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Abstract: To assess the risk of landslide geological hazards induced by slope-cutting house construction, this study
takes case in the completely weathered granite slope area of Yanling County, Hunan Province as data samples.
Intelligent analysis of the vulnerability of slope-cutting construction was conducted by integrating unsupervised
learning algorithms with numerical simulation based on the smoothed particle hydrodynamics-finite element

method (SPH-FEM). Vulnerability classification of slope-cutting construction was implemented via PCA
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dimensionality reduction and KMeans clustering, leading to the identification of key vulnerability factors.
Furthermore, the SPH-FEM numerical model was employed to reveal the motion-accumulation relationships and
energy transfer laws between landslide hazards and residential structures under varying levels of these key factors.
The results indicate that slope-cutting height and the ratio of retaining wall height to slope toe distance (H/Ds) are
the critical vulnerability factors. Plotting the cumulative percentage curve of pcal for clustering-derived moderately
vulnerable samples enables further subdivision of moderately vulnerable slope-cutting construction cases to support
hierarchical risk control. When the slope toe distance (D) is<<0.5 m, a substantial amount of kinetic energy from
the sliding mass is transferred to the retaining wall, resulting in severe damage. As Dy increases, the energy
absorption capacity of the wall decreases, and the hazard intensity is significantly mitigated. When Ds=6 m, the
wall only undergoes minor deformation, which can be regarded as the safe slope toe distance under the studied
scenarios.

Key words: Slope-cutting house construction, Vulnerability analysis, Clustering, SPH-FEM coupled numerical

simulation, Completely weathered granite layer.
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Fig. 1 Schematic maps of topography, geomorphology, stratigraphic-lithologic distribution characteristics, and typical landslide cases
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in Yanling County, Hunan Province
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Fig. 2 Simplified numerical model of the landslide mass and wall in slope-cutting for house construction
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Tab. 1 Physico-mechanical parameters of the material element
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et , AR LG L R 5L
kg/m GPa MPa GPa
IR 2200 15 0.25 15 8 1
R 2100 8 0.3 5 4 1
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REEAE 2500 20 0.25 16.7 12 1
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Fig. 3 Grouped bar chart of hazard-bearing body factors in the completely weathered layer of granite slope, Yanling County
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Fig. 4 Slope-cutting house construction vulnerability distribution in completely weathered layer of granite slope, Yanling County

32 £F PCA-KMeans B MR LLE

(1) HEMEHRY

WETETIR, HARRENPARZ BN — R, R R OOV BER A S . thoh, Tl
BERRT CHIARE” KB EEEERIE, WiE s R DI X AR, BT AN
o PibBEEEE, A5 E BIBUREE BRI 847 R “3RE” IR RE UOE DI PR TSA RUR O E T. Ex
UETAL A (K, TSR I BENLARM S, R i B VR I R 8ek A5 5 iR e R 7 Bk HE R, R 2k
Wit S, Wkl 5 por, EIEHETRIKUGR VIR . SR B . SR
5PRA o PSRRI . DRI, I A 0 S A SR WraR AR RO B, A B R SR AL A S

BORWE T ERE TN S R 1. ISR R R LR, BRI S RN R A 1, HE
9



TR B, XM G 1 BB AR AR A O SRS L S B B R B A S B 5 4
7, B D5 R e B RBOFR LTS . Bl TAEA SR &, 2R et imE, JFAE
W% b5 R M D S5 o 9, i DI s AR A 2 N0 s |2 — 2 Ja o, REARRIERAR AR, A8,
JEEA 5 AN RN R

0.20 -

0.16 4
=
0,12
s
= 0.08
0.04 4
0.00 - - . : r T T :
% s & $ g g g
£ s
o & & & 3 B " o
Nl ,-\ & & 3 S
N b K A 3
\\,& &:;u- "i\
W Ted Ao -
L4 85 45t 2 vl

K5 Gtk 7 =

Fig. 5 Importance ranking of vulnerability factors

(2) HRER

XFiE, MARIER 22 ST A B — 2D WA St ) S A . SR RIRAE, $ PCA FR4ERAS T
peal FliAl pca2 B, RIS 1 Epin T, MSHIEHH 2 B Jra. S0k, P I 5o sl 75
HA1) peal {EA pea2 . FfiJ5, ZET KMeans X BrA YIS b3 B peal (A pea2 EREATHE, JFEE TS
ARG B RIAT AT, T T W 6 Fron i 3 R X 2 (0%, DAL ORISR 1A A
TR RO AL R R 7T AR B, 2Lt 1 Mgl 3 v s Sl i 2 1A%, 4 1 32 4% T peal Hill, JCHSE peal>0,
M2 3 A, T peal<0; Wit 2 FERZIET pea2>0, REHEEHRDIE. AHERI, peal KES
TR YR B B TRREE R

a
154 « 1 (121749 o
- 2 2771
« 3 (10267)
» ®H (524 .
104 .
® e, *
e . e
'S}
‘5 ."i . - ™
£ 5 zd "‘. "
s o
® o.. 0’ ..
0 j - .&-‘ ®ee * ™
.
L] L] Io, e e ®* ®
.
=% T T
-2 0 2 4 6
PCAl

Pl 6 PCA-KMeans 245 1]
Fig. 6 Clustering result map based on PCA-KMeans
10



(3) TR

DA S bl E Al W B 2% ) KMeans SRV 1 5 45 43 45 SRR el b o 0 755 5 40k 20 4 R 3k P SR 201
AR, BNLLEERG R, 5 EAR M T 5 AR 535 MY SURE R sk 2 A% 3 R, IRk Sdr
# (TPR) FIFRFSRAEE (TNRD. drrh e “ IR MR 327, SO “RIRHAIESR” R8T e
FESAE “HERR TGRSR 7, SR AR R 1670 BLRREE (FPR), BT A
TRCOMC) AL, 7353 ZNRIEFELE a Fl b (FOCHEIRRR, 456 a: TPR,=0.930, TNR.= 0.976, FPR,=0.024;
HiFE b: TPR,=0.762, TNRy= 0.970, FPR,=0.030. LRI, # LAERISLE AL MUl & 1 5 itk 5 2
h G AR TN A RIS, UORERE a AN AL BRI RCR L. FERE b (1 F R 2 HITE T
MR, A2 0.8, HHRFFE 097, & 125 0.03, K, VLR b R TIRG B HIIRAZLE, 1
FEME S IR FIRAR . ARG, ORI SIRANYIE R, SORMEN TR BAFERA, SR
X SRR A AR AT 5 5R 1, X R TR X — R B L, TS Z A0 H AR S B PAGY)
Bk 55 Gy AR T AT

fyrh . = TP
i Z. TPR " (D
== —_IN L. =1 —
R R, TNR = ———: RiZ%. FPR=1-TNR (2)

®2 O G IRERER a
Tab. 2 Red cluster-medium vulnerability confusion matrix a

H1 (a4t PP AR 1 (R4 ) PN &t

g3 P 1186 TP 90 FN 1276
K G HHE N 31 FP 1265 TN 1296
it 1217 1355 2572

R 3 BOFRALS RALRIFHFE b
Tab. 3 Green cluster-low vulnerability group confusion matrix b

M3 (&) PP OAE4L 3 (dE4) PN &t

K24 P 988 TP 308 FN 1296
RSN 38 FP 1238 TN 1276
Bt 1026 1546 2572

(4) Kt H R 1

f£ B, CmUEO R EER SR T, SR IR, B R LS T Y
W 5] 85%, AFITorbre Kk, ke vnim A e R EE0s A R e 0 M. $5RRAS RN 3 Ak
NG VI A AR R 5 R UE, 2/ NR SRR 7 Fras, /NGRS B A i 2 9 P AR B £ x £

11



BTN R, SRR BT, BEa: MEKSRE R EME, %K. 4 1 ZEETH
EME 6.8 REm T IR, HERER R, 43 SOEVHEE 3.1, 24 11 50%, R E
T, EPNHRSBEESME L ANMESIESMHEL. A 2 WEEK/NMESIEESEI A S, BiER
G, AMEVEA . AL, IR B SR AR B T AR, TR AN, AEENEE I
MmN EGE TR R, SXAREL TSSO B B A AR, B R A T VI B 5
P N B R . BRIk, 7R TR SO BUE R ot B PR U PR U D (R, R B
[ i P LA 78 R 5 45 P 52 10 1) 2 RE 70 BT

16
] T 25%~75%
14 - - - Hfirgg L 14
. * T
12 4 L 12
10 4 L 10
E s Fs 2
= 6.8 =
i 6 -6 =
=N =
4 L 4
*] '6 o2
0 Lo
'ﬁ?féi #1=1217; m> 277 #13=1026
-2 : -2
DR MR- DA M-S A -3

S RIE T T R N e
Fig. 7 Violin plot of factors of the slope-cutting height and the distance from slope toe

(5) FRM &

PCA 4t )5 BV 5O vI A i, T RR4ESS & K5 VISR OISR 2 51k 2%, e T A
I7i) AR BEAE T Sy PR PR A XU B . 1276 A rp Sy 4 AL U038 B9 ehy T Bl 45 B2 e VARG Kz, b
Jrik, RS TUR A T St A YIS . AL AR peal (B AE R 2 Eh A T Hh 2 4 %)
AIVISEE s it — DAE RS AR 7, anlEl 8 Pow, B S itk ETIERREE, $% pcal<<0.5; pecal<1; pcal <2 =4
WG, ARG 38.5%, 72.0%, 95.6%ILL g3k i il

12



0.8
< 0.6-
S
=
T o4
=
02
—e— h G HEE Lk
0.0 , . . . . .
0 S 6

K8 ZLtufik (hoti) UISod b Blsce R 2 Ll h 2k

Fig. 8 Cumulative percentage curve of the number of slope-cutting for house construction cases in the red cluster (medium

vulnerability)
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Fig. 9 Typical failure cases of slope-cutting for house construction in Granite area
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Tab. 4 Landslide movement and accumulation parameters under different friction coefficients
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Fig. 10 The movement and accumulation morphology of the slope-cutting mass landslide as well as displacement and velocity curves

when the friction coefficient fs=0.2
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Tab. 5 Landslide movement and kinetic energy parameters under different distances from the slope toe (Fs=0.2)
W RHIPE 2 Ds

Ds=0.5 Ds=3 Ds=4 Ds=5 Ds=6 Ds=7
IR B /m 315 421 465 494 512 523
SFHESEE/m s 3.06 343 342 343 343 343
MBNEEIEME/1.0X 10T 230 274 273 271 274 273

15



200 (187 SEEIN
E . B ¢
& *
5 %
EE 200 - = fih
< 1
HE &
= —0.5m
ig =400 s G
§ ——4m
a ——5m
B~ —600 =
— Tm
~800 ¥ T ? T ' T * T * T ¥ T ¥ 1
0 2 10 12 14

6 8
R T (s)
B L1 NIRRT i P ORE T~ Yo7 £% 5 i 0 F 41 22 b 2k
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Fig. 12 Accumulation morphology, displacement and velocity curves of the landslide mass under different distances between the slope

toe and the wall
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Fig. 13 Cases of landslide induced by cutting slope for construction in Yanling County, Hunan Province
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