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Abstract: It is of great significance for improving disaster risk management and guiding disaster pre-
vention work to study the failure modes and dynamic response characteristics of rammed earth build-
ings subject to debris flow disasters in mountainous areas. Based on the field investigation of the Liang-
shan Jiendian debris flow incident, the paper summarized the failure modes of rammed-earth houses
under the impact of the debris flow. By establishing an equal-scale rammed earth building model, the
paper used the finite element method to obtain the displacement time history response and stress time

history response of the structure and simulate the process of debris flow destroying the building. The
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results show: @ The damage modes of rammed earth housessubjectto debris flow are erosion, silt-
ation and impact. Debris flow infiltrates into the room through the shrinkage cracks of the wall, caus-
ing the house to be buried, scours the foundation of the wall resulting in the collapse of the wall, and
washing away the wall by carrying rocks. @ The impact failure of the wall by debris flow is character-
ized by crushing failure at the impact point, tensile failure at the inner side of the wall and shear failure
at the corner of the wall; the damage of the longitudinal wall is the second failure caused by the debris
flow when it destroyed the gable wall, rushed into the room and broke the doorway. @ Moreover, the
integrity of rammed earth buildings is poor, and the cracks cut off the propagation path of stress,
which effectively protects other walls. @ Under the impact of debris flow, the first damaged area of
the rammed earth house is the wall base, corner and impact point of big stones. Therefore, to protect
rammed earth buildings, the stress mutation positions such as wall foundation and corner should be re-
inforced first.

Keywords: debris flow; rammed earth building; disaster response; failure mode; finite element model
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Fig.3 Erosion of the wall that caused the collapse

1.3 HEHEHEIF

il AR 2 U A o A SR T Y e
WIRIE . 75 1 5 & L3k 32 e A oo A U Bk
R a2 A E I e A op AE N, IFop 8 BT
W TR o B B o L 0 5 A, LAt 358 A B
e 2ag A ROF R IRBEIE . G RH TR
25— Ly 8% S P SO 1) T R PR S R T
Bl A AT B (1 4 () ) o GhEE TR JF 11 b hy 2 57 7
LR o Rl R R/ AU ARG L S
WK BT RO TR AR IR TS A R AR
Sy FE B A B A IR, Y e A R /N, 25k
WA TR R R O AR Al /N 4 Y bl AE
L NI IR SR R Ao G e a - KL | T LS|
B 4(b) Frs .

Mgy + B W T T A M S RS R R
A — 2, TR O i 1Y) 0 SRR 2 2 R AT o
AMEEL., MIWHAOSE®EEST THWH,Z
T A7 i il M PSR 2, 24 3.5 m B4R o v 8 (0
i J5 B = B R A e A I 5 R A 5 B A
MR TRAWRWM LR, ARG THERE(K
4(c)) o VA T HE R B W4T U8 A i vh i Jr i
e A7 A B HE BT B RS A, 55 1A 32 0 i) 7 AR
FHAS T WY 58 AR ph T 8 O R R B A P T A B
TS B E R EME R YRR R A, i E
4(d) TR o



(o) BEEFHRP T EHER

2 RARAHEE
21 RERB&HHITE

3 Ao Sl R A e B, o B A R Y A TR A
Y IR vh i B IR O =0, S IR TR IR LB R
A BRI oM 75 @508 Iy N . U8 A I o
i 17 2k Ry e A U b i 75 B s R B AUL Y AN RS A 4K
ok Y8 3K by 7 1 B R K B B U AT &
e 3% it i AR AR A 7K Bh g 2 E B A B A fer 4, R
A B o AR AT B T M o A AT AR L
211 REHREA

T U8 K K R AR /N, BRI AT 220 e 3R K
JE SR K E AKX DI ERE whds 1. R
felef i vh i it BT Rk

(1)U A7 I o 3% 22 AN AT e 45 it A4, O 3 7 7K F
FVEE FL 5 1) JC AR A, HL A % B 7 25 () RS (] 3
B3 AT Ve by VR TR A SRy Y A 2

(2) V& I XF 58 R v i 7 1) 2 BT B4R OF LB
YR dE 2 m it

KT K EIHRE AR (D &5 R a 1 E
HA EWAE, P.Cui 55X 7K 8 J1 31582 s 17 ek

(d) EEEN A ES T imE
4 75 a5 0 32 U i i R
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Table 1 Calculation of velocity of debris flow
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Fig.5 Particle size distribution of debris flow deposits
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Table 2 Calculation of slurry impact force
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Fig.6 Large rocks at the site

hes g TR B R VBRI 1/3 4b . D.Proske 45"
HUL VA AR K op e B T R R B Y 1/5 %)
1/3 4k o Ch.Zeng %A N X T Fi ke A4 i , A He vp
i 1T B AR T 1/5 8] 1/3 4k, X TRk TR A
T, A PR TR R 1/2 8] 3/54b

i LR WRIE A5 B ARG A - Ko B
FIUE A3 — B0 MK TR 3K R e B VR
T MR PE VR AT, B R VR IR Y 2/5 48 g vhli 0 &

22 EFRBEME

221 EmEHAR

AR SCHE FH Y T SR A 2 80 B 55 1 By
J& ST BCHE B 4.6 m, B 3.8 m, B K 7.4 m,
5 2.5 m, 52 R 40 cm, BER EHZE N 10 ecm, M i
it 5, 20 W K A HOE RO i 09 52 i, 9 8 0 A
PRRR A A K I 37 A B A 3 Ry 2B A2 R 0.5 m B BRAA
20 & TV BB B, B AR 5 R A O O [ 8 S
JE IR R R i SR L SRR b AE
K A Y g o 007 8 AR A5 A0 &R o =B (| 7) |, 9F

il di

o

3 600

P

2 000

ERHER,
—_—
e
—_—
—_—
—_— |
o f—
e
——
e

%

K7t &
Fig.7 Load diagram




L35 AN A A 430 0 S D00 B A0 o S — MR, XS BRI
I mi i (B8 .

P 87 FROT AR 1Y L7 He 5 5

Fig.8 Finite element model

222 MAER

7y ARSI BE A RS, BRI R IR
B RE A T S AR IR AR S R E 7 A N R JE
Je KRR CEL9) , B AR SO 98 1 AR R X —
INAZIE B B E AT Z20WE SR R B RR AR R 9 1
MR R AR BRAR S o BB S AR R Ry 3 5] (i
FAS ] 6] 1 o AR O 9% M X 55 1 85 (19 57 7 R 52 56 Fn
e A R 5 AR BB T B T R R RE PR AT A A
A H, AR SO 3£ 3% B R A TC11
KM SH, WKL, KAOWRE T RS, % ER
3g/cm’,

1.0F e g ST S
= I 2atar 0=x=1
08F (14 2yt 1=wsx g
o .
< 06F %5 Ak %ﬁ
I d
= 0.4 :
02k . Eﬁﬁﬁ&:

00 02 04 06 08 1.0
x=¢elg,

K9 FEmeAls

Fig.9 Constitutive relationship for the earth material

x3 FLEEMBELRSH
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