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Aseismic strengthening effect of geogrid in high rockfill dam
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Abstract: Rockfill is unstable because of the magnification of earthquake acceleration on the top of high rockfill dams located
in strong earthquake areas. To improve the strength and stability of the rockfill, reinforcement for the rockfill at the upper part
of dams is an economical and effective measure. Geogrid has been widely used in aseismic reinforcement because of its
superiority in interaction with rock and earth. 240 m-high Changhe Dam core rockfill dam is taken as an example, and the
aseismic strengthening effect is analyzed when geogrid is used in the rockfill of dam crest. Dynamic response of the reinforced
dam is analyzed by means of the time-history method. The results are introduced into the finite element method for slip surface
stress analysis to investigate the effectiveness of restricting permanent deformation of high reinforced rockfill dams based on
the Newmark’s sliding mass method. The results indicate that during the earthquake the force on the geogrid is much less than
its tensile strength, and reinforcement has little influence on the dynamic response of the dam. But once slope slips, the
reinforcement reduces the permanent deformation up to 40%~50%, limits lateral movement of the rockfill at the dam crest
effectively and improves the aseismic stability of high rockfill dams. The stability is sensitive to reinforced length and vertical
spacing, and their rational values are 40~60 m and 1~4 m respectively.

Key words: high rockfill dam; geogrid; dynamic response; permanent deformation

it

0 3 RasE M4 52k

W E R AR e, WKk H 25, W L aPUEME kT, IR A 1/4 W
SRR [ PG S K B R, R Em e Tk e v B Py R BN 5 B A 4 B A i BT
s, Horrm AT 5 PR BIAR K. (E P X Hb R S —
SRR, MBS HRELR, FikEampyE YRSB: 2010 - 07 - 05



1426 "+ T R ¥ #H

2011 4F

K007 1k b R ok R e UM A R R Bh B VR, e
R RS It EI AR E A 75T, TR
M5 3 A A 1) S T 2 A R i v AR 2540
e A& BRI SR, it B TERE K, Pide
SR . WIMEL. EER. BWSRE. Mg, ¥
&, BN B Rl R A S N e ) 32
Tk — . 1l 160 m 7 IS 7K ZE EHUIME T, 125
m 15 BT VR E LB HE AT RN 240 m KL B
A SR FH ml R B AR A S TR AT B AR [
HAT, A8 B s o b TR AT AR i 5 R B
PR R Bl AU R BHR AR /b, BT AAS ST LA 240 m
KL HEA IR, B 7R HER LR,
X0 AR AT BB )1 S S A AT, R B 770 R 7
gE IR EE S Newmark 18 BVEEEE , SR M TN 7340 BT
A PR IGI20 o 7355 FR i v HE A SRR K A TR (1) T A %
RHATHE AR, BEAE -G RER.

1 IRt ERE
TR P v R R 2 B e S P R L v
TREMAM, £ FRET, KEHFREE. L.
DRTIRE A L VA0 s 2R S T R R T R S RAR 45
W, WP 1 FR. EAEHEA A, RS TR
5 A D) R 25 T B2 U, M U0 3 7 4 BEL 0
H LS A R AR (L 2), BRI b
FHEA AR LRSS RN T SRR B R T,
TS AN HE A R G R R e . ERT, A BRI ML
RNV 5 LB b 0 5 TR A5 AR B T, S
o U SR PR 86 5 S LR
3
N i
- 4
1—8 22—l 358 4—FL

E 1 et T A&
Fig. 1 Uniaxial geogrid

B2 T SHEAEEEER
Fig. 2 Interaction between geogrid and rockfill
X BB N ) 5 AR A = A ) = Ak 6 45
RO, RN LAE 0y I o EH I8 BIRRER P-4, T8
Dy INIH A FIRE RN oy 1 F T Bhas AN 28K IR

i, TREAL T HAET RS (sl 3 Fran), BN
R S

-

& Ao, Ty 9 Ag Oy
I

AR BTS 2R 3P AR T
B 3 mastRhE S
Fig. 3 Stress circle analysis of reinforced soil
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Table 1 Static parameters of major materials without reinforcement

Bk tRe iy T 0, Agp C TREIRTR
+ B ’ g 0 R K K .
AR Ngem®)  /(gem?) 1) 1°) /kPa f n b pIC) c/kPa
ek} 2.24 1.34 48.1 7.1 35 0.80 1259 0.36 257 0.25 423 10
SIER 1 2.32 1.37 41.3 43 37 0.85 933 037 230 043 37.3 37
JRIERL 2 2.34 1.39 49.8 8.8 20 0.79 1259 0.31 490 0.15 38.2 37
JPER 3 2.32 1.37 45.6 6.6 35 0.76 955 036 191 0.41 39.0 37
LoR R} 2.32 1.37 38.0 6.3 40 0.84 741 033 232 064 35.6 40
JuR 2.21 1.32 50.8 9.8 30 0.73 1000 0.24 214 0.23 40.4 30
=2 AMEHNEEEMRHEH
Table 2 Dynamic parameters of major materials without reinforcement
S b ap ) JuR JRIERL 2 RIERL 1 WL DER
[® 3106 2920 3282 1049 895 1329
n 0.468 0.452 0.526 0.613 0.537 0.518
=3 KM EEMRFTHEH
Table 3 Dynamic parameters of major materials without reinforcement
WAk R IR 2
G/Go G/Go G/Go
0, 0, 0,
ym P A 1% ym % A 1% ym 1% A 1%
3.17x10° 100.00 1.25 3.81x10° 100.00 1.27 5.98x10°° 100.00 1.07
6.70x10°® 99.99 1.46 7.63x10° 99.36 1.83 8.07x10° 99.87 1.51
1.15%10°° 98.11 1.67 8.57x10° 98.69 2.14 1.15%10°° 98.43 2.01
1.83%10° 92.56 2.13 1.17>10° 96.56 2.15 3.45%10° 82.66 2.47
4.97x10° 80.56 2.25 4.97x10° 74.01 2.85 6.10x10° 72.55 2.66
0.0001 68.53 2.54 0.0001 60.51 3.27 0.0001 62.72 2.78
0.0002 50.49 2.68 0.0002 49.56 3.83 0.0002 51.42 3.54
0.0005 26.45 352 0.0005 32.72 456 0.0005 37.52 3.98
0.00185 18.06 6.04 0.0008 26.91 5.18 0.0009 29.73 4.65
— — — 0.0026 12.88 7.87 0.0020 21.20 6.65
= 4 KAMEHNEEEM R HEH
Table 4 Dynamic parameters of major materials without reinforcement
JRUER 1 LR )
G/Go o G/Go o G/Go o
Vm 1% A 1% Y % A 1% Y 0 2 1%
2.0x10° 99.86 0.93 2.0%X10° 99.84 1.00 2.0x10° 99.84 2.35
3.0x10° 99.73 0.94 3.0x10° 99.74 1.00 3.0x10° 99.69 2.36
5.0x10°® 99.47 0.94 5.0x10° 99.45 1.01 5.0x10°® 99.41 2.38
1.0x10° 98.83 0.96 1.0x10° 98.80 1.04 1.0x10° 98.65 2.43
3.0x10° 96.33 1.04 3.0x10° 96.21 1.20 3.0x10° 95.74 2.66
5.0x10° 93.95 1.12 5.0x10° 93.76 1.31 5.0x10° 92.93 2.89
1.0x10* 88.46 1.34 1.0x10* 88.01 1.63 1.0x10* 86.42 352
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3.0x10* 71.55 2.33 3.0x10* 70.23 3.35 3.0x10* 66.80 6.53
5.0x10* 59.98 3.45 5.0x10* 58.18 5.29 5.0x10* 54.15 9.86
1.0x10° 42.64 7.99 1.0x10° 41.16 9.02 1.0x10° 36.59 16.04
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normal stress values at points P2 and P6
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S B S ST Sl R 14D D BRI S B S s i A — e B s
IR A by T U A s S e B A ) Jee IR D T E 4 )
0.373g 1 0.419g, MnfhJa b e shik AN g &
Iy AR 4.6% 5 6.2%. HUANNF AT Upp A1 Dpp 7K
AL 5N 1.484 m A 1.165 m, [HIEEIAE R
2.133%7F1 1.881%; TN 51 RUpp il RDpp 7K AfL
/b )y 0.930 m 1 0.619 m, X /¥ BRI
0.794%71 0.776%.
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Table 6 Results of permanent displacement

g g RSUEWEEVEEARD iﬁg gggi
Fric HEEm #iEg m He/ %
i AN Upp 69.58 0.373 1.484 2.133
iy RUpp 117.19 0.390 0.930 0.794
i AN Drp 61.93 0.419 1.165 1.881
ik RDpp 79.80 0.445 0.619 0.776

K 14, 15 70l 2e H NS A G R B8O R fa i 20
A Dpp A1 RDpp IR B8 Ji A I P2 71~ 24 i e B of
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Fig. 15 Time-history curves of permanent deformation
3.5 MEREMFMWEZER
PRFFFUIRA ) 22 AR MBS 1) I (Al EE 2 mo A
A%, JEIE 2 BN YL RUpp A1 RDpp, S BSCR A I
KL, X KI5 10 m, 30 m, 40m,
60 m WA S A K AN A AT THE, SRIEE T3
79,
M2 7 S5, wiinm K EE, SR s ik m
K AMLFES /NN T H AN T 40 m, Infsxs i 3h
PRI B BRI AR P 2, e 40 m 3 BRI 1R
THE . WOZ TG B I Ky 40~60 m.
R 7 MEFKE XK A LAE RIS
Table 7 Influence of geogrid length on permanent displacement

*

g m 10 30 40 50 60
Rlﬁ"’ KA 1469 1306 1105 0.930  0.933
L Im
RDJ’D KA 1.088 0.803 0621 0.619  0.619
fHiFsIm

e RP*DIEERFER 6.
FEYEFFATRERE S RPN K 50 m AAZ, ]
LA RUpp F1 RDpp Jy L R IEIIEBL T, LA M5
FINAEEE 1 m, 4m, 6m, 8m, 10 m [ IE 3
IR LIRS, 45 N5E 8 k.
7 8 X [a) N AR 8] BB XS sk AL 8B FZ M0
Table 8 Influence of geogrid vertical space on permanent

displacement

BEEME 2" 4 6 8 10
/m

RUe KA 579 0930 1453 1238 1281 1.308
A FeIm

RDeo KA 6 0619 0651 0662 0668 0.671
HFIm

W RPN SR FE 6.

MK 8 AT A, RS m) i i (R PR 4R R, I
BRI RIS INTg k21, d BH U 9 485 7 1m0 N 2%
A TAS I E X R UR R e e E R Z2EH
FEHEARIAR . WML R R R DL A AR UF
SRR, VOB RN A EE AR N, R HITE 1~
4m NH.
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