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Abstract. Unpaved road and road surface regolith are taken as the research objects in this study, 15
main roads in production and construction projects in Shannxi Province and Inner Mongolia
Autonomous Region were investigated, road simulate and artificial rainfall experiments were carried
out. The results showed that the road erosion and surface regolith erosion are significantly related to
precipitation, slope and regolith thickness, based on the experiments results and literature review, the
road and surface regolith erosion prediction equations were established, the imitative results are at
significant level (R=0.764,0.937), another set of artificia rainfall experiments were carried out for the
test of prediction equations, through the verification of measured data, the prediction values have a

significant linear relationship with the measured values (p < 0.01), determination coefficient are 0.80

and 0.74 respectively, thus, the prediction equation is suitable for the erosion prediction of roads in
production and construction projects, the equation itself istheoretically smple and each parameter can
be directly detected in the field, it can be easily operated and used. This study provides new view angle
and basis for accurate and comprehensive calculation of soil and water erosion in production and
construction projects.

Introduction

In the production and construction projects, varies of transportation, human and livestock grinding
resulted in amounts of regolith accumulated on the top of paved and unpaved roads. Under rainfall or
wind, it’ seasily to have erosion or dust problems, where the soil erosion from unpaved road isthe main
contribution to the sediment deposition in remote area, forests and river downstream™. At present,
there are loads of research about road soil erosion prediction in production and construction projects,
but mainly focus on embankment, cutting, slag disposal pit and building area, slope excavation and side
slope*?¥, very few study about quantitative study of soil erosion caused by the surface regolith of the
road. Road erosion prediction including surface regolith erosion is required to overall and accurately
predict the soil erosion of production and construction projects, also necessary for the implementation
of soil and water conservation responsibility. There are two major road erosion prediction methods
which are adopted home and abroad: model prediction and RS/GIS statistical analysis prediction®*”
where model prediction can be summarized into two types, model based on process or empirical
statistical model ', process model is established by describing the soil erosion physical process which
based on the rainfall and road situation, for example, the classic road erosion prediction model
KINEROS and KINEROS2!****!| the model is event-driven, aiming to describe dynamic and dispersive
road surface runoff, and the prediction equations modified from the USLE and WEPP models which
are used to describe soil erosion in farmland!™®™". Empirical statistical model is firstly obtaining impact
indexes by observation and statistical analyze, and thento confirm the relationship between soil erosion
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and each index. Empirical statistical models about road erosion including: Megahan et a established
the road erosion prediction equation based on rainfall erosion intensity, vegetation coverage, sope
aspect and slope gradient!*®: The model set up by Anderson mainly considered the influence brought by
catchment areaand gradient!*®; Xu'smodel is based on the rainfall intensity and rainfall capacity which
summarized from nature rainfall observation in Qinghai-Tibet highway by runoff plot®: Qiu did
artificial rainfall experimentsin accessroad in Y ongan City of Fujian Province and put forward aroad
erosion prediction model including built time, slope length gradient these main factors®!. These
models have selected different research objects, including paved and unpaved roads®?, but thereis no
single research about the model of road surface regolith erosion. In this study, unpaved roads with
frequent traffic and obvious regolith were selected as the object, through the field investigation and
indoor artificia rainfall experiments, the road and surface regolith erosion prediction equation is
established.

Road erosion prediction equation generalize and impact factor choose

Road erosion is influenced by many factors, like gradient, length, road service condition, distance
between drain points, road surface physical condition, rainfall capacity and rainfall intensity, location
and road microtopography!*®. The specificity of road erosion isthat the road runoff mainly follows the
Horton runoff theory, less relates to the road return flow, but closely relates to the rainfall
characteristic!®*?4. MacDonald did artificial rainfall experimentsin Virgin Island, American, and found
out that road surface erosion closely related to rainfall capacity, rainfall intensity and surface runoff,
where significantly related to the rainfall capacity, while the sediment yield is more relate to sope
gradient, and the road surface sediment yield is closely related to the track frequency'®!. Qiu set up
poles on the mountain roads and found that the soil erosion had a functional relationship with slope
gradient and length®. Lucy et a found that sediment yield of unpaved roads is proportional to the
product of slope length and gradient™®. Xu, Y ang and Megahan agreed that the road erosion should
consider more abouit rainfall factors like rainfall capacity and intensity™*®?>%27 | n this study, through
the literature review and field investigation, we found that rainfall condition and gradient are two
domain factors that influence the road erosion, aso these two factors are the main indexes for
calculating boundary shear stress and sediment transfer capability, and have been widely used in the

road erosion prediction models?®>” | and they can be field observed. Thus in this study, rainfall

capacity, intensity and gradient are selected to initially establish the road erosion equation, and because
the frequent traffic in the constructing and operation process of production and construction projects,
piles of surface regolith erosion occurred, the thickness of regolith is also considered in this prediction
model, theinitial road and surface regolith erosion equation is shown in (1).

E=1Q6h. (1)

Where, E israinfall erosion amount, t-hm? ; | israinfall intensity, mmmin™ ; Q israinfall capacity,
y

mm; 0 is sope gradient, ° ; histhickness of regolith, cm.

M aterials and methods

Field investigation

We selected apple orchard in Changwu, Shaanxi province, Shenmu coal mine in Shaanxi province and
Y ongli coal mine in Inner Mongolia, 15 main roads were investigated, all of them are unpaved roads,
and covered by fine quality loess, some roads have gravel and fly ash on the surface. We chose 48
sampling points, and recorded their name, longitude and latitude, elevation, sope gradient and
maximum value, minimum value and average value of regolith thickness, and the top 0-10cm soil were
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sampled, bulk density, water content and other physical propertieswere measured in thelab, resultsare
shown in Table 1.

Table 1. Road surface regolith physical properties through field investigation

Slope gradient [°] Regolith thickness [cm] Bulk density [gecm™]
0-4° 4-10° 10-20° Sidesof Road Middleof  Road Bulk Regolith Bulk
Road density density
10% 80% 10% 2-4 0.2-2 1.68 1.20

Theresults showed that the Slope gradient are concentrated between 0°~20°, and 80% are between
4°~10°; the regolith on the sides of roads are more thick, about 2~4cm, but in the middle of the roads
arelessthan 2mm; The average road bulk density is 1.68g-cm® and the average regolith bulk density is

1.20 g-cm®, Theindoor simulated regolith and road design including surface regolith thickness, bulk
density and gradient all adopted the field investigation results.

Indoor simulated experiments

According to the field investigation, we selected 2°, 4°, 8° and 16° as the Slope gradients, 0.5cm.
1cm, 2cm and 4cm as the regolith thickness, and the surface regolith were manually allocated. Soil

samples collected in the field were sieved by 6mm, 2mm and 0.25mm nets respectively , then alocated

by 7:3 weight percentage. Trial soil tanks were filled by 5 layers of clayey loess, each layer 10cm,
discus was used to continually beat to compact soil until reach the designed bulk density, the trial soll

tank is 2mx0.5mx0.55m. Before the artificial rainfall experiments , thetrial soil tanks were adjusted to

designed gradient, and the regolith was laid. A 3mm wide white nylon line was set between the
smulated road and the regolith at the tank outlet, when white nylon wire exposed, that means surface
regolith has been completely eroded, and the lower road erosion begins.

Artificial rainfall experiment was carried out in the artificial rainfall hall in State Key Laboratory of
Soil Erosion and Dryland Farming on Loess Plateau of Chinese Academy of Sciences and Ministry of
Water Resources. The rainfall intensity were 1.0, 1.5, 2.0 and 2.5 mm-min™, and according to the

designed regolith thickness and rainfall intensity, the rainfall duration were 39, 33, 27, 21minwith

the gradients 2°, 4°, 8° and 16°. There were 64 rainfall experimentsin total, runoff producing start

time is determined when the runoff coming out the rank, when white nylon wire exposed that is the
time road begin to erode. The road surface regolith erosion start and end time and road underlying
erosion start time are recorded, the runoff and sediment samples were collected at the outlet of the
tank. In this study, the rainfall erosion process is divided into two stages: road surface regolith erosion
stage and road underlying erosion stage, the sum of these two stages erosion amount is the total
erosion amount of simulated road. Subsection recording and calculation of the road erosion in different
stages can be more helpful for understanding the road surface regolith erosion rules, features and the
proportion in the whole road erosion.

Statistical analysis

The relationship between soil erosion and rainfall intensity, rainfall capacity, sope gradient, regolith
thickness were assessed by SPSS single factor correlation analysis, the equation of road erosion and
surface regolith erosion were established by SPSS curve estimation and regression analysis.
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Road and regolith erosion prediction equation

Relative factorsanalysis

By collecting the effective soil erosion data of the 64 rainfall experiments, the correlation analysis
between the parameters and the soil erosion amount per unit was carried out (Table 2). The results
showed that the regolith erosion amount was significantly related to the regolith thickness, rainfall
capacity and thetotal erosion amount, while the relationship between regolith erosion and gradient and
rainfall intensity were not obvious. This could be explained by that the roads with thinner regolith had
shorter rainfall duration according to the design, thus the regolith erosion is more significant related to
the rainfall capacity, second is the regolith erosion amount is smaller, only 15% of the total erosion
amount, also the regolith erosion time is shorter, so the effects of gradient to the regolith erosion is not
obvious; the total erosion amount is closely related to rainfall intensity, rainfall capacity, gradient and
regolith thickness, especially the rainfall characters (p<0.01) (Table 2).

Table2. Correlation analysis between soil erosion factors

. . Regolith Total
_Ramfgll Rainfal Grade R_egollth erosion erosion
intensity thickness
amount amount
Pearson
_ Pearson .089 281 192 478 1 490
Regolith  correlation
eroson  Significance
amount (two-tailed) 482 .024 128 .000 - .000
N 64 64 64 64 64 64
Totd Pearson
erosion Pearson 637" 6227 564 347" 490” 1
amount correlation
Significance
(two-tailed) .000 .000 .005 .005 .000
N 64 64 64 64 64 64

Note: **. at the 0.01 level (bilateral) significantly related, *. at the 0.05 level. (bilateral) significantly related.

Prediction equation

The road and surface regolith erosion is caused by comprehensive effects of different factors. The
indoor artificial rainfall experiment showed that road and surface regolith erosion have a close
relationship with rainfall capacity, ope gradient and regolith thickness these three factors, hence, on
the basis of initial established road erosion prediction equation, rainfall capacity, sope gradient and
regolith thickness were selected and regression analysis were carried out. The results showed that
there was a power function relationship between road and surface regolith erosion amount and the
rainfall capacity and slope gradient, and there was an exponential function relationship with regolith
thickness.

The production and construction projects road erosion and surface regolith erosion prediction
equation is adjusted to (2).

E= aebh(gced ( 2)

Where, E is the road erosion amount/road surface regolith erosion amount, t-hm? ; h is regolith

thickness, cm; Q israinfall capacity, mm; 6 is slope gradient, ° ; a,b,c,d are regression coefficients.
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Parametersdetermination

128 groups of measured data were used for regression analysis by SPSS, respectively, the results
showed that it was significant fitting (R=0.7644, 0.937), thusthe equation is feasible for the prediction
of road and surface regolith erosion. The regression coefficients of the prediction equation are
determined, the road surface regolith erosion prediction equation and the road erosion prediction
equation are (3) and (4).

E:O_53e0.266hQ0.56890.274 (3)

E:0.03e0.029th.57900.78 (4)

Calibration and validation

Second batch of artificial rainfall experiment was carried out to verify the established prediction
equation. There were 18 rainfall experiments that implemented with the following details: slope

gradient: 2°, 4°, 8°; regoliththickness: 1 cm, 2 cm, 4cm; and the rainfall intensity: 1.0, 2.5 mm-min™,

After the experiments, the measured results were compared with the predicted results which by
substituting the parametersinto the prediction equation, the results showed that both road erosion and

surface regolith erosion predicted results had alinear relationship with the measured results ( p < 0.01,

R’= 0.80, 0.74 ) (Fig 1,2). Fully explain the precise of the established production and construction
projects road and surface regolith erosion prediction equation.
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Fig 1. Comparison of measured value and predicted value of road total erosion amount
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Fig 2. Comparison of measured value and predicted value of road surface regolith erosion amount

Results and discussion

The indoor artificial rainfall experiment study found that under the rainfall condition, road erosion and
regolith erosion are closely related to rainfall factors and dope gradient, this conclusion is agree with
Ziegler, MacDonald, Xu Xianli ***2¥_ Through the smulated rainfall erosion experiments we cometo
know that road regolith erosion isaserious problemin production and construction projects, it is about
18% of the total erosion. In this study, the effect of regolith thickness was considered, and the results
prove that it is significant related to the road erosion. Because the regolith exists in most of unpaved
and paved roads, especially in the production and construction projects, the soil erosion from the road
surface regolith can’'t be ignored. This research applied a new angle and proof for the production and
construction projects soil erosion prediction.

This study is based on soil erosion principles, related road erosion prediction models and road
surface regolith features were considered, the road and surface regolith erosion prediction equation in
production and construction projects is established (5).

E= aebh(gced ( 5)

Calibration and validation were performed to ensure the model accuracy, it turned out a good
prediction result, and the parameters are easy to obtain, furthermore, it is practicable. In this study the
road was smulated by a certain trial tank, and artificial rainfall experiments were implemented indoors,
thus the other relevant factors like slope length™®*%, catchment ared™®, abandoned time?!!, vegetation
coverage and rainfall erosion force® were not included, field rainfall experiments are suggested to
carry out and more factors would be considered in the future study.
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