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Corrosion Basics
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Corrosion Reaction
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Environment
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Steel Structures

* Directly exposed to environment

* Primary factors affecting corrosion
* pH
* Temperature
* Moisture
 Wetting drying cycles
* |on content
 Chlorides, sulfates, etc.
* Oxygen Content
* Water Velocity
 Coating quality




Concrete is naturally alkaline
pH of about 13

Steel is naturally passive at this
alkalinity

i ™ 3 2
Y T T Y Y Y Y o -

N e

gy | Ty 8/

Formation of passive layer

R o “w—-pﬁv-v_w‘.yw‘.v“_.‘
PR . (B, L A T <
BT s L,

-3 St g g

; ‘_

Passive layer can be destroyed by;

Chlorides
Carbonation

& vV T T T T T YT

AT ER T YT YR
oy 2 o

Rt o oh o S
:\' T T e ———

Ashah b e 2o 0 L
> Vrpn
YTy

B A e s ]

T
X >
By
v

b
¢
}
}
4
4
4
s
+
4




Corrosion Induced Damage

 Metal section loss and
* Formation of iron oxide (rust) Fe(OH),
* Expansive properties of iron oxide

create tensile stresses in concrete  FesO,

* Leads to cracking, delamination,
and eventual spalling

FeO

' Damage resulting from o3 |
1
—
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Corrosion Damage

Conventional mild reinforcing bar

In most cases loss of steel section not primary concern

Typically damage to concrete becomes significant and observable prior
to severe section loss

High Strength Tendons

Minor section loss of steel can have significant effect on strength

Steel can have significant section loss without significant concrete
damage
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Corrosion Mitigation



How do we protect steel from
corrosion?

* Barriers
* Coatings
* Concrete

e Cathodic protection
* Galvanic and impressed current

 Corrosion resistant construction
materials

* Improved steel grades or
composite materials




Cathodic Protection

e Cathodic protection (CP) is a method of corrosion
control through the application of direct current to a
metal under protection, forcing it to become a cathode

 Anode is where rust occur and the cathode is protected
from section loss
 Two main types of CP
e Galvanic
* Impressed current



Rectifier
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Design Parameters

Service life — Galvanic run between 20-30 years, ICCP can
be longer

e After 30 years size of galvanic anodes becomes cost
prohibitive

Environment

e Salt content drives anode selection

Coating degradation rate
e Between 1.0-2.5% degradation per year
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Port of Canaveral
North Cargo Pier Repairs
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LONGEVITY CATEGORY
Port of Canaveral: North Cargo Piers

ICRI

CONCRETE REPAIR
Restore | Repurpose | Renew
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Cathodic Protection 10 Years Later

CAPE CANAVERAL, FL
SUBMITTED BY VECTOR CORROSION TECHNOLOGIES

'The North Cargo Piers at the Port of Canaveral consist
of four wharves that handle bulk cargo such as cement,
slag, salt, automobiles,and lumber. Each wharf consists
of square prestressed concrete piles, cast-in-place
concrete pile caps and beams, and prestressed hollow-
core deck units with a cast-in-place topping slab.

After years of exposure to the corrosive saltwater
environment, a major rehabilitation was conducted

concrete deck units were protected using activated arc
sprayed zinc applied to the deck soffit.

Completing this project on an operating port facility
on the ocean created many unique challenges to
overcome, including having the piers remain operational
at all times; dealing with tides; and at times, moving
work areas or delaying work to avoid impacting marine
life such as manatees, pelicans and sea turtles in the Port.

Over the last 10+ years, the North Cargo
Piers have continued to be subjected to the
corrosive marine environment and the
portions of the structure that were repaired
and received the galvanic cathodic
protection are showing no signs of
corrosion-related deterioration. Other
areas which were not repaired and
protected have continued to deteriorate
and are now in need of repair. Accordingly,
the repairsand cathodic protection systems
are meeting the owner's goals of providing
a long-term, operator-free, maintenance-
free protection to the piers in the Port.
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Pile Cap Deterioration
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Design Example

ALL ANDDE CONMECTION TO
REINFORCEMENT TO BE PER
SPECIFICATIONS AND
MANUFACTURER INSTRUCTIONS.

NEW CONCRETE CAP

—— NEW STEEL TIES AND NEW CAP
/ REINFORCEMENT.
®

STEEL DOWELS FROM CONCRETE
SHEET PILES.

GRADE

CONNECT ANODE TO ] "3 L ]
LOMGITUDINAL REINF.
AS SHOWN (DD MOT
COMNECT TO TIES.)

PN.C. CONNECTION

BOK (SEE SHEET
17097-09)
CONTINUOUS EMBEDDED
— — ANODE SYSTEM  LOCATED
W AT 3 LOCATIONS AS
— SHOWN, INSTALL PER
g . SPECIFICATIONS AND WFR.
I I INSTRUCTIONS.
17097-09
COMNECT ANODE TO SHEET PILE
DOWELS AS SHOWN (DO NOT
CONNECT TO TIES.)
1700706
N S SOIL BACK-FILL

3/478 SCH. 80 | l\\ CONCRETE SHEET PILE.

CONDLIT. \\[
SHEET PILE REINFORCEMENT.
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Distributed Anodes




Pre-Cast Deck Panels
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Arc Spray
Surface Applied Galvanic Anode
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* Molten Zinc

e Surface Applied

* Multiple passes to
reach
desired thickness




A I ‘ .’ I a EXISTING CONCRETE 4" X 4" ZINC MESH DRILL AND TAP CONNECTION
/_ / /_ MADE TO REINFORCEMENT

WITH THREADED ROD

APPLY FIRST LAYER OF
ZINC METALIZING UNDER
THE CONNECTION PLATE

AMD HARDWARE

APPLY SECOND LAYER OF 2
ZINC METALIZING OVER
TOP OF CONNECTION :

PLATE AMD HARDWARE

STEEL

DRILL AND TAP REINFORCING
CONNECTION TO REBAR \ f

A

NON-MONITORED
1 ANODE CONNECTION

BCOALE: NTS

18T METALIZING LAYER

2ND METALIZING LAYER

APPLY ZINC METALIZING HOLE FILLED ANCHOR ZINC MESH
OVER TOP OF CONNECTION WITH EPOXY

PLATE AND HARDWARE STAINLESS STEEL THREADED
ROD, NUTS, AND WASHERS. II’ ‘
.- - --.
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NON-MONITORED
2 ANODE AND STRUCTURE CONNECTION

SCALE:NTS




Arc Spray




Arc Spray
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Arc Spray




Arc Spray
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Arc Spray
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AWARD OF EXCELLENCE @CRI

WATER STRUCTURES CATEGORY

CONCRETE REPAIR

tore | Repurpose | Renew

Extending the Service Life of Ol Docks at
Port of Corpus Christi

CORPUS CHRISTI, TEXAS
SUBMITTED BY VCS, INC.




Oil Docks 4 & 7




Original repairs

* Original plans requested zinc metalizing as the cathodic
protection system

e Zinc metalizing requires sand blasting the concrete surface
then arc melting and spraying of zinc onto concrete surface.




Schedule Constraints

* |[nitial bids for repairs came in way higher than POCC expected
* Primary reason for this was limitations of schedule

During a typical month, various docks in no particular order or consistency will
be available for construction a total of 14 days per month, distributed over
several single- or multiple-day work segments. There 1s no guaranteed pattern,
but generally the historical ship and barge call records indicate possible work
period durations as shown below:

Workdays/Month
3 — One-day windows/month at any dock =3
4 — Two-day continuous work windows/month at any dock = 8
1 — Three-day continuous work window/month at any dock = 3

Average Total days =14



Why So Expensive?

e Zinc metalizing is almost all hot work
e Sandblasting of concrete surface
* Arc spraying zinc
* Drilling into concrete to make
connection
* Prep work can be lost due to an
outage

 Must metalize area same day it is
sandblasted

* If delayed light brush blasting is
required before metalizing

e Environmental controls




Drilled in Galvanic Anodes

 To reduce the project budget how can we better utilize days
where hot-work was not allowed?
* Drilled in galvanic anodes
e Still require hot-work, drilling and cutting concrete

* But grouting of anodes can be done during outages




S

Galvashield® Fusion™ T2 @
Two Stage Anodes

Galvashield CC
alkali-activated anode

Single wire
installation

Self-powered
ICCP System

most innovative products

AT WoRLD OF CONCRETE
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Installation

SAW-CUT GROOVE
1/4" WIDE x 1/2" DEEP
SEALED BUTTON
CONNECTOR

4

|~ GALVASHIELD
FUSION y
T2-100 ANODE 4

EXISTING REBAR

CHIP, DRILL, OR BREAK-OUT

CONCRETE AT REBAR FOR
NSTALLATION OF HEADER WIRE
JONNECTION (SEE CONNECTION

SECTION VIEW

SCALE: 6"=1

DETAILS ON SHEET CP-13).
@ GALVASHIELD FUSION T2-100 ANODES WITH HEADER WIRH
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Insta”ati()n
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Anode Connections
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Connections to Steel

RIVET
CONNECTION
TO REBAR
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5 / ANODE CONNECTION

o ///— CONNECTION COVERED 100% IN

MARINE GRADE 2 PART EPOXY

1" OF EXPOSED WIRE
ENTRAPPED INSIDE
CONNECTION

"@ STAINLESS STEEL
RIVET

GROUT FILL

OPTION 1 - RIVET
STEEL CONNECTION DETAIL

SCALE:N.T.S
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Grouting Anode
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Reference Electrodes

FILL SLOTS WITH SAW-CUT GROOVE ON CONCRETE
REPAIR MORTAR / SURFACE FOR WIRE ROUTING

Lo

B (HEF
L &

VARIES : P v ® " RerERENCE ELECTRODE
it R St e il i v WIRE RUN TO MONITORING BOX. VARIES.
¢ CONCRETE. USE LOW RESISTIVITY GROUT PR IT TPLE PLACED AT OR
FOREMBEDDING. . ' ‘= BELOW REBAR
- v 1 - DEPTH.

V//////////ﬁ///////{é// '////{@/_///”//ﬂ

i ) o o w r
o g i = =
- (=4
B v B =
P i & — EXISTING REBAR
MIN e )
v s ' NOTE: NO REINFORCEMENT SHALL BE
d - EXPOSED IN THE DRILLED HOLE FOR
THE REFEREMNCE ELECTRODE.
REFEREMNCE ELECTRODE SHALL BE
ISOLATED FROM REINFORCEMENT.
TYPICAL REFERENCE
4 ELECTRODE PLACEMENT DETAIL
SCALE-MN.TS
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Completed

®
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Completed




Completed
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Performance

[ OLDOKT-TH4 |
* Per the original plans test . ELEVENTID: UL12
. . X il STRUCTURE
stations were required to OT® O e
. . ON OFF
monitor the performing of ®
the zinc metalizing system
ELEMENT ID: U3KL
* Measured 6 O g
* Current from anode > ®
. . . REFERENCE TEST '
e Polarization with (hgg0l) (STRUGTURE) |
embedded reference " ® |
electrode

ECTO R CORR SION SERVICES

¢ Embedded System utilized v 4 T (613)501-0050 ¢ VCSERVICES. COM
same test stations for —
monitoring performance




Jackets
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 Jacketing is the most commo repair strategy
* Critical to have cathodic protection in jackets

e FDOT discovered accelerated corrosion in
jackets without CP

e Hartt, W.H. and Rapa, M., “Condition Assessment of Jackets Upon Pilings Ilf‘

for Florida Bridge Substructures,” Final Report, WPl No. 0510803, Florida ™™™
Department of Transportation, Tallahassee, Florida, April 13, 1998



Galvanic - Mesh
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Tidal Plus Jacket

____j_._.— OPTIONAL
JUNCTION
| BOX

T

T
I | FABRIC WRAPPED
ZINC ANCDES

'\—\./\\
[~—1

MODULA

JACKET FILLED

— WITH CONCRETE
OR MORTAR

OPTICHAL 48 LB,
BULK ANCDE

VECTOR CORROSION SERVICES




Self-Activated
Galvashield DAS Jacket

DISTRIBUTED
AMODES

\ High Alkaline Mortar keeps
\ Zinc Anodes Activated

MODULAR PV
JACKET FELLED
WITH CONCRETE
OR MORTAR




Port of Houston
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Pile Repairs




Pile Repairs




Pile Repairs
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Pile Repairs

SHUNT

®
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Beam Repalr
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Beam Repairs
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Tha N k yOU I Brian Pailes

brianp@vcservices.com
813-501-0050

Questions?
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