCH T~~XTU R~~ ANil SAW GROOV~~ IH~PTH 
MEASU Rf:.:M f:.:NTS ltf:.~CORD 
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ASTM E303-83 
l{ccorued hy I )a vc llustacc Dutc 12 19 85 

Outer Wlwcl Path 9' tf:. 
• IU 

Staliou Fridio11 Pad Values ~lUll X 0 x Var 
Sudiu·c 
( \lll!U('l (Ill.) 

---~· ---- ----~-
Control: l.tns.·•·d I ld, '1'11w Textun· 

Spa us h :1 & 4 

:IHH I 1:1 f) 'I!> 'ti 'I~~ 'f!j !iO HI 4'12 '/H.'/ 
:Hili I ():1 4 15/lh HO H:l H:l H5 H5 !iti 50:! 11:1.'/ 
3H~ t- l:l 4 11\illi H:l H4 Hf> H5 !15 Iii\ 507 H4.5 
3H~ I 5:1 4 '//H '/5 '/5 7b 77 7H 77 45H 71i.3 

3.~ HO.H 15.6 

!:;pun /15: l.tuscetl Od, Suw G"""" 

3!;~ I ~4 4 '//li '111 HI !·U '/':J liO liO 4112 Ho.:s 
390+ I~ 4 15/1 ti HI I·U li:! li2 117 H4 49~ !i:l.:! 
390+4ti 4 7/li 75 71i 77 71! 79 79 4fi4 77_;j 

:!.0 !103 li.7 

-- -- --·~--- -----·-----~-~------ -- "-----~-~-~~---

• !:>pan /IIi: lltgh Moh·rulur Wetghl MotWIItl'r I with Suml l, Suw Groove 

:l90 + 71i ~ 'I IIi '/3 '/5 '/5 '/:1 75 '/:l 44~ '/4 
a~n + o4 4 '//H lifi liH li9 li!:l 70 '1() 411 lili.5 
391 t- 21i 4 7/li 'Ill '10 '1'2 71 72 73 42H 71.:1 

2.8 71.:l 7.6 
~ ~ ~--· --~- ---~--

Spun/1'1: lltgl• M .. lt-cular W,•tghl MotlllllWr IWtlh Sun.! I, !-iuw Groove 

:l':JI +b'/ :. ti7 ti'/ till f)'/ ti'/ fill 404 fi'/ .:! 
3!11 + ':JI 4 15/lli 7:J 71i 77 77 77 74 454 75.7 
39:! t IIi 4 I !iilli 'l:l 'I;} '/J '/:1 7'2 75 4:1!1 'IJ.2 

4.:1 'l'L.I IH.ti 

:--ipau /IIi. l.u•~····d Od, Suw Cn""'' 

3!11. I 4'/ ·I I !>/Iii (i'l ti'/ tiH li!:l li!:l tl':J 409 bli.l 
:192t7:1 ·I I.'> II li I iii 67 tiH iili tlH 6H 405 li7.5 
392 t 94 :, (i7 liH li9 li9 70 70 413 6!!.1i 

0.7 6H.2 .4 
-~·-----·-~--- ·~----- --~--------

Span 1/9; Culnum Nrtullt,, Saw~~"'"\'' 

:l9;J t l:! 4 '//H ti4 li'i fiH ii'/ iiH 67 401 liii.H 
:J93 !- f>4 -1 'l/H ii4 iif> h5 (}5 6fi 67 :192 ti5.:l 

"' a9:1 + '/4 [, Iii lill hl IW 64 37() 61.7 iii 
2.o 64.6 o.9 

---~--··· ·----------~~--

SOURCE: PROJECT 5621NTERIM CONSTIUJC'I'ION REPORT, 1986 
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2.2 SUBSI+~QUEN'I' FINUINGS 

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 . 
'fhe 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. 

'I' he 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. 

13 
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Voltage and Current Measurements 

recorded by Dave II Witace ScJIWtnbt>r 23, 1986 

Span #5 Lim;ccd oil (epoxy bars) 

J'UfiiJld Wheel Path \;, 

Milliamps 
4 7 avg. 2 5 s avg. 3 6 9 uvg. 

Initial• 6.9 12 15 19 Hi 23 14 17 
@30sct· 3.4 5.6 7.3 5.4 10.5 9.6 12.0 10.7 7.7 9.2 8.5 

Initial• 8 14 16 21 18 24 16 19 
@30sec 3.0 6.3 8.0 5.8 11.4 10.5 13.4 11.8 8.6 9.3 9.0 

lmtial• 9 16 17 23 19 27 17 20 
@I min. 3.7 5.7 7.1 5.5 11.0 10.1 12.0 11.0 8.1 8.9 8.5 

Mdlivnlt.s 
15.4 2ti.9 28.0 37.6 30.8 40.3 27.1 0.2 24.5 
15.6 27.2 2tl.7 37.9 31.2 41.6 27.5 -~.2 26.2 • 15.7 27.5 29.3 23.8 38.0 31.5 42.7 41.0 27.7 --0.2 27.2 26.7 

•Note: initl!ll current mcasnrcnumt.s all evidenced a substantial immediate drop from peak values. 

snn-39 

• 

'fABLE 5A VOLTAGE AND CURRJt~N'I' MJt~ASUREMJt~N'I'S 
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Span #6 Methacrylate (epoxy bars) 

l'urupot Whot!l Path <t. 
Milliulllpll 

4 7 avg. 2 5 8 avg. 3 6 9 avg. 

lnitiul• 26 51 l'l 14 29 6.6 
@:lO!Itlc. 10.2 14.2 12.2 6.3 7.1 6.7 11.2 2.1 6.7 

Initial• 22 47 16 14 29 6.6 
@:!Osee. 8.6 12.6 10.6 5.7 6.7 6.2 10.5 2.0 6.3 

lniuat• 2:1 46 15 14 29 6.2 
(<Y I min. 6.:1 9.6 8.0 4.3 5.7 5.0 8.5 1.6 5.1 

Millivoltli 

K.9 20.6 -0.1 6.8 10.5 -{),( 16.5 4.5 --{1.1 
14.6 29.6 -U.I 10.1 12.8 -0.1 22.4 5.7 -{).1 
18.2 34.7 -~.I 12.0 14.0 -{).1 25.4 6.3 -{).I 
20.5 38.0 --{1.1 23.1 13.3 14.8 -{).1 11.8 27.2 6.7 -0.1 14.3 

• 

•Now: iniliul wrrcnlmcu:;uromcul.l:i all ovulcm:cd a:;ubt~lantiul immodiuw drop from peak vulucti. 

srm 39A 

.. 

'I'AHL_.; 5B VOLTAGE AND CUKKEN'I' Mf4~ASURJ4~MEN'l'S 
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Span #7 Methacrylate (plain bars) 

Plirapet Wheel Path ~ 

M illiump~> 
4 7 avg. 2 5 8 avg. 3 I) 9 avg. 

Initial• 2.7 1.7 3.0 7.0 3.3 5.5 14 
@30sec. 1.5 0.5 0.11 2.4 2.2 1.1 1.7 l.ii 7.1 4.4 

Initial• 4.5 2.0 3.5 1!.9 3.4 7.9 14 
@30scc. 2.1 0.5 0.8 1.1 2.6 1.1 1.9 I.H 7.11 4.8 

lmtilil• 5.4 2.1 5.4 9.1 3.9 4.9 16.9 
@ 1 min. 2.1 0.5 0.1! 1.1 2.1 1.0 1.6 1.6 7.7 4.7 

Mtlhvolt.s 
7.9 3.1 3.5 -n.2 13.9 3.6 11.2 22.7 -0.3 
1!.0 3.2 3.6 ...{).2 14.5 4.4 8.6 23.2 -0.3 
8.2 3.3 3.8 5.0 ...{).2 14.9 4.7 9.3 8.7 23.6 ...{).3 15.8 

• 

*Note: imttu! current me allurements ~til evidenced a I!Ubl!tllntiul immediiite drup from peuk values. 

srm-39B 

TABLE 5C VOL'I'AGi'~ ANil CURRi'~N'I' Mi'~ASURi'~Mi'~N'I'S 
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Span #8 Linseed oi I (plain bars) 
• 

l'nrapHt Wheel Path 
<f. ... 

Milliumps 
4 7 Illig. 2 5 8 avg. 3 6 9 Illig. 

Initial• :1.4 2.7 6 I 3.1 2.1 1.6 1.5 7.0 5.0 
(a,l30 sec 2.0 1.0 2.7 1.9 1.3 0.6 0.6 0.8 0.5 3.4 2.6 2.2 

Initial• !!.9 3.6 7.6 5.0 2.4 2.2 2.1 10.4 6.6 
@3o~.,c. 3.5 1.3 3.1 2.6 1.9 0.7 0.6 1.1 0.6 4.1 2.9 2.5 

lnitiul• 10.0 4.4 lUi 6.1 2.7 2.0 2.4 12.5 7.2 
@lmm 3.0 1.2 2.9 2.4 1.!! 0.7 0.6 1.0 0.6 3.8 2.7 2.4 

Millivt,Jts 
17.2 6.9 10.9 11.5 5.0 3.4 3.5 IIU! 7.4 
17.6 7.1 11.3 11.8 5.1 3.6 3.6 17.3 8.2 
17.9 7.3 11.6 12.0 12.1 5.2 3.7 6.11 3.6 17.11 8.7 9.7 

• 

"Note: initiUI current lllCHsurcmcu~ 1:111 cvulcucod u aubtituntiul immudiate drop from pc1:1k vulues. 

srm-:l9C 

" 

'I' A HLfi; 511 VOL'l'AGfi~ AN() CU RKfi:N'I' M fi~ASU Rfi~M fi~N'I'S 
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Span #9 Calcium nilrutc (plain bars) 
• 

l'urUJlel Wluml Path ct. 
Milliamps 

4 'l uvg. 2 5 8 I:IVI{. :J 6 9 avg. 

Initial• 40 5tl 19 23 58 60 20.5 7.0 6 
@30sec. 20.9 25.1 5.7 17.2 10.6 28.3 21 20.0 7.1 2.7 2.4 4.1 

lnital• 51 54 19 21 « 54 24 6.9 5.5 
@30scc. 22.3 23.9 5.2 17.1 10.8 27.9 22 20.2 8.0 2.5 2.2 4.2 

Initial• 51 51 20 21 56 41:1 22 7.0 5.0 
@ 1min. 19.8 19.4 4.0 20.7 9.6 24.1 16.9 16.9 6.3 2.1 1.7 3.4 

Millivolts 
72.2 74.4 23.8 38.7 75.3 66.2 35.8 9.7 6.4 
73.1 75.3 24.7 39.0 75.6 68.4 36.4 9.8 7.0 
73.6 75.7 25.3 81.9 39.3 76.0 69.5 60.9 37.0 9.9 7.2 17.7 

• 

•Note: initial current mea11uroments 1:111 evidenced u IIUbstanlial immediutl' drop l'rum peak v~:~lullll. 

snn-39D 

1'A8LE 5E VOL'I'AGE ANn CURRft~NT Mft~ASUitEMft~NTS 
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(51<''1' J<'ROM PARAPJ<~'I') (-RT. WIIEJ<:L PA'l'll-) (OECK CI<~N1'ER LINE) 

PROLm # 4 7 2 5 8 3 6 9 

SPANfi 
4-15 86 17.1 22.4 25.7 20.6 23.2 23.2 21.4 
9-23-86 15 6 27.2 28.7 37.8 31.2 41.6 27.4 -0.2 26.0 
CIIANGI~ -9% +21% +47% +52% +79% + 18% +22% 

SPAN 6 
4-15-86 23.6 37.9 11.8 4.8 10.4 3.4 
9-23-86 15 6 30.7 -0.1 10.6 13.0 -0.1 22.9 5.8 -0.1 
CHANGE -34% -19% -10% + 171% +120% +71% 

SPAN7 
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 
CHANG I·~ -13% -54% -58% -101% -9% -67% -57% -13% 

SPAN 8 
4-15-86 24.0 11.8 5.8 8.3 5.2 13.8 14.1 14.9 
9-23-86 17.6 7 I 11.3 11.8 5.1 3.6 3.6 17.3 8.1 
CHANGE -27% -40% + 95% -39% -31% -74% +23 -46% 

SPAN 9 
4-15-86 22.9 19.6 I 0.9 10.7 13.1 30.2 6.0 6.5 1.0 
9-23-86 730 75.1 24.6 39.0 75.6 68.0 36.4 9.8 6.9 
CHANGt; +219% t 283% -t 126% +265% +477% +125% +507% +51% +690% 

'rAHLJi~ 6 VOLTAGf1~ 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. As of 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. 
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3.1 SUMMARY 

Sfi~CTION 3 

CONCLUSION 

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. OIV.6 l TEXAS j C 68-8-34 J SHEET 4 

HOUARO COUNTY I HUY us 87 68-8 34 

GENERAL NOTES AND SPECIFICATION OATA-----------------------------------·-----
BEFORE BEGINNING UORK ON THIS PROJECT, THE CONTRACTOR SHALL SUBMIT, FOR APP20VAL BY THE ENGINEER. A PLA~ 
OF CONSTRUCTION OPERATIONS OUTLINING IN.OETAIL A SEQUENCE OF UORK TO BE FOLLOUED SETTING OUT THE METHOD 
HANDLING TRAFFIC. IF AT ANY TIME DURING THE CONSTRUCTION THE CONTRACTOR'S PROPOSED PLAN OF OPERATION FC 
HANDLING TRAFFIC DOES NOT PROVIDE FOR SAFE, COMFORTABLE MOVEMENT, THE CONTRACTOR SHALL IMMEDIATELY C~AN( 
HIS OPERATIONS TO CORRECT THE UNSATISFACTORY CONDITION. 

THE CONTRACTOR'S ATTENTION IS HEREBY DIRECTED TO UTILITIES EXISTING IN OR NEAR THE UORK AREAS OF THit 
PROJECT. ANY ACTIVE UTILITIES THAT ARE ENCOUNTERED BY THE CONTRACTOR SHALL IMMEDIATELY BE BROUGHT TO Tr 
ATTENTION OF THE ENGINEER. 

ANY UORKSITE OUTSIDE THE RIGHT-OF-UAY ANO CLOSE ENOUGH TO THE HIGHWAY FOR ITS CONDITION TO ADVERSELY• 
AFFECT THE VIEU FROM THE HIGHUAY SHALL BE LEFT IN A NEAT AND PRESENTABLE CONDITION ACCEPTABLE TO THE 
ENGINEER. 

---ITEM 421---
THE ENGINEER UILL SAMPLE ALL CONCRETE ANO MAKE AND TEST ALL TEST BEAMS ANO CYLINDERS IN ACCORDANCE WITH 
TEST METHODS TEX-41B-A ANO TEX-420-A. ALL TEST MOLDS UILL BE FURNISHED BY THE ENGINEER ANO THE CONTRACT 
SHALL MAINTAIN THEM IN THE PROPER CONDITION, IN AOOITION, THE CONTRACTOR SHALL BE RESPONSIBLE FOR 
FURNISHING PERSONNEL TO REMOVE THE TEST SPECIMENS FROM THE MOLDS AND TO TRANSPORT THEM TO THE PROPER 
CURING LOCATION AT THE SCHEDULE DESIGNATED BY THE ENGINEER AND IN ACCORDANCE UITH THE GOVERNING 
SPECIFICATION. FOR ALL CONCRETE ITEMS THE CONTRACTOR SHALL HAVE A UHEELBARROU, OR OTHER CONTAINER 
ACCEPTABLE TO THE ENGINEER, AVAILABLE TO USE IN THE SAMPLING OF CONCRETE. ALL LABOR ANO EQUIPMENT 
FURNISHED BY THE CONTRACTOR UILL BE CONSIDERED SUBSIDIARY TO THE VARIOUS BID ITEMS AND UILL NOT BE PAID 
FOR DIRECTLY. 

---ITEM -437---
HIGH RANGE UATER REDUCERS UILL BE USED ONLY TO MEET SPECIAL REQUIREMENTS AND UtLL REQUIRE THE WRITTEN 
APPROVAL OF THE ENGINEER ON EACH SPECIFIC PROJECT. A SATISFACTORY UORK PLAN FOR CONTROL SHALL BE 
SUBMITTED BY THE CONTRACTOR FOR APPROVAL ANO AN EVALUATION OF THE CONCRETE CONTAINING THE ADMIXTURE WILL 
BE PERFORMED BY THE ENGINEER. 

---1 TEM <1-46---
PAINT PURCHASED FROM THE DEPARTMENT UILL BE CHARGED AS FOLLOUS: 

PROTECTION SYSTEM I PRIME COAT 
PROTECTION SYSTEM II PRIME COAT 

_.;.._ITEM 442---

$&3.08/S GAL. 
$24.39/l l/4 GAL. 

NEU STRUCTURE STEEL ARMOR JOINTS SHALL RECEIVE PROTECTIVE SYSTEM I. 

---ITEM S 12---
FOR THIS PROJECT THE STATE SHALL FURNISH 141S FEET OF PORTABLE CONCRETE TRAFFIC BARRIER !PCTBl SECTIONS 
ANO 2 TERMINAL SECTIONS, STOCKPILED ON IH 20 AT EAST HOUARO FIELD ROAO, NEAR THE MITCHELL COUNTY LINE. 
UPON REMOVAL, THE PCTB ANO TERMINAL SECTIONS, SHALL BE RETURNED TO THE STORAGE AREA. THE CONTRACTOR SHAl 
MAKE ARRANGEMENTS FOR THE LOADING ANO UNLOADING OF THE PCTB AT THE STORAGE AREA. 

ITEM f>18---
ALL CONDUIT RUNS CROSSING THE BRIDGE SHALL BE SECUERLY ATTACHED TO THE SUBSTRUCTURE OF THE BRIDGE. CLA~f 
EQUIVALENT TO APPLETON CH-SOSil/2- 3/4"1 ANO CH-12SSit"l SHALL BE USEO. THE NUMBER OF CLAMPS REQUIRED A~ 
THEIR SPACING SHALL BE DETERMINED BY THE ENGINEER. THIS UORK SHALL NOT BE PAID FOR DIRECTLY. BUT ShALL £ 
CONSIDERED AS SUBSIDIARY TO ITEM 4642, "CATHODIC BRIDGE DECK PROTECTION SYSTEM". 

---ITEM &c-4---
IF ABBREVIATED PAVEMENT MARKINGS ARE NEEDED FOR TEMPORARY ALIGNMENT ON ON A FINAL SURFACE. THESE MARK!NGc 
SHALL BE APPLIED IN A MANNER THAT UILL ALLOU EASY ANO COMPLETE REMOVAL ~ITH NO UNDUE INJURY TO THE FINAL 
SURFACE. 

YELLOU ABBREVIATED PAVEMENT MARKINGS SHALL BE USED TO SEPARATE TRAFFIC FLOU IN OPPOSITE DIRECTIONS. WHIT 
ABBREVIATED PAVEMENT MARK}NGS SHALL BE USED TO SEPARATE TRAFFIC FLOU IN THE SAME DIRECTION. 

---ITEM 676---
BITUMINOUS ADHESIVE SHALL BE USED ON THIS PROJECT. 

---ITEM 3003---
SURFACE TEXTURE ANO SURFACE TEXTURE TESTS UILL NOT BE REQUIRED. 

---GENERAL---
ALL PAVEMENT MARKING SHALL BE IN ACCORDANCE ~ITH THE M.U.T.C.O •• 

---1 TEM 4685 ---
A 90 DAY TEST PERIOD IS REQUIRED AFTER INSTALLATION OF THE CATHODIC PROTECTION SYSTEM IS COMPLETEC. 
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CONSTRUCTION PAVEMENT MARKINGS 

I"Jhen teQUired eflewhtre in 1he pfen.J, tht: Contt1ctot _. 1M 
·uiJO'\•il>lt lor m•in<tinlng ptum.ot mtrillk'lot on th rotdw~tye thtt 
1,, o~n to tralfic: within the nmitll ol th4t PfofeCt. On ptcjec:u fn. 
·~otvlno roedw•'f surlecinf wh.k:h wlU reQU!re pawrntnt mtfidnQ for 
:cm:roi ol tt1ffic during conun.etion. the rnarldnot mty lnctu<St 
~II'\ t!tndttd tnd tbbtlvit~d Mtfkingt IS dtfm.d btlow: 

1. Staf'ldard Ptvtmtnt ,._rkftiQt ~ Sttl'ldard !Nrifnvl tJIItdd Fl 
confOtnunee with the t~~quitem.ota of the Tt••• MUTC:O, 
Such matkint• shovld ba pt.ctd an all r~wa~ ~.,eo traf~ 
fie during e4nttrUC1~ lncfudfno new N'QMtnt, rtaurtJidn9, 
da~ours or othtlr roadwtya wheN eonttl'l..le'don tctkrtUH INry 
Nve eov..-ed or oblh:.,ated u'-tfnt m.wkinQt;. St11'1dwd lftlt'k~ 
ln(js eho1Jid be pieced •• aoon •• poulblt tnd ~cdc-. Whln 
It it not l)f.aical or !)l»tfbft to pleet n.ndtrd mtrkfng;lat the 
..-.d of ueh dey' a w~ tbbl'fti4t.d m.~t1dr'Q11 may t. utillud 
for ahcln period~ undl sttl'ldtut mtrklngt cen ~ Clf,.acecL 

2. AtlbltYitttd Pt1111mant Maricm;. ~ Abbr....latad JWWfNf'tt 
mtrk!ntg.t tra '""""'' in lti'IQth m.n au.ndard mNkJriOII. 'rhit 
!.nvth •nd •o•dno cr the•• mltldnp lhi:R b• •• ~4ld 
•luwh"• In tM: plana: or •P•ciflu11one. Abbf•yqt.cf ...,... 
mant tMtld.ng11 ma:y be ue.cf to dlhnt lane con""""" aNy 
un1if •ItCh tJme •• ttandtrd m•rkln;s ctn b• pl.\ctd. TNy .,, 
ncn Intended to tub•th:ut• for stend..-d merklnQ1: tor plfiods 
QNit-' than ~ 1:4'• w .. k.s. To ••••t• v_.tic ftoo¥w• In opoo 
,a•int dltectfont, 1N p1wmenc 1'\Mrtdr\QI WI bl yellow. 
Whit:a pav•mant tNtklngi sh&ft bt uud to deh~• the 
•• ,.,.non of tt•ffk: now. In the •• ,.,. dlu«:::dort.. 

WNn •bbttt'ltltewd ~ metfl:tnv• .,. \IM'd, • 00 HOT PASS 
P:Jn lh•ff be Vttd to mttk the ~~~ ot thlt nc'IM wh.,• .,. ... 
lng II to be prchlbfttd end • PASS WlfH CAR£ flgn •hd be U!ted \0 
m•tk Vt• bqinnfnQ' ot • Medon wMrf, p•ulng I• JWtnfned. 

REMOVAL OF I'AV!M!NT M"RKINGS 

lbmo...al of "''"""lftt Mal'kh;t .. W:W.. nft.....,., bltrilr....._ ._ 
an ... edGIRI'I"~•I'td ,.iitd ~~. 

im~lllly upon~ • ~- !rtfflc:, lft'l ,.YMIM ~ 
on ..._ tw.hlttnv oriQIMI ,..,.,..Y 1ft tM d'flour tnntltioft.,.. tMt.,.. 110 
kmgtll" t"Pklbfe tnd .tll.ch IMY cntl~ CIWif\mon Of" ~t I I'Mtorflt 
tooWatd Ot Into th• doud patt.km of \h4 I'OHwliy. •"-11 be ,....,..,... or 
obtltar~tl!d. In tidd'UIOI'l. -.n • d'etwr Lt to be dbCOI"til"'uffllf etty pew-. 
ment rMI\Intt w .. d 10 tnMI~ nfflt: into the dtt«Nf wh&cJil INf 
•mr~•t• ~len or dlnet 1 motorit.t Into thll dtM:ontfn~Md detour thtl 
11\:....U• bolt t11mov.d or obDUtf11td:. n... ~ th.ll noc &JliPfY to 
d•IO\n of • ttlort time dutatioft of • ftw hOtn wttet. "'"'*'., ~ 
cient chtNli!Dz.lftg dll'olbtl .,. wed to cwdJM lh• detoulr ftMitl lftd tN 
d•tOf.lf' il not 110 b• meinl.elnlld O'!'•n'IIQhL 

The ~~ of ~ JMrillftol •haft be en ......,... IJltft ot 
..... ~ tltt1 detour. 0.touf'S lh.IH b1l pl*""'d lftd IC~ .... 
.,..,..,.h tn acfval'lft to allow ~ttq~~at• *"' to ~fa •lllf\tHS of.._ 
OP'W"fdoft IP'riOr to Cf......_ Wln¢1enMnt _.. ..... otdMnets ~ 
a faeWf'. It wfll b4l tM COftttiiCto,. d-.:lott tQ Cl;lil'ttlnu4' with ttl-. dttour 
l)p4!tt'*' or ,.u!rl tM ••l•tfllv trtvafwey opett to tntfk: whM an¥ or tJI 
of the: ~ITI•nt• ot h datcur caMOt '- a«omplb:lttd. 

~ment mtttdnoa thaU k retna'f'td to th• run .. t ment ~ bt•. sou not to JHYt~a dllcemfble marking. by eny m•tMd ttut 
dcMt net INittrf&lty nrn.v• th• aurfR• Of ltxtun cf th• ~ 
mtnl S-ubfac:t to the •PPI'OQI of tht Entln .. r. any method that 
pi'O'tu to lHI aucefl:.dul on • particular type pnement nvty be 
uted. &andbl.utlng ITIIf bt utiKI but: wm not be requtrH unlnt 
apecltlcalty 1hown In tht plant. ~~lntlng of \httnelklng wtd 
not b• ptJrmlttad.. AtrrtO¥tl of 'atsfld pa~rernent markings thtll bl 
u dlrtctK by tht fnOina•r. 

W'Mtt mech.l.nlctl mttnt ot martc1no ra~ heft bMn •• 
ptoyed to eamptettty ttmo¥• the trtart.lng tnd Itt Nn.ethitr. 
CNtJnt ot a color ~Mtchfno lht pnem•nr turftc• ot ut.cf eta'*"' 
ease oil may bt tmpkrfed U n.eetUIY a• t m .. ne of cO"ttftng 
contrnUng pt~Yemtnt t•xtur•. Nlfhnl.mt tnsptlctiont art nettdH 
lo verify 1h• contlnu«f •flectlvtntu of tM chlnQI. 

Pn•m•rlt mtrtfngt toM retnoftd thiH blat: ShoWn In th• plana 
or u dlrte:tltd by lhl Englnttr. Aemo¥111 of pl'#'lrMnt mtrklt'!Qt 
1Wil1 be contldtred $ubekfltiY to th• Item 8ARRICAOES, SfGNS 
AND TRAFFIC t-tANOUNG. ltny ttndbtasUnQ raqulrad by tht 
pt•ns fOf f'ntlldng rwnoval IMU be m .. aured And pald tor u • 
btd Utm In the contraeL 

-,; 

ROAO 
CLOSED 

PRQJECT LIMITS AWAY ERQM M)BK AREA 

t~ftt 11101'1 2000f\. bet-H• JII'Oitd lrfits W WOi'k areo) 

l'!l9JECT LIMITS AOJACENT TO WQR!( AREA 

a.... .... 2000fl ...... "" fii'OtW hihl and...-\ ""' 

Project Limit 

Traffic Control Devices 

GENERAL NOTES 
1. At cfttded ~~ *""' M •hut 8Cl21, lhl ..aAD CONSTAIJC· 

l10N NEXT X MILES. COHTIW:TOR NAME ... EN!> CCJH. 
&TRUcnOH .. $hd be entetad otl Twr- UI(Cl a.madM et 
or near the Pfoiftt .,._ ~ 1N OBSERVE WAANIHD SKiNS 
Sf AT! LAW sion ahllll be ~tt.eted tn .ct¥1nc~ of Jht T~ lllfCl 
e.mc.,. •. 

2. Appropriat• •ttf'Gttd ttafffc eomrol dfttreN ttwllbl UMCtwftNn 
1M praft:ctlmtU to ........... .,.,..~ •• contnlll..:IOUitle 
vafftc ttout'ld -.tlot thrOuDh ••.,.... ot liiii'CIIfk acUYity, datOUrt 
end odWit IUC:h heaWoua locatfonl. 

3. A••..,.,.l~•.~tntfflccancroldfYicetlnftfvancllot' 
tMprrofKt ltnha ~ Ol"'tf bit..,....., thot• c•••• where • 
wwtr: artt, • detour, or • Ma...-.. lecedon It led tMn 2,000 
f .. 1 lnNdt of "" praiect lmlts. 

4, ~te C:OIWtructfon w..-Nng *"" thould be I'NCftld en 1M 
rnt<f,wt aJde of dNkflrd ~ ..... fMdiM width wll ptlf• ........ fl!c_'"""""'""-· 

S!'ECIAL NOTES 
PI!OJECT LIMITS AT T·1NTERS£&Tl011 15. !xcept for dnlc• NQU~ftd bot Note t. tutflc c;onttol ~~ 

~ tM In JQct onfy ~ work .. KfWity In p!'OIIp'Ut or t 
deftnlte twtd •Am JitJdt •• tor Htoutt and hH•rdll. otNHwta•. 1. Tb. AOAO CONSntiUC'tJOH NEXT X Mn.E$ f+-P +I aiQn 

ahould bt ~t«:~td on thllnt:..-...ctltd Nol'lw'V •• Hlli*l•bow. 

2. On the lntm1ctM NGhwllV • .ddhlontl ntnc control diYk:n. 
IIUCh 11 • ll.;,man tfld ~e~ •l.,...t "' otfwtr atona. 
11\ouk:f lH wed when work II b1irlg ptrfotf'Md •t or M&r ma !no 
uttectlcln. 

1hiY stw:Juld bit NlnCNitd or c~. ·- : 
1. Tb. trtfflc comrot ftvk:es uud in lhltblwe ..,.trttloftf .,.. ••· 

...,.... tllf'l'/. fleld condWoM should dle1•t• m. most ..
,._,."traffic: c:ontf'OI Cltvleu to be uaftl wfthirl • COI'\Itrvctlon -

==::::::::=----- "·---------·--·------
-------------- '~-. 

CROSSROAD SIGNING AND BARRICADING 

bcetK .. ftOftld..., .,........,. ........................... ...... 
1nQ: Oft • croeltCNid ~..,... biOftl c:w:t0.1 ftOAD CQN. STI<UCTIONAHUD ..... -o,....A_Uohe __ 

.. ac:tulilrlrt ~ ··~·:diU;-thtWI:INtyof'dW..,. 
tethedon. .................... ,........, ..... 
MCWZO 1n0J be wulll.~ ... • ......._ lalllt tilt fill I 
hdlon .,_ M ~ • ltil ** wUh IIMI .,......,...,, 
1•~~~~d. A.ddldlcnli ...... •• R.AGMAH AHEAD~ LOOS! 
ctRAVEL. or 01htf .,.,......_. ..... ,_, .. ~; ...s .....,.,,. 
qu4fad. ~ .. d .. ~ .,.n of thl .......,. ,.. 
quif•"'-"t .. ""'*'Type m...,.,....,. \lad ~~n1hl ~,.... 
=:::-:~ .......... ..,.be placed :10 f ... ., 

lXCEPT10Ns • nlllliiDTRiti.SIWHiml .. '1>11!........, 

1. OnNfltMvcUne-......,....,.,...._~..,thl 
N~•rumeo,,_..~tMn ~ wwnlno.fftOII'e -ondboui<l<q_,._"""""""'_...., 
b• ,......., . .., aom• ca._ tt. T~ • fO ~ pbn akllntll 
~1M~ eiQnlna -.y '1111 ~during .. or c..utn 
~ofcMwork.......,_,.,....m....stor~ 
tlQM Wtl1/otblnic:Minlaftlllllled ............ lnftpi•M, 'IN 
,...,.,.,.~IPidtt.dlilllowdptWVt~IL 

2. On iorrw.....,.. Cft!IIMrotdllhl ,.,..__ .............. abowe 
~!My be omltt1td"' lltOGifllldit .. ~ Mtnot.ci .......... ln 
thl plant. 

3 .. Th.-020.1~ rttlfltbe,.......Cift,.,...~-~· 
motoriatl of"" Nngth., CONtruc~ In ........ *.tetion ftom· 
1M lnt.,uedon. 

MINIMUM CONSTRUCTION 

\·· 

~ 

-........... 

SIGN SPACING. 

,..--·~~---·-·-..,.should .. ~.,..,..,... .... 1~500 f••t In~ of tM 

~~-*~r~ul l I I 1--1·· =~:;...~~-:.a:::-:=.==-.:.~ 
!t ... _... •• t.hoiM '1111 plilad ~·~~¥ 500 flit from 1M poln1: Df 

UGENO 
• CCitiii.VIrliolll'-',lbM 

---~Die*a (MitiiiMI .. ltgltffrcrr,.,.. _.. .. _,., 

~"- Cf -.... -

I 

.......... ---
"'-" -~ 

rutric'don With 1M Mlcllck:inll ...... ·~- 100-1000 
foot Inc~. 

lYr'lc.trL TRAM1TQf l.!..IIIGTHS ....., 
SUQG[ST£D MAXIIII\a.l SPACING Of CM.UlfiJIUZIHG CEVtaS 

~~ --T w'--'t •• .;.; ..... -- ·- JC1 I( It r.:,:, O.o ...... OftMI OliN! Off ... T ...... 

:10 rxf ..,. ~ 3CI f/11-7'$ 
1-- l.•liJ! Z<Jtf IW' ••$ !~ nt-wt 35 
f--

"" Kf H5' !¥f 411 ftf-l)tf 

•• 4!li1 •9!' IHO' 4$ 10'-110' 
f--

"" Of.ld _, ICC1 '$!' 1>0'-125' 
r-- L•WS 

'' 
_, fiOII lid !1$ no'-14Cf 

1--.., ICC1 lid no' fill 120'-10<1' 
..,. PWonlle S,.fld ... "'owdOttfWIIIIItlwhut ndiHr:: ...-~ 
ocuctlhe pottld-"hlt. 

••ToptrtriWiqlhtlloM .... IOIIIIIdedatf. 
L•~ 1.4 T-.., CJ'TJ W•..,... cl Off ... Ffl'S•ftatld "*" (WPMt 

STATE DEPARTMENT OF HIGHWAYS 
AND PUBLIC TRAIISPORTAnOrt 

BARRICADE AND CONSTRUCTION 
STANDARDS 

IIDII~ SIGNING 
CROSSROAD SIGNING 
PAVEMENT MARKINGS 

TYP!CAL T!!AHS!TION Rl!! I BC( I )-82 
SHQRT QURATIQN LANE Q,QSIJRE 

'or Long Q.nb '-- ~.Jitone..-.t 
Marllnp h TM T~ Ano Sro4 a. --

------- ----- -~ --·--- ---- -=-::-·---- --- :><>;;h ~·. &erttr'hW+"t "t? PI 

.. .. 
'" . . " 



•• • • ~ .. • 

G-10-l 

'i 
.: ...... ~· 

,/. 

/ 

s....,., ............. ,..... 

~ ........... .., ... ~ ........... 
_, .... ~..................... T,...ot. 

J ;--·-.-~-: p~~·- • ... "'7:-31 
1 ~ ·~.,... t":.~ .. ~ ~-

' ··~t•l --·-- ·~--"-.... ....._ ........... """""'- .. ---- !:!::!!:! 
___ .... __ 

•~~~tot~.--.....,.,._ ............. 
-E~;!~l 

',..., ~ ---·--~- ' . 
~ TYPE m(B) BARRICADE TYPE m:(C) BARRICADE FOR TWO WAY UNDIVIDED ROADWAY 

TYPE Ill lA) BARRICADE 1. llM plan showtt •tlon Ill tq bt uud wt..n no loee11rafflc iii ~ 
tninM.IIn&ici* h pro~ Conv*CIOr tn1t1f b;atl tlit Kc.tl* p-. 
~ In blrJfcadt: tKCtpt It c.fttter ef IMdwQ ...-,, 
R11·2 and M4-t0 f:igm muet tMt MOUnt.c:t on fbtM Wric:.O. "f'Mplan....,.aboao¥t:lttDbtv ... d...tlotft~ltnlftc:l:t~ 

INil!k IIIA'ifott Ot" .,.,min-d to "" tM tatld ~ the Jntattotction 
With 1U tMtporary '"""· ouw •ltm en~~ biii'Tiead•• rr.,. t. n or 
liD I'M't M '*""'I'd htl'de 1!\a ~t lmltl bUM upon tiM con-
tnciOf''t ·~· of-t: 11M othtlt' c:Of'ditlonl. 

Whl!nt~"'"" ~ 1'1\W""""htfta"" of bMkadl 01'1 etoeh 
tid• of JOadw1ty •hovld bt 12 fnt. 

--~---- t!fr"....!,·~·-

fi g§
----. 

... _... , 
CQ .. ., .. 

.-rt:-., .. M CR..NS ,...,_.._ r,.. ... -,. ...... ~._,) !!!.!!! 

NOTE$: 

<~>---.. -.. ~tromclf~ 
.,.,. ...... iii'IKU.-y. 

.TYPE II! !D! BARRICADE 
FOR CIJI.VfllT WIOEHING SIT£ WITHIN 

lHE PROJECT UMITS 

-3. flrtl benfd,ft ,.,.... ... NC.h .W. of f'IIOMfw .... WbOuid bt IPP'OI"' 
IMIWI"t ~. Addl-.... PMCl'bl. If 1'11Hd41d, may ~ -t.Ofttout of 
ttgtu..of-.... ·----·----""""·d•tour aiQnlng •• be • ~ til•""'*• In 1h.lpl.tM. 

2. -·- ........ lndu<llno-- """"· -detour .tigniMv $1\1:11 bl •• ~dnN e«Hwhere In the pl4!nt, 

GEOER.AL NOTES FOR TYPES ~ n & Ill SAARICA0£5 

Tyop. I or I~ (1 .. Shrtet 10311 lnt 10f' •mporaty UN to 
conCfGinMc\llrid'MN~ol•pt'Ojfc:t~rltlt:n.c:•...., 
t:o cortiiN tnMe to • ~ tl'fl blauf.t of aorrw pettfcuial can
~ ~ Typtllertk:ldu W()l.l6d ~'f btl VMd _, 
~ I'Oidt or urtM" ltlftta lltld 1!'tiN'iMt. AI TYPI' tf lllr
rlieMU haYt mora ~ .,..., tMv wtlnttndlo4 f« ut• on U· 
PfU¥WI'f Md ,.,._...,.or otN1 high *Phd ~·· 

Type mw ~ w ~nytno *""' .,. to .._ UNCf *' 
•uh •net of con~trucdan ll«<fKt. dolltd m til but loctf trt~Hkt. 

Type llfflt ~ lltld ~...,..,.to bt u .. d It 
tach tftlt Df CU'lllvuctk:ln ~ dDIIIId 10 tl hfflc. 

,-,.tRtQ llankadh and~ ........ \0 be UMd •t 
.-.;:h ll"'d of c:aMtniCdon ~ whert ftfflo if meh1U:Itwd 
through tht ~ TYPI' tDfC1 Bllf'lif:Mft 1MY •lao btl UMd whiM 
nne ffom tMNt hlghwayt. coumv rMdt cor dty .. ,..,tt • 'P'fnl'lft.. 

twd to tont.r th• r:ntKt ,,..,, Typical ........ for Type rotC) a... 
ricMte in r.Mwn oro Shlet 8Ct1J. 

,-.,.p., 111(0) Bamc.dtt .,. ta bt und ., ~ wldri'lt r:nr.cts 
"'"'-• titffic It I"CllUttld O¥<tt tN Jttvc:tln. nt.y n• bl tlt1IC'hld ao 
.. to pt'QYidl thl: "'*Dmi.lm ·~ wtdth for trtf&: lltld to ..,_ 
aulftcient apea few eonstrue'don OCM!I'tdorul ~ thl: bllrricad••· 

. Wt"""'tUahtst*ad'on Typeft1tAJ. {tl or fC1 ~ lhoukJ H 
MOU,Uid tt I ft'lit*num f'Mtlvht Df 315frdln to tht bottom of thl:..,.. 
tnd IMY be •ttft:hitd to th• barrie..& « mount1Jd on • NJ>ttt1• 
chlnM!bfng ~. Barrlcad .. uud 11 ttch tnd of 'lh• ptCiKt $lwl 
bt ~rnemad wiCh w'"*'l ll;hts •• UUillld on thit lhut. Fat 
d otMt belrtet6n, utlld at N;ht.. watnlf'll ll;tnt ,,. to tt. uMd •• 
d•r•if'ld on Shea~ 8Ctl). 

Few dlmii'\SIGM ol btrrlclldl J*Nii 1ft Shut 1Ct3J. 

I HGTH OF HIGHWAY ZONED Iff COMISSK!H M1NUTE l 
..J $PEEO t.MT$ SHOWN AM FOR UUSTRAl'IY£ PVAPOS( OM..Y !l 
l:; I t; 

I -·- . :;:·- I ~------~--=; --------~--------f=------···· ·lh--~-
I 1'/t' ' "<::%11 /i , ~ (~ ~ " , I 
I 1.~ o.

2
-:w.. <s>· --....; ~J 1--~ " 

SI'£E SPml D E PUll SPEEO 

fS!.§ llrnl ~r~ m1 ~ ~tMtTI LIMIT 8 45 ~~-~~ 45 55 45 55 
Tli'ICAl APPUCAnOH (J 5PHD lOIIE SIGII5 

1. - ...... --.-... ,._~t ............ -
~JMYbtOf'l'llt'tiiCL 

NOTU ._ .. __ ....,_IL_,o.t•ll>""" .. _40_.,. 
- SJIIIUD lONE' SIPI'S Nllli .. L\.ISntATE'D f'Oft (JC CM!:c:TDIII OF 1lJAY(L." 

2. On ttO"Htl 0t ....- whh PoOt'tM tPMdl of ,)S MPH 0t ..... 1'ypl 
m a.mc.d•• rney t. ua•d In IN ef INtmtht wtwta ........-y tot 
Ptdutriennt~. 

...._. ... o.tttlO .... r...-»lllfliH.-~ ______ ...., .. _ ..... _ .. __ ,__ 
.,.,_.,. ... ,..._,....,,.ffiU._.,.~hWh!IMft<L 

·----------·---------

OILY Nt0 AR[ ...... .4UY JI'OST£0 'ON [ACH CfA£CTlON r:F TRAvEL. 

-~ cuss P!ED 2I)N[ - sow.~.' HW£ III.JIO( U:GOC> 
ON A lflfTE llUU:CTiv< ~ 

,.,.. ............... 
UO••l• 

TYPE In:IC) BARRICADE FOR DIVIDED HIGHWAYS 

NOTES FOR TYPE HIIC! IIARRICADES 
1, Thll,...llhowtm..._ .... IDHMidwhMtd ar.Mc•~ 

'laiMd ""'"*"h 1M prof~t. 1"M ..... •hoM'~ t9PI'Y .. the ..... Md 
flntberfie.ouor•~OtMr•~rtM•~rr..,..c., 
GIIJII-b4;f'IICI'IIIINdilttldlthti~tJIMitabitHdllf:IO"tMCOI'\'" 

~- ....... .,~.and otNr QONt!:ltom;, 

2. ~~wllt~~~of-.mt:tdiOIIPCh 
tld• of rotld'frr.., &hcNid bll 12 fMt •~tUPl u nol.Mt. 

:t. flrtt batrk.cr. '*"" on .ach aW. of toldwly • ._.. tt. ..,..... 
INI• 1_.. Add!UoNI ....... H MeNd, m.y fOllow' contOUr of 
rfolrt-of-.. 

-~ STAT£ DEPARTMENT OF HIGHWAYS 
. ~ AIID PUBLIC TRAIISPORTAT!OH 

BARRICADE AND CONSTRUCTION 
· STANDAROS 

BAfiAICADES 
SPEED ZONING 
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• . .. 
~--· . __ "! ..... -- .. -"'·--. 

... -""'· "" ·-·-·-~-
·-:-

'1- ROAD ~ .... ,. 

CONST~UCTION= . ' 

NEXT MILES=: t 

' 
,_ 

=""'~!!;. ~ -- l 

~llOAD CONSTRUCTION_ ~: ::'ROAD CONSTRUCTION=:·;: ~ t: E~D . _
1
_: ; A~~~iss : 

~EXT X MILES- ~- ~EXT 5 MILES-~ ; CONST~UCTION_~-~~ · ctTv:-- ~ .. 
NEXT X MILES_-:· ~ 7 >·v•·• G20•1bL • t{• G20·2 '- STATE== &"" 

G20 • lbR 60" x 24" • - Jit 
a4' s 24' :.:::.":' :::::! CONTRACTOR~ ,; 

j 

L.,t·· 
...... ,h 1bck olj-1--o~t• 

.. 
•""'* G20 .. 1 .....,.,.._ .. u. • ..tt 

60., X 36" :::::.,.... : ::::; .. fh•ul .. 

~ ..... ...,.,., 
SIGN:::--:::=I.-c G20-IS 

LIGHTING:::JO"t G20-IL 

G 20 .. Ia ::::::-- .. tbck ~ 
........ ...... ~ 

BRIDG~~.~:._:- .,,. ...... -' :4
-

. t..cun .. Slu\: 
a:-ntlt .... tl:Mk 
,..,,..., Sleek 

~-.l '"' ff::t• l.d1MI:i .. 

.,.. .. .._.. .. .,...., a.n-«._ ····,;;:111: 

G20· 6 • 
x42' 

...t..... . ""' ... ....., ,. llul ... ,., ....... ~'" . ., ... "_ 

. ..: PI LOT CAR= 1 
FOLLOW ME=~ . ': 

of• 
G20 · 4 
35" xiS' 

..... _ .. u ... ......... .. ......... 
••• ..,......,. .. ..._. ..,lt-•-trt.U. o,u-.1, 

R4·1 
24" X 30' 

" 

........ 

........... • ll.oldi 

... ~~...-.. .. •Lua-n..u ... 

... 

til\•• "'" .. 

M 4- 8 t.n•l'• 1hft 

24' X J,2- :::;._. !!:::.. a.ti"'' .. 

R4· 2 ........ 
· 24' X 30" 

..... ., .. 1hto\ 

..._.._,.... .. •t ... a.nu••-

.. 
,rROAD CLOSEn= ~ 

:!l=i· X MILES AHEAIC ~ r: 

Rll-3 
60" X 30" 

'I.HI- • lk411 
.._..... 1\Mfl 
,_.,..... IIMW 

LOCAL TRAffiC ONLY. ~ 
a..~ .,._ a.nntt .. 

. Z.r. - ..... _ 
BRIDGE OUT-=::JI"c RII-5A 

,.. .L -rtr 

<" 

DETbUR ·,;;! 11"1 

... 
\allhot• .. ...... ...,.... ... , ... , 
.. ..._._. • ..,, ... a.n .. u .. 

lbe M•9l.l Of S tflln l& 
to bt utea to ~Setour local 

!£• 
1!..... ·u _.., ,, ,_ ! ! !J_l !!~e:t;t:, r:':.::!tor• 

Alto. 11ten tM Jlll-tl,t or 
£ tltn II v:set .. a tltn 
tM-tlll •ltll tM nc. 01 
the ttrHt De1ft0 dttOUf'tllt 
., be ...,ted ObOYt tt. r r 

t•U•"'• • llula .,...,...t .. hft 
....... .- • -'-•4 

M4-9S 
:lO"x24" 

M4·9R 
M 4·9l 
~ o'x24 • s.ad,, .. __. .. .. ..... ~a.n .. uw 

. R4-7 
24's 30" · ·-

lpoMl " ftulll 
....... • •ud 
h•~ .. 'llllua.ttud ... 

n· 

ROAQc CLOSED 
· rt TO 

THRlrTRAFFIC 
..,. 

R~l 

30' X 30' 

w.,,..,. "'at •• a.n .. ,..,. 
ht' ,. •lu'l.tlbUI ... 
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Control: 
Project: 
Highway: 
Cot~nty: 

SPECIAL SPECIPICATION 

rn:M 4685 

CATHODIC BRIDGE DECK PROTECTION SYSTEM 

68-8-34 
c 68-8-34 
us 87 
Howard 

I. JOB DESCRIPTION: Five impressed current cathodic protection 
systems ed 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 shalt be separately energized 
from an enclosed rectifier assembly. 

A. Terms and definitions 

Resident En~ineer: 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 lS 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 1n all aspects of the 
complete cathodic protection installation). 

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

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

B. General Information 

1. Material suppliers should attend the pre-letting conference at 
the Resident r:nginet~r's office in Big Spring on September 16, 1987 at 
10:00 d.rr. 

2. The contractor shall furnish, inst.1ll, and put into operation 
five complete impre~;sed current cathodic protection systems as described 
in these plans and !ipecifications. 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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J. 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. 

S. 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 protection 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 types of ~node material meeting the requirements of the plans 
and specifications. 

c. A ne~ative t>,round return (cathode>) wirin~ ~;y~;tPm connectPd to 
the reinforcin~ bars as described in these plans. 

d. Bonding of Lhe followine to the rcinforcin~ bars: 

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

e. Reference cells in each zone with continuous lead w1res 
terminating at rectifier enclosure. 

9. Th~ electrical installation shall in all applicnble ways conform 
with the National Electrical Code and all local codes. 
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10. The contractor shall arran~r for power serv1ce and the 
connrction to the system. The contractor shall arrange for all 
insp~ctions and obtain all necessary permits. 

11. The contractor shall furnish all material to the Resident 
Engineer 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 is 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 for the Department. 

12. SPECIAL NOTE: 

THE RES I Dr:NT ENGl NEER SHALL BE I NFORHED OF ANY FUTURE SLAB WORK OR 
EQUIPMENT MOUNTING ON THE NEW OVERLAY SURFACE. CONCRETE CHIPPINGS, HOLE 
DRILLING OR CORING, DETECTOR LOOP SAWCUTTING AND OTHER SUCH OPERATIONS 
MUST NOT B~ PERFORMED UNTIL THE ENGINEER 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 Linear Polarization Rate of Corrosion Device", 
complete package with single portable probe and twenty (20) permanent 
probes. 

The device purchased shall i11clude training for at least three personnel 
into the opt~ralion <lnd use of th1~ device and any related computer 
programs. 

Currently the cmly known port;tblt• device of this type is a 11 3LP" unit 
made by Ken Clear, [nc. Tht.~ pt•rmanent probes to be used with this unit 
<lre "3LP" permanent probPs 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 for use on IBH (JC 
(4) Single Portable Probe 
(5) Per~anent Probes as Required 
(6) Training for Personnel 

Two permanent probes shall he 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 in 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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II. Structural Int 

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 specitication. 

B. Removal of 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 shal 1 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 he used if approved by the 
Cathodic Protection En;~ineer and Resident Enp,ineer. 

E. The contr:lrtor shall he responsible for proper n!pair of all 
concrete of rhe brid~e 'ltructure. An .1nod(' system will not be installed 
until repairs have been completed on the area of installation. 

III. Rebar_ Prepar,1tion and Conne<:_t_ionc; 

A. The contractor shall have the responsibility of making sure th.H 
the entire bridge structure has been made elect ric,1lly continuou<;. 

B. Following the continuity survey and before any anode materials 
are installed, it 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. 

1. 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. 
WHITr; INSULATI':D WIRE MAY NOT BE USEO FOR ANY OTHER CONNECTIONS. (Except 
where local electrical codes specify 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 • 

5. 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 m1n1mum. 

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

8. Bond wires shall be anchored within s1x (6) inches of their 
termination (thermile braze). 

9. Bond wires may not be ~;pl iced. 

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 
us1ng copper w1re and thermite bonding. 

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

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

a. Armor joints 
b. Guard rail supports 
c. Dowel bars used to connect adjacent deck slabs 
d. Steel diaphrams and girder supports under the deck or other 

structures contacting a cathodically protected member 
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8. Each reference cell Lead wire and corresponding instrument 
negative lead wire shall be brought through a l/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 he cast tn an air- ~ntrained 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. 

ll. Rebar probes shall be installr.d hy thP 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 Enginer.r's approval. All wiring changes made during the 
project shall be documented and subject to the Resident Engineer's 
approval. 

1. 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 sh<tll have a 
lon~ life expectancy and bP resistant to destruction by insects local to 
the re~ion. Each latH:] u·;Pd shall not ea';ily •;cparate trom the wtre 
that it has been attdched to. 

J • W i r i n g 5 h a I I be run i n con d u i t or saw c '1 t s as d (~ t e r m i n t' d by the 
Cathodic Protection Engineer and approved hy the Resident ~ngineer. 

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

5. Wiring connected to reinforcing steel 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 
wtrtng. 

7. Any damaged wiring shall be repaired or replaced as directed by 
the Cathodic Protection Engineer prior to pl<tcing 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 w1re to rebar connections shall be made using thermite 
brazing techniques unless otherwise directed by the Cathodic Protection 
Engineer and approved by the Resident Engineer. 

1. 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 En~ineer 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 Enginerr. 

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 in 
an area of high chloride content. 

2. Refrrrnce cells shall be silver-silver chloride furnished in an 
ion trapp[ng, chloride rich b,1ckfill or equal approved by the Resident 
P.nr,inePr. 

3. Th~~ refert~nr:t~ cell .:1ssembly ~;hall be approximately five (5) 
inches long and one (1) inch in diameter. 

4. The reference cells shall not be placed 1n 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 
reinforci~g steel by a thermite weld not more than twelve (12) inches 
from 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 loc~tions determined by the 
Cathodic Protection Engineer and approved by the Resident Engineer. 

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

10. 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 ANSI C 80.1 and bears the U.L. 
Label. RSC conduit size shall be 1 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 sh~ll be 
placed at 4 foot maximum spacing. 

14. CARE SHALL BE TAKEN TO MAKE SURE THAT CONDUIT HANGEHS AND 
CLAMPS DO NOT CAUSE SHOHT CIRCUITS WITHIN TH~ CATHODIC PROTECTION ZONES. 

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

16. All wires ~ithin junction box0s shall he properly labeled. 

17. Junction huXL"; •;h,'tll be constructr•d nf the ~;ilme milterial as 
joining conduit, of <;utficient •;ize to house wiring and •;plice~; and 
shall be sealed a~aiwa r:ntry by ne~;t bui ldirw, in~;ect~; and have 
provisions to prevent w<ll.er n:tention. 

18. All wires within the rectifierinclosure ~hall be properly ,1nd 
thoroughly labeled. 

l9. 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 w1r1ng 
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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 

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 w1res 

a. RG-58U or equivalent 

5. Green Rectifier cabinet ground 

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

n. Color code for AC I inc power shall be per all 
applicable National and Local codes. 

VI. Rectifier Spt'cificiltion-; 

A. Th•' contractor sh,1ll locnte the rectifier enclosure in an area 
acce•;sihle to maintenance per~;onn•>l. 

B. The reel ifier enclosure shall be attached to a controller box 
support as shown in the plans. 

C. The contractor shall take care to avoid damaging the rectifier. 
Any dama~e 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. 

l. All wiring shall be fully documented. A copy of the final 
wiring diagram with all corrections noted shall be stored in the 
rectifiPr enclosure for future reference by maintenance personnel • 

E. The rectifier ~;hall conform to the following specifications: 
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1. The rectifier shall be suitable for cathodic protection of a 
bridge. It shall operate from 120/240 VAG 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 
from AC power lightning protection. 

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

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

K. Following assembly of the modules, ~ach 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 qhall 
be provided to monitor DC voltage, current, structure to electrolyte and 
rebar to probe potentials. A power on/off 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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S. An AC circuit breaker ~;h,1ll be provided. It shall be of the 
m.Jmull y r·e~;et type. 

6. THE STATE~ OF TilE AC CIRCUIT HREAKER SHALL BE INDICATED BY A 
LlGHT VIS[RL!~ FROM OUTSIDE THE INCLOSURt<: THAT CAN BE SEEN FROM TRAFFIC 
LANr:S ON THE BRIDGE. 

7. Protection against lightning surges shall be provided to protect 
a~ninst 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 AWG wire. 

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

12. The instrum~nt panel shall be clearly labeled as to the 
function~; it perform~;. 

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

14. 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 a•;sembly. The light shall be armor encased 
for protection from vandalism. 

F. Recti tier r~nc I osurt> 

1. The enclosure shall mco·L nll the requirements of NEHA STANDARD 
MR-20-1958, "CATHOD!C PROTl·:CTfON RI·:CTl Fir:R UNITS". 

2. The enclosure shall be NEMA 4 water tight and dust tight with 
conduit access in thP bottom to accommodate AC and DC w1r1ng. 

1. The enclosure shall haw• a front opening door. 

4. Provisions for padlocking sh:!ll be providt'd. 

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

A. One-eighth inch·aluminum sheet (5052-1132) and one-quarter inch 
aluminum back panel or 

b. Minimum 11 gauge galvani~ed steel and coated with white baked on 
ename 1 • 
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6. A grounding lug for connecting No. 4 AWG w1re to earth ground 
shall be provided on the enclo~ure exterior. 

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

8. Mounting bolt holes ~;hall allow for 3/8" diameter holt~;. 

9. A hinged door with over-center latches and locking hasp shall be 
provided. A neoprene g.1sket 1/S" 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 ~hall be equipped with lift off type 
hinges providing easy removal of the door for access to internal 
components. 

10. Each rectifer shall have provtstons 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 position-;. 

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

G. Transformers 

l. Power transformers shall provided rated out. put ov•'r the full 
r.:mge of [nput voltages, be of E-I laminated cun~;t ruction to provide 
isolated secondary voltages appropiate for circuit operat trJn, and have 
independent primary and secondary windings. Adjustment of output by tap 
bars is not acceptable. Varnish impregnation and Farraday shield 
between primary and secondary must be provided. Transformer efficiency 
shaLL be at least 95% and the regulation shall not exceed 3% when 
measured from l/4 to full load. 

2. Control transformers for module power shall be of E-I lamination 
construction and sh,1ll have primary power su,,pl ied frnm the powPr 
transfomer secondary for line surge isolatif ,J. 

H. Filter Chokes 

1. 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 •;orne surgt~ prou~cl lOll from tr.1nsients extPrn;tlly 
rit'lll'r,Jt ed 

c) Provide full outtput current capability at low output voltage 

d) To reduce R.F.l. In the lo.1d circuit. 

I. 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. Th0 bre.1ker ~;h<1ll be rated !or 240 volt AC. 

3. The breaker must hold 101% rated current and must trip at 125% 
uf 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) loadin~ of circuits connected to it 
such as sensitive half cell. 

3. :\ppr'J[ll,Jl•' •;c;d inP, ;Jrai •;witchirw, circuits shall be provided to 
give dirt'Cl m•l•'r dioq,J.1y;; 1n amp<'n"; .1nd volts. 

4. Srructure p<lc~·ntial·; ;;hall bt> displayed 1n volts up to 1.999 
either pn·;itive or fl''l',.lliv(' with resp\'Cl to the half cell. 

5. The meter •;hall have the capability of being removed from the 
circuit when readin~s are not bein~ taken. 

6. 7he metrr shall have thP capability of monitoring reference 
:> l e c c r 0 de,; ,.,. h P n t h c r e c t i t i l' r i ;; ~;hut o t f • 

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 w1res shall have 600 volt insulation and be stranded 
copper wire such as HTW or simililr. 

3. Wires shall be neatly bundled, tied and clamped as necessary to 
provide a clean neat appearance. 
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4. Signal w1res 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 electric,1l connection through the instrument panel shall not 
rely on pressure to the panel to maintain good connertion. 

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 vol t.1ge of 600 val ts to any n<Jn-current-carryinp, metal 
parts which may he grounded; when operatin>'. within rh,, r:H<)-',e nf 60 to 90 
·:olt5, the altPrnating-currl~nt rms test volt.1i'." •;hall be 900 volts. 

:f the rectifier unit includes device~; which norm<illy f.1ll within 
the scope of other recognized ~L1ndard'; requirin,; dielectric test 
voltages lower than the foregoing, such dcvic1·~ shall he disconnected 
before the remainder of the equipment is subjected to the test. The 
disconnected devices ~hall be te5ted separately for diel1~ctric 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 10% 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. rr the rectifier 
is designed for more than one input line voltage, the test shall be run 
at each. 
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With ;lll circuits energized, ;m adjustment of one or more of the 
circuits' output current shall not effect any of the other circuits' 
rJUtpul amp•;, Any circuit must be able to be adjusted over its full 
r;Hl)',<' without changing the output ot any other circuit. 

0. Current Regulation 

The current regulation of e:1ch circuit shall be checl<:ed and shall 
not exceed +- 1 when the load resistance is varied between 0 and rated 
load resistance. The current r€'gulation of the entire unit with all 
circuits eneq~ized ~;h:1ll not excP<~d +- 1% when the total load resistance 
ts varied between 0 and total rated load resistance. 

VII. Post Installation Tests. 

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

A. E log I tests shall be performed prior 
each of the reference locations in each zone. 
and explanations ot the dilL1 •;hall be pro•;ided 
syst~m will h~ adjust~d based on this datil. 

B. Two sets of polarization tests ,shall 
contractor and adjustments made if the system 
100 millivolts to a maximum of 150 millivolts 

to system energizing at 
The data shall be plotted 
to State personnel. The 

be performed by the 
is not within a m1n1mum of 
range. 

l. The tint set of tests 
cont i nu"ll'; sy·;Lt'm operal ion!;. 

a s n e c f"i ·; a r y iJ y L h e c u n t r a c t o r 
accomf•<lny t he• <L1t a. 

shall be performed 
Adjustments to the 
,Jnd explanation of 

after 45 days of 
system shall be made 
the adjustments shall 

?. ~!w ·;,:c·.md ,;.~t ol te:;t:; •;h;d I be performed after 90 days of 
continu"<~'> :;y:;t.em npcrat ion•;. ,\dju:;tm•'nt:; to the system shall be made 
as nf·cc·;•;ary by the contractor and explanation of the adjustments shall 
accornrany the data. 

C. R.He of corrosion tests shall be performed by the contractor 
pr:or to system energizing and upon each depolarization test. The rate 
,)! corro:;ion test shall be p••rformcd for each of the two areas per zone. 
The data from these test~; shall b~' documented ,1nd analyzed using the 
Corratc fl computer program. 

VI I I. Sys tern "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 l0+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 a1•proved hy 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 Oil 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 preparPd according to ~;p,·cific:ttion. The 
contr!lctor responsible for concrt'tf' work sh.1ll corrPct unsatisfactory 
conditions b<2fore in~;tallation of the .1node m.1t•·rial. 

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) 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 ~ngineer and approved by the Resident Engineer. The Cathodic 
Protection Engineer shall ensure that the minimum anode to cathode 
separation is one-rptarter (l/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 (l/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 
5urface. 

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. 

1. 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. 

J• 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 shail be at least one weld 
for every three linear inches of distributor bar. 

1. 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 w1res 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. 

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. 
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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 Oil 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 unsatisfactory 
conditions before installatio~ 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 ~ust 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. 

18-26 

64 

4685.000 
9-87 

• 
' 



• 

" 

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 1 s representative and shall be subject to the Resident 
Engineer's approval. Anode splicing material shall be supplied by the 
anode manufacturer. 

1. 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 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 
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 Oil 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 OIJt 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-em and a maximum electrical linear resistance 
of 2.0 ohms per foot. The strand shall he wrapped wi~h Dacron or 
equivalent thread, to prevent fraying during h~ndlin~. 

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-em 

(c) water absorption (24 hrs.), less than 0.5% 

(2) Composition 

The compos1t1on of the anode backfill shall be as follows unless 
otherwise approved by the Engineer • 

% by wt. 

35. 

0.35 

0.35 

0.35 

0.70 

65. 

0.70 

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

Silane Coupling Agent - A-174 

Wetting Agent - S-440 

Cobalt Naphthemate (Con) 

Titanium Dioxide (Ti02) RHO &x 

Coke Breeze OWl 

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 ot the anodecrete backfill. 

B. All exposed reinforcing bars and other m~tallic 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 b~ in s~ch condition shall 
be covered with non- conductive expoxy prior to plac:~g 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 inte&ral 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 plstinized 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 approvP.d 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 
1n the primary anodes. 

5. Installation of the Backfill Material 

a. The anodecrete backfill shall be packap,ed 1n kits sized for the 
project. 

B. The quantity of backfill material mixed at any time shall not be 
1n excess of the amount that can be used within 30 minutes. 

c. The backfill materia[ 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 instructions, 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 pr1mary 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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1. 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 surface 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 
r:ngineer. 

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+30.74. 

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. General Information 

l. Gasoline and Oil 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 
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. 
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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 AWG No. 10 stranded copper 
wire with THHN insulation or approved equal. Wires shall be tagged to 
indicate their position. No splices shall be allowed tn 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. 

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 

? 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 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 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 t£-minated within 
two (2) inches of the expansion joint, fixed joint or at 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 1n 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-em. or 
Less after curing. 

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

XIII. 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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