ES1E HEely FmF AR
2022 4 6 A SURFACE TECHNOLOGY - 221 -

ET o Rk a R BIER b i i
45 F 0 imAL P

MREVE ™, KX, XBR ", ERP "
O AFE TR o TATERSER b AROEAR TA TGS IZ
SRDEE B, WASE 010051; 2 ARG EBXEHMI
LSRG TREATADL, WS 010051)

WE. Be) AEHPNRIYFIRIREE TR B R BT 5, MRABRELER, SHEBRBGIE, Fik
HAT T ARAL I 38 R ) b 4 B4 K 3, A ROk B B B4 (LSCM ) #2BURG 2 @B 5k, #) A &k 40
KAMLIBE R, RSB YER, 5 EH Wik, EARFAERE SN (FpkatiR], ik E ) F4RILsk
A AW SR AR, R ARG ARG L, R RR A RETE T, AE 3 MBI EE Heik
¥R, PR RKMFEEE, W 2 MRS T ERG RIS L Rk, BREPEARRERIE, B
AL R HBTARKMA (1875) A& REMRAET, A2 ARG, PIFRA (<60°)
T oM gEEIG R i AR REER W, SR A (>60°) T4 fRIgRfeil bR REENT, &8 ML
FOB P ARG R A A A R A, AR ETFRERFEER, BEREELTEFSEFTET
WM AT H L EN A, WE AL ERSTT LAY E BEEA KR TE4; 3Gkl PkgKIf P
o (<60°) TAMAFG A £, BITHAFZHPiEA (>60°) FREBG K ZI M,

KR MR Pk BGERN; 2R S ELS W AR

hESZES: THI17.1]  TERIEE: A XEHS: 1001-3660(2022)06-0221-08

DOl : 10.16490/j.cnki.issn.1001-3660.2022.06.019

Evolution M echanism of Wind-sand Erosion Damage M or phology of
Tempered Glass Based on Fractal Theory

HAO Yun-hong®*2, ZHANG Fei-long™, LIU Yan-chen', XUAN Jiao-yu®

(1. a. School of Civil Engineering, b. The Inner Mongolia Key Laboratory of Civil Engineering Structure and Mechanics,
c. School of Science, Inner Mongolia University of Technology, Hohhot 010051, China; 2. The Inner Mongolia
Research Center for Building Inspection, Identification and Safety Assessment, Hohhot 010051, China)

WREH: 2021-06-15; EITHMA: 2021-09-07

Received: 2021-06-15; Revised: 2021-09-07

E&WH: BFaAAFEE (11862022, 51468049, 11662012); AR F ABK A AAMFEEMA (2018MS0547); ARF B EEF
FAHEE A LHITR (NIYT-17-A09); REF BB REREL T8 A

Fund: National Natural Science Foundation of China (11862022, 51468049, 11662012); Natural Science Foundation of Inner Mongolia Auto-

nomous Region (2018MS0547); Mongolia Autonomous Region Youth Science and Technology Excellence Project (NJYT-17-A09); Inner
Mongolia Autonomous Region Grassland Talent Project

EERIA: MA® (1977—), F, Hd, ik, LRZHLF @H KRG RN T TR LM Ao b H ot 20 545 20,

Biography: HAO Yun-hong (1977-), Male, Doctor, Professor, Research focus: engineering structure and material durability damage and
evaluation under special regional environment.

Sl AR, KA, MR, F. AT HHERQMLILE Y 4R R 45 W RIEIE[T]. R @K, 2022, 51(6): 221-228.
HAO Yun-hong, ZHANG Fei-long, LIU Yan-chen, et al. Evolution Mechanism of Wind-sand Erosion Damage Morphology of Tempered Glass
Based on Fractal Theory[J]. Surface Technology, 2022, 51(6): 221-228.



222 - EN TR NN

ABSTRACT: In order to accurately evaluate the morphology of tempered glass surface under wind-sand erosion environment,
describe the evolution process of morphology, and analyze the mechanism of morphology damage. In this paper, the wind-sand
erosion damage test of tempered glass was carried out. The morphology of the damaged surface was extracted by laser confocal
microscope (LSCM). The transmittance of tempered glass was tested by transmittance meter. The fractal dimension, multifractal
spectrum and transmittance were used to characterize the evolution process of the surface morphology of tempered glass under
different evolution conditions (erosion time and erosion angle). The characteristics of erosion damage and the stage of damage
were identified. It was found that under different erosion time, there were three damage stages, rapid growth period, medium
growth period and stable period. The first two stages of fractal dimension growth and transmittance slow down faster.And in the
latter stage, transmittance slows down and the fractal dimension will gradually stabilize at the maximum (1.875). Under
different erosion angles, there were two damage stages. Under low erosion angle (<60°), the growth rate of fractal dimension
and transmittance decrease rapidly, while under high erosion angle (>60°), the growth rate of fractal dimension and transmittance
decrease slowly.The erosion damage mechanism of tempered glass surface was primary damage and secondary damage. The former
was caused by the single impact of aeolian sand particles, and the latter was produced by primary damage induced evolution
under the continuous impact of subsequent sand grains. The complexity and weakening ability of the former to visible light were
greater than those of the latter. The primary damage was dominant in the rapid growth period, medium growth period and low

erosion angle (< 60°), while the secondary damage increased significantly in the stable period and high erosion angle (>60°).

2022 4 6 A

KEY WORDS: tempered glass; erosion; damage evalution; fractal dimension; multi-fractal spectrum; transmittance
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Tab.1 Property parameters of tempered glass

Elastic Rockwell

Density/ Compressive  Toughness/
(kg-m’3) moggilus/ har((}igzss/ strength/GPa (MPa-m'?)
2 500 74.0 6.40 0.80 0.75

®k2 EXhFOENEIME
Tab.2 Particle size distribution in kubuqi desert

Particle size/mm  <0.05 <0.1 <025 <0.5 >0.5
Contents/% 8.96 37.53 50.82 1.74 0.66
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Fig.1 Sketch map of simulated wind-sand environment erosion experiment system
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Fig.3 Images of damage surface: a) unprocessed grayscale image; b) processed binary image
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