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Study on dynamic response of anchorage landslide under
earthquake at different loading magnitude
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Abstract: In order to study the dynamic response of the landslide with anchorage system, a larger shaking table
model test was conducted. In this paper, the acceleration response of anchorage body and mechanical properties of
anchor were studied respectively at different magnitude. Results indicated that no matter at however or low high
magnitude, the anchorage structure globosity was better, and had no obvios superficial effect. Acceleration
response of measuring points present “top big and bottom small” type in elevation direction, and it became more and
more obvious with the loading magnitude. PGA of the measuring points was increasing with the loading magnitude.
At low magnitude, PGA amplification factors of measuring points slightly decres with the loading magnitude, while
at middle and high magnitude, they increas with the loading magnitude first and then inclined to be stable. At low
magnitude, the active anti-sliding and anti-seismic effect of anchorage structure can not fully play their roles, and
consequently, the average axial force peak value of each anchor had not much difference, but the bottom anchor and
bottom cross beam were slightly larger than that of other four layers. With the loading ampitude, this distribution
type was changed, and at last it presented “the top layer™ the bottom layer >the third layer>the fourth layer>
the second layer”. In addition, the average axial force peak value of top anchor increased obviously, while other
four layers tended to be stable. Research results of this paper are useful for aseismic design of landslide treatment

with anchors and lattice beam in high intensity areas.
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Fig. 1 Elevation drawing of the model
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Fig. 3 Acceleration time history and

Fourier spectrum of seismic waves
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Fig. 4 Acceleration response of measuring points with the

loading magnitude at Wenchuan wave
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loading magnitude at El Centro wave
SPE R o R 2 R RO Y 2, A% )2 M N ) AS By
I K.

(MR A, RERETE AN, HAE kW
LR R AA 2 5. Bk, 7€ El Centro il
T P 3 A AS ] 0 00l A T, B 280 58 ) 3
K, DR B ) 1 AR e Pk TR AL, H
TR ECHEIT. ARSREEEK (0. 05~0.2 ¢) T, i
FEAE A6 40 45 40 1) S PUI PURAE IR R B2k
1, B LR BUAE L, TSy o & e 5 D)
BZEECN, 2)ZKFEUIE B T L A AL 5
HPEREAR, PGA R RECAFTBU/N. W o
TNFI Gl T A% A4 4% B0/ G 5, BEAT . A%



680 [N S A S s PN

¥ MERPHEM) 51 %

A Y A W) AR A E AR, R AP 1 5
B i PGA TR R ECA B .

AR E, FEINEGRE MK, PGA &M
PGA JEUR % il Ze MK 853 10, B 1 ¥ By R
AT VR A T B SR R W, A% 00 AR R R TR R R
Pl 2 R B 2
2.3 SEFTHEh F1 e R 53 A

RISt A 5 2 4 50, B L Farnlh 5
—REWiE), FTRE. B=Z2 FWE. B
()2, WMT IR BRI X AR #, AL —
HNVRERT Ry B AT 43 B, b O A5 Bl A AS ] )2 6 A 1
Bhme R, FREAREAT B ST, S2. S3 A S4 ki
{18 b o 8 L~ X8 L g A 1) b L 0
15 WA 2z E) i) SE R ().

F = FEAe (1)
At FOAB S E DR E, AR5 R
2X10° N/mm?; A M5 E L, B 28.26 mm?; e
Sy N AR

6. 7 53 3 R N B A EL Centro 3 34
Jili T % 2T B 52 I 0 R 0 2 i B 1) AR A o &2,

600 - —=— M1-2
—e— M2-2
| —a— M3-2
| —%— M4-2
—— M5-2

HFEFIHIIN

0.0 0.1 0.2 0.3 0.4 0.5 0.6
$IAPGA/g

B 6 KB T&EET R NIEERmMEEENEL
Fig. 6 Stress characteristics of anchors and lattice beams with
the loading magnitude at Wenchuan wave

900

—a— M1-2
—e— M2-2
750 4 M3-2
—v— M4-2
| —e— M5-2

[ 7 El Centro i #F) T & = # 4T F M S 1EE
i fin 2k 58 B B9 4L
Fig. 7 Stress characteristics of anchors and lattice beams

with the loading magnitude at El Centro wave

AT 2.2 90 B B 45 SR W) A, 0.05~0.15 g
B EE M E T, & )2 8@ AT 0 3l Jyme B 22 %8 K,
BATT- 34 by 0 8 i 2R 0 A AR, HOE(E 2.
0.2~0.3 g MNZE I 3 b i 38 00 b F AS B U8 28 B I
MR, WA ESPURDUE EH G, T2
BT Sl I AE TR AR K5 0.4 ~0.6 g &y o BE N3,
I, RS B AU AR TR R, T2 R AT
i T g 2R A K

BRTE, REEME T, #F EhdEd
ERER T2 %, &2 ah hiEE 2 %A
K, K24 e fans s T HMmZ X5
TN B AT A A 1 32 0 L HE I, WO AR BY
R EE T | 2 AT Z A R R B
BORERR K, BT B PURDUBE R R, &
ZEFFZ I A T AR, AN E 2
(MR >FERRZRB)>E=Z2>FWNE>F
27, HLI0Z A2 78 20 B 1 i 8 K )k Sk
FEHA AL, HARDY 2 TR .

B, FEPUR DU Wit B, B 4E o E [
FED ) JEL D0 A, R 7 R i) 3 T 9 R TS A AT R T2
BERI 22l & A, IR 5 76 5 e
MR T % A i bm, | AR V) B R M DX AT A A G
RSP T, IR T A AT . PR AR R & ik
/BRI R AP Rl BT X 2 A

3 #Hit

W R IR B G, PES 7 IO EL
Centro ¢ 45 I 235 5 A FiT T 4 A4 S22 il [0 345 35 660 o
RPN B | BT ) 52 TR S Bl e N LR

(1) 382 e A% v 5 D00 50 60 003kl 38wy 2 b KR
AN SRR B R N B R A — E
e — e e A2 35 TG 5 39 VR0 0 B 7 20T, [ 4
P SR — 8 R B2 b GR 1 8 AR b 3l A
TEB TR , b V3RS B 1 A R ) PTRR AR

COARSREEI BT, & W PGA R R E bl
NG LR AL ME AT s L SR,
BAATAR AL T2 S DR YU A5 20 300 o, BAT A A T2 i
[ T S ) R R R 0 i, A5 I PGA TBOR R BE N
B0 ) AR AL R BRI B R e TR

(3) Bl N5 BE B0 K, AT BB PUR P
Fitkigon, &2 B kAL TIHE, R
WEAE-Z (MR >HRIZ(RZ) >R =2 >
FWZ >R, HWUZ 32 1 B30 3 K
B A SR B Y, HC A DY )2 ) T R

(1) T AU G A A 1 — Al AT A% AL S i



5539

(E =

ORI, PO M G SR AE T R BRI B, PR
RESEFRAH . B H A 5 0F b A T i AT s A S 4 T 3
BBl e 22 5, KR AR SRS B — A B FE.

S #3#k  References

(1]

JfER:, sk@BE, i . DO ME E R TR E
FHoaMLI] 4% 5 TR%, 2010, 29(3):
565-576.

ZHOU Depei, ZHANG Jianjing, TANG Yong. Seis-
mic damage analysis of road slopes in wenchuan earth-
quake[]J]. Chinese Journal of Rock Mechanics and En-
gineering, 2010, 29(3): 565-576.

TEIERT, MER, MEH, % . BT IA A% AT
R Jyme B oA (T ], DU R 2= 24 (TR R =R
2016, 48(3): 48-54.

WANG Banqgiao, HAO Jianbin, HUANG Yuting, et al.
Study on the dynamic response for framed anchors in land-
slide prevention[J]. Journal of Sichuan University (Engi-
neering Science Edition), 2016, 48(3): 48-54.

FEER, A, B, & RIS SR LIRS
BRI [)]. B0 %5 TR, 2015, 34
(2): 293-304.

HAO Jianbin, LI Jinhe, CHENG Tao, et al. Experi-
mental study of slopes supported with framed anchors
on shaking table[J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2015, 34(2): 293-304.

VR, B4, BiEE, & . R Tk
3l I3 v 5 Al B s ML LRI A ST [T ], IO R A
2R (TREPRFER), 2010, 42(5): 164-174.

JIANG L W, YAO L K, HU Z X, et al. Experimen-
tal study on slope’s superficial dynamic effect and an-
choring prevention mechanism under earthquake dis-
turbance[J]. Journal of Sichuan University (Engineer-
ing Science Edition), 2010, 42(5): 164-174.

WA, AN, X=, & PUEAEAETFR G X T
DR ERIES G R[] LR TSR,
2015, 48(9):96-103.

LAI J, ZHENG Y R, LIU Y, et al. Shaking table
text study on anti-slide piles and anchor bars of slope
under earthquake[]J] China Civil Engineering Journal,
2015, 48(9): 96-103.)

QI W J, QIAN X, TONG N W, Seismic performance
analysis of fill slope with pre-stressed anchors[J]. Ap-
plied Mechanics and Materials, 2013, 2545 (353):
2052-2056.

DONG Jianhua, ZHU Yanpeng, ZHOU Yong, et al. Dy-
namic calculation model and seismic response for frame
supporting structure with prestressed anchors[]J]. Science
China Technological Sciences. 2010, 53(7): 1957-1966.
Wb AE . B b DXHE QR TRR ) AT AP ik (D). 2
22 M T K%, 2012

YE Shuaihua. Dynamic response and stability analysis

of slope supported by frame with pre-stressed anchors

[9]

[11]

[12]

[13]

[14]

(15]

bR AR P T B T 3 1) 3l 7 ) 7 2R P A 5 681
under earthquake in Loess area [ D ]. Lanzhou:
Lanzhou University of Technology, 2012.
W, A, SmET, % . AW RSN

M 7 () R T4 Bl S A R [T .
2008, 27(3): 624-632.
XUG X, YAO L K, GAO Z N, et al. Large-scale

shaking table model test study on dynamic characteris-

a1 TR,

tics and dynamic responses of slope[J] Chinese Journal
of Rock Mechanics and Engineering, 2008, 27 (3):
624-632.

VALERIO DUARTE, COSTA JOSE SA DA. Identif-
ying digital and fraction transfer functions from a fre-
quencyresponse[ J ]. International Journal of Control,
2011, 84(3): 445-457.

SAMIMI S E, MASIHI M. An improvement of the
matrix-fracture transfer function in free fall gravityd-
rainage[ J ]. Petroleum Science and Technology, 2013,
31: 2612-2620.

BREE, A, 26, & . RS R B S TR R
AR 0 BRI (T]. & 1%, 2010, 31
(5): 1368-1374.

JIANG L W, Yao L K, WU W, et al. Transfer func-
tion analysis of earthquake simulation shaking table
model test of side slopes[]J]. Rock and Soil Mechan-
ics, 2010, 31(5): 1368-1374.

RS . HUEIE SRR [M]. R R
PR AL, 2005.

YANG Junjie. Similar theoretical and structural model
test[ M ]. Wuhan: Wuhan University of Technology
Press 2005.

BB . B8, 0 L FE b & i T I FE ML B H st
TERRIT ). B 25 TR, 2009, 28(6):
1239-1249.

HUANG Rungiu. Mechanism and geomechnical modes
of landslide hazards triggered by Wenchuan 8. 0 earth-
quake[J]. Chinese Journal of Rock Mechanics and En-
gineering, 2009, 28(6): 1239-1249.

TEN, SREZ, AT . S IZ R T A% ik
PR B RS [T]. 8 & J1%, 2017, 38(4):
1052-1059.

FAN Gang, ZHANG Jianjing FU Xiao. Research on
transfer function of bedding rock slope with soft inter-
layers and its application[J]. Rock and Soil Mechan-
ics, 2017, 38(4): 1052-1059.

A4, TR . WIKIT . W Y7 646 4 2 TR g
PR WF 9T [T]. & £ TR, 2015, 37(8):
1375-1380.

HAN Dongdong, MEN Yuming, HU Zhaojiang.
Model test on prestressed anchors with lattice beams in
landslide protection[]J]. Chinese Journal of Geotechni-
cal Engineering. 2015, 37(8): 1375-1380.

(R#E L PO





