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An Experimental Study on the Application of LIBS for the Diagnosis of Concrete

Deterioration
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Abstract: It is laser induced breakdown spectroscopy(LIBS) that enables qualitative and quantitative analysis of the elements contained in unknown

specimen by comparing the wavelength characteristics of each element obtained from the spectral analysis of the standard specimen with the wavelength

analysis results from unknown specimens. In this study, the applicability of LIBS to the analysis of major deterioration factors affecting concrete durability

was experimentally analyzed. That is, the possibility of applying LIBS to the diagnosis of concrete deterioration by studying the quantitative detection

of harmful deteriorating factors on chloride, sulfate and carbonated mortar specimens using LIBS was studied. As a result of LIBS test for each chloride

and sulfate specimen, the LIBS spectral wavelength intensity of chlorine and sulfur ions increased linearly with increasing concentration. Carbon ion

LIBS spectral wave intensities of carbonated specimens increased nonlinearly over the duration of carbonation exposure. From the above results, it can

be partially confirmed that LIBS can be applied to the diagnosis of concrete deterioration. In case of concrete carbonation, it is presumed that carbon

content is contained in the cement itself and is different from the detection of chloride and sulfate specimen. Therefore, it is considered that more various

parameter studies should be performed to apply LIBS to concrete carbonation.
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Table 1 Sulfate concentration and degree for erosion

SO;(ppm) Na,SO4(ppm) Degree of erosion
<300 <533 Weak
300~1,000 533~1,780 Middle
> 1,000 >1,780 Strong
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Table 2 Relative evaluation criteria of carbonation

Rating Carbonation residue depth  Possibility of rebar corrosion
A D >30 mm

10 mm < D <30 mm

No corrosion
B Potential
C Omm <D< 10 mm High potential

D D <0 mm Outbreak of corrosion
E
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Table 3 Specification of specimen

. Size Concentration Exposure Mix
Specimen . . .
(mm) variable variable  proportion
Chloride ~ 40x40x160 6 Step” Standard
Sulfate  40x40x160 5 Step” - Standard
Carbonation 40x40x160 - 6 Step”  Standard

D6 Step : Concentration of chloride (%)
-0,0.31,0.61, 0.91, 1.49, 2.34

95 Step : Concentration of sulfate (%)
-0, 0.30, 0.40, 0.50, 0.60

6 Step : Exposure of carbonation (weeks)
-0,1,2,4,6,8

Chloride Chloride Chloride
0% 0.31% 0.61%

Chloride Chloride Chloride
0.91% 1.49% 2.34%

(a) Specimen of chloride
Sulfate Sulfate
0% 0.30% |
. Sulfate Sulfate Sulfate
" 0.40% 0.50% 0.60 %
:
(b) Specimen of sulfate

Carbonation Carbonation Carbonation
0 Week 1 Week 2 Weeks
Carbonation
8 Weeks

Carbonation Carbonation|
4 Weeks 6 Weeks

(c) Specimen of carbonation

Photo 1 Specimen for LIBS test
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Fig. 1 Basic principles and composition of LIBS
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Table 4 Specification of RT100

Division Property
-Nd:YAG
Laser - Wavelength : 1064 nm
- Pulse Energy : 50 mJ
- Range : 200~900 nm
Spectrometer - Resolution : 0.1 nm

- Detection : 5 ch CCDs

- Axiom
- TruLIBS emission database
- LIBS wavelength peak analysis

Integration s/w

10mm

10mm

10mm

10mm

hornr] 10mm Lo O

Photo 3 Measuring point of LIBS
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Fig. 2 LIBS spectrum result for chloride specimen

Table 5 Normalized intensity at 837.6 nm for chloride specimen

70000

60000

50000

40000

30000

Intensity (a.u.)

20000

10000

0
180 230 280 330 380 430 480 530 580 630 680 730 780 830 880

Nanometers

Fig. 4 LIBS spectrum result for sulfate specimen

Table 6 Normalized intensity at 510.3 nm for sulfate specimen

Chloride specimen

Sulfate specimen

piv. 0% 031% 0.61% 091% 1.49% 2.34% piv. 0% 0.30 % 0.40 % 0.50 % 0.60 %
Pt. 1 24 44 - 90 126 175 Pt. 1 - 242 254 297 384
Pt.2 20 75 67 - 15 123 Pt.2 231 188 367 392 295
Pt.3 - - 12 - - 118 Pt.3 147 170 258 342 264
Pt. 4 38 52 31 - - - Pt. 4 115 236 - 352 -
Pt.5 44 - 77 42 31 78 Pt. 5 158 326 284 - 227
Pt. 6 - 80 90 123 134 105 Pt. 6 107 150 264 378 509
Pt.7 6 68 108 94 103 114 Pt.7 122 296 228 257 461
Pt. 8 10 74 79 116 127 135 Pt. 8 158 - 243 365 494
Pt.9 31 60 72 102 160 122 Pt. 9 131 241 272 329 477
Avg. 24.7 64.7 67.0 94.5 99.4 121.3 Avg. 146.1 231.1 271.3 339.0 388.9
Std. dev.  14.0 13.2 31.2 28.7 55.0 27.5 Std. dev. 393 60.5 42.3 444 112.8

~

@

w

y=1.8076x +1.6751
R2=0.9251

Normalized Intensity (a.u.)
S

0 05 1 15 2 25
Cl [wt% to mortar]

Fig. 3 Cl content regression analysis using LIBS
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Fig. 6 LIBS spectrum result for carbonation specimen

Table 7 Normalized intensity at 247.9 nm for carbonation specimen

Carbonation specimen

piv. Oweek 1week 2 weeks 4 weeks 6 weeks 8 weeks
Pt. 1 788 1874 1879 1968 2256 2107
Pt.2 588 - 2169 2271 2207 2043
Pt.3 - - 2048 - 1757 1947
Pt. 4 477 2212 1735 1736 1351 -
Pt.5 271 1852 1616 1709 1716 1782
Pt. 6 912 1451 1745 2032 2341 3041
Pt. 7 - 1237 1214 2451 2974 2247
Pt. 8 615 1456 - - 2542 2942
Pt.9 879 1507 2142 2312 2775 -

Avg. 647.1 1655.6 18185 20684 22132 23013
Std. dev. 230.5 3354 3168 288.0 526.7 4933

y =-0.1199x? + 1.2364x + 0.1208
R%=0.9095

Normalized Intensity (a.u.)

0 1 2

a
C[Weeks]

Fig. 7 C content regression analysis using LIBS
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