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Service Life Prediction for Steel Bridge Coatings with Type of Coating
Systems
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Abstract - To predict service life of coating systems registered in Korean specifications for steel bridge coatings, field
deterioration evaluation and accelerated weatherproof test were carried out, and deterioration models were drawn through
regression analysis for evaluation results. For the coating systems that have not been used in field, regression analyses were
carried out for the virtual evaluation results drawn by applying coordination factor to the field evaluation results for chlorinated
rubber and urethane topcoat system. Service life prediction results showed that application of thermal sprayed coating (TSC)
could extend service life of coatings to more than twice of general coatings.
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Fig. 1. Coating systems applied in expressway
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Table 1. Predicted service life for TSC applications

Typical paint service life| TSC system (min./ave. | Predicted thermal spray

Application Paint system (years) TSC thickness) service life
Penstocks Coal tar epoxy 20~30 835?105/4(;(1)1[/[21 30~40
Tainter gates Vinyl zinc-rich 20~25 835?105/4(;?1[/[21 25~35
Tainter(ifte?i):r‘;r e Vinyl 2540 835?105/4%?521 1050
Tainter gates (very 360/400m

turl?ulent ice- & Vinyl zinc-rich 1~2 85/15 Zn/Al 8~12
debris-laden water)

. L 360/400/m
Roller gates Vinyl zinc-rich 25~30 85/15 Zn/Al 30~40
. . . 250/300/m 85/15 Zn/Al
Service bridges Alkyd/phenolic 10~15 - 50~60
or Zn
E inc-rich/coal t
Sector gates (sea water) POXy zme-richcoat tat 15~20 200/250/m Al 20~40

epoxy

Table 2. Coating systems used for test

Specimen | Topcoat e Coating layer
P peoat typ Ist 2nd 3rd 4th Sth
102 Mist coat High solid epoxy urethane urethane
Ul
Urethane T5um 80z 30um 30¢m
w2 Zn/Al TSC Mist coat High solid epoxy urethane urethane
100m 100m 40/m 404m
102 Mist coat Ceramic Protectlve Ceramic urethane | Ceramic urethane
Cl1 paint
Ceramic 751m 75/m 40/m 35m
urethane Zn/Al TSC Mist coat Ceramic Protectlve Ceramic urethane | Ceramic urethane
C2 paint
100m 100m 40/m 404m
S 102 Mist coat ‘ High solid epoxy Siloxane Siloxane
Siloxane 75/m 80/m 304m 30/m
S Zn/Al TSC Mist coat ‘ High solid epoxy Siloxane Siloxane
1004m 80um 30.m 30/m
Fl 102 Mist coat ‘ High solid epoxy Fluorocarbon Fluorocarbon
751m 100/m 25/m 25/m
Fluorocarbon ; ; .
2 Zn/Al TSC Mist coat ‘ High solid epoxy Fluorocarbon Fluorocarbon
1004m 1004m 25pm 25/m
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Table 4. Evaluation criteria for deterioration degree of coatings

Rust Peeling Checking Chalking
Score Condition Score Condition
10 Cracks wider than 1mm
exist. 10 Grade 1 in KS M
g Cracks narrower than 4628-6
Imm exist.
isible with 1
1=95.863-4335.723/ V=75.468-691.898/ . c;gseﬁ:d ‘Z;eséirtle;f ol 55 | Grade 2 in KS M
+ +]. .50 ]-4. + +23. . -0. . a
[1+exp{(x+1.92)/0.5}]-4.85 | [1+exp{(x+23.226)/10.38}]-8.75 long distance 4628-6
where, where, Visible with .general Grade 3 in KS M
y: Score for rust y: Score for peeling 4 |corrected ey_es1ght atal S 4628-6
x: Area ratio of rust x: Area ratio of peeling short distance
Y1s1blfe with Grade 4 in KS M
2 magnification of less | 2.5
4628-6
than 10-power
11.1v151t.>1e with Grade 5 in KS M
0 | magnification of more | 0
4628-6
than 10-power

Table 5. Decision criteria for coating management

Domain* | Decision criteria for coating management

A Coating condition is good, and deterioration velocity
is slow.

B Coating condition is good, and deterioration velocity
is moderate.

C Coating condition is good, but deterioration velocity
is fast.

D Deterioration velocity is slow, and establishment
of maintenance plan is required.

E Deterioration velocity is moderate, and establish-
ment of maintenance plan is required.

F Deterioration velocity is fast, and establishment of
maintenance plan is required.

G Deterioration is extreme, and service life ran out.

* Domain indicated in Fig. 10
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Table 6. Adjustment factor used for deterioration model

. Adjustment factor with
Coating system .. .
deterioration degree item
Base dada Pecl- | Check-| Chalk
Primer | Topcoat Rust AGe- Aec i Aa i
ing ing ing
Ceramic | peteri- | 1o | 10 | 11 | LI
urethane | ration
I0Z |Siloxane | degree for| 1.0 1.0 0.7 0.7
Fluor- | urethane
ocarbon | topcoat 1.0 1.0 0.5 0.5
Urethane 0.2 0.5 0.9 0.9
- Deteri-
Ceramic
i 2 . 1. 1.
urcthane oration 0 0-5 0 0
TSC — degree for
Siloxane . 0.2 0.5 0.63 | 0.63
chlorinated
Fluoro- 1 rubber | 5 | 5 | 045 | 045
carbon

Table 7. Examples of adjustment factor application

) Deterioration degree score

Bridge Coating .| Check- | Chalk-
system* | Rust |Peeling| . . Total

ing ing

A |I0Z/CR| 20 10 10 10 50
Al | TSC/U 4 5 9 9 27
A2 |TSC/CU 4 5 10 10 29
A3 | TSC/S 4 5 6.3 6.3 21.6
A4 | TSC/F 4 5 4.5 4.5 18

* I0Z/CR: 10Z primer + Chlorinated rubber topcoat
TSC/U: TSC primer + Urethane topcoat
TSC/CU: TSC primer + Ceramic urethane topcoat
TSC/S: TSC primer + Siloxane topcoat
TSC/F: TSC primer + Fluorocarbon topcoat

Table 8. Equations of deterioration curves with coating systems

Coating system Equation of deterioration

R2
Primer Topcoat curve
Chlorinated
rubber y=19.52exp(x/16.29)-20.19 | 0.75
Urethane y=2.51exp(x/8.73)-2.55 | 0.76
10z

Ceramic urethane| y=2.63exp(x/8.66)-2.66 |0.77

Siloxane y=2.17exp(x/8.98)-2.21 | 0.70
Fluorocarbon y=1.94exp(x/9.21)-1.99 | 0.64
Urethane y=13.66exp(x/25.53)-13.75 | 0.78
Ceramic urethane| y=15.17exp(x/26.52)-15.26 | 0.78

TSC
Siloxane y=9.98exp(x/22.85)-10.08 | 0.78
Fluorocarbon y=7.86exp(x/21.06)-7.97 | 0.77
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Table 9. LCC analysis results

Coating Mainte-
system | First cost| nance | LCC .
No. Prim.| Top-| (¥ /m?) cost | (¥/m) Rank|Ratio
er |coat* (W/m?®)
1] 10Z | CR 64,903| 139,591| 204,495 | 11 | 1.64
21102 | U 66,647| 98,797| 165,445 | 4 |[1.32
3|TSC| U 136,100| 50,606| 186,706 | 8 | 1.49
4|110Z | CU 74,581| 109,528| 184,108 | 6 | 1.47
5| TSC | CU | 144,033| 53,902| 197,935 | 10 | 1.58
6|10Z | S 68,361 91,563| 159,923 | 3 |1.28
7 | TSC S 137,813 47,706| 185,519 | 7 | 1.49
8 | I0Z F 77,698| 93,723| 171,421 5 | 1.37
9| TSC| F 147,150 49,485| 196,635 9 |1.57
Partial| Par-
10 TSC ltial F 73,935 50,988| 124,923 | 1 |[1.00
Partial| Par-
11 TSC lial s 75,803| 49,867| 125,670 | 2 | 1.01

* CR: Chlorinated rubber, U: Urethane, CU: Ceramic urethane,
S: Siloxane, F: Fluorocarbon
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