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Abstract　 The mathematical m odel o f the slope increase w as established and the soil erosion

caused by the ex tending in steep slant surface w as ca lculated through analysing the increase

o f potentia l loss by pro ject construction and digging sto ne material. The results sho w that

the surface of steep slant is ex tended and the erosio n is increased w ith pro ject const ruction

ex tending .
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Up to now , about the pro blems of new soil ero sion caused by project co nst ructio n, m any

ex perts and schola rs hav e paid at tentio n to the increa se of silt content in rivers by th rowing

w aste residue and ear th into them, but they hav e seldom paid a t tention to the po tential soi l

erosion caused by steeper slo pe sy stem in project co nst ructio n and dig ging sto ne material .

The analy sing a nd calcula ting show that the po tential soil ero sion is v ery serious.

1　 Project construction causing the change of erosion basis in slope system

In lo ess plateau, most rivers and g ul lies cut into the bedrocks and ca used them exposed

in di fferent height o n both sides . The bedrocks are co mposed wi th g reyish whi te and g reyish

g reen si licareni te, purplish red sa ndstone and shale. Because they are v ery g ood bui lding ma-

teria l , both sides of the riv ers and g ullies are the main stone pi ts . The loess hills are accumu-

lated upon the bedrocks . Because the bedro cks are harder a nd th e resistance erosio n is mo re

va lid , they become the tem po ra ry erosio n basis of upper loess slo pe. M r. Qi Chuhua had ev er

said: “ The bedrocks under lo ess hills could protect upper loess slo pe , slow dow n i ts soil ero-

sio n speed. and so decrease the soi l erosio n amo unt . The study of tem po ra ry erosio n basis

had important signi fica nce fo r soi l and wa ter conserva tion in loess plateau. ”
As the ex ploi ta tion of coal reso urce , the dev elo pment o f the eco no my and the im prov-

m ent o f the liv ing standards of the peo ple, the requirm ents for project co nst ructio n increase

day by day. Besides co al mining field pro ject construction, many conv ey ance system are re-

quired , such as highw ay and railw ay engineering , indust ry a nd enterprise co nst ructio n pro-

jects, civi l bui lding const ruction pro jects and service bui lding co nst ructio n pro jects. Most of

the highw ays and railw ay s w ere buil t on the slo pe along the ba nk of riv ers and gullies . In the

course of bui lding hig hway s and rai lway s , on the one hand, waste residue and ea rth are

throw n into the riv ers and g ullies o r piled on slo pe, which resulted in the new loss of soil and

w ater, o n the o ther hand, so me highw ays a nd railw ays cut through the hi lls o r slope, w hich

cha ng ed the erosion basis and resul ted in potential soi l erosio n . The ho uses and bui ldings

construction required a lo t of sto ne ma terial. In the co urse of the dig ging stone material ,

some sto ne m aterials w ere t ranspor ted awa y a nd o thers w ere throw n into rivers a nd g ul lies

as waste residue, which resulted in si lt content increase in riv ers. Ex ploding sto ne ma teria l

w ith explosiv e dicreases the stability o f slo pe w hich makes the tem po rary erosion basis of

slope draw n back, the deg ree o f slope o f upper hil ls increased and po tential soil ero sion w ors-
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ened.

2　 Project construction causing the degree of slope system increasing and the potential soil

erosion worsening

On the both sides of the riv ers and gullies , ex ploding bedrocks no t only cause a lo t of

w aste residue and earth into the riv ers a nd gullies , but also accelera te the soil erosion of

slope . The fo undation principle of th e course is as fol low s. Af ter slo pe m easured and co unt-

ed in som e sam ple areas of Xinshui riv er w atershed, the propo rtio n o f va rio us shapes of slo pe

is ca lculated , that st raig ht line shape slope is 10% ～ 15% , co nvex shape slo pe is 55% , con-

cav e shape slo pe is 10% , co mplex sha pe slope is 20%～ 25% . The follo wing ca lculatio ns

take co nv ex shape slo pe as the exam ple ( Fig. 1) .

Fig. 1　 The stratum structure of excavated steep slop　　　 Fig. 2　 The cross section of convex shape

Slo pe cross section of co nvex shape slope is draw n a s a pa rabolic diag ram in the abst ract

w ay ( see Fig. 2) . The parabolic equation of slope no -digg ed is
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Suppose the o f slo pe angle dig g ed is U, then
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To dif ferentiate to equatio n ( 4) , then get the fo llowing equatio n
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The co nclusion ca n be g ot f rom equatio n ( 6) that the deg ree ofUis increase wi th x . Be-

cause the degree of slope is increased, the po tential energ y of slo pe increases, the internal f ric-

tion a ng le o f slope earth decrea ses, the stabillity of slo pe decrease and the dow nwa rd slide

pow er of slope earth increase. Under the condi tio ns of v arious ex ternal pow er actions, i t i s in-

ev itable that the ero sio n o f slo pe w o rsens rapidly as the deg ree of slope increases.

On the relatio nships betw een the soil erosion a nd the deg ree of slope , many scholars

32 水土保持通报 第 17卷



hav e studied them according to ex perimental da ta of soil and w ater conserv atio n in loess

plateau, and som e ex perintial form ulas on the relationships betw een the erosio n intensi ty and

the deg ree of slope hav e been obtaind. Altho ugh the index es of slo pe o f va rious ex perientia l

fo rm ulas are v ery dif ferent , the general t rend of soil ero sion becomes wo rse wi th the increase

o f the slope deg ree.
Tab. 1　 Soil erosion modulus on dif f erent slopes under

various I30 precipitat ion intensities t /km2

I30

( mm /min)
5° 10° 15° 20° 25° 28°

< 0. 25 11. 7 28. 8 51. 1 62. 3 82. 6 68. 6

0. 25— 0. 50 143. 6 302. 6 497. 9 649. 2 817. 9 844. 2

0. 50— 0. 75 344. 4 658. 6 1720. 7 1767. 3 2137. 5 2417. 9

> 0. 75 1265. 8 4186. 8 6985. 6 9763. 6 13318. 1 13480

　　　　 ( According to ex periental data of Jiang Zhongshan in so il erosion ex periment s tatio n o f Ansai. )

The conclusio n may be draw n o ut f rom table 1, that the rela tio nship betw een erosio n in-

tensi ty a nd slope is ex po ntial rela tion under va rio us precipi ta tion intensi ties and erosio n in-

tensi ties increases as the larg est 30min precipitatio n intensity I 30　 increase. When I 30> 0. 75,

the erosio n modulus of the slo pe of 25°is twice mo re than that of 15°. The abov e co nclusion

show s that erosion modulus double increase wi th the deg ree o f slo pe increase.

Fig. 3　 Diagram of collapse at excavated steep slope

3　 Project construction making the

surf ace of steep slant wider and

higher and potential gravitation

erosion more serious

In the past study, many ex per ts a nd

schola rs calculated w aste residue a nd

earth acco rding to statistics da ta, but

they seldom studied the amount of slope

soil erosion tha t part S1 dig ged caused

part S2 dw onwa rd slid( Fig 3) . The ca l-

cula tion ma thematics m odel is as follow .
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The conclusio n may be dra wed o ut f rom equatio n ( 10) that part S2 increase as x increase

and

　　　　　　 S1 - S2 = -
2y0x

3x 0
〔 ( x0 - x )

2
+ x 0x〕 < 0 ( 11)

So S2> S1

The co nclusion above show s tha t soil erosion caused by wider and higher steep slant is
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m uch more than the sil t co ntent of riv ers a nd g ullies caused by w aste residue a nd earth

throw n into them.

4　 The plan of project construction and stone pits

Project construction and ex cav ating sto ne material no t only made po tential erosio n ener-

g y of slo pe g reater a nd m ade the silt co ntent of riv ers and gullies much mo re, but aslo caused

la nd resources w orse and land a rea reduced. The most pa rt of sto ne pi ts lied o n the both

sides of riv ers and g ullies nea r tow ns , cities and regions o f indust ry a nd mine. The land oc-

cupied up by w aste residue and ea rth is main ferti le cultiva tio n land . Apa rt f rom main par ts

o f highw ay and railw ay , the g reater pa rt of roads did not take co nserva tion m easures.

Mr. Zhang Sheng li has measured and co unted the w aste residue piled up in Tanyao qu

small w atershed of 0. 9km
2 . The result show ed that there w ere 21 020m

3
of w aste residue

pi led up in three years. If w aste residue a nd po tential soil erosion of slo pe w ere put tog ether

to calcula te, the amo unt of new ma n-made erosio n w o uld be much mo re.

To build hig hway s and railw ays is the base of dev eloping eco no my. Project co nst ructio n,

ci ties and tow ns dev eloping a nd coa l mining are the fo undation of dev elo ping m ountain a reas

eco no my and the sig n of rising the living standards of people , so i t is impossible that no t to

build highw ays and railway s , no t to dev elo p cities and tow ns, not to exploit resources . Fo r

this reasons , the requirem ent of stone material a nd bricks increase day by day. Som e ef fec-

tiv e ma nagement measures must be put into effect , which can bo th m ake stone ma terial ex-

ploitatio n increase, a nd do no t cause the deg ree of slo pe steeper a nd waste residue do no t

bury cul tiva tion land . Acco rding to the basic theo ry and the ex periences of soi l and w ater

conserv ation fo r ma ny y ea rs , so me details manag ment measures are sugg ested fo r som e rele-

va nt departments to reference. ( 1) Sto ne pits m ust be distributed ov er barren hills a nd g ul lies

w here rocks ex po sed; ( 2) In som e cov ered rock regio ns, if sto ne m aterial must be excav ated

, in g ullies some dams and w eires should be set up , waste residue sho uld be th ro w n into the

bo ttom of dams and waste ea rth should be cov ered ov er w aste residue. By this w ay, the new

cultiva tion can com e into being a nd total area of cultiva tio n may no t be decreased. ( 3) Mak-

ing the best use o f waste residue repeatedly. ( 4) In bo th sides o f hig hway s a nd rai lw ays,

some pro tectiv e bui lding pro jects sho uld be put up , which may prev ent the new loss o f soi l

and w ater, and prev ent roads and railw ay s dest ruction and traf fic accidents.
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