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Figure 2-13: Voltage Gradient in the Earth Around a Cathodically Protected Bave Pipeline
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Figure 2-6: Voltage vs. Distance from a Vertically Oriented Anode
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Figure 2-20: Typical Potential Profile on an Interfered-with Structure that Intersects both Anodic &

and Cathodic Voltage Gradient with the Current Source Interrupted \

.DWI0 D'MITENSTING N1AN - 12 GONT? NNIMY NIRTH 75 ©
IN 0" "22-7V DX AN 770 IX DT 00N ANdYY IX 'Myn? |'R
NYIISN AIRWIN K77 ONX 'WXNR D2 IX INUVRYR YAl

LDWIV D'ANTI NFTINZ NN — 2 qOX' Dyun

www.corrosion.co.il :ANX | ab@corrosion.co.il :7"x17 | 073-7528920 0579 ,08-9465578 :"70 | 7404724 ,nar'x 01,2 w'uon

®



?121nn nan 7Y NYOSYAN |IN7 '

NI'MYUNN 7V NN NI YXA7 [N 0NY2 DMMYN IR N1aN 72V DIy nivswn pima% »m

NNIX NNOY1 NYOWN NN DRN 21T

? n'nwn / n1ann hnpn 197 DTNy DIYYan yanin?i DTEn? 0'XNYI D'YIY 0N N

NI'NYON 'MY NIt Nj1nonn 2%wa 12D 7909
L9711 'UNNNA 7T NN 'OIIRN YN °

JTOPO VIXA e

.D'WIL D'AOTI NTINPE N1AN - 22 QOX7 NNINY NI'dTH ‘7D ©
IN 7' 22-7V DX 1121 270 IX 0T )Non ANdYY IX 7' Nyn7 'K
NYNIDN ARYIN K77 ONK 'YX 702 IN NNORYR yald

.'DWIL D'ANTI N'TINRE N2AN — 21 QOX' Dyun

11'1 NON
o'vin o't n'Ting i

www.corrosion.co.il AnNX | ab@corrosion.co.il :7"xi1T | 073-7528920 0579 ,08-9465578 :"70 | 7404724 ,nai'x 01,2 w'0ON

Q



NITAKXR ATY MIXN - '0NNhN aYh

Figure 8, CROSS SECTION OF A TYPICAL

NN

.D'WIV D'ANTI N'TINR NIAN - 2 qoNY NNy NIpin %9:©

IX 0" "22-7VY DX AN 770 IX 0T JN0N ANdYY IR 'Myn7 'R
NYIISN AIRWIN K77 ONX 'WXNR D2 IX INUVRYR YAl
LDWIV D'ANTI NFTINZ NN — 2 qOX' Dyun

CATHODIC
PROTECTION
RECTIFIER

AC POWER SUPPLY
TO RECTIFIER j

BURIED ANODE
BED
Z CATHODIC
PROTECTION
CURRENT FLOW
mess&o CURRENT ANODE
(TYP)

TYPICAL IMPRESSED CURRENT CATHODIC
PROTECTION SYSTEM

11'1 NON
o'vin o't n'Ting i

WWwWw.corrosion.co.il :OnN

| ab@corrosion.co.il :7"xIT | 073-7528920 0579 ,08-9465578 :"70 | 7404724 ,n11'x 01,2 wruON

N



11'1 NON

o'vin o't n'Ting i

NI'O'OA N IXRN NNIRXN - '0NNN 2V

1  Hemisphere,
radius r,
diameter d

2 Circular plate,
diameter d,
radius r,

3 Rod anode,
length I,
diameter d

4  Horizontal anode,

length £,
diameter d

5  Sphere,

.0WI0 D'NTI TR N1 - digiastep@ne nirnm 'n O

epl %W”s%ﬁé”ﬁ '

IN 7' 22-7V DX AN 7270 IR D, !

NYIIdN ARYIN K77 NN 'Y 21 IX 1IN

N yanm

.'Owio omnTi N TINRZ NI ="' ‘]ON' oyon

R

P

nd

P

2d
P
2l d
22
!l d
L(L,i
2r\d 4t

Spherical U, = U, — = —

field

Surface

Depth

I>d

I>d

r 2nr

U = EUD arcsin (ri)
r r

2 I
= — U, arctan (—”)
4 t

2 2
. m[“"“ +r J

=
It

" 2xl r

" i 2r

U = _J&ln(ZxH]:I_p
2mwl \2x-1) 2mx
[the approximation holds for (; x) > 1]

52
= Bl L (L) }1&

Ip

U =

www.corrosion.co.il :ANX | ab@corrosion.co.il :7"x17 | 073-7528920 0579 ,08-9465578 :"70 | 7404724 ,nar'x 01,2 w'uon

®



'VNNN YN

.D'NNNN 791% MR on1 lypapn NITANN DX PITA7 nain

AT YN — VYOIN 'ONNN 7TIM% "NnNN

MITD YN ,'MTIRI PN 17X ON'NNYT 70211 ,NITIIRD NTYN 7'901 11 PNNNAY XN NNINN
N9 o1 va

LONNNAN ITON OI'TIN N'MMIvAYN D'72ITaN D'w7NNa QeI N'nn NNinn

[l
P | i >

Ry = Py NN N %/ NNV N

Figure 2-8: Hemispherical Electrode
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Figure 3-15; Conductive Coupling During Line-to-Ground Fault Conditions
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Fizure 3-43: Phase Arrangement: for a Double Vertical Circuit
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IEC 62128-1: RAILWAY APPLICATIONS — FIXED INSTALLATION — ELECTRICAL SAFETY, EARTHING
AND THE RETURN CIRCUIT — PART 2: PROVISIONS AGAINST THE EFFECTS OF STRAY CURRENTS
CAUSED BY D.C. TRACTION SYSTEMS.

EN 50162: PROTECTION AGAINST CORROSION BY STRAY CURRENT FROM DIRECT CURRENT
SYSTEMS.

EN 50122-2: RAILWAY APPLICATIONS — FIXED INSTALLATIONS — ELECTRICAL SAFETY,
EARTHING AND THE RETURN CIRCUIT - PART 2: PROVISIONS AGAINST THE EFFECTS OF STRAY
CURRENTS CAUSED BY D.C. TRACTION SYSTEMS.
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Lazzari, “Corrosion Monitoring System for Reinforced Concrete Transit

198, paper 1o ;‘6@ (Houston, TX: NACE, 1998).
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L. Bertolini, M. Carsana, P. Pedeferri, “Influence of Stray Currents on Corrosion of Steel in Concrete,” European '

Federation of Corrosion (EFC) Publications, no. 38: Corrosion of Reinforcement in Concrete Mechanisms,
Monitoring, Inhibitors and Rehabilitation Techniques, eds. M. Raupach et al., (Cambridge, UK: Woodhead
Publishing Limited, 2007): pp. 105-119.
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Parameters Steel condition Upper limit, Lower limit,
V (CSE) V (CSE)
Without chloride +0.5 —f 4%
_ Passive , _ +0.5 — kx[Cl%] -1.1%W
Potential With chloride (%)
(k = constant)

Active Not applicable —q W

Polarization Active 0.05 None

& The value becomes —0.95 V (CSE) for high-strength steels.
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L. Bertolini, F. Bolzoni, T. Pastore, P. Pedeferri, “Stray Current Induced Corrosion in Reinforced Concrete
Structures,” in Progress in the Understanding and Prevention of Corrosion, eds. J.M. Costa and A.D. Mercer, Vol. 1
(London, UK: The Institute of Materials,"'? 1993): pp. 658-664.
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Silica Fume Conerete: a Solution
to Steel Reinforcement Corrosion
in Concrete

by J.T. Wolsiefer, Sr.

Ebstract: 'This paper discusses the utilization of silica fume
concreto admixture to prevent reinforcing steel corrosion. The
mechanism of steel corrosion in salt impregnated concrete is
howing how ordinary
altered by the use

s corrosion prone charact
ca fume. The mineral adw E cantly lowers the
wte permeanility to preven oride ingress to the reinfor-
cing steel lawal, while simultanecusly increasing the concrete's
electrical resistance to corrosion currents. Test data from the
FiiA 90-day Chloride Fonding Test indicates a 98% reduction in
chloride penetration. AASHTO T277 Rapid Onloride Permeability
test show a 10 times irpernsability and 25 tines resistivity
irprovement with the uee of 12 percent srilica fumse. The Time-to
Qorrosion FHWA/ROSE 244 Slab Test is a scaled down stesl rein-
forced deck, from which macrocell corrosion current, AC resis-
tancs, half cell potential and chloride absorption is measured.
Zero carreaion current was measured after NaCl was poodad in
alearnare moallAm: rurlae for 48 seekc.  Tho ssoond chace test
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lV22 AP r'o-Np'n

150,000 +- *
0:0 ELECTRICAL RESISTIVITY LEVEL ABOVE WHICH

REINFORCED STEEL CORROSION HAS NOT OOCURRED
EVEN IN CHLORIDE OONTAMINATED OONCRETE

125,000 4-

110, 000

100,000 -

75,000 -
70, 000

60,000 *

50,000 44

25,000 <+

ORDINARY OONCRETE

4,200

SILICA FUME 20%
SILICA FUIME 11%

CONCRETE TYPE

11'1 NON
o'vin o't n'Ting i

www.corrosion.co.il :\NX | ab@corrosion.co.il :7"X1T | 073-7528920 :0j79 ,08-9465578 :"70 | 7404724 ,n1i'x 01,2 w'0ON

N



