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ABSTRACT 
 
     During typhoon landing, strong wind is usually accompanied with continuous 
rainfall which has a great impact on the bearing capacity of foundation. Due to the shallow 
foundation depth of transmission pole, it is necessary to consider the influence of the 
coupled effects of wind and rain during the evaluation of disaster resilience. Based on 
deep learning theory, this study presents a method for evaluating the performance of 
transmission poles under the combined wind and rain excitations. Firstly, by training the 
measured data, the relationship between rainfall and soil water content is established. 
Then the relationship between water content and the bearing capacity of the pole 
foundation is determined. Finally, the bearing capacity evaluation of the transmission 
pole under strong wind and rain weather is realized, followed by a case study. The results 
show that rainfall has great influence on the bearing capacity of transmission pole. 
 
 
1. INTRODUCTION 
 
     The distribution network receives electrical energy from the transmission grid or 
regional power plants and delivers it to each household. The large-area-covered pole-
line system is related to people's daily life and supports the construction of agriculture, 
industry and cities. However, due to the frequent occurrence of various disasters, it has 
caused a serious threat to the normal operation of the pole-line system. Among all 
disasters, distribution network failures caused by typhoons are the most common (He at 
al 2019). China is a country prone to typhoons, with an average of 7.4 typhoons landing 
every year, and the southeastern coastal cities usually bear the brunt of typhoons and 
become the hardest hit areas. On July 20, 2021, typhoon " Cempaka " landed in 
Guangdong, and the wind speed at the center reached 33m/s when it landed. On July 
25 of the same year, typhoon " In-Fa " landed in Zhejiang, and the maximum wind speed 
at the center reached 38m/s. Due to the low reliability of many existing power distribution 
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systems, the strong wind will cause extensive damage to the distribution pole-line. 
Prativa et al. (2020) pointed out that rural power systems are usually linearly distributed, 
with low redundancy levels and low resilience when hit by natural disasters. In addition, 
the distribution network is mainly distributed on both sides of the streets in rural and 
suburban areas, which is easy to cause traffic jams and accidents after collapse. After 
the collapse, the broken wires are prone to leakage and injury accidents or even short 
circuits in stagnant water. At present, many scholars (Fu at al 2019; Li at al 2013) have 
studied the structural response, vulnerability and failure of transmission network. In 
contrast, the attention of the distribution system is still insufficient. For the normal 
operation of the system, it is necessary to establish the safety assessment of distribution 
poles after disasters.  

In the field investigation of the disaster after typhoon, it was found that the damage 
of the poles was various. Except for the fracture damage of the pole body (Yuan at al 
2018), most of the poles were overturned as a whole, causing a wider range of 
continuous collapse under the action of wire tension. Finally, it will be result in a large 
area and continuous power outages. In the Unnao area of Uttar Pradesh, India, a large 
number of distribution poles tilted significantly after the storm. Vivek et al. (2017) studied 
the influence of various parameters of soil (cohesion, friction angle, bulk density and 
shear modulus) on the ultimate overturning bearing capacity of poles through design 
prototype tests. Sensitivity analysis showed that cohesion had the greatest uncertainty 
among all soil parameters and had the greatest impact on the response of poles. 
However, most of the above studies only consider the external force of wind load. In fact, 
typhoons are often accompanied by a large amount of rainfall. The infiltration of rainwater 
increases the moisture content of the soil around the pole, and reduces the mechanical 
properties of the soil, which leads to the weakening of the anti-overturning moment. In 
addition, the scouring effect of surface runoff formed by heavy rainfall makes the buried 
depth of electric poles shallower. If the reduction effect of rainfall on the foundation is 
ignored, it will lead to misjudgment of structural safety assessment. 

In view of the above problems and engineering needs, this paper proposes the 
calculation formula of earth pressure after considering rainfall, clarifies the influence 
index of rainfall on the bearing capacity of poles, and establishes the structural safety 
evaluation framework of distribution poles under the combined action of wind and rain. 
The rainfall and wind speed under extreme weather are unified with the resistance and 
response of the distribution pole, and the real-time feedback of the pole under natural 
disaster conditions is realized. The results show that considering the influence of rainfall 
on the bearing capacity, the limit wind speed of the pole is significantly reduced, and the 
safety degree is lower than the traditional standard calculation. In addition, due to the 
frequent landfall of typhoons in the southeast coastal area, located in the subtropical 
zone, and abundant rainfall throughout the year, the research area of this topic takes 
Guangdong Province, the southeast coastal area, as an example. For other areas, the 
initial parameters are different, and the research ideas are the same. 
 
 
2. EVALUATION FRAMEWORK OF POLE OVERTURNING IN EXTREME WEATHER  
 
     2.1 Overturning moment calculated according to code 
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     In order to study the influence of rainfall on the overturning resistance of poles, the 
determination of earth pressure after rain is the key. The first step is to correct the 
deficiency of the calculation of earth pressure in the code and deduce a formula of earth 
pressure related to rainfall. In the field of soil mechanics, the estimation of lateral earth 
pressure of retaining wall has always been the focus of engineering and academic circles 
(Cao at al 2019), and it is the key to study the overturning of retaining wall. The classical 
Rankine earth pressure theory (Rankine 1857) have been widely used because of their 
simple calculation process and clear mechanical concept. According to the basic 
principle of Rankine earth pressure, the earth pressure of cohesive soil as shown in Eq. 
(1): 
 
 2z s p pp zK c Kγ= +  (1) 
 

 2tan (45 )
2pK ϕ

= °+  (2) 

 
Where sγ  denotes the calculated gravity of the soil; z is the depth of the soil; c  denotes 
the cohesion; pK  is the passive earth pressure coefficient; and ϕ  is the angle of 
internal friction. 

The theory assumes a linear distribution of earth pressure and a smooth surface 
between the soil and the wall. Although it was found in many field tests (Fang at al 1994; 
Fang and Ishibashi 1986) that the earth pressure of the retaining wall is not linear 
distribution due to the soil arching effect caused by the friction between the soil and the 
wall. However, unlike the retaining wall, the buried depth of the pole is shallow, and the 
contact area between the pole and the soil is small. Based on Rankine's earth pressure 
theory, it can meet the needs of the project. The internal friction angle and cohesion in 
Eq. (1) are two important mechanical indexes of soil. Due to the high uncertainty of soil 
cohesion affected by factors such as water content (Xie at al 2021), the internal friction 
angle is more reliable. Therefore, the cohesion in Eq. (1) is omitted in the code (DL/T 
5219-2014 2014) and the internal friction angle is appropriately increased to supplement 
the role of cohesion, The increased internal friction angle is called equivalent friction 
angle β  . So far, the earth pressure calculation formula and distribution diagram of the 
pole foundation as shown in Eq. (3): 

 



The 2022                 World Congress on 
Advances in Civil, Environmental, & Materials Research (ACEM22) 
16-19, August, 2022, GECE, Seoul, Korea

  

Fig. 1 Earth pressure in the code 
 
 z s pp zKγ=  (3) 
 

 2tan (45 )
2pK β

= °+  (4) 

 
Where β  is the equivalent angle of friction. 
 

However, the value of equivalent friction angle is related to the type and state of soil. 
At present, there has been no standard calculation formula, and regional limitations. 
Therefore, the specification has formulated a parameter table of equivalent friction angle 
according to the plasticity of soil in combination with experience. Take red clay as an 
example. According to the soil test method provided by standard standards (BS1377 
1990). The liquid limit and plastic limit of red clay measured by AL Haj at al (2015) are 
87% and 33% respectively. According to the code (GB 50007-2011 2011), red clay can 
be determined as plastic clay, the corresponding value of calculated weight is 16, and 
the equivalent friction angle is 30. 

After the earth pressure is determined, the ultimate bending moment formula can be 
obtained according to the force balance equation: 
        

 ( )3 3
0

1 1 2
3code s pM K b hγ θ= −  (5) 

 
Where 0b  denotes the calculated width; h  denotes the buried depth of pole; θ  is 
taken according to the code. 
 

2.2 Overturning moment after considering the influence of rainfall 
The value of earth pressure parameters in the code is a relatively conservative value 

based on the actual experience and theory of the project, and the soil moisture content 
is not taken as a variable. According to the data of National Earth System Science Date 
Center, red soil and lateritic red soil are most widely distributed in Guangdong Province. 
According to the Soil Toxonomy (2009), soil is divided into six levels: soil order, suborder, 
great group, subgroup, families and series. Red clay is a subgroup of red soil, which is a 
kind of plastic clay rich in cementation materials. Long at al. (2009) pointed out that due 
to the special engineering properties of red clay, in addition to the problems in design 
and construction, or the imperfections of relevant technical specifications, in-depth 
understanding of the strength characteristics of red clay is of great significance for the 
determination of foundation bearing capacity. In view of the high water content of red 
clay, the mechanical effect of cohesion has been very small, and compared with ordinary 
cohesive soil, the strength characteristics of red clay are more complex (Fu at al 2013). 
Therefore, this paper focuses on the relationship between internal friction angle and 
water content. Considering the influence of internal friction angle on water content, the 
earth pressure distribution is no longer linear, as shown in Fig. 2 
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   Fig. 2 Improved earth pressure  
 

When solving the overturning moment of nonlinear earth pressure. First, according 
to the horizontal and moment equation of force, the position 'o  of earth pressure is 
obtained by trial calculation with the help of MATLAB tools: 
 
 

'

0 '
- 0

o h

soil soilo
X p dz p dz+ =∫ ∫  (6) 

 
 

'

0 '
+ 0

o h

soil soilo
XH z p dz z p dz⋅ − ⋅ =∫ ∫  (7) 

 
Where X  represents external force; H  denotes the height of the pole above the 
ground; and soilp  is the improved earth pressure. 
 

Secondly, the overturning moment after considering the water content is obtained 
by numerical solution integration: 

 

 
'

limit ' 0

h o

soil soilo
M z p dz z p dz= ⋅ − ⋅∫ ∫  (8) 

 
The advantage of using MATLAB is that it can more intuitively see the comparison 

between the improved limit overturning moment and the calculation results of the 
specification in the form of icons when processing the data in the later stage, so as to 
test the feasibility and practicability of the operation of the whole evaluation framework. 
 

2.3 Evaluation process of ultimate overturning moment after wind and rain 
The research ideas of this paper are as follows: First, determine the soil geological 

conditions of the study area. Secondly, according to the measured data of rainfall and 
water content in this area, the mapping relationship between rainfall and water content 
is obtained by using neural network training method. Then, determine the influence of 
water content on the mechanical properties of soil, determine the earth pressure when 
considering water content, and finally obtain the ultimate overturning moment under 
different rainfall conditions. Finally, the finite element model of the pole line system is 
established, and the moment response of the distribution pole line under different wind 
forces is obtained by numerical simulation, so the ultimate collapse wind speed is 
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obtained according to the ultimate overturning moment. By comparing it with the wind 
speed measured in the field, the safety of the structure can be evaluated, and the 
analysis process is shown in Fig. 3 

 

 
Fig. 3 Evaluation framework of distribution poles under combined wind and rain 

 
3. Prediction of earth pressure distribution after rain based on deep learning 
theory 
 

3.1 Neural network analysis of rainfall and water content 
As for the measured water content experiment of red clay, Thumtuan at al. (2018) 

conducted the experiment on an open space at Prince of Songkla University in Thailand. 
The residual soil above the parent rock in this area is mainly red clay, with a soil thickness 
of 2-3 meters and a slope angle of 22 degrees. Install the water content monitoring device 
TDR (Time Domain Reflector) vertically on five measuring points at different depths. The 
measured rainfall and water content data from October 17 to November 19 are fed back 
to the server of the natural disaster research center in real time through the monitoring 
device. 

Due to the small amount of available data, this study processed the available data 
with white noise to increase the amount of original data. The shallow neural network is 
used to train and learn data from four dimensions: rainfall, continuous rainfall days, soil 
depth and corresponding soil moisture content. According to the data provided by the 
National Meteorological Science Data Center, the rainfall duration caused by the typhoon 
landing is about 3 days. Therefore, we arbitrarily input the rainfall data for three 
consecutive days as 10mm, 30mm and 20mm respectively, and use the mapping 
relationship between rainfall and water content to predict the water content at the depth 
of five measuring points, as shown in Fig. 4 
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Fig. 4 Water content of soil at TDR placement points  

 
The water content distribution of the whole soil layer is obtained by linear interpolation 
method: 
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 (9) 

 
Where 1w 、 2w 、 3w 、 4w  and 5w  is the predicted value of soil water content. 
 

It can be seen that the water content is not directly proportional to the depth. The 
soil in the surface layer is directly affected by rainwater, and the water content at 
monitoring point 1 is the highest. The water content of monitoring point 2 has decreased. 
During the study of rainfall infiltration, Ng at al. (2003) found that due to the existence of 
a large number of open fissures on the surface of the earth, the rainwater will quickly flow 
through monitoring point 2 and percolate downward. Therefore, the soil water content at 
this location is lower than that of the surface soil. The water content of monitoring point 
3 increased slowly, because with the increase of depth, the cracks in the soil layer 
became less, and a relatively impermeable stagnant layer appeared, which could retain 
some water. However, when the rainwater percolates to this depth, the total content is 
not much left, so the increase of water content at point 3 is small. By the time of 
monitoring point 4, the impact of rainwater on the water content has been very small. 
After monitoring point 5, it can be considered that the water content is basically stable 
and no longer changes with rainfall. To sum up, the prediction result of this water content 
is in line with the reality. 
 

3.2 Change of mechanical properties of soil and earth pressure after rain 
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The internal friction angle of soil mechanical performance index is closely related 
to the water content. In order to study the relationship between the two, Wang at al. (2011) 
selected the red clay in the Yunfu section of Guangwu Expressway  (Guangzhou to 
Wuzhou) to conduct a water sensitivity test on the shear strength. According to the test 
results, the relationship between the internal friction angle and the water content is 
obtained: 

 

 ( )
( )

( )1.868

50.5 20%

2226629.6 13 20% 27%
w

w
w

e w
ϕ

−

<= 
 × + ≤ ≤

 (10) 

                                                                              
According to the measured data of red clay (Thumtuan at al 2018), the initial water 

content of soil is more than 20% when there is no rainfall, and the internal friction angle 
in this interval is greatly affected by the water content. Therefore, this paper takes the 
formula ranging from 20% to 27% as the basis for determining the earth pressure after 
rain. The predicted value Eq. (9) of water content and the corresponding internal friction 
angle Eq. (10) are brought into the Eq. (4), and the post rain earth pressure expression 
considering the influence of rainfall on the mechanical properties of soil is obtained: 

 

 ( )2
soil = tan 45

2s

w
P z

ϕ
γ

 
° + 

 
 (11) 

 
3.3 Ultimate overturning moment after rain 
Taking the rainfall data of the area studied by Thumtuan as an example, the 

ultimate overturning moment under different rainfall conditions is obtained by using the 
improved earth pressure formula, and compared with the traditional ultimate overturning 
moment calculated according to the specification. In order to more intuitively see the 
relationship between rainfall, moisture content and ultimate overturning moment, it is 
drawn in the same figure. It is found that the calculation results of pole bearing capacity 
considering moisture content correspond to the theoretical research, as shown in Fig. 5. 
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Fig. 5 Comparison of overturning moment calculated by two methods  

 
It can be seen from Fig. 5 that the moisture content of the shallow soil at TDR1 is 

directly affected by rainfall and fluctuates greatly, which is almost synchronized with 
rainfall. Due to rainwater seepage, the soil moisture content shows a hysteresis to rainfall, 
and the moisture content of TDR 2—TDR 5 fluctuates less than that of shallow layer. The 
water content of TDR 3 exceeded that of TDR 2 in the middle and late stage, which is 
due to the gradual accumulation of water in the stagnant layer, which is consistent with 
the law of soil water content in Section 2.1. The response of deep soil below TDR 3 to 
water content is relatively gentle and has little difference, reaching a stable state after 
several days of rain. 

Under the condition of no rainfall on the first day, the calculated ultimate overturning 
moment after rain is similar to and slightly larger than the code method, because the 
code is conservative from the perspective of engineering safety. At the beginning of 
rainfall, the overturning moment tends to increase briefly. According to the test done by 
Malizia and Shakoor (2018), with the increase of water content, the unconfined 
compressive strength of clay increases first and then decreases. Before rainfall, the initial 
moisture content of the soil in this area did not reach the maximum shear strength of the 
soil, so the overturning moment increased after rainfall. With the continuous rainfall, the 
ultimate overturning moment gradually weakened in the next few days, and did not 
decrease after the moisture content stabilized on the 18th day. The overall trend of 
overturning moment can well correspond to the change response of soil moisture content. 
It can be seen that in the rainfall event, the overturning moment after considering the 
impact of rainfall on the bearing capacity is significantly smaller than the standard 
calculation method. Therefore, after considering the influence of rainfall on the bearing 
capacity of foundation, the structural safety is affected. The calculation method of 
ultimate overturning moment after rain proposed in this paper is consistent with practice. 
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4. CASE STUDY 
 

4.1 Establish finite element model 
After obtaining the ultimate anti-overturning capacity of the pole, it is necessary to 

further solve the bending moment response of the bottom of the pole under external load. 
Because the cost of the true test method is too high, the numerical simulation method is 
used here. Most of the existing studies only consider the impact of load on the failure of 
a single pole, assuming that the failure of the pole is not affected by the adjacent span. 
However, in reality, due to the existence of wire tension, the response of the pole will be 
affected by the adjacent pole (Ma at al 2021). The accuracy of load response can be 
effectively improved by using the three bar four wire model. 

The voltage level of the distribution system is divided into: 35kV、 63kV and 110kV 
are high-voltage distribution systems; 6kv~10kv (20kV) is the medium voltage distribution 
system; 220V (380V) is a low-voltage distribution system. In terms of the degree of post 
disaster losses and the scope of the affected area, the medium voltage distribution 
system can be used as a typical research topic. This paper takes the 10kV three-phase 
three wire distribution pole line system as an example. 
 

4.1.1 Calculation parameters  
The failure mode of the pole is usually the overall overturning, so the linear elastic 

model is used for the concrete in the numerical simulation. Determine the parameters of 
the pole and line according to the code (GB 4623-2014 2014), as shown in Table. 1 and 
Table. 2. The material parameters of the finite element model of the distribution pole-line 
system are shown in Table. 3. 
 

Table. 1 Material parameters of pole 
 Length (m) Diameter (mm) Tip diameter (mm) Thickness (mm) Mass (kg) 

Pole 15 360 190 40 1250 
 

Table. 2 Material parameters of wire 
 Type Calculation section (mm2) Breaking force (N) Mass (kg/km) 

Wire LJ-185 182.8 28440 503 
 

Table. 3 Calculation parameters of components 
Material ρ  (kg/m3) E (GPa) ν  

Pole 2500 32.5 0.2 
Cross arm 7850 200 0.31 

Wire 2751 56 0.31 
 
4.1.2 Finite element meshing 

According to the above geometric model, the finite element model is established. 
The distribution pole and cross arm adopt beam188 beam element, and the conductor 
adopts link10 element. The number of divided elements is 12 and 6 respectively. The 
number of conductor division units with a span of 50m is 10, and the grid division of 
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electric poles is shown in Fig.7. The full restraint is applied to the bottom of the pole, and 
the full restraint is applied to the conductors at both ends at the original height to replace 
the adjacent pole line system. 

 

 

 

Fig. 6 Geometric model of distribution pole       Fig. 7 Mesh division of finite element model 
 
4.1.3 Modal analysis 

The modal analysis is carried out on the finite element model of the rod system, and 
the analysis results are shown in Table. 4.  
 

Table. 4 Vibration modal and natural frequency of pole-line system 
Vibration mode  Natural frequency 

1 1.0748 
2 1.0875 
3 1.1005 
4 1.1055 
5 1.1056 
6 1.1060 
7 1.1060 

 
As can be seen from Fig. 8. The stiffness of the conductor and the concrete pole is 

very different, and the maximum displacement occurs in the middle of the wire.  
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Fig. 8 Displacement at the maximum node under the first vibration mode 

 
4.1.4 Structural dynamic analysis 

In order to generate the fluctuating wind, this paper selects the Davenport wind 
speed spectrum as the power spectral density of the fluctuating wind in the longitudinal 
wind field.  
  

 ( )
( )

2
2

10 4
2 3

4
1

V
xS n KV

f x
=

+
 (12) 

 101200 /x f V=  (13) 
                                                                            
Where K  is the resistance coefficient; 10V  is the basic wind speed; and f  is the 
fluctuation frequency. 
 

In order to speed up the calculation efficiency of fluctuating wind field simulation, 
Fu at al. (2021) used the Harmonic Superposition Method to generate the fluctuating 
wind speed time history, which accelerated the wind speed generation efficiency. After 
the generated wind was applied to the model and the wind load was applied, the transient 
analysis was carried out, the instantaneous bottom bending moment response ( )v tM  of 
the pole under the fluctuating wind was extracted, and its extreme value response vM  
was calculated:   

 

 
( ) ( ) ( )2 2 2

(1) (2) ( )...
2.5 v v v v v v n

v v

M M M M M M
M M

n
− + − + + −

= +  (14) 

 
Where vM  is the average value of the instantaneous moment response in 10 minutes; 

vM  is the instantaneous moment response. 
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Then, a simple manual calculation is carried out according to standard (DL/T 5551-
2018 2018): 
Wind load of one conductor: 
 
 x s z w oW dL Wαµ µ=  (15) 
 
 2

0 0= /1600W V  (16) 
 
Where α  denotes the span reduction coefficient; sµ  is the shape factor of wires; zµ  
is the height variation coefficient of wind pressure; d  is the calculated outer diameter of 
the conductor; wL  is the wind span; oW  is the basic wind pressure; and 0V  is the basic 
wind speed. 
 
Wind load on pole: 
 s z s z oW AWβ µ µ=  (17) 
 
Where zβ  is the wind vibration coefficient of the pole; sµ  is the shape factor of pole; 
A  is the projected area of the frontal pole. 
 

Maximum calculated bending moment of pole at point O: 

 ( ) 22
3
a

o x a b s
h d DM W h h W

d D
+ = ⋅ + + ⋅ × + 

 (18) 

 
Where d  is the tip diameter; D  is the diameter at the ground of the pole; ah  and bh
are from Fig. 6. 

 
The reason why the manual calculation results are smaller than the numerical 

simulation results is that the resonance response is not considered in the calculation of 
wind load in the code, and the numerical simulation results are more accurate. To directly 
compare the two methods, plot the calculation results in the same graph, as shown in 
Fig. 10. When the limit overturning moment of the pole is calculated, the value of the 
abscissa of the curve is the corresponding limit wind speed.  
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 Fig. 9 Limit moment response of the pole 

 
4.2 Comparison of results under different cases 
After obtaining the corresponding relationship between the overturning moment 

and wind speed, the limit wind speed of the pole under different cases can be obtained.  
This paper assumes four cases (as shown in Table. 5) according to different rainfall levels 
to verify the applicability and rationality of the evaluation system. 

Case 1 indicates that when there is no rainfall in the initial state, it is used as a 
comparison with the specification, and the difference between the two is used to judge 
whether the improved method is in line with the reality. Case 2 refers to light rain. 
Although the wind speed is usually not particularly large when the rainfall is small, it is 
necessary to consider this condition as one of the rainfall degree classifications. The 
rainfall in Case 3 increases gradually. Some studies have shown that the permeability of 
red clay during rainstorm is very low (Zhang at al 2017), mainly because the rainfall 
intensity is too high, resulting in the rapid closure of surface fissures, and the rainwater 
mainly flows away in the form of runoff. When the initial moisture content of soil is different, 
the infiltration speed is different, and the rainfall is getting larger and larger, which is a 
relatively dangerous condition. Therefore, A set of cases with gradually increasing rainfall 
is set to ensure that rainwater has enough time to infiltrate. Case 4 represents the 
continuous heavy rainfall when typhoon comes, which generally lasts for 3-4 days. It is 
the most dangerous condition with the largest rainfall intensity. 
 

Table. 5 Hypothetical cases 
Case 1 2 3 4 

First day (mm) 0 10 10 40 
Second day (mm) 0 10 20 40 
Third day (mm) 0 10 30 40 
Fourth day (mm) 0 10 40 40 

 
Due to the influence of rainfall on bearing capacity is not considered in the code 

(DL/T 5219-2014 2014), the limit wind speed obtained under different cases is the same. 
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According to the evaluation system under the combined action of wind and rain, the limit 
wind speed under different cases is obtained, as shown in Fig. 11.  

In Case 1, when there is no rainfall at the initial stage, the extreme wind load 
evaluated by the system is slightly larger than that in the specification because the 
calculation considerations in the specification are not accurate enough and the value 
calculation is conservative. In Case 2, light rain reduced the limit wind speed of the pole, 
and the soil reached the optimal moisture content on the third day, and the limit wind 
speed was the highest, but it was generally lower than the level of no rainfall. In Case 3 
rainfall is a process of gradual increase, and the limit wind speed reaches the maximum 
value on the second day, which appears faster than that in Case 2, because the 
increasing rainfall makes the soil reach the optimal moisture content faster, and the limit 
wind speed becomes smaller and smaller as the rainfall continues to increase in the next 
two days. In Case 4, the continuous heavy rain has made the soil exceed the optimal 
water content, the continuous increase of water content has made the bearing capacity 
continue to decay, and the ultimate wind speed of the pole is gradually decreasing, which 
is the most dangerous condition. 

 
Fig. 10 Limit wind speed under different cases 

 
4.3 Collapse assessment of distribution pole during typhoon landing  
This paper selects the data of different monitoring stations during Cempaka's 

landing. The selected monitoring stations are evenly scattered in Guangdong Province 
and close to the coastline, which are representative, including Jieyang, Shanwei and 
Jiangmen. The method proposed in this paper is used to evaluate the structural safety of 
electric poles under the combined action of wind and rain, and compared with the 
traditional evaluation results to analyze their connections and differences. 
 
4.3.1 Case 1 

The measured data of G2990 station in Jieyang City, Guangdong Province are 
substituted into evaluation system for electric poles under the combined action of wind 
and rain to obtain the ultimate collapse wind speed, as shown in Table 6. 
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Table. 6 Case 1 and the limit wind speed of the corresponding pole 
Date  09/15 09/16 09/17 09/18 

Daily rainfall (mm) 0 39.6 12.6 0 
Maximum 10 min average wind speed (m/s) 8.1 23.8 8.6 5.5 
Limit wind speed calculated by code (m/s) 29.1 29.1 29.1 29.1 

Limit wind speed calculated by evaluation system (m/s) 30.8 24.6 22.2 26.6 
 

It began to rain on September 16. If the limit wind speed calculated according to the 
specification is 29.1m/s, which is higher than the maximum average wind speed 
monitored that day, the pole can be considered safe. The limit wind speed obtained 
according to the evaluation system under the combined action of wind and rain. is 
24.6m/s. This is because considering the impact of rainfall on the bearing capacity of the 
foundation, the anti -overturning moment of the pole is reduced, which reduces the limit 
wind speed of the pole, but it is still higher than the maximum average wind speed, It is 
safe in theory, but since the limit wind speed is close to the actual maximum wind speed, 
this area can still be used as one of the important inspection areas for post disaster 
structural evaluation. With the rainfall stopping in the next two days, the anti-overturning 
moment of the foundation gradually recovers. In this case, the distribution poles in the 
disaster area are judged as not collapsed by the specification and the evaluation system. 
 
4.3.2 Case 2 

The measured data of G1844 station in Shanwei City, Guangdong Province are 
substituted into the pole evaluation system under the combined action of wind and rain. 
to obtain the ultimate collapse wind speed, as shown in Table 7. 
 

Table. 7 Case 2 and the limit wind speed of the corresponding pole. 
Date  09/15 09/16 09/17 09/18 

Daily rainfall (mm) 0 45 2.3 0 
Maximum 10 min average wind speed (m/s) 6.3 30.5 11.6 5 
Limit wind speed calculated by code (m/s) 29.1 29.1 29.1 29.1 

Limit wind speed calculated by evaluation system (m/s) 30.8 24.8 23.2 23.3 
 

The rainfall in this area was concentrated on the 16th day, and the maximum wind 
force detected on that day reached force 11. It belongs to a relatively dangerous area. If 
the value is calculated according to the specification, the limit wind speed is the same as 
that in Case 1, which is lower than the maximum average wind speed monitored on the 
same day, and the pole has exceeded its ability to resist overturning. Similarly, according 
to the evaluation system under the combined action of wind and rain., the limit wind 
speed is 24.8m/s, which is also less than the maximum average wind speed. Therefore, 
the limit wind speed obtained by the two calculation methods is less than the actual wind 
speed, that is, the electric pole is dangerous, and the prevention plan and emergency 
repair plan should be made in time. On the 17th and 18th, the rainfall gradually decreased 
and stopped, and the limit wind speed obtained by the evaluation system slowly 
increased. This is due to the lag effect. It takes time for the soil moisture content to 
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recover to the level before rainfall, and the reduced resistance will not recover 
immediately. At this time, it is still necessary to pay attention to the field detection of wind 
speed. From the perspective of this region, the wind speed has decreased a lot, and 
there is no potential safety hazard. 
 
4.3.3 Case 3 

The measured data of G2133 station in Jiangmen City, Guangdong Province are 
substituted into the pole evaluation system under the combined action of wind and rain. 
to obtain the ultimate collapse wind speed, as shown in Table 8. 
 

Table. 8 Case 3 and the limit wind speed of the corresponding pole. 
Date  09/15 09/16 09/17 09/18 

Daily rainfall (mm) 0 44.6 10.7 1.1 
Maximum 10 min average wind speed (m/s) 4.4 28 20.7 7.8 
Limit wind speed calculated by code (m/s) 29.1 29.1 29.1 29.1 

Limit wind speed calculated by evaluation system (m/s) 30.8 26 22.9 24.8 
 

Compared with the above two areas, the cases in this area can reflect the 
advantages of the evaluation system under the combined action of wind and rain. From 
the results of the evaluation system, it can be seen that the limit wind speed of the pole 
after the rainfall on September 16 is 26 m/s, which is lower than the maximum average 
wind speed of the day, and the pole is at risk of collapse. At this time, if the limit wind 
speed obtained according to the specification is 29.1 m/s, which is higher than the 
maximum wind speed detected locally, the pole will be misjudged as safe, It is easy to 
delay the post disaster assessment, delay the implementation of the power recovery plan 
and subsequent safety inspection. After continuous rainfall on the 17th, the bearing 
capacity continued to decrease, but at this time, the actual wind speed has decreased, 
so the pole is safe. After no rain on the 18th, the limit wind speed of the pole gradually 
recovered. 

Through the above analysis, under various climatic environments with complex 
changes, using the pole safety evaluation framework after considering the impact of 
rainfall on the bearing capacity, the results obtained are reliable compared with the 
traditional results obtained according to the specifications, because the considerations 
are more perfect, which can make up for the omission of structural safety assessment in 
the previous work. 
 
5. CONCLUSIONS 

In this study, the neural network prediction is used to train the experimental data, 
and the deep logical relationship between rainfall and soil moisture content is obtained, 
which is applied to the calculation of the ultimate overturning moment of the pole. At the 
same time, the influence of wind and rain coupling on the pole is considered from the 
external force and resistance. The conclusions are summarized as follows: 
(1) Neural network analysis combined with a large number of experimental data, taking 
into account rainfall duration and rainfall and other factors, can predict the change of soil 
moisture content in the region in any rainfall event. 
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(2) In typhoon weather, rainfall infiltration reduces the overturning moment of the 
foundation of the distribution pole, and the improved earth pressure is used to make up 
for this shortcoming.  
(3) Several case studies show that the post disaster safety evaluation framework of 
electric poles can achieve rapid and accurate assessment, and can feed back information 
in a short time. 
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