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Present Corrosion and Cathodic Protection
of Infrastructuresin Taiwan

Jiunn-shyong Luo' Cheng Jao

ABSTRACT

Cathodic protection has been developed and applied for a decade in the world.
Not only underwater and underground structures but also rebar in concrete can be
successfully protected from corrosion by cathodic protection. However, this technique
is not widely used in Taiwan infrastructures. To make more accomplishment, the
Harbor and Marine Technology Center, MOTC drafted “Guidelines of Cathodic
Protection for Harbor Structures- Steel and Concrete Structures” in 2003. Moreover,
the Directorate General of Highways, MOTC also completed “Drafts of Design and
Engineering work of Corrosion Prevention for Steel and Concrete Bridges” in 2004.
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All efforts have been focused upon establishing the knowledge of cathodic protection
including concept design, field inspection, and maintenance. It is highly expected that
by the application of cathodic protection infrastructures in Taiwan such as bridges,
harbor structures, underground pipelines, etc. can achieve “Sustainable Green
Infrastructures”.
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The Mechanisms of Corrosion and Corrosion Prevention for
Construction M aterials

Weichung Yeih

ABSTRACT

The humid and hot weather of Taiwan provides a hazard environment that induces
corrosion. In addition, air pollution from traffics and industry enlarges the corrosion
problem. Without corrosion prevention, it is expected corrosion of metal will become a
serious problem and it certainly will yield direct and/or indirect damage to the
economics as well as human life.

Corrosion is a well-known nature phenomenon. Through understanding its
mechanisms, the anodic and cathodic behaviors for the corrosion cell can be clearly
explained and from this the corrosion prevention techniques can be developed.
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WH33-3

Cathodic Protection Applied to RC Sructure
--Wester n Highway Contract WH33-3 for Example

Sunn-Jer Hwang ! Chien-To Liv* Jian-Hua Deng®
ABSTRACT

Cathodic Protection applied to RC structure is divided into Impressed Current
Cathodic Protection (ICCP) and Sacrificia Anode Cathodic Protection(SACP).
Contract WH33-3 of the Directorate General of Highways is the first bridge using
Cathodic Protection above the tide changing waters. In this paper, the construction
processes and what we need to pay attention to are been discussed. In addition, we
point out the difficulties we met under construction in order to give some references
for the continuing construction. By the way, this construction is still in process,
therefore, the protection and management are essential matters after finishing the
work. By doing so, the result of this method can be got thoroughly.
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The Practical Supervision and Maintenance of Cathodic
Protection on Submarine Steel Structures

Jeng-Long Ko'  ChengJao®  Kuei-Ching Chen?

ABSTRACT

Cathodic protection has been widely used in many areas, including wharf
steel-piles, platforms at sea etc., It can achieve protecting the steel structures immuning
from corrosion, if correctly designed and installed.

In the paper, wharf steel-piles field surveying results, obtained in the past years by
IHMT at major commercial ports around the island, were the examples to be discussed
and especially focused on practical supervising of installing procedures of cathodic
protection and its maintenancing strategy.
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Practice of Audit and M aintenance of Cathodic Protection for
Underground Pipeline

Der-Jiunn Chiou

ABSTRACT

The most important method in fighting with corrosion factor in soil for
underground pipeline is applying cathodic protection. But, corrosion happens in
many underground pipelines equipped with cathodic protection. Frequently due to
lack of good installation, both selection of materials and the procedure of installation
in cathodic protection will affect whether the maintenance cost will be high and
the corrosive behavior still occurs. We cannot change the environment that pipeline
laid, thus, the pipeline will be corroded even with perfect design, if we don’t pay
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much attention to quality control during installation stage. Planning a periodic cathodic
protection for underground pipeline will increase the confidence in pipeline operation.
This article discusses the characteristic of various materials and the correct procedures
in installation. Furthermore, application of effective close interval potential survey of
underground pipeline will be discussed in detail.

(sulfate reducing bacteria)
(1]

(chloride) (sulfate)

15

30

5-2



95 6

State-of -The-Art

ZN

Thermit weld

5-3



95 6

2.1.1
3
0.7V 1.1V
1.5V 1Q 5%
~10% ( 3000Q - cm )
[2]
e B IX
= )
3
(1) ( )
(2)
(3) 145V ( )
~1.70 V ( )
C )
1~1.5
1~1.5
60
4

5-4



95 6

4(a)
(c)
(b)
(Thermit Welding)
(Splice Kit )
@
(b)
©
4
8 AWG
3 (b) 8 AWG

5-5



95

212

40

3-5

K\ Soil

PVC

5-6

Soil



95

2.13

5-7




95 6

214

PVC
PE

1.83

5 ~ 6 kg/cm?

(3]

OT=I’Ry/4nkR(L+1)

T A
\%
o ohm
0.2 Watt m
m

= o~

m

S

5-8



95 6

30m 0.135m 1.2
10Q 25A 82

15

100

Silicon iron

Silicon iron

2.15

7.5
5.5

60 x 60 x
60 1.1

5-9



95

L L 8
HINIIE 55': L0 QNN I
o R = =
N 7 ¢
k] ° 0
7\ | Ai 7%
8
2.1.6
(Thermit welding)
9

PVC

5-10



95 6

Met al Di sk

¥
| ¥

9
2.1.7
[4,5]
10
4+— #6 AWG
T 1 x2
—_> [
T 14 x1.4 Xe0
<4+— 75% Gypsum
20% Bentonite 5% Clay
. u

10

5-11



(M
2
3)
4
)
(6)
(7
®)

(1

)

3)

5-12

95



PIG
1969
2 3
ey
(2)
300mV
3)
2 3)
-850 mV

IR Drop

95 6

850 mV

-850 mV

850 mV

[7108]

IR Drop
IR Drop

5-13

(NACE)

100mV

IR Drop



(1) R

(1 )

0.5

VIR:IXf(R):O

11

5-14




31

3.11
(1)
@)
€)

312
(1
)
€)
4
)

3.2

321
(1)
(2)
)

3.2.2
(1)
(2)
3)
(4)
(5)

5-15

95



3.3

331
(1)
2)
3)
(4)
(5)

332
(1)
2)
3)
(4)
(5

(6)

95 6

( )
ON/OFF 1.5 /0.5 1.6
DC
2 (15 +05 )
12 13
TE- 0
= : TR
12

5-16

/0.4



95 6

1. G.D. Fauque, in Sulfate-Reducing Bacteria (ed., L.L. Barton), p. 217-241,
Plenum Press, New York, NY (1995).

2. NACE Basic Corrosion Course, NACE, 1973, Houston, Texas.

3. W.V.Baeckmann, etc. Handbook of Cathodic Protection, 3rd. Gulf, Houston,
Texas.

4. NACE Standard RP-286, The Electrical Isolation of Cathodically Protected
Pipelines, 1986

5. Zinc Anode Grounding Cell, Kbasco Service Incorporated.

5-17



95 6

6. NACE Standard RP-169-83,1983

7. D. Slatter, M.C. Davidson, J.P. Grapiglia and W.T. Wong, Material Performance,
Feb. 35 (1993).

8. Y.B. Cho, K.W. Park, K.S. Jeon, H.S. Song, D.S. Won, S.M. Lee and Y.T. Kho,

in Proc. of the First Int. Pipeline Conf., Book No. H1048A, ASME, New York,
NY.

5-18



9% 6

(Bracelet-Type Alloy Sacrificial Anode)

The General Practice on Sub-marine Pipeline Cathdic
Protection Work Supervision and Maintenance

Huang-Chang Lee

ABSTRACT

A combination of external anti-corrosion coating and cathodic protection systemis
normally required to provide protection for a submarine pipeline against external
corrosion. The anti-corrosion coating is the primary barrier to prevent external corrosion
while the Cathodic Protection system is used to provide protection at areas of coating
damage or deterioration. Bracelet-Type Alloy Sacrifice Anode is usualy used in a
submarine pipeline cathodic protection system.

Offshore pipeline project usually requires large capital costs and isdesigned for a
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service life in some cases up to 50 years. To ensure the integrity of the offshore
pipeline in its service life, strict enforcement of quality plan for the manufacturing
and installation of cathodic protection systems during construction period and
adequate Cathodic protection system inspection and maintenance programs during
operation are considered to be among the most important concerns for a offshore
pipeline operator.

10 16
12m 120 200 m
(Tensioner)
(Concrete Weight Coating)

250 mm 40 mm

High current
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Areaof coating
damage
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RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
« ) - Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
) ) ( ) (DNV) (BSI) Production (NACE Int’l)
( (SCE) (Ag/AgCl[sw]) (Ag/AgCl [sw])
mV) mV \% -0.80 V
=770 -0.80
(SCE) -900 -0.90 Cu/CuSO, -0.80 300 mV
=770 =770 Ag/AgCl[sw] -0.80
Ag/AgCl [sat’d KCI] ( 1 V)
(Ag/AgCl [sw]) (SCE) -0.75 Cu/CuSO, -0.85
-780 =770 ~ -1050 Zn +0.25 SCE -0.78
Zn +0.25
(Cu/CuS0y) Ag/AgCl [sat’d KCI]
-850 Cu/CuSO, -0.95 -0.75
Ag/AgCl[sw] -0.90
Ag/AgCl [sat’d KCI]
-0.85
Zn +0.15
100 mA/m? (mA/m?)
50 mA/mz
2
10 ma/m? o - (@em) | (o) [——(MAM)
20 10 20 22 110 55 75
100x F 50x F 24 15 150 90 100
20+100S mA/m’ 20xF 10xF BP 50 2| 430 380 380
10+100S mA/m? 100 x K 50x K 26~33| 0~12| 180] 90| 120
100S mA/m’ 20xK 10xK 26~33| 0~12| 150/ 90| 100
1 m/s 160 80 15 30 130 65 90
S: = 2 m/s 230 115 0.1~0.25 23~30{ 12~ 18] 130 90| 90
3 m/s 270 135 20| 15~20| 180 65 90
F 1.0~15 20~30| 5~21 130 65 90
K 12~15 19 24 110 55 75
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RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
« ) - Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
(« ) ( ) (DNV) (BSI) Production (NACE Int’])
|
(A/m?)
(m) 0 0 0
(>20°C) |(12~200)| (7~12°C) | (<7°C) (25Q.cm)
0.15 0.17 0.20 0.25 =100 mA/m>
0~30 0.07 0.08 0.10 0.12 =30~70
0.09 0.11 0.13 0.17 mA/m’
0.13 0.15 0.18 0.22
>30 0.06 0.07 0.08 0.10
0.08 0.09 0.11 0.13 10 ~ 30 mA/m’
fe [ x 100 (%)] (tar epoxy,
fe( FEKI+K2x /2 =0.2 mm)
fe( )=KI+K2x 5 mA/m’
I I il v
Primer 1 Primer 1  +|Primer 1  +|(Primer 1 +
DFT= 50 pm
(m) / 1 2 / / 3
DFT min.= |[DFT min.= |DFT min=
150~250pm |300pm 450pm
K1 0.10 0.05 0.02 0.02
0~30|K2 0.10 0.03 0.015 0.012
>30 (K3 0.05 0.02 0.012 0.012
DFT:
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RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
() Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
) ) ( ) (DNV) (BSI) Production (NACE Int’])
Al-Zn-In
2.6~2.8 7.14 V) (Ah/ke)
(V vs. SCE) 1.08 1.03
W) 025 0.20 Al-Base e 2000 Volts kg/A-yr ke/Ayr
2500 max. |[|[Mg-Al-Zn | -1.5~-1.7 8
(A-h/g) 2.87 0.82 Volts |A-h/kg
Zn-Base 700 Zn-Al-Cd -1.05 12
(%) 80 90 95 -1.00 750 max. || Zn-He 105 12 Al-Zn-Hg [-1.0 (2760 |3.2
! mA/em® (kg/A~y(r? " 23.380 25640 ?f: (vs. Ag/AgCl[sw]) AlZn 097 A Znn |-10s 2229140 3.351
(%) 65% 65 AlZnSn | -LI~-LIS] 4-9 -1.05 |~2600 |~ 3.4
0.03 mA/cm® (Ah/g) 1.86* 0.53 Alzntg] 105 33 N Atznsn |- |os0 [0
(vs. Ag/AgCl [sw]) 2110 |~2600 |~3.4
V) (Ahke) ZnMIL-A|-1.0  |770 |12
MeMn| Mg6ALsza | 77006 800G~ [~820 [~107
174 177 Mg(H-1 |-1.05 |1100 [8.0
(V vs. SCE) 1.56 1.48 Alloy)|-1.0
V) 0.75 0.65 ~
(Ah/g) 2.20 221 -1.05
(%) 50 55 Long slender 0.90 -1.4
| mA/em? (Ah/g) 1.10 1.22 Stand-off ~-1.6
(kg/A-yr) 8.0 7.2 Long' flush-mounted 0.85
(%) 40 50 Short® flush-mounted 0.80
0.03 mA/cm? (Ah/g) 0.88 1.11 Bracelet
half-shell type 080
Bracelet 0.75
Mg Segmented type
(Vvs.SCE) | -1.08 ~-1.15 -1.10 -1.50 1) >4x
(%) 80 ~ 95 95 50 2) <4x
(A-h/kg) 2300 ~ 2750 780 1100




3.1

3.1.1
A 4
) '
v
)
311

B3-1




3.2

50 m ~ 100 m

B3-2

3.2.1
(1)
(2)
(3)
(4)
(5)
. 2.6
2.7
30 cm 2~8
(
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(M.L.W.L.)

3.2.3.1




H= m
n= (
Ao,=nxLxH,

A o= m’
L= m
H,= m

n=

(2)
Ap=nDx H;x N

A=

D= m
H,= m
N=

App=nD x Hyx N

A=

D= m
H,= m

N:
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3.2.3.1

)



3231 (
YSP-1 I | 1.25 YSPZ-14 Z14| 1.6
YSP-II  NKSP-II M| 1.35 YSPZ-25 FSPZ-25 sl 18
YSP-III  NKSP-III | III | 1.45 NKSPZ-25 KSPZ-25 '
YSPIV  NKSP-IV | v | 1.6 | Y |ysPz32  FSpz-32 239 | 13s
YSP-V VvV | 1.65 NKSPZ-32 KSPZ-32 ’
YSP-Us NKSP-Us | Us | 1.3 YSPZ-38  FSPZ-38 28l 10
YSP-Uy NKSP-Us | Ug | 1.4 NKSPZ-38 KSPZ-38 '
YSP-U;s NKSP-Ujs | Ujs | 1.55 YSPZ-45  FSPZ-45 45| 10
YSP-U,; NKSP-Uy; | Uy | 1.7 NKSPZ-45 KSPZ-45 '
FSP-II  NKSP-II, 1| 1ss = |YSP-B66
KSP-II  SKSP-II ' YSP-B74 1.2
FSP-III  NKSP-III, KSP-H

Im | 1.65
KSP-III  SKSP-III YSP-F FSP-F .
FSP-IV NKSP-IV KSP-F '
o IV | 1.85 YSP-F, FSP- Fu
KSP-IV  SKSP-1V KSP- Fj Fo | 1.1
FSP-I,  NKSP-1,

I, | 1.4
KSP- I, SKSP- I, YSP- F, KSP-F, | F, | 1.1
FSP-II,  NKSP-II,

I, | 1.6
KSP-II,  SKSP-II
FSP-III,  NKSP-III,

IVay| 1.7
KSP-III,  SKSP-III,
FSP-IV,  NKSP-IV,

IVa| 1.8 1.57
KSP-1V, SKSP-1V,4
FSP-V;,  NKSP-V|

Vo | 1.7
KSP-V; SKSP-V;
FSP-VI;  NKSP-VI_

VI | 1.75
KSP-VI;  SKSP-VI,

()
1991
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I=) irxAi

mA

(1)

2.6

(mA/m?)

100
50
20

150
75
30

150
75
30

1 m/s
2 m/s
3m/s

160
230
270

B3-7
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2)

=20+ixB  mA/m’
=10+ixB mA/m’
=1x B mA/m>
i 2.6
B: =
3.2.5
E
[ =— %1000
Ra
I= mA
E= ( ) V 02V
025V
R.= Q
(1) [t >30 cm L > 4r)
Ra = L(ln“—L — 1]
27l r
R~ Q
p= Q-cm
L= cm
r= ( ) cm
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= cm’
N B >30cm L <4r)
? 2
L ? 2L 2L
R,= 0
P~ Q-cm
L= cm
"~ ( ) cm
r
\F
r= =
T
= cm’
3) 2]
Ra = ﬁ
28
R,= 0
P~ Q-cm
> cm
4) 2]
Ra — 0.315p

N



p= Q-cm

[1] Dwight, H.B., “Calculation of Resistance to Ground”, Electrical Engineering 55,
12 (1936): pp. 1319-1328.

[2] McCoy, J.E., “Corrosion Control by Cathodic Protection”, Transactions of the
Institute of Marine Engineering, 82, No. 6, June, 1970, pp. 82-86.

3.2.6
( )
Ni = 1i X Ai
Ig
N= ( )
1, = (
) mA/m’
= ( ) m’
I= mA
N=0_ Ni)x(1+ )

10% ~20%
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3.2.7

NxWxu
L=————
Q X Iavg
L= year (yr)
N:
W= kg
Q= kg/A-yr
Lve= A
0.5~0.55
0.67
u= 0.90 ~0.95 (Bracelet)
0.75 ~ 0.80 0.75~0.90
3.2.8
30 cm 2~8

B3-11




3.3
3.3.1

(1)
)
3)
4)
)
(6)
(7)

(platinized
titanium) (titanium coated with the mixture of
noble and non-noble metal oxides)

3.
4. 60V CNS
CNS

6. 50m~ 100 m
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~Ix(1+ )

(E)

E<60V
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3.3.3

323
334
I = le X Ai
= mA
] ( ) mA/m’
Ai: mz
324
3.3.5
=Ix(1+ )
10% ~20%
3.3.6
3.3.7
E:E3+Ec+Ew+e i60
- Vv
E.= - X
) V
Ec_ V ( ECZO)
E.= v
- v« e=2.0V)
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3.3.7

Eout:EX(1+ )

10% ~20%
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4.1

4.1.1
(1)
(2)
(3)
(4)
(5)
2.8
4.1.2
CNS 13521
(1) (A-h/kg)
(2) (%)
(3) (kg/A-yr)
(4)
( )
(A-h/kg)
CNS 13521
(AWkg) = (AD) 1000
(8)

B4-1




0
2. (%) = (A.h)x100%

(g)x (A.h/kg)
1
3. kg/A.yr) = x 365 x 24 (h/yr
(kg/A.yr) (Alke) (h/yr)
4.
4.1.3
CNS 13521
90%
(S.CE) 1.10
(-V) Cu/CuSO; .15
Ag/AgCl/Seawater 1.10
(V) 0.25
(A.h/kg) 2900+ 2
(%) >90
(A.h/kg) > 2600
(kg/A.yr) <3.40
4.2
4.2.1

4.2.1

B4-2




4.2.1

mA/m’
kg/A-yr
(Fe-14.5% Si) 0.25~1.0 - 26 11
(Fe-14.5% Si-4.5% Cr)| 0.25~1.0 26 26 11
(Pb-2% Ag) 0.01 500
(Pb-6% Sb-1% Ag) 0.09 200
(Pt coated Ti) 1.0 E-6 400
(Pt coated Nb) 1.0 E-6 400 80
(Pt coated Ta) 1.0 E-6 400
0.1~1.0 10 ~30 8 8~ 11
0.005 ~ 0.06 120 120 60
58~9.1 5
0.06 600
1997
4.2.2
AC
110/220 volt 220/480 volt
60 Hz

B4-3
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2.1.

(1)

2)
€)

DC

AC

13

2

on

13

DC

AC

B4-4

13

AC

2

13

on

DC

29
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1.DC

DC

2.5~16 mm’ PVC HDPE XLPE
2.

42.4
3.
PVC
4.3
(DVM) 1 Mega-ohm
1 mV
4.4
(Ag/AgCl/seawater)

B4-5




5.1

5.1.1

2% 50%

+5%

5.1.2

30 cm
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50m~ 100 m

5.1.3
5.1.4
5.1.5
(Ag/AgCVSeawater) 95 9
5.1.5
Ty ML K 12 T -

A '
E e €
oo Bk e
Py ik W) L +

.......

5.1.5
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5.2
5.2.1
522
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523

1 ohm
524
(@)
<
1
(MDSA)
1.5m
5.2.5
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5.2.6

5.2.7
AC DC
DC (polarity)
5.2.8
20%
DC
53

29

29

-800 mV (vs. Ag/AgCl/seawater)

B5-5



6.1

seawater)

2

-800 mV (vs. Ag/AgCl/

6.2

6.2.1

B6-1




6.2.2
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B6-3



7.1

7.2
7.3
7.3.1
50 m ~ 100 m
I m
7.4
7.4.1

B7-1




7.4.2
20% 3m~5m

I m

7.4.3

5% ~10%

(7431 )

= (D/4’-1- X
D =D, +D,+D5)/3
D; D; 10 cm

B7-2




J' J' 5 1
Iitf‘ml _ ] ]UL]'E e"’;i-jf,?ﬂraf;
B — e
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VAN 5 ——u~~*'j’hq1:~ LF
=
7431
6.
7.
7.5
-800 mV (vs.
Ag/AgCl/seawater)
7.6

-800 mV (vs. Ag/AgCl/seawater)
29 29 _800
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mV

2

99

7.7

6.2.2

6.2.1
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)



(1)

2)
€)

(1)
2)
€)

(1)
2)

€)
(4)
)
(6)

A -10.0 m [

(+2.0 m) -1.0m

PU (polyurethane)
+2.54 m
SP-VIL =24.5m
180 m
-10.0 m
(M.L.WL.) +1.3m
PU (polyurethane) -1.0~+2.0m
10%
=100 mA/m’ =20 mA/m’
20
30 Q-cm
(PU ) (1.0m+ 1.3m) x 180mx 1.75 x 0.1=72.5 m’
( ) (10.0m - 1.0m) x 180m x 1.75=2835.0 m

(22.5m - 10.0m) x 180m x 1.75=3937.5 m’

(72.5 m* + 2835.0 m?) x 100 mA/m*=290.8 A
3937.5 m” x 20 mA/m>=78.8 A

=369.6 A

C-1



(1)
2)
€)
(4)
()
(6)

(1)
2)

(150 +175)x 170 x 1380 mm
109.5 kg + 2%
30.3 A-yr
3.0A/
20

=369.6 A/3.0 A=1232
c 1 )
-2.0 m =46
-4.5m=33

-7.0 m =46
=125

1991.

C-2

102.3 kg + 2%

20m -45m

(

) .

-7.0m



130

+2.0m

-1.0m

RC

+4.5 m EL.

LWL=00m g

-2.0m

-4.5m

-7.0m

-10.0 m

-22.5m




B -13.0m [

(D
(2) (+2.0 m) -1.0m
(+1.0 m) -1.0m PE (polyethane) PU (polyurethane)
3) +1.4m
4
(1) 9000 x 12t =35.0m 10
15 150
(2) SP-VL =22.0m 20 m
10
(3) 200 m
4) -13.0m
(1) -1.0 m
(M.L.W.L.) +0.7 m
2)
-1.0~+2.0m
-1.0~+1.0m
10%
3)
=130 mA/m’
=65 mA/m’
=30 mA/m’

C-4



(4)

(5) 20
(6) 35 Q-cm
(1) 10

09mxnx120mx5 =169.6m’

09mxnx9.0mx5 =1272m’

09mxnx60mx5 =848m’
=381.6 m’

( ) 200mx2.0mx1.7x0.1=6.8 m’
( ) 200mx4.0mx 1.7=136 m*
=142.8 m’

09mxnx1.0mx5 =424m’
200mx 1.0 mx 1.7=34.0 m*

09mxnx17.5mx5 =2474m’
09mxnx205mx5 =289.8m’
09mxnx235mx5 =3322m’
= 869.4 m’
20.0mx 14.5 mx 1.7=493.0 m’

) (10 )

=381.6 m*>x 10=3816.0 m*

C-5



=42.4m> x 10=424.0 m*
= 869.4 m> x 10= 8694.0 m>
= 12934.0 m*

=142.8 m*x 10=1428.0 m’
=34.0 m” x 10=340.0 m
=493.0 m* x 10=4930.0 m’
= 6698.0 m*

(1) 10

=381.6 m*x 130 mA/m°=49.6 A
=42.4m’x 65 mA/m’=2.8 A
= 869.4 m* x 30 mA/m’=26.1 A
=78.5 A

=142.8 m*x 130 mA/m°=18.6 A
=34.0 m’ x 65 mA/m’=22 A
=493.0 m* x 30 mA/m’= 14.8 A
=35.6 A
2) (10 )

=78.5Ax10=785.0 A
=356 Ax 10=356.0 A

=1141.0 A

(1)

C-6



)
3)
4)
)
(6)

(1)

2)

€)

(130 +175) x 150 x 1990 mm

130.0 kg + 2% 122.1 kg + 2%
36.2 A-yr
3.5A/
20
=78.5A/ + 35A/ =23 /
=35.6 A/ + 35A/ =10 /
=23 x 10=230
=10 x10=100
=330
3 ( 2 20m -6.0m -9.0
-2.0 m 15 10
-6.0 m 3 -
-9.0m 5 -
23 10
()
1991.
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