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ABSTRACT

Purpose: The construction history of domestic port facilities has been more than 100 years, and until
recently, modern facilities have been continuously built and expanded. However, it is not easy to keep
the required performance conditions at the time of initial construction due to changes in the marine
environment and increase in volume. In particular, in the case of harbor structures that have a long
service life, safety performance and function management are becoming very important due to the
increase in the size of ships, the increasing frequency of use, and the increase in the scale of natural
disasters. Method: Therefore, this study investigates the state change by structural type of port
facilities and analyzes the rehabilitation activities and the history that contribute to the performance
improvement and life extension activities. Result: Through this, we distinguished between
performance improvement cost (CAPEX) and repair maintenance activity (OPEX) that can be used to
establish port facility maintenance strategy, and suggested cost model that can be used to establish
maintenance strategy. Conclusion: These studies are expected to contribute greatly to mid- to
long-term investment decisions.
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Fig. 2. Process for condition-based performance model development in establishing maintenance investment strategy
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Table1. The case of port facility information with clearly improved status

Survey year Port Name Wharf name II:\; ?:Iilll:[izz Survey Unit Evél;z[;on Ma:gaeg::;ent ?fa:;;‘lec;z):
Precision
2013 Total c Safety
Wharf A Landing pier diagnosis
2015 Total b Yeosu
2017 Gwangyang-Port Total b Gwangyang
2012 Total [¢ Port Authority Precision
2015 o Total d Check
WharfB(1)  Landing pier
2016 Total d
2017 Total d
Precision
2013 Wharf C L Total ¢ Busan Port S afety.
Busan-Port 43 Berth Landing pier Authority ilagl-l(?SIS
recision
2016 Total b Check
2010 Total c
2015 (\g/t};agr: ]2)) Total b Donghae N
2017 Total b Regional Precision
Donghae-Port Landing pier Office of Safety
2010 Total ¢ Oceans and diagnosis
2015 Wharf E Total b Fisheries
2017 Total b
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Table 2. Detailed analysis of damage and improvement activities (Between 2013 and 2015)

Amount (Year
Division Type of Damage ( ) Unit Cause of damage
(Damage scale) 2013 2015
Fl k Crack (CW: less 0.2mm 1157.9 1090.6 m ) )
oor dec ( ) Dry shrink, Hydration fever etc.
Bottom Crack (CW:over 0.3mm) 469.9 28.7 m
No forwork removed 0.5 0.5 m? Not removed after construction
Cross beam . . i
Partial delamination 0.66 0 m? Rebar corrosion by salt damage
Crack (CW: less 0.2mm) 261.4 253.9 m . )
Dry shrink, Hydration fever etc.
Crack (CW: over 0.3mm) 49 1.6 m
Cracks & Efflorescence . . .
Stringer (CW: less 0.2mm) 7.8 3.9 m  Dry shrink, Moisture penetration etc
Corrosion cracking 74 0 m Rebar corrosion by salt damage
Partial peeling 17.93 0 m? Rebar corrosion by salt damage
Damage 0.48 0.48 m? External shock

/TN By &g tidk 23F¢] Wl iz ehfiH Fig. 23 2t

Repair/reinforcementactivity forperformanceimprovement
and Damaging change between 2013and 2015

B DamagingHsoryon 2013 DamagingHsnnon 2015
11578
12 o
1000
ann
Bo0 460.9
200
£ 74
0.66 16 17.93
. - | —_—
Crack Crack Partizl Crack Crack Corrosion Partizl
(kess0.2mm) {over 0.3mm) delamination (kess0.2mm) jover 0.3mm) cracking  delamination
Floor deck Crossbeam Stringer

Fig. 2. Repair reinforcement activity and change of damage (performance improvement with C—B)
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Table 3. Changes in damage volume through diagnostic history of pier A

Amount (Year)
Division Type of Damage 2013 2015 Increase or Decrease
(Damage scale)
(A) (B) (C) =B-A)
Crack (CW: less 0.2mm) 1157.9 1119.5 -38.4
Crack (CW: over 0.3mm) 469.9 34.1 -435.8
Floor deck Crack & Efflorescence
Bottom (CW: less 0.2mm) 42.5 3 05
Eftlorescence 1.5 1.5
Radical crack 4 4
Partial delamination 0 0.1 0.1
Corrosion crack 0 1.5 1.5
Material separation 8 8 0
Crack (CW: less 0.2mm) 261.4 308.1 46.7
Stringer Crack (CW: over 0.3mm) 49 4.1 -44.9
Crack & Efflorescence
(CW: less 0.2mm) 78 39 39
Crack & Efflorescence
(CW: over 0.3mm) 05 05 0
Corrosion crack 74 1.6 -72.4
) No formwork removed 0.5 0.2 -0.3
Pile cap
Damage& rebar exposure 0 0.24 0.24
Partial delamination 17.93 1.08 -16.85
Damage 0.48 0.48 0
Crack (CW: less 0.2mm) 85.8 106.3 20.5
Crack (CW: over 0.3mm) 151.4 14.7 -136.7
Crack & Efflorescence
Fender Base (CW: less 0.2mm) 0 03 03
Corrosion crack 10.5 49 -5.6
Partial delamination 0.25 0.08 -0.17
Corrosion crack 19.6 1.7 -17.9
Partial delamination 0.09 0.1 0.01
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Table 4. Cases of damage analysis according to damage status

Division

Type of Damage

Cause of damage

Crack (CW: less 0.2mm)
Crack (CW: over 0.3mm)
Radical crack

Analysis of damage contents
o . g Efflorescence
and their causes
Partial delamination
Corrosion crack
Material separation

Damaged&rebar exposure

Crack & Efflorescence (CW: less 0.2mm)

Dry shrink, Hydration fever etc.
Dry shrink, Moisture penetration
Moisture penetration
rebar corrosion by salt damage

Poor compaction during construction

External shock

Table 5. Review of methods for linking daily maintenance activities with performance improvement activities

Construction method linked to routine maintenance activities

Performance improvement activities

Coating (Surface treatment)
Concrete section maintenance
Surface repair (=Surface treatment)
Crack prevention method
Railing repair
Curb repair
Surface repair (=Surface treatment)
Crack prevention method
Drainage facility repair

Drainage facility cleaning
Expansion joint repair
SELA repair
Asphalt patching
Asphalt surface treatment
Concrete patching

Concrete surface treatment Surface cleaning

Steel girder reinforcement
Reinforcement (reinforcement plate)
External tension
Adhesion method
Injection&filling method
Concrete girder reinforcement
Section extension
External tension
Adhesion method
Injection method
Pedestal reinforcement
Welding
HBEFH
Joint end reinforcement

Asphalt cutting overlay

Concrete cutting overlay Remodeling & renewal etc.
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Table 6. Cases of analysis for applying reinforcement level and cost unit price by condition

Repair/reinforcement grade &

Repair & Unit price
. Type of e . 3 .
reinforcement Damage Facilities status rateing standard Repair Reinforcement
location Medi- Bot- Medi- Bot-
Top Top
um tom um tom
- A state of partial minor settlement
over Scm~  over 2cm ~ ..
B but no fundamental repair is - - - - - -
less 8cm less 5cm .
required
c over 8m~ over S5em~ - A state of medium settlement.
less 12cm less 8cm Required continuous monitoring
- A state of severe settlement. A
Settlement over 12cm~  over 8cm ~ .. .
D condition that can seriously affect - 0 -
less 16cm  less 12cm .
the structural stability of quaywall Cap concrete
Gravity - A state of very severe and extensive raising &
quay- settlemnt. A hazardous state that Pavement overlay
wall/ E overlécm  over 12cm . 0 - -
Block could result in loss of structural
Block — stability.
quay- Cell- - A state of Partially minor
wall over2%~ over 1%~ . . . ..
block B incline/toppling existing. but no - - - - - -
less 3% less 2% .. .
Substruc fundamental repair is required.
ture c over 3%~ over2%~ - A state of medium incline/toppling.
less 4% less 3% Required continuous monitoring
incline - A state of severe incline/toppling. A
. 4% ~ 3% ~ .. .
hoppling p OV over 27 condition that can seriously affect - 0 -
less 6% less 4% o
the structural stability of quaywall Foundation
- A state of very severe and extensive reinforcement
E  over6% over 4% incline/toppling. A hazardous state 0 ) ) required
that could result in loss of structural
stability.
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Table 7. The case of no-codes take into consideration the status level and damage level

Repair/reinforcement rating & Unit price

Repair / reinforcement  Type of

. Facilities status rating standard Repair Reinforcement
location damage
Top Medium Bottom Top Medium Bottom
A dition t=10cm, Above Table Table
poor condition iy \ater 55~61 55~61
which partial damage
oceurs to the main part t=20cm, Above Table Table
Gravi of the facility, which the water 62~ 68 62~68
ravlli[yBl Block reduces the safety of  t=30cm, Above Table Table
quay‘zli Bl ::11 or Damage the body or risks the water 69~75 69~75
block (rebar) expanding the damage t=10cm, Table Table
substructure scale as the damage  underwater 109~ 112 109~ 112
_ progresses. t=20cm, Table Table
(Reinforced concrete, . jeryater 113~ 116 113~ 116
0.3x0.3) + Section 20 Tabl Tabl
reinforcement(0.9x0.9) t=30em, abie apie
underwater 117~ 120 117~120
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Table 8. Examples of standard product linked to performance improvement activities (Unit: Won)

code Item Specification Quantity Unit Material Cost ~ Labor Cost ~ Miscellaneous
No3code  Damage (1.0x1.0) m 1,055,974 229,944 765,066 60,964
Nolocode  Dlock Damage Underwater ea 1,106,273 106,269 976,237 23,767
(Plane0.5%0.5)
No20code  Dlock Damage On the water ea 999,095 225,379 716,170 57,546
(Plane, 1.0x1.0)
Block Damage
No21 code Underwater ea 3,005,988 373,682 2,492,965 139,341
(Plane, 1.0x1.0)
Transparent
No2dcode  DlockDamage i dervatert  ca 917,707 358,646 545,021 14,040
(Rebar, 0.1x0.1) e
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Table 8. Examples of standard product linked to performance improvement activities (Unit: Won) (Continue)

code Item Specification Quantity Unit Material Cost ~ Labor Cost ~ Miscellaneous
Block Damage URA
No25 cod ’ 803,092 579,368 217,233 5,991
050 code (Rebar, 0.1x0.1)  Underwatert=10cm e ’ ’ ’ ’
Nol29 code fender replacement OV 800H-2,000L ea 14,983,601 14,100,146 804,671 78,784
Nol30 code fender replacement BP 400H-2,000L ea 6,250,354 5,340,146 829,042 81,166
NolSlcode ~ Meormngpost mooring post, ea  9781,682 6,800,331 2,934,446 46,905
reinstall 70TON
Nol52 code morzzfa‘l’lo“ bollard, 70TON ea 5870783 5,154,681 673,110 42,992

Flame Retardant
Damage

Nol66code FREP, ea 885,687 505,215 376,505 3,967
(Rebar, 0.1x0.1)
Underwatert=10cm
Damage Transparent grid,
No129 cod 1,065,468 441,283 609,710 14,475
ole7 code (Rebar, 0.1x0.1)  Underwatert=10cm e T ’ ’ ’
floating pier crack L=0.7m,
Nol67code repair/rehabilitation Transparent grid, ea 2,275,983 591,112 1,652,641 32,230
(Middle) Underwater
floating pier crack L=0.7m,
Nol98 code repair/rehabilitation =~ URAMethod, ea 3,825,740 1,080,276 2,665,504 79,960
(Middle) Underwater

Table 9. Sample of making details according to the general table

Miscellaneous

Total Material cost Labor Cost costs
code Item Specification Quantity Unit - - - - note
Unit Sum Unit Sum Unit Sum Unit Sum
Cost Cost Cost Cost
Damage I m 1,055,974 229,944 765,066 60,964
(1..0x1.0)
Plain Conerete - 1w 372421 372421 16303 16303 356,118 356,118 0 Unit price
Breaking output# 1
)
Boring 19mm, o5 EA 9868 246700 3355 83875 6513 162825 0 o  Standardof
20cm estimate252
Anchor Hole standard of
No3 EpowyFilleg UMEWEET 25 EA S8 149575 600 15000 5383 134575 0 0 e
”;ng Deformed
DL _bar(SD300), D=16mm  0.062 Ton 665000 41230 665,000 41,230 0 0 0 0
Total
Rebar standard of
processingand  Simple 006 Ton 688,818 41,328 10,900 654 672,827 40369 5091 305 oo
estimate258
assembly
Euro Form Wall 1w 28132 28132 3816 3816 24316 24316 0 o Standardof
estimate259
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Table 9. Sample of making details according to the general table (Continue)

Miscellaneous

Total Material cost Labor Cost costs
code Item Specification Quantity Unit note
Unit Sum Unit Sum Unit Sum Unit Sum
Cost Cost Cost Cost
Ready Mixed
Conerefe s o412 101 m 68086 68766  68.086 68,766 0 0 0 0
(Seoul)
-Quality
No3 Ready-mixed — Rebar: 1 oo 47,192 47,192 300 300 46,863 46,863 29 Unit price
code concrete Mechanical output# 3
Table Temporary
installation and 1 EA 0 0 0 Others
dismantling
Waste concrete 23 ton 26361 60,630 0 0 0 0 26361 60630 Standardof
estimate256
4 & =2 7 @ a  mes g @ oW
=EEERNS pIEE ! ©aw.a21i 16.303) 356,116 .
27|
Az 163,090 x 2. 9 = 326,060, 326,060, 326,060,
7. ST EH 2IAH2E)

326,060. = 0.05 = 16,303, 16,303.; 16,303
3. A28 (BIHFL="20n)

q=250kg T=4802 -3E =450, L=20n

t1 =5, ¥=2500

YT 2,500 = 450,
120xL + xt]  12(x20 + 2,500 x5

0=Nxq/240(="755 =x 250 / 2,400 = 7.86

HEQIR ;118,130 x 2/ 7.88 =30,088.5 30,068.5 30,0658.5
4o A

T2H| ¢ SEE 060 + 30,058.5 = 356,118
IHEHI 303

2 _d
A 37242 372.421 16.303: 356,116

Fig. 3. The detail calculation of material, labor costs for standard of estimate

Table 6, Table 7 7} Fig. 4 AP57/RH RIE 4073 B534 ] A91e7H- 5230 2o] thet 4 FAH 25, 2203
AHERI TSIk o W) G A IS e e 2 515 ol
Atk 2, el B71e] At oD SE0E E@ss ¥ 930 2w £430] T S4o] Wt ofe,
71 el 9o 121 AN OB 18 A 1410 sl A 6] 2] e 5]
Z2 ARl eh AR FO2A Bl g AL o e ARER) QL AR 7RSSR Ptk
oI ZRALE A 1] A SULRIT AL ASTR 9 B8 YR T e
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