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Abstract: Sandstorms are a kind of natural disaster mostly occurring in deserts and other arid areas,
which often cause erosion and damage to buildings. The essence of this damage is the accumulation of
subtle damages caused by the impact of sand particles on the structure’s surface in the wind-sand two-
phase flow. In order to investigate the impact of wind-sand two-phase flow on structures and the distri-
bution of sand particle impact forces on structure surfaces, a method using piezoelectric fiber compos-
ites as force sensors to measure the impact forces of sand particles in the wind-sand flow field was stud-

ied. A mathematical model between the impact force of sand particles on the piezoelectric sensor and
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its output electrical signal was established through calibration experiments, and a wind-sand impact

force sensor based on piezoelectric fiber composite materials was constructed. High-frequency force

sensor and piezoelectric sensor were respectively used to measure the impact force of sand particles on

the windward face of low-rise buildings in wind-sand tunnel tests, to verify the applicability and accura-

cy of the piezoelectric sensor in measuring sand particles impact force. The results showed that the dif-

ference between the two methods was generally between —4.72% and 5.80% , and the two sets of ex-

perimental results were in good agreement. The impact force of sand particles on the inner side of the

windward face of the building was greater than that on the outer side, and the distribution of impact

force had a certain correlation with the distribution of surface wind pressure. The research findings can

provide a reference for research related to structural defense against wind and sand hazards.
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Fig.2 Calibration test equipment
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Fig.4 Force analysis of the sand particle
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Fig.5 Impact diagram of a single grain of sand in time
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Fig.13 The wind profile at every controlled wind speed
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Table 3 The calculated Sand impact force of panels at different heights B (10° N)

-~ 9m/s 11m/s 13 m/s
i 0.57L 140 24l 0.57L 14l 24l 0.57L 1L 24l

1 0.906 3.684 5.669 6.931 15.138 26.595 19.834 37.670 68.585

2 1.859 6.471 13.989 8.486 23.859 41.777 20.401 42.757 70.145

3 6.034 13.570 21.115 17.853 40.558 77.357 21.111 43.645 86.485

4 11.058 20.670 35.097 23.710 47.546 87.147 23.488 49.739 91.253
&it 19.857 44.396 75.870 56.980 127.102 232.876 84.834 173.812 316.469

2.3 MFCEREN AHikie
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Fig.14 The arrangement of MFC
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Table 4 Average sand impact force on the windward side measured by MFC B (10° N)
e i 0.54L 14L 24L
S Pl &0 Sl A =Wl Sl SR =Wl
1 0.451 0.487 0.938 1.814 1.963 3.778 2.738 2.834 5.572
2 0.909 1.011 1.920 3.122 3.223 6.345 6.463 6.988 13.451
9m/s 3 2.884 3.005 5.889 6.392 6.765 13.156 10.515 10.673 21.189
4 5.518 6.016 11.534 10.542 11.327 21.869 17.145 19.268 36.413
&it 9.763 10.519 20.281 21.870 23.278 45.148 36.861 39.764 76.625
1 3.387 3.791 7.178 7.486 8.265 15.751 12.260 13.457 25.718
2 3.827 4.468 8.295 11.930 13.099 25.028 20.847 22.768 43.615
11 m/s 3 8.409 9.034 17.443 19.103 20.218 39.321 36.899 39.104 76.003
4 11.723 12.282 24.005 22.703 26.055 48.758 39.652 44.009 83.661
&1t 27.346 29.574 56.920 61.222 67.638 128.859 109.658 119.339 228.997
1 9.282 10.601 19.884 16.971 20.076 37.047 31.755 34.293 66.048
2 9.849 11.160 21.009 20.630 23.944 44.575 33.845 38.306 72.151
13 m/s 3 9.616 10.499 20.115 20.173 21.757 41.930 42.680 46.270 88.950
4 11.568 12.671 24.239 24.024 27.257 51.281 42.531 50.098 92.629
&1 40.315 44.931 85.246 81.799 93.034 174.833 150.812 168.966 319.778
x5 EBAERVNERNIRE
Table 5 Percentage error of the result measured by MFC
- 9m/s 11 m/s 13 m/s
i 0.5%L/% 14L/% 24/ % 0.5%L/% 1L/ % 24L/ % 0.5%L/% 1L/ % 24L/ %
1 3.54 2.54 —1.70 3.97 4.05 —3.30 0.25 —1.66 —3.70
2 3.30 —1.95 —3.85 —2.25 4.90 4.40 2.98 4.25 2.86
3 —2.40 —3.05 0.35 —2.30 —3.05 —1.75 —4.72 —3.93 2.85
4 4.30 5.80 3.75 1.24 2.55 —4.00 3.20 3.10 1.51
a1t 2.14 1.70 1.00 —0.10 1.38 —1.67 0.49 0.59 1.05
VbR o i g KT AT 52 3 0 vk b s T, 3R
3 & » W R 22 0 1400 1 55 2 59 26 AL )

AR I MEC 1R g T oy ) A5 8 2%, 57
T MFC & 845 it 52 10 ki vh o 07 5 Ho A i e 22 )
B 2E A I3 A XU XTI X A 6 2 A5 A 1 7
1 P R0 LA Sy v s it ) AR SR B AT AT M L 1R B T
PITF 458 .

(1)MFC 1% 8 2 52 B 1) B AL I [R] P 4 - 1 oy
735 FRT 7 A B AL I R] S 14 H R 22 (R A AR G
KR AEBCAREA oy i J s i 1 L] R 28

(2)MF C 1% 845 i A5 (0 v o o ) 25 R 545
4 e S g KT B 45 R W A RAF, A R 2R
fE—4.72% %2 5.80% , i — LUl W] T MFC & B 48 75
£ vk et 0 O TR R R3S T PR AR AT

(3)TE VD T 3 v, 3 50 4y 300 XU T o 52 39
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