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Damage Survey of the 3 July 2019 Kaiyuan Tornado in Liaoning Province
and Its Evolution Revealed by Disaster
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Abstract: On July 3, 2019, a violent tornado, which was recorded by video in detail, occurred in Kaiyuan
City, Tieling, Liaoning Province. Based on the detailed damage survey and video data, this paper presents

the lifecycle, occurrence time, path, disaster width and intensity distribution of the tornado. It is found
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that the weakening or strengthening of the tornado intensity was significantly related to the underlying sur-
face conditions of dense high buildings and open field areas. According to the comprehensive assessment,
the maximum intensity of this tornado is Level 4 (equivalent to EF4 in the United States), but the distri-
bution range of the Level 4 disaster was very small, and the disaster distribution width and the range of
Level 4 disaster were significantly smaller than the EF4 tornado in Funing, Jiangsu Province in 2016. The
main structure of residential buildings with reinforced concrete frame structure remained almost intact after
striking of the tornado with EF3 intensity at least, while the defense ability of large-scale steel frame plant
to tornado disaster was far worse than that of residential buildings. The areas through which the powerfull
tornado passed are mostly wilderness and factories. Fewer people were affected and there were good views
when the tornado occurred, which is an important reason why the tornado did not cause more serious disas-
ters. Due to the complexity of underlying surface conditions and disaster mechanism, there must be some

uncertainty in the estimation of the tornado strength.
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Fig. 1 Path and intensity of the Kaiyuan tornado
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indicates Beijing— Harbin Expressway)
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Fig. 2 The monitoring video of Touzhaizi Village showing the formation process of tornado
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Fig. 3 Tornado damage and track of buildings and vegetation in Jinying Village and its north side

(Red arrow line indicates the path and direction of tornado movement, and yellow bidirectional arrow line

indicates the width of obvious damage to vegetation and buildings on the path, the same below)
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Fig. 4 Damage of houses and trees in Jinying Village
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Fig. 5 Tornado path (a) and broken trees (b)
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Fig. 6 Tornado path (a), damaged steel-frame plant (b) and big hardwood trees (c, d)
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Fig. 7 Completely destroyed large steel-frame plant (a. b, ¢) and

oil storage tank 100 m away from the center of tornado path (d)
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Fig.8 Tornado’s entering into the “Tianchengjun Xinxuanlanyuan” Community and the resulting disasters

(a) tornado into the community from north to south (red circle shows the totally destroyed

plant building at the southernmost end of the North Industrial District) ,

(b) northward perspective of the southernmost building of the community
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Shangpin Mingcheng Community
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Fig. 10 The disaster caused by the tornado entering Shangpin Mingcheng Community
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Fig. 11 The tornado’s entering large open area in south
area of Kaiyuan Industrial District (a) and the nearest high
buildings 700 m away from the tornado path (b)

(red circle: canteen, yellow frame: office)
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Fig. 12 Top view (a) and horizontal view (b) of canteen in Fig. 11 before disaster, and reinforced

concrete frame structure almost flattened after disaster (c, d)
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Fig. 13 The tornado’s passing through the center of canteen (a—c, e, g)

(photos and perspectives around the tornado correspond to those in Fig. 13d

following red and blue arrows and directions), top view (d) before disaster and (f) after disaster
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Fig. 14 Southern part of South Industrial District

(a) photo after disaster, (b) photo before disaster

(Red circle, yellow frame and red frame in Figs. 14a and 14b are corresponding,

green arrow indicates the direction of tree lodging)
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Fig. 15 The tornado’s passing through the West Ring Road to the grove to the south of garage

(a) aerial photo of disaster, (b) top view before disaster
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Fig. 16 Photos of damaged standardized industrial plant (a, b) and steel columns (c, d)
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Fig. 17 The grove (a, d, e) and south wall of collapsed car dismantling plant (c, ),
top view before disaster (b, cross-star position corresponds to Fig. 17a)
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Fig. 18 The field where the tornado’s passing through south of the garage

(a) aerial photo after disaster. (b) top view before disaster
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Fig. 19 The tornado’s passing through the west of Guataizi Village

(a) aerial photo after disaster, (b) top view before disaster,

(c, d, e) damaged trees (correspond to the position indicated by the yellow arrows in Figs. 19a, 19b)
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Fig. 20 Damage of houses in Guataizi Village
(a) aerial photo after disaster (Some houses have been repaired, red circle is
the lifted reinforced concrete roof, and yellow frame is the gate of courtyard wall) ,
(b) top before disaster, (c) the lifted roof, (d) the gate column of courtyard wall

corresponding to the yellow frame, (e) eggplant and pepper rod residues
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Fig. 21 Path before the tornado demise

(a) top view before disaster, (b, ¢) aerial photo after disaster

(Red circle is the hill described by villagers, and yellow cross-star is the end of the damage tracking on the opposite side)
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Table 1 Strength estimation basis of tornado at different stages
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