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SYNOPSIS

Under FHWA Demonstration Project No. 34, "Cathodic Protection for Reinforced
Concrete Bridge Decks," a slotted cathodic protection system was installed on the
deck of the ES ramp in the Woodinville Interchange during the summer of 1985.
The slotted cathodic protection system involves sawing 3/4" by 3/4" slots
longitudinally in the existing deck at one-foot centers. Platinum wire or carbon
strand wire is placed in the cut slots first and then conductive polymer is filled in
the slots. Electric power from a rectifier supplies current to the wire and
conductive polymer. The current then flows to the top mat reinforcing steel,
giving the steel protection from further corrosion,

The objective of the demonstration project was to familiarize the Washington State
DOT with this new technology. This objective was fulfilled.

Some problem areas with the system were identified during the work:
1. A more positive method of finding grounding locations from the anode
to rebar nicks, ties, etc. needs to be developed. Perhaps an instrument

can be used to supplement visual inspection.

2. The necessity for having a minimum of 1/2-inch cover from the bottom
of the slot to the top of the rebar needs to be resolved.

3. A better method of installing the conductive polymer needs to be
developed. Hand-spreading of the material from plastic bags results in
sloppy work.

4. Procurement time for the rectifier needs to be shortened.

5. Since the project, once it has started, moves along very rapidly, there is
very little time for on-the-job training of workers. Workmen should
have prior experience at this work.

6. In remote areas, sources of electrical power may not be available, It
will be necessary for sources of power, such as solar panels or long-
lasting batteries to be developed for this system.

These problems need to be overcome to obtain a better quality product.

(The opinions, findings, and conclusions expressed in this report are those of the
authors and not necessarily those of the sponsoring agencies.)
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PROJECT PLANNING

Selection of Candidate Structure: Criteria was established for selecting a suitable
structure for the demonstration project. A number of structures were reviewed to
find an acceptable structure that satisfied the criteria.

The structure needed to have a deck area of approximately 10,000 square feet in
order to keep the project costs down. Electric power had to be available in the
area to energize the cathodic protection system. It was desirable to have a bridge
with two-lane traffic in one direction. Traffic during construction could be
narrowed to one lane if necessary. For contract administration, the bridge would
have to be included in an upcoming contract in the near future. The bridge deck
should be chloride contaminated with active corrosion. It was desirable that deck
repairs were not too extensive. Lastly, the top mat rebar needed to be deep
enough to accommodate the saw cut slots in the deck.

The Woodinville ramp was selected. A final bridge deck survey was made by the
Washington State Department of Transportation to check the existing condition of
the deck,

Effect of Slots on Motorcycles: There was concern by the Washington State
Department of Transportation on the effects to motorcycles of the 3/4" by 3/4"
saw cut slots running longitudinally on the deck at one-foot centers. The saw cut
slots would be filled with conductive polymer to grade, and covered with silica sand
for skid resistance. However, the slots might have some effects on motorists,
particularly motorcycles,

A telephone survey was therefore conducted of states that had installed the slotted
system to see if the slots had any effects on motorists. Virginia Department of
Transportation, Ohio Department of Transportation, Minnesota Department of
Transportation, city of Akron, Ohio and FHWA indicated no problems with the

longitudinal slotted system. West Virginia was using a transverse slotted system
with no problems from motorists.

PROIJECT DESIGN

For this demonstration project, it was considered desirable to contract the work by
performance specification rather than detailed plans. This gave the contractor
some flexibility in accomplishing the work and made him more responsible for the
final product.

The essential components of the cathodic protection system were called out in the
contract special provisions. The supplier of the system was limited to either
HARCO or Norton, two firms that had done previous cathodic protection work for
the Washington State Department of Transportation. Supervision of the work was
to be done by a licensed NACE qualified engineer.

Submittals required of the supplier of the system included a project proposal, shop
plans, maintenance and operation manuals, and as-built drawings. All submittals
were subject to engineer approval.



PROJECT CONSTRUCTION

General Description: The ES ramp in the Woodinville Interchange is the first
bridge deck cathodic protection project the Washington State Department of
Transportation has constructed under the FHWA Demonstration Project 34. The
10-year-old structure is a box girder bridge 35 feet wide and slightly longer than
300 feet. The structure carries one-way traffic.

A bridge deck survey was conducted to determine the condition of the deck and its
suitability for an impressed current cathodic protection system. The deck was
found to be contaminated with chlorides. Repairs were not too extensive and the
top mat rebar had sufficient cover to accommodate a slotted cathodic protection
system.

The contractor began the project by cutting the 3/4" by 3/4" slots in the deck using
a concrete saw. The secondary anode slots are spaced at one-foot centers
transversely and run longitudinal to the bridge. The primary slots were run
perpendicular to the roadway center line and were spaced at 25 feet. Previous

testing on this system has indicated good current distribution to the top mat steel
using a one-foot slot spacing.

In this instance, the contractor used two cutting blades spaced slightly apart to
make his slot cuts. This left a small section in the middle of the cut. This small
section in the middle of the cut was then removed manually by breaking and prying
it out with a long steel bar. It may have been easier to saw the entire 3/4" by 3/4"
section out at one time, as has been accomplished on other projects.

The next operation was to clean out the slots by sandblasting. Very fine debris
accumulates in the slots from the cutting operation. Cooling water from the
concrete saw mixes with the very fine cuttings to form a very slippery paste on the
deck. This paste dries and hardens in the saw slots. Any rebar that was nicked
during the cutting operation was coated with a non-conductive polymer. This was
necessary to prevent grounding of the current carrying anode system,

Per FHWA recommendation, all of the slots were pachometered to ensure that
there was at least 1/2 inch from the bottom of the siot to the top of the rebar.
This further ensures that no grounding of the electrical current will occur. Where
there was less than 1/2-inch cover, the bottom of the slot was coated with a non-
conductive polymer by brush also.

Very fine platinum-niobium-copper wire is used as the primary anode to distribute
the current to the deck. The secondary anode strand is made of a conductive
carbon. This is used where possible since it is less expensive than the platinum
wire. Both platinum wire and carbon strand are placed in the sawed slots and held
temporarily by wads of putty. The putty is removed just prior to placing the
conductive polymer in the slots.

Control of the electrical current to the various zones of the cathodic protection
system is accomplished by the embedment of silver-silver chloride reference cells
in the deck of the bridge. These devices measure electrical potential in volts and
thus control the current output of the system rectifier. The Goodall Rectifier can
be preselected voltage controlled, current controlled, or potential controlled. The
Woodinville Project is potential controlled,
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The rebar probe is a Number 5 rebar encased in a small concrete block. The block
has been spiked with heavy concentrations of chlorides. This device also plays a
part in the cathodic protection current control. The concept is that if we provide
enough current to protect this heavily chloride contaminated rebar, then we are
supplying sufficient current for the deck to protect all other existing rebar.
Cutouts are made in the deck to install the reference cells and rebar probes. Holes
are drilled through the adjacent curbs for control wiring from the instruments to
the outside PVC conduit.

Mixing of the conductive polymer is done on site. The contractor on this project
had the luxury of being able to close down the structure totally to traffic. Traffic
was detoured to another route. This allowed the contractor total access to the
deck at all times. It is recommended this procedure be followed in this type of
work if possible, Component A and B of the polymer, gray pigment, and powdered
carbon are mixed together in 5-gallon pails. The carbon additive gives the mixture
current carrying properties. If the carbon is not present, the polymer is an
insulator and is suitable to coat nicked rebar during the slot cutting operation,

The conductive polymer is then poured into plastic bags from the 5-gallon mixing
pails. One corner of the plastic bag is snipped off with scissors and then a
workman is ready to squeeze the material into the precut deck slots. A lot of skill
is required during this operation to get the right amount of polymer into the slots
and to do a neat job.

After the conductive polymer is put in the deck slots, silica sand is lightly sprinkled
on the surface of the polymer. This gives the surface of the polymer skid
resistance. Apparently, no way of mechanizing the installation of the conductive
polymer has been developed to date. Samples of the conductive polymer are
collected and sent to the Materials Laboratory for testing.

All power and control wiring is run in PVC conduit that is attached to the outside
of the concrete parapet. The PVC is gray in color and blends well with the lines of
the bridge. PYC C-clamps at NEMA required spacings are used to support the
conduit. Stainless steel inserts attach the clamps to the concrete.

Appropriate expansion devices for the PVC conduit should be provided at regular
intervals, as PVC has a coefficient of thermal expansion different than concrete.
Three pieces of electrical equipment stationed just at the end of the bridge are

necessary for power control; the transformer, the rectifier, and the rectifier
junction box.

Project Costs: Bid prices for the cathodic protection system ranged from $50,000
to %85,000. The contractor who was awarded the project submitted a bid of

$60,000. This amounts to $5.71 per square foot. This figure is comparable with
other similar projects of this nature,

Shop Plans: Cathodic protection shop plans submitted by the system supplier
needed very few corrections. Most of the changes to the shop plans concerned
details involving electrical equipment. All plans were returned approved or
approved as noted from the Washington State Department of Transportation.

Change Order Work: During the installation of the system, the project was visited
by Don Jackson, FHWA Demonstration Project 34 Manager. Per his suggestion,
there needed to be a minimum of 1/2 inch below the bottom of the saw cut slot and

-5-



the top of the deck reinforcing. This was necessary, in his opinion, to prevent
shorting of the current from the anode to the rebar.

The HARCO system supplier did not agree with this requirement. The Department
of Transportation representative elected to implement Mr. Jackson's suggestion.

All of the cut slots were pachometered. Those slots that had less than 1/2-inch
cover were coated at the bottom of the slot with a non-conductive polymer.
Coating was done by hand with a brush.

Also per Mr. Jackson's suggestion, a splice in the deck between the primary anode
and a Number 12 copper wire was eliminated, Splices in the deck are not desirable
due to the chance of a faulty connection.

PROBLEM AREAS

Problem areas that need to be addressed for this system:

I.. A more positive method of finding grounding locations from the anode
to rebar nicks, ties, etc. needs to be developed. Perhaps an instrument
can be used to supplement visual inspection.

2.  The necessity for having a minimum of 1/2-inch cover from the bottom
of the slot to the top of the rebar needs to be resolved.

3. A better method of installing the conductive polymer needs to be
developed. Hand-spreading of the material from plastic bags results in
sloppy work.

k. Procurement time for the rectifier needs to be shortened.

5. Since the project, once it has started, moves along very rapidly, there is
very little time for on-the-job training of workers. Workmen should
have prior experience at this work.

6. In remote areas, sources of electrical power may not be available, It

will be necessary for sources of power, such as solar panels or long-
lasting batteries to be developed for this system.

CONCLUSIONS

For a new construction system, the installation went relatively smooth., Some
areas of concern, as listed in the "PROBLEM AREAS" section, need to be overcome
to obtain a better quality product. The demonstration project was a good learning
experience for everyone involved.
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APPENDIX A
BRIDGE DECK SURVEY REPORT
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'I‘ransmitted are co-pies of the field data for the following bridge deck

evaluation tests as checked:

X __ chloride Sample Locations

A’ Chain Drag (Delaminations)

E Half-Cell
x _ Pachometer

B Wheel Path Wear Measurements

. 5 Chloride Sample Test Results
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cc: Project Engineer
A. J. Peters
D.M.F.
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Part S Maasuramane

5.01

A. Measurepent for this item of work, excluding *h> work raquired
for furthar deck preparation and the subsequant filling of th2
prapared ar=oas, will be made by tha square vard of overlav in
placa.

Part 6 Pavemant

6.01

R. Pavymant for this item of work, excluding the work reguired for
furthar dack preparation and the subsequant filling of the
prepared areas, will be made at the anit contract prica per
squac2 vard for "Special Concrete Overlav", which price shall
b2 full compensation for all npaterial, labor, tools and
2quiipment necessarvy to conplete the work spacifi=d in
accotdance with tha plans, +thesz spacial provisions and tha
standard specifications.

All costs involved with furrnishirq and installing the APOXY~
coa*2d weld2d wire fabric as shown in <he Modified Expansion
Dam Detail shall be incidental to and included in the unit
contract price par square vard for "Special Concrete Ovarlav".

B. Pavmant for the work reguired for further deck onreparation ard
the subsequ2nt filling »f the prepared arzas will be made by
forez account in accordance with sectior 1-09.6 of tha
standard specifications. For +the purpose of vproviding a
common prcposal for all bidders, and for that reason onlv, the
Stat2 has sstimatad +tha cost of the 4item *"Furthar Deck
Praparation" and has arbitrarily ente-ed the amount in +the hid
proposal to hacoms a part of the total bid by the Contrac-or.

CATHODIC PROTECTION SYSTEM

Th2 Contrac*or shall furnish a proposal document by the supolier of an
2phbeddad wir2» nonr-overlay cathodic protection svstem to be used on tha
deck of <th2 E-S Ramp {522/30 E-S) to the Enqgineer for agproval. The
total lanqth of th2 ramp is 300 faest 9 3/4 inches. The wid*h curb to
curb is 35 f22¢. The scopa of the work %o b2 covarad under *his itam
shall include bu+t not bhe limited to <cutting slots and filling cur
slots in <he concrete dack fcr primarv and secondarv anodes,
furnishing all 2lectrical condni¢, wiring, rectifiars, cornactions,
and hardwara; installing, en2rgizing and adiusting a ~ompl2t: cathodic
prot2ction system for the deck araa. The conductiva polymar poured in
the slots shall hav2 a qray color pigment add2d <o match the exisriaq
concrata, Silica sand shall be breoadcast over *he inzstallad

SR 405
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conductive mpolymor. All slots and conductiva polyrer shall b2
installed *o cla2an neat lines.

Elactrical ©pavwer sourcs is available where shown in the plans. The
Contractor shall furnish and install all equipment nacessary tc bring
power +o *h2 bridg=. All elac*rical work shall comply with the
requirem2nts »>f ths National Electrical Code. Conduit where regquirad
shall be PVYC rigid wall schzdule #0. Concra2te fas-eners s5hall be
stainlass stesl or other approvad corrosion resistant® material. This
system shall b2 installed after deck repair is complete as specifiad
in the spacial provision.

The ca*thodic prctection system shall includ2 a wminimum of fivse
permanert rafarence c21ls (half-cells), five rasistanca2 tyra corrosion
rate probas and five thermocourles installed in the deck for
monitoring *ha syst2m.

The Contrac+sr shali submit to the Engineer for approval all drawviras,
Aetail plans and calculations for this svtem. S5ix sets of opriats
shall be submittad %o *he Engineer fcr approval. Approval of drawings
and details shall be unders*ood to be an accaptance rather +han a
chack on th2 svstsm. No changes shall be made %o arny drawing af+ar i
has hean approved, 2xcept by *the ccnsent or directioa of the Enginear
in writing. No matarial shall be purchased or fabricated and ao work
shall be done on preparation o¢f the deck surface or installation of
any part of +ha system until <+he plans hava ba=n approved by the
Bngineer and confirmation of such approval has bzen racaived in
writing by th:z Contractor.

prior to ~he complation of *he proiact, the Contractor or his suppli=rc
shall furnish the oriqiral drawings of *h2 as-buil= system <o *h2

Engine=ar. All drawings shall bea on sheets conformiag ir size to th2
provisions »f saction 1-05.3 of the standard specifications. In
addition, *he Con+tractor shall furnish thres comple%e s2%ts of

operating and mairtenance instructicns to the Engineer.

To 13id in assuring proper installation of the cathodic protection
system, the Contractor shall have available during installation of *he
system *he services of a qualified full-tima fiald represertative in
+he emplovy of *+he sys+tem supplier. This repras2a2nta=ive shall bhe
qualified in *he field of cathodic protectior cf reinforceld
structures. The represantative shall provida instructions and
training of Sta*2 parsonnel in the operation and maintenance of the
SYStom.

To help ia havirg +the systam properly enerqgized ard adjustad for
proper opaeration, the Contractor shall have this work suparvised by a
peqistered Professioral Engineer certified by th= Na*ional Association
of Corrosion Etgine=rs as a Corrosior. Specialist or other Corrosiorn
Specialist approvad bv the Engineer.

SR 405
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Testing of this svstem shall be as recommendad by the svstea supplier.
Number and tvpe of tests to be vaerformed shall ba approevad by thz
Engineer oprisr %2 start of anv %*2s5%ing. The results of this t2sting,
the data collactad and the findings of +the whola s*udy shall be
document :d and przsacnted to +he Engineer for his usa.

Th2 Contractsr shall also submit *o the State a proposal document by
the suppliar of tha: cathodic protection svstem indica-ing how to
maintain, monitor and evaluate tha system and prepar2 pariasdic
performance ra3ports. The proposal document shall covar a period of
time of three vears af+ar tha S*ata has given final accep*anc- of all
work under this contract. Such proposal documert shall he furnished
to the Sta*> before the State shall approve thz sgurce of supply for
th2 systs2m. The proposal documant shall includa an itemiza?d list of

activities ard COS“S that describes ¢th2 labor and materials
anticipatad %> oparate ard wmaintain the systam in a satisfactory
manner, The State shall have +he option of antaring into an

arrangem2n® with the supplier to provide th2 services contained in tha
proposal without interfarence or cbligation to tha Contractor. Such
an arrangea:nt doss not reliave the Contractor fros praviding
instructinn and +*raining of State personn2l in the operation and
maintanarca of tha systam bafore finral accaptance of +he work as
described elsawher2 in tha con*ract provisions.

Tha cathodic protaction system suppliar shall be one of the following:

1., Norton Corrosion Limited, Inc.
22327 - 8%<h Avenue S.E.
woodinville, WA 98072
T2, (206) 483=-1616
TWX 910 449-2810

2. Yarco Corgporatiorn
8305 S.F. Monteray
£220, Suite A
Por+land, OR 97266
Tal. (503) 654-5905
S2atele [206) 2R2-4880

The Cont-actor is advised “hat *he State mav axclude this itep of work
from this con<rac% in accordancz with section 1-09.5 of the s+andard
spacifications. :

Tha lump sum contract price for "Cathodic Protection System¥ shall ‘ba
full compensazion for all labor, materials, +tools and zquipmant
necessarv to complefd, furnish, install, energiza, adjust, =zvaluacze
and test the svstem as specified and as shown 1in tha plans. All
concrate pa~ches required for egquipment installation, incluilipq
repairs =o damaged areas, if anv, and the ©p-oposal documants 9
maintain this system are also ircluded in ¢this itam.

SR 40%

WOODINVILLE I/C BRIDGE DECKS -
RESURFACING

BUWOSY 70

-22-



APPENDIX C
PROJECT CHANGE ORDERS

_23-



fndorsed by:

BuTles ~ Skut‘tiv7‘ <.

XYY, gL

Tile

By

¥ Signature

_$5/ar

Comsent given by Sarety: fwhen reguired)

Alinraey-mmfart

Date

' ' OPIGINAL
[ WASHINGTON STATE o
Sheer_ 1 of__2 DEPARTMENT OF TRANSPORTATION sl
er
Dote 2-2-85 CHANGE ORDER g\ lr \%%6 Number 4
Ocdered by Ingineer ynder terms of Section 1 -04_ 4 L W
Eh of the S1ondard Specifications
Ve 2814
D Chonge proposed by Contractor
: BUTLER-SEALANT COMPANY -

11525 E. MARGINAL WAY S,
SEATTLE, WA. 98168

- SR 405
IR-405-3(521)
WOODINVILLE I/C BRIDGE DECKS -
RESURFACING

*You ore ordered 10 perform the following described work

... DESCRIPTION OF WORK . Lo
upon receip! of on opproved copy of this thonge order:

The contractor shall coat the bottom of the cathodic protectfon slots to the satisfaction
of the engineer with a non-conductive material.

concrete cover at the steel reinforcement bars is less than 4 inch.

The slots shall be coated where the
Care shall be taken

that the sides of the slots remain free of the non-conductive material, L

Payment for the additional work shall be b
1-09.6 of the standard specifications.

All wark, materiols and measurement 10 be in accordance with the provisions of the

hon involved

4

1

y Force Account in accordance with Section

Standord Specifications ond Special Provisions for the type of construc -

T AL ORIGINAL CONTRACT CURRENT CONTRACT ESTIMATED NET CHANGE ESTIMATED CONTRACT
[:] REQUIRED AMOUNT AMOUNT THIS ORDER TOMAL AFTER CHAMNGE:
MEADQUARTERS ) - 3
REQUAD. s 1,556,834.15 |3 1,597,004.17 |5 + 600.00 s 1,597,604.17

DISTRICT USE

AP Al REZOMM| (2] .
5-2-85
Propect neer . Dare

APPROVED

Yy X

HEADGUARTER'S USE

. 5555/;;/425'

Highway Construction Fnginees

FDRM a3 gAY
[, LD s

m AP’PI{OVAI necomm NDED

DISTRICT anminisTRATOR _R. E. BOCKSTRUCK, P.E,

D APPROVED

Byl ' /1:‘) d"‘é’ boie £
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ORIGINAL

. t~ . . -
WASHINGTON STATE i Change |
shedr__ L o1__ 3 _ DEPARTMENT OF TRANSPORTATION Order
© 5o 5
Doe 272785 . " CHANGE ORDER Number 2
a
Ordered by Engineer under terms of Sechion | - 04 4 \ L
&xk of the Stondoard Specifications “ﬁl /
Cwe.r 2814 -
D - Change proposed by Conwocior
- BUTLER-SEALANT CO. .
11525 E. MARGINAL WAY S.

Endorsed by BuTles ~Sealans T Co . SEATTLE, WA. 98168 N
f : 1 Co-rrxlnriim Name o
el Signature ; é Cn B SR 405 o o —
Tite V. Pre. ‘ Faderal Aot bim IR-405-3(521) ) S

Consemt given by Swrety: fwhen reyuired) Proiset Tol: - meI NVILLE, 1/C B‘RIDGE _DECKS__-.H..,_

' RESURFACING

By-

Attormey-infact Datr

. ... OESCRWTIONOFWORK .. . .. .
+ You ore ordered 1o perfo:m the following described work upon receipl of on oppraved copy of this change order:

Where directed by the Engineer and as shown on Sheet 3 of 3, the Contractor shall
incorporate the following modifications into the Cathodic Protection System.

- Splices shall be removed from the bridge deck and installed in the rail ¢
mounted junction boxes.

[ ]
2. Platinum wire shall be installed from the transverse anodes back to the junction box.
3. A heat shrink sleeve shall cover the platinum wire from the junction box to a
point in the slots where there is no gverlap with the monitoring system wiring.
4. Conductive grout shall cover the platinum wire to within & inches of the bridge
* rail; Non-Conductive grout shall be used to £fill the remainde? of the slot and
the hole drilled through the bridge rail for a minimum of 4.inches in each end.

Payment shall be at the lump sum price of $3,474.00 and shall be full compensation

for furnishing all materijals, labor, tools and equipment necessary or incidental to
complete the work.

il —
R . C r‘: I “f = D ¢
MAY 17 1965
All work, motenoly ond measurement 1o be in cccordonce with 1he provisions of the S1andord Specificohons and Special Provisions tor the type of consituc
Lion 1avelved
APeROVAL ORIGINAL CONTRACT CURRENT CONTRACT ESTIMATED NET CHANGE ESTIMATED CONTRACT
D FEQUIRED AMOUNT AMOUNT TH15 ORDER TOTAL AFTER CHANGE
HEADQUARTERS / / '
APPROVAL -
DO arotowa s 1,556,834.15 s 1,597,604.17" | ¢ + 3,474.00 s 1,601,078.17

DISTRICT USE

HEADQUARTER'S USE

5985 7 oS Je/hc

Project Enringhr [ igbway Construction Enginee VA

D APPROVAL EECOMAMD!D D APPROVED )

DISTRICT AbminisTRATOR ,_R. E. BOCKSTRUCK, P.E.

Mﬁw ' T/léé

w‘ ORw 431 _25-
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Woodinville bridge elevation.

Woodinville bridge deck.
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Cutting the 3/4" by 3/4" slots in
the deck using a concrete saw.

Slots at one foot center running
longitudinal on the deck.
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Deck cut slots.

T

Prying out slot center with
a long steel bar.
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Sandblasting slot and deck debris
from cutting operation.

Coating nicked rebar with
a non-conductive polymer,
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Pachometering slots to check for 1/2"
cover below bottom of slot.

Platinum - niobium - copper
wire anode on spool.
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Platinum wire and carbon strand held
in slots by wads of putty.

Reference cell and thermistor
with cloth cover.
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Rebar probe laying on deck.

Deck cutouts for installing reference cell,
thermistors and rebar probe.
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On site mixing of conductive polymer.

Mixing compenent A and B, gray pigment,
and powdered carbon in 5 gallon pails.
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Placing conductive polymer by
hand from plastic bags.
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Sprinkling silica sand by hand on the
conductive polymer for skid resistance.

Entire crew installing conductive polymer.
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Collecting conductive polymer samples
for testing at the Materials Lab.

Longitudinal PVC conduit attached
to outside of bridge parapet.
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PYC C-clamps at NEMA spacing
used to support conduit.

PVC conduit expansion devices,
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