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Abstract - With government policies such as the Green New Deal and awareness of environmental problems, measures to reduce
environmental pollution are being prepared in various industrial fields. Accordingly, environmental steel surface treatment tech-
nology using clean laser has emerged in the surface treatment method of steel materials. In this study, a clean laser system de-
veloped in Korea was applied to the verification experiment, and the change in the thickness of the coating before and after the
grinding and blasting surface treatment method, the time required for each surface treatment method, the surface grade evalua-
tion, noise measurement, and hazardous substances generated during surface treatment were analyzed. In addition, the cost incur-
red by each surface treatment was investigated and economical analysis was conducted for each construction method, assuming
that part of the actually constructed bridge was surface treated.
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Fig. 1. Target areas in verification experiment
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Fig. 2. Vehicle integrated clean laser system

Table 1. Laser performance

Property Value
Mode of operation CwW
Maximum average power 1 kW
Modulation frequency 50 kHz
Wave length 1,080 £ 3 nm

ASAHNA =9 oA oA ml= 1 kW, 7
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Fig. 3. Surface treatments in verification experiment
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Table 2. Coating thickness test results of each surface treatment

Surface Tt Coating thickness (pum)
treatment area Before After
Flat 99.8 38.2
Clean laser
Rivet 135.0 23.6
Flat 110.6 21.0
PS-Ball blasting
Rivet 110.6 32.8
Flat 126.6 29.6
Grinding
Rivet 163.2 59.6
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Fig. 4. The relationship between removed
coating thickness and each surface treatment
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Table 3. Time required for each surface treatment

Surface Target Time
treatment area (per unit area, 1 m?)
Flat 35 min 29 sec (2,129 sec)
Clean laser
Rivet 39 min 44 sec (2,384 sec)
Flat 6 min 51 sec (411 sec)
PS-Ball blasting - -
Rivet 5 min 31 sec (331 sec)
o Flat 12 min 34 sec (754 sec)
Grinding - -
Rivet 72 min 18 sec (4,338 sec)
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Fig. 5. Grade table after surface treatment of steel
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Fig. 6. Surface condition after surface treatment
(grinding)

(a) Flat part (b) Rivet joint

Fig. 7. Surface condition after surface treatment
(PS-Ball blasting)

(b) Rivet joint

(a) Flat part

Fig. 8. Surface condition after surface treatment
(clean laser)
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Table 4. Noise standards specified in Noise and Vibration

Control Act (Unit: dB)
Time
Target Noise Mormpg 75 Night
area source  |& evening s 5
05-07,"| 7" 18) (22 - 05
18 - 22) ( - ) ( - )
Residential & 60 or 65 or 50 or
management area| Construction less less less
site
Other areas 65 or 70 or 50 or
less less less
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Table 5. Average noise level generated by each surface treatment

Surface treatment Average noise level (dB)

Clean laser 81.7
PS-Ball blasting 104.0
Grinding 97.0
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Table 6. Environmentally hazardous substances due to clean

laser treatment (Unit: mg/kg)
Substance Standard Result
T-VOCs (benzene) N/A
T-VOC:s (toluene) N/A
KS F 3888-1: 2018 ————
T-VOC:s (ethylbenzen) N/A
T-VOCs (xylene) N/A
Pb (lead) 81,880
IEC 62321-5:2013 ———
Cd (cadmium) N/A
Hg (mercury) IEC 62321-4: 2013 N/A
Cr (chromium) KS CIEC 62321: 2009 N/A
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Table 7. Costs used in surface pre-treatment steps per unit area

(Unit: KRW)
Content Total Material| Labor | Over-
cost cost head
Aerial scaffolding | 5, 751 | g 689 | 21,620 | 433
(steel box, lower) ’ ’ ’
Dust layer
(aerial scaffolding, | 6,061 | 2,729 | 3,332 0
© lower)
& Aerial scaffolding
. 49,012 | 20,194 | 28,386 | 432
& (steel box, side)
© Dust layer
(aerial scaffolding, | 11,368 | 4,612 | 6,756 0
side)
Scaffolding legs 10 557\ 42,702 | 56,338 | 1,127
(steel pipe)
Catchpot for high
o | PresureWaler 6501 | 9,501 | 50,556 | 1,534
washing
& |(0.5mx0.5mx0.5m)
High pressure water 1.295 271 950 74
washing i

©: grinding, ®): blasting, ©): clean laser
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Table 8. Costs used in surface treatment steps per unit area

(Unit: KRW)
Surface treatment Total Material| Labor | Over-
method cost cost head
Clean laser (flat) 36,298 | 3,020 | 26,209 | 7,069
Clean laser (rivet joint) | 40,278 | 3,380 | 28,993 | 7,905
PS-Ball blasting 22,728 | 6,215 | 14,920 | 1,587
Grinding (rivet joint) | 22,289 - 22,289 -

3 AAE 7 ¢
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Fig. 10. Cross section of Bridge A
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Table 9. Total costs used in surface pre-treatment (width: 2 m)

Content Total cost (KRW)

30,751 x area(lower)
30,751 x 4.92 x 2 =302,590

Aerial scaffolding
(steel box, lower)

6,061 x area(lower)
6,061 x 4.92 x 2 =159,640

Dust layer
(aerial scaffolding, lower)

49,012x area(side)
49,012 x (4.28 +3.91) x 2=2802,817

Aerial scaffolding
(steel box, side)

Dust layer 11,368 x area(side)
(aerial scaffolding, side) [ 11,368 x (4.28 +3.91) x 2=186,208

100,257 x area(side)
100,257 x (4.28 +3.91) x 2=1,642,210

Scaffolding legs
(steel pipe)

Catchpot for high
pressure water washing
(0.5m x0.5m x 0.5 m)"

61,591

1,295 x area(total)
1,295 x (2.8 +3.08 +2.95) x 2=22,923

High pressure water
washing

"Clean laser: not included

712131 Table 8& Z-8-5ko] A B2 17.66 m?((2.95 m+
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Table 10. Economic evaluation between clean laser and blasting
(Unit: KRW)
Surface Cost
treatment
method Pre-treatment trsel:lgi(e:it Total
Clean laser 641,023 2,993,465 3,634,488
Blasting 401,376 3,077,979 3,479,355
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Table 11. Economic evaluation between clean laser and grinding

(Unit: KRW)

Surface Cost

treatment

Surface
method Pre-treatment trel;tment Total
Clean laser 284,524 2,993,465 3,277,989
Grinding 157,449 3,077,979 3,235,428
548
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