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Abstract

With the development of urbanization and transportation demands, the construction of subways
has achieved remarkable results in urbanization. In cities along river basins, the construction of
subways can alter the topography and landforms, disturb the soil, damage the original vegetation,
cause soil erosion, and lead to serious soil and water problems such as blocking rivers and polluting
water quality. By employing the erosion pin and runoff plot methods to monitor soil and water loss
on depot slopes and surrounding roads of subway construction projects in the Yellow River Basin,
this study aims to characterize soil erosion, quantitatively evaluate its severity during the construc-
tion period, and identify the underlying patterns influenced by various factors. The monitoring re-
sults were analyzed by regression using SPSS and Origin software, and a multiple stepwise regres-
sion model for the sand production of the runoff plot was established. The research shows that the
regression equation of soil loss in the vehicle depot brazing area and monthly rainfall isy = 10.04176
+ 0.00911x; The multiple stepwise regression model equation for the sediment yield of the vehicle
depot runoff plot is y = 257.729 - 1.107x4 + 0.426x1, where the independent variables are rainfall
and soil thickness. It indicates that during the subway construction period, the soil is more prone
to soil erosion due to disturbance. The increase in rainfall leads to a decrease in the soil height
around the vehicle depot roads, resulting in severe soil erosion. Rainfall and soil thickness are the
main influencing factors of sand production in runoff plots, while slope gradient and vegetation cov-
erage rate are secondary influencing factors. It is suggested that in the soil and water conservation
work of metro construction in the areas through which the Yellow River flows, proper rainfall warn-
ings should be issued and temporary protective measures should be added in a timely manner. Pro-
tecting the existing soil, planning the earthwork allocation and appropriately increasing the thick-
ness of the soil layer are the most effective measures.
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Figure 1. Runoff plot monitoring method
Bl 1. R X EEE

FEAR /N DX Bl T L ) R EA 22 DX 4 P R S By RO b P (0 P R A R P A o Wit
EHURT R Ty, B H RS, RAM TR TRE, RRURhIeib&E, Jriads. &l A 52 A
TEARBT AR I = A AT BARRNX IR 5 1~3 %5, B 54k B EMiBUT A MR LR =1mias bmE
BHVNX IR T O~@%, Wil 2. 153 Frow, Kb BT/ Imx2m, K 5L wENEREH
VEAETEAE AR, 0 SR Z AR DXV A 3R A MK PP IR &, AR X AR R L4 1 [16].
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Figure 2. Runoff plot in vehicle section A
2. A ERERERNEX

Figure 3. Runoff plot in vehicle section B
3. B EWBERNX

Table 1. Runoff area information
=1 #RIXESR

s A /N DX THIAR/m? W) +- g LR /mm TR 78 75 26/%
1 A ZEIREL 2.95 13 -+ 240 10
2 A ZERREE 2.96 10 L 237 40
3 A B 2.98 11 et 242 20
@® B FHHEL 3.12 34 Wt 217 5
@ B FHiEk 3.03 35 Wt 220 5
® B 47 3.06 35 b 221 4
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Figure 4. Insertion method

B 4. #3FE

Figure 5. Brazing in vehicle section A

& 5. A ZEERECNST

3. IEMEER
3.1 EE

HAAZI9 Ay, MIEERATTHIEREEE, ZHIta R FERICR, FARERE 110mm, BZ4
A 71 mm %, S5E A5 REHE SAR/NX R R E S EE, 2023 4 9 A IhX A 52 A G
X5 B 52k B ZRmE X 45 2 L4 2.

Table 2. Rainfall information of vehicle sections in September
# 2.9 AR EWEEMER

B ] Wik Hb s 1~3 5 24 /NI B E/mm % T 2
B 4B 7.6 7.0 7.2 /NFR
2023.9.10
A FEHRE 4.0 42 4.0 /NFE
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B 4Bt 2.0 1.8 2.4 /NF
2023.9.13 2

A B 7.6 7.0 7.2 N

B -4 47.0 48.0 47.2 KR
2023.9.20 3

A B 76.0 76.6 76.2 2l

B 4AHEL 24.0 23.4 23.6 o]
2023.9.26 4

A FERREL 18.8 20.0 19.0 RS

A B2 N L, BARRCS RS FUBER . KB ZERE, MRS kAR ERK,
15 A ZERBARTR/NX RN, B AR 200 R e A, B DOE H A 00 T 5 LRI/ R A
R A I R K BRI L2 T B BB LR 2 8 & A KE R E] L, T A R,
IKIARGBIE, Bo FBOKELIRRERE, AR, JFH B EMBARGUN X IS HOR, sk
PR AN VER, ERPEL HSR AN PR AE I T, AR/ X N 1 3T S22 KB E SR, i
AR BHIAR . B P R SR AP T, RIS AN [ A R R N, R SR AR b ) B MR, AT
eS| AR S TSN A IO DL, ISR K R R B R[17]

3.2. FHREIKTREMMER

3.2.1. BRI =iH BFFE

MAERRITURRERT LTI, 24 /N P R 452 15 A8 IO BN, 10y — e B IRBE R - 55 OB
MEiAE, RIS A ZRECRT B BRI /N NI R R, 8 TSR sl 24 e, @l L
THG ARV BN A P REAT T A, TR 1057, HET IRy 10 /D, fefafii
I, FERE 6. K7 Frw, P ERNIHCR AR 3.

Figure 6. Sample in vehicle section B runoff plots
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Figure 7. Sample in vehicle section A runoff plots
B 7. A ERBRERNRIDHEER

Table 3. Record of sand production in runoff plots
3. BRDIXFEIDELR

H i1 % = /mm FINX IR /mI HE/g =+ TLhEHg YL HElg
7.6 B-1 1000 52.20 60.26 8.06
7 B-2 950 55.27 63.44 8.17
7.2 B-3 750 52.36 59.79 7.43
9H10H
4 A-1 460 52.93 53.04 0.11
4.2 A-2 500 56.47 57.08 0.61
4 A-3 300 52.49 52.78 0.29
2 B-1 200 52.38 55 2.62
1.8 B-2 200 55.60 58.02 2.42
2.4 B-3 200 52.17 54.5 2.33
9 H13H
7.6 A-1 800 53.02 53.5 0.48
7 A-2 800 56.49 56.6 0.11
7.2 A-3 800 52.51 52.6 0.09
47 B-1 2500+ 52.4 110.56 58.16
48 B-2 2500+ 55.38 110.58 55.2
47.2 B-3 2500+ 52.41 108.94 56.53
9H20H
76 A-1 2500+ 53.12 60.31 7.19
76.6 A-2 2500+ 56.5 70.85 14.35
76.2 A-3 2500+ 52.77 63.11 10.34
24 B-1 2500+ 52.5 76.44 23.94
23.4 B-2 2500+ 55.5 98.23 42.73
23.6 B-3 2500+ 52.5 7151 19.01
9H 26 H
18.8 A-1 1900 53.5 55.41 1.91
20 A-2 2000 56.5 62.12 5.62
19 A-3 1600 53 55.21 2.21
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3.2.2. {ESTE T BYHE

DA 2023 4E 9 H & 2024 4 2 AR B, LA A 2 HAE A ZERBCRT B 2450 BUsk £8 0 W 35k i A
R4S 20 FRDUEF AN 358 2 1HI G N (K 21 BE AU 218, 2 I 5 F W15 19 ZE 4 BB AT Ak - 358 38 T o o Fr) 1)
FEREAT BB FC SR, SVIAS BT I, FI R IR B R AR . A F
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Table 4. Brazing in vehicle section A monitoring table

4. A EERETN ST HTN R

e 9H2H 10H1H 11H2H 12H1H 1H3H 2H1H
1 10 9.7 9.6 9.5 9.5 9.5
2 0.8 9.6 9.5 9.4 9.3 9.2
3 10 9.7 9.6 9.6 9.5 9.5
4 10.4 10.3 10.2 10.1 10 9.8
5 11.1 10.8 10.7 10.7 10.6 10.6
6 10.7 10.4 10.3 10.2 10.1 10.1
7 10.8 10.8 10.4 10.3 10.2 10.1
8 10.1 9.8 9.7 9.7 9.6 9.5
9 9.7 9.5 9.4 9.3 9.2 9.3
10 10.2 10.1 10 9.8 9.7 9.8
11 11.2 11 10.9 10.8 10.8 10.6
12 10.8 10.6 10.5 10.4 10.3 10.2
13 10.4 10.1 10 9.8 9.7 9.7
14 11.2 10.9 10.7 10.6 10.5 10.4
15 10.3 10 9.8 9.8 9.7 9.6
16 10 9.8 9.7 9.6 9.5 9.4
17 10.3 10.1 9.9 9.9 9.8 9.6
18 10 9.8 9.6 9.6 9.4 9.5
19 10.2 9.8 9.7 9.5 9.3 9.3
20 10.4 10.1 10 9.8 9.7 9.6

28 N R 2 FEAEAN R H 2 60 i s, B AR B BRI AR R N FE . XA RER I B
RN, LR EARABONRRE . RIEATCh R R, SRR &S R ERIEL, #1200 W )=
RARZNEAFAEZAIVEAR A . BRARIX SORR 5 A% rP X 220 PE R A2 I 18] _EAT BT B2, (B EL R A DR SR OG AR T
RETEAN I, PSR AT R RO IR L | AR e A DR 2, B D [P R 2 o 82 220 )
BH. NTHRARERES LR R Z AR R, W Rt — P dE i
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KAMG I I3 HLREHEA 38— JellAp A Z el 5. —JelBIRa sk — a2 E
A—ANHAL R, 102 e BH T A B AR B8R, 2R R T3 N Bl 73 A
FELRAE AT o AN BV 7 TR BE F S B R AR B (AR AE 2 S &, RIT A — S ELERIE A ROR

CEAMZIEIR R TARZAE RIS A RR T2tk R, TR R 28R R .

4.1. FHR$FREYAS 4

A M B FEARBOK LARFF AR NS B MR 8. K 9 Fos, PIANHERBUAG BENET i -3k i
JITS ISE (14 221 L AE il 2 P 1) AN BB TS e

1234567891011121314151617181920

2w )
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=]
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Figure 8. Brazing in vehicle section A monitoring chart
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Figure 9. Brazing in vehicle section B monitoring chart
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Figure 10. Brazing 13~16 in vehicle section A monitoring chart
B 10. A ZE4HER 13~16 S 5T Mol
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o

TEFZ1
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—0— 1655z
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Figure 11. Sample brazing in vehicle section B monitoring chart

B 11. B ZEAREHAF T I E

NI SR F 3R T T B 2 FE R R A S B RN R G R, B I EEHORE ) 7 U A RSB 13~16
SR AR FET 5, W IR 1] Y IR 2 B AR S an P 10 R B RGEERERI T, BLDUANRE
ARG, LS. 65, 11 5. 16 SUEFARFF S, H Wt 6] py i 04T 20 B (8 A8k a3 4 1]
11 s PRAAREARBERHERAE 9~10 HA BRI FREES, IR H M TRGEHRETRE, 5NN E B i
RN AT, At —DHE LR mE SN EZ R SR B, FIH 1BM SPSS Statistics 27 Origin
2024 X AT EEA ST, AR WE 12 Fis.
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n bR/ cn
10.6
+
®
=
oL
> 10. 4 y = 10.04176+0. 00911x
]
R? = 0.95699
10.2
L I}
10' 0 1 1 1 ! 1 1 1 1 1 1 1 1 ] 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
A B W B /mm

Figure 12. Relationship between soil surface height and monthly rainfall
El12. tREESARRENXR

o 3t el SR AR SR TN R B2 5 H BN B At IEAH O, DT 2 SRt I PRy A 26 T vy B2
G2 H BB Rk, [RIH 5N y = 10.04176 + 0.00911x, ¥ )5 R2 )y 0.956 > 0.5 Hi%iE T
1, PEBERLE, 232 Sig A 0.0007 <0.001, [HIHKLEE, HWMEHA.

[ =1 3 A 15 281 PR 500 2 B o R 2 B s il 3 11 v R AR A, (FLBER 9 5 119 AR At M R 52 ) 3
MW 78 d R SR R, b I K LR . O TIRAER /K i e & T AR R R 2 MR R,
XA /INX W 25 AT 2 7018 48 B 43 #r [18]

42. BRIMESTELSE RS

WEFE AN B AN BLE B AR R — AR R B AR R, AR Z e R i, RILX—H&
RAMEF AN, FRONZ TR . ik 2 0380 BIH 70 5 S0 2 etk B 0 Hr AR, 38
A A7 M i — FR 8 S A D BRI o R A B 25 TR F AR, AT — A S i EL T
RE 758 AR A

MHISCARS, AEDEFE R I b, DIEF B0 R T3 2 m 5 H PR B R 2R MR IEAH O, AT A5
KGR S BRI KRR, EX TARRUNX, AAE— S A PR SR A S i e 00 ¥ [ A A )
T8 i 5 S DAL Z ST REXS Vb B i IS, O IR TARI/N X B S RS R AR O, BE A DR AT
Jitg, ASCMMZ eB P BIHTRER DR SEbR: FEME Xo. MRERE Xow BUE Xoo HEEE X, 5
HASE YR Y BEAT R, 08 s U I T

BIG A7 M AR S A BB B AR B GIN, SIN RS H i 513705 An2e ke o 2 2 3%
Mo KERERTR Xoo MHBEEE R Xou BB X BB X ARIKFIN, BEIA-DMHMEZEE, ZXIH
(¥ BRI, 2B E P07 RN 25 0 B AR R XA B SIALAIER, BRIBEHREIIA
WA EMIER v IE, R RRINEE 5,

Table 5. Steps for entering and removing variable a

#5 MASKRELE a P HLR

B MAREE  BREANEERE Jiik
1 TR / ARECGRE: BRI F IR <0.050, ZEREMFAIHEA > 0.100)
2 Bt B / ARECGRE: BRI F IR <0.050, ZRREM F AIHEA > 0.100)

AR PR
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K ERRLEAE, YR, B ENFTEIRIX DR R E, kA AR B 1
AN TASR “TIRIERE”, BB IR R AT HAh =N s R F SR U B AR R R AR AR, Rtk
.

£ IBM SPSS Statistics 27 B 1% [RIH 26120 M7 Ja I PR RS R 45 SR an e 6, R (EDNAHC R 8L, A%
HMEHET 1 RUBEZ WA MR R, BT 0 RPUBEZ L FRAHKIKER; R T
MPEHE PG FERE, HHUEVERELE 0 B 1 208, RZEEHL 1, UiARBAILA ALY, Ree MRl
%, S, REERRE, REEIFA— € BWE B AR T 1) WG R2EE THRAT AL EMNEE,
HHFHRAFZ REEA, MR NEEE SR R? BEEN, EREEEN R IEIMAZE, nJReRk
FOHTEN N B A Y A SE TR, BRE BLAEAE I LA LR bRdE Al B R R A T E R AR i
iz, HTHEAG 2R . FERESHT, B BRI A SR 22 RS il T B 3 i T L Sl
[19].

Table 6. Summary of models

* 6. HAHE
AR R R? A R PR SR TR 22
1 0.536a 0.287 0.255 16.55679
2 0.766b 0.587 0.548 12.89629

(@) FmArE: (W), HEEE; (b) FNTE: (F8), HEEE, BWE).

NG AR “FENER” 5, HMRARBR) R?UURHE)E K REIHR, FrfEfh SRR Z N,
VIR 2 BT 1 D S0 A0 [ SR

Table 7. Analysis of variances

®"BRROW

Ay SEJT A H B df By F B#E M Sig.
[e] I 2430.235 1 2430.235 8.865 0.007b
1 W7z 6030.800 22 274.127
Mt 8461.035 23
E)E] 4968.435 2 2484.218 14.937 <0.001c
2 k% 3492.599 21 166.314
Mt 8461.035 23

RAZE: ybE; TR (FE), BREE; HER. (F8), HREE, FEWE.

W 7 Fin, (2 0B RIS, HN L S PR 1 B U 5% R I A 58 AR S 4
MR, TLAE AR 1 e, Y IR AR EA RS, F=8.865, W Sig<0.01, B
BRG] 956 R A3 DA IR m i B8 v, ER 2 v, 2 “HIRERE” | CBRNE” SR EIEA T
5, F=14.937, R Sig<0.001, HtHIRIAYUA[F bR 2 (8] FR3AME 22 S B0R,  [H 56 BRI AT )
LA E
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W 8 fin, LIEERE SN ELE MK BRI R R, HA R R R B A B =
-1.107), TRE N R IEA (B = 0.426), HAEA 2 (B 2 YEMG (p < 0.001), AENS B 4= BRI 2R
P E

Table 8. Regression coefficients and t-test a

8 EARKK t1a

RARUELL R EL PriEfl 7% Beta
LAY B bt i t L3 Sig
(&) 237.092 75.088 -0.536 3.158 0.005
. taE R -0.973 0.327 -2.977 0.007
(% &) 257.729 58.725 4.389 <0.001
2 R -1.107 0.257 -0.609 —4.308 <0.001
Fem & 0.426 0.109 0.553 3.907 <0.001
a. AR PUbE.
Table 9. Excluded variables
F 9. HBRMTE
T i \ Beta t BEME Sig EREPS MG %
Ree Y = 0.553b 3.907 <0.001 0.649 0.982
1 LER T 5 —0.029b -0.121 0.905 -0.026 0.589
W 0.267b 0.340 0.737 0.074 0.055
T E R —0.045¢ -0.239 0.814 -0.053 0.589
e 0.333c 0.547 0.591 0.121 0.055

a. PARHE: PAYbEL; b B EORINACE: (FWE), HEEERE; o BRI, (FE), TRER, FRE.

mEIPIR, “WHE” . MEEEGE” MEZEE Sig KT 005, AEZRIFEE L, X HEE”
RIS, SRR, AR EEREMGRE TAREAREE, B 2 ByERmE A
B, HITHEAN:

y =257.729 — 1.107x4 + 0.426X1

KAy NP E(g), o NEIEEE(mm), x AW E@mMmM).

Z A7 AR R B R B AR T NX = B S TR R A Y E N B A E B VISR, HEEX
RELATH, BT I &R RN N ERNE x> TIREE xi, BB SRR X0, HWE xs X
PR —E R, (HAE B AN R 2

5. &R 5EW

X B R R Bt X PUTE A A S A FAECS B T4k B A RBUE v A ) AT K
b ORFR I, R A TR AR /S X 00925 A EAE B ) = b 3 T v 2 1 ) A2 A DA R i - 3 #E 7k
B R e VR VDI A B, I SPSS 2Rk Rl VA7 H AL AR SR If v B 5 ) B B R AR IR, BEAE B
ORI, R AL IR LGN, K L FR RGN, LRERE T . @it SPSS £ JuiZ b [nl
IIMTENE T N ZE BRI DD B R R AR AR, 34 1 RTRERE M P Vb B DURP R bR PRI
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WO MMEER . BRER, ERESUE. BB G RN REMARFENARERES, &
SL T EAREATIRE, A T BN P R EE R NN R S HREE, B AR REY
Wi RN 9 R R B X > HIRIRIE X, (45 1R

T B sk I H A B B B UK BRI INAE R S SPSS A Arasit, Xk g X
IREORFF TARSR I — Ll

1. BT FHWNERLEMK LR B EZRER, RSN, SR Py i,
DR IR I A o B B ARV I BT IE I A, LY/ B RN R e 1 R ) R K

2. BN 3R U D A R, R ECA R TG N R B R s R EUE . R L AR, RE
WG BEFFAZ, A ERRI T RS, DA IR . RIS, SR AR R . P R U A
SREERE, R m TIRGTEE T

3. Sl > R A S AR YR IR RS, i L X AT B, W TR
S XH, SR TARB B, W E A R RS MR . LI X, T RTE
IR i RSB B AR B

SE K
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