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Abstract

Steel plants consist of many infrastructures of a large scale. These facilities exist under a harsh
environment such as large loads, high temperatures, steam and gas exposure and seawater damage,
causing accelerated deterioration in many forms. Management of these facilities is crucial to level
equipment renewal / maintenance investment and minimize life-cycle costs. This paper will introduce
the general outline of scheduled maintenance of infrastructure and discuss the advancement in
maintenance management by introducing examples for roof and crane runway girders in factory

buildings of steel plants.
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Deterioration Rank Inspection Action Taken
Rank 1 Needs Fundamental
Serviceability Limit Required Measures
(Repetitive Cracking) (Replacement or
Reinforcement)
Rank 2 Required Welding Repair
Crack Initiation +UIT
Rank 3
Unsound State Required UIT
[TargetD>1]
Rank 4
Sound State Not Required
[TargetD1=1]

Standardizes Inspection and Repair According to its
Deterioration Rank
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Outline of CRG maintenance management criteria
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Power/Control Unit

Transducer Wave Guide Pins

Ultrasonic Oscillator

4 UIT (Ultrasonic Impact Treatment) D&
lllustration of UIT
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‘Crack at weld zone of bottom flange!

’ Crack beneath triangular rib|

Crack at weld zone of
CRG-column joint

Crack at weld zone of bottom

(Crack at weld zone of K-shaped bracing fmgevirfoming plits
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Primary area of crack development in CRGs
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Example of CRG inspection results
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Linked with MAP lnputA Data
L \
Code Name of Eqipment Con.struc- Length n1l-1r:1\:t)zl:’nff Genargted
Importance tion . stress
(Address) Yard Fact Y. (m) times (MPa)
actor ear (/day) £)
Al X Yard SA 1969 20 100 180
B1 X Yard A 1975 20 50 170
Calculation in EXCEL® Inspection Result Judgedin Calculation in  Judged in
r A N A \ EXCELI® EXCEL®  EXCELI®
" Next
Numb.e.r ok D Value | Inspection Crack Deltaration inspection
repetitions o Rank Alarm
1) (*2) Date existence *3) date
(x4)
1,715,500 6.0 2015/11/15 exist 2 2016/5/15 ! Passed
748,250 25 2015/11/15 none 3 2016/11/15
*1 Calculated from Construction Year and Traveling number of times
*2 Calculated from Generated stress and Number of repetitions
D Value : Cumulative fatigue damage
*3 Judged from D Value and Crack existence
*4 Calculated from Deteration Rank and Equipment Importance Factor
7 EXCEL®(Z&% CRGDTF—42E1E
Management of CRG data in EXCEL®
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Example of color-coded plan for one management block of CRG in the mapping system
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[New Specimen]
Initial Stat Equivalent to 10 years Equivalent to 20 years Equivalent to 30 years
niial state Exposure Exposure Exposure
EAROO.LL L Lo =

' | | iN—CC7 45 HE NS

>

|

[Specimen from Existing Roof]

Initial State
Exposure

Equivalent to 10 years

Equivalent to 20 years

Equivalent to 30 years

Exposure Exposure
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b 4

e—————

[Specimen from Existing Roof]

Initial State
Exposure

Equivalent to 10 years

Equivalent to 20 years

Equivalent to 30 years

Exposure Exposure
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Environmental cycle test for optimization of life-extension paint

OB g M & # #4055 (2016)



B TTX NI IFvORETR I AL FOSELL

322X/ Y AT s

K7 ORI DWW TR A LR LA &2
WE7z0121, SR EHEDRA Y Y 2 TEFL, FDRA Y
VaBIEREEIT A~y L SEEEDSDLETH B,
1012, vy ¥y 7o —flznRd, LHEROE
W) EIEBEA R XL, e EE - R T
TR L > THEONHLIRER V257 4 E TRt
FELTW D, BARMWZ: Y — L LT, 1980 ERAHTEE T
AR T2 & TfTo T /zas, BIfEIX, EXCEL® O %
OHERES AL, O~y Er 7Y AT 0% 0 A
FIAXTHIET, MEDODYYEY T AT AL
TWwh,

323RETR I A FDEH

X 1112, FkoHibT v 7 2Pl L 725005 R~
THREREORRIL, HHEES T A 74 7))V X MNE
*EBL, TORETTREZLOXRALTBY, 75—
PR 5 o FNRHIN, A7 > L AHHEE, A (gD -
SN, AN 7 AHIAREE) R R LER AT O A

| Roof Plan in Microsoft Excel® |

O O 60 6060 60 6 6 G

00 00 p0 | mom | oo oo | nm | om
AOBN | AOOTN | AOOGN | AOUSN | AUk | AU [T AN -
S ADOTS ADDGS | AD05S Code of Roof
= T 1 /
; ()
1O O O EZAI:
\'me 8047 K BODG BOD4 | HO0S | RO : ; 3
A * | Linked
0008 || || poo? Dnoem Unﬂ:ﬂ ood [| poos || pocz] ||
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ST w2000

FO06

-1
[--1[-

Fo08 004 003 002]

25000

a0

ode in Excel@
0)

2000

K10 ~yELIIITFLIZEZBIROEZ ML
Coding of roof by the mapping system

Attribute of Roof (EXCEL®)|

Sl Input Data Galculatedin Excel®
T
Code | Nameof | Material cn-;ftmo— Mainte— R‘ k‘ arrs on|_Predicted
&
(Address)| Yard Pah_ v:):Ir rYnen.e: L LT —irs
A0O1 “;I‘”'“' Golor | 1970 | 1990 | 1-7 | A | 043 | 1-7
— anf Steel Sheet
ooz |Material | S0 | 1970 | 1992 | 1-7 | B | -022 | 1-7
Plant

= Slope of linear regression curve for past
deterioration rates

= Present deterioraition rank +
deteriorationrate X year

=Enables prediction of deterioration rate for each roofcode in a few years

time
=Gives an under ding of the de

jon progress for the whole plant

11 EIROBICRESTEDOETES
Deterioration rate prognosis of roof
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Deterioration Prognosis and

Investment Simulation
100% Replacement | 70% Replacement
and 30% Life—
extension Paint

O [ —
120000

100000

80000

Predicts Deterioration state of roof using investment costs
in replacement and painting as variables

12 BIROBILFE HESI1L—-2 3>
Deterioration prognosis and investment simulation of
roofing in the mapping system

‘ Example of Roof Deterioration Map

Diagram of Deterioration Rank
(No.1 Steelworks Factory Building)

Deterioration Rank 2

Deterioration Rank 1-

T

ion Rank 7 P 6

Color-codes the deterioration rank in the map

Gives visualization and understanding of the full view

13 Yy EL IV AT LILLZBIROEEHEABOEE
&5 1l

Example of color-coded plan for one management block of

roof in the mapping system
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Input of inspection results using a tablet computer
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Data transfer from digital camera to tablet computer
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Screen configuration of NaviPortal®
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Creating a facility management diagram in Sketchup Pro®
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Maintenance management of steel plant infrastructures
using NaviPortal®
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