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Application of Industrial CT to Identify Mixed Steel Slag Particles in
Concrete
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Abstract: Industrial computed tomography (CT) was used to perform 3D scanning of steel slag particles and natural
gravel in concrete, and their morphological differences were obtained. Steel slag particles were mixed into concrete
in volume fraction of 3%, 6% and 9% and industrial CT scanning was used to determine morphological
characteristics of concrete specimens containing varying proportions of steel slag particles. Based on the image
similarity method, the gray range of steel slag was obtained, and the image was binarized to calculate the content
of steel slag particles. The results show that the calculated results are found to be relatively close to the actual steel
slag particles volume fraction added, with an error range of less than 4= 10% of the actual value, indicating high
accuracy. Finally, industrial CT, X-ray fluorescence spectroscopy (XRF) and other testing methods were used to
scientifically analyze the causes of concrete appearance quality accidents caused by steel slag particles in an actual
project.
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Fig.1 Appearance morphologies of steel slag particles
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Table 1 Particle gradation of stone

Sieve size/mm 26.5 19 16 9.5 4.75 2.36 0
Accumulated sieve residue(by mass)/ % 0 20 55 64 91 98 100
®2 WERRMNEFHUFZHERK
Table 2 Chemical compositions (by mass) of steel slag particles and stone
Unit: %
Material type Si0, CaO Fe,O, MgO ALO, SO, Na0O KO TiO, P,0O; MnO V,O; Cr,0, SrO Cl  Other
Steel slag A 12.82 41.43 26.55 4.50 1.86 0.28 0.13 0.02 1.01 2.80 3.53 0.36 0.33 0.04 0.04 4.31
Steel slag B 11.69 42.16 28.65 4.60 1.72 0.28 0.10 0.01 1.00 2.84 3.48 0.40 0.31 0.04 0.02 2.71
Stone 21.96 72.96 0.64 1.25 0.71 0.10 0.27 0.17 0.05 0.03 0.04 — — 0.10 — 1.71
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Table 3 Chemical composition(by mass) of cement

Unit: %
Sio,  Ca0  Fe,0, MgO ALO, SO, IL
21. 20 64.37 4.42 0.55 5.32 2. 00 1.50
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Table 4 Particle gradation of sand

Sieve size/mm 4.75 2.36 1.18 0.6 0.3 0.15 O

Accumulated sieve 15 30 5782 92 100
residue(by mass)/ % 7 7
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Table 5 Mix proportions of concrete containing steel slag

particles
Unit: kg/m®
Code Cement Water Sand Gravel  Steelslag  Admixture
1 390.0 165.0 735.0 1110.0 0 3.9
2 390.0 165.0 735.0 1028.0 92.4 4.2
3 390.0 165.0 735.0  949.0 184.8 4.5
4 390.0 165.0 735.0  869.0 277.2 4.9
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Fig.2 Industrial CT scan results of steel slag particles

and stone
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Table 6 Grayscale values of steel slag particles and stone

Material type ~ Minimum  Maximum Mean Deviation

Stone 526.00
Steel slag A

733.00
795. 00 1155.00

634.71 28.45
978.73 53.43
899.93 40.69

Steel slag B 713.00 1 046. 00

Stone

Steel slag A

Steel slag B
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Fig.3 Industrial CT scan results of steel slag particles
and stone after binarization
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(a) p(steel slag)=0%

(c) p(steel slag)=6% (d) p(steel slag)=9%
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Fig.4 Industrial CT images of concrete samples containing steel slag particles
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Table 7 Volume fraction of concrete mixed steel slag particles under different grayscale conditions and image similarity method

Unit: %
Method @ (steel slag) /%
3 6 9
1 100. 00450. 00 2.38 5.13 8.29
Grayscale value 900. 00+50. 00 3.15 6.21 9.17
750. 00+50. 00 3.72 6.87 9.72

Image similarity method 3.10 6.19 8.97
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Fig.7 Site photo of floor slab

(b) p(steel slag)=6%
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Fig. 6 3D reconstruction of concrete mixed with steel slag particles based on image similarity method
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(c) Area with poor appearance quality
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Fig. 8 3D scanning and reconstruction results of core samples in different areas
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Table 8

Chemical composition(by mass) of powder samples at the explosion point and intact appearance area

Unit: %

Location Si0, CaO Fe, 0, MgO ALO,

SO, Na,0 K,0 TiO, P,0, MnO V,0. Cr,0, SrO Cl

Other

28.24 42.62 10.61 2.08 8.36
32.18 43.43 5.55 1.98 7.68

Explosion point area

Intact appearance area

1.25 0.70
1.38 0.80

1.02 0.47 0.56 0.37 0.13 0.22 0.06 0.01 3.30
1.00 0.53 0.65 0.41 0.15 0.23 0.06 0.01 3.96
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