FREATAELE L EFAL Y E 2342

-

3

i\

A LA
3 %5 ¢ NSC91-2211-E-032-007-
FTHE 91#£08" 01p 1 92# 07" 31p

HEE D A F A g )

ax

FL A HHEL

BB R AT AR A

A

¥ % R 92&£87 205



mﬁ%w¢ﬂ§%giﬂ@F%ﬁww%%F
%%ﬁ4iéﬁﬂ FERZFET R R —
SFHE P ¢ A SR e A T
Study on earthquake r&eistance of nailed soil slopesand its application
ShaisREE © NSC 91-2211-E-032-007
BT 9L 57 81| 1f1% 92 771 3L

1R T
RUE %%m B R
T L

=~ i el

2 g Tt d BB 2 A enfRiE A P AR 1A BT S A LR
e —‘:;J.x,fﬂ, %«4'&&\,}%5,} s #5R I‘;}.-_LIV}J’ M;E,yﬂ o r-] o 14T J—*#mmfj»f&‘;}-ir/}l}i_l ,f,—_
ER NI 4] ¢ F 2 g w2 FRY TR M oL 8 AT Y MRS D3R
SEERE Y BEEERRE A E 2 L e 2 BT R - B R
T2 4§F§ﬁ&@%ﬂoﬁiiéiiﬁ@¢&@#ﬂ’zﬁ@#%é%m%
W FED 2R 2 Dt o KR 2 R DSk 2 BER 0 d AT i RS
%P?’%*éuiﬁéh§&wﬁ%{ﬁ %ﬁ«wﬁ’%’fsliﬁéuzﬁﬁfiéihé’%qﬁﬁ
AA4d rHG T wted AL AH D BTG 2 et B0 B TR A
- Jei S < BV
%%ﬁij?~W@%ﬂ‘wﬁﬁ% Hefffsi

. %@ [

Abstract

Sail nailing has been used successfully in temporary and permanent applications, in new
and remedial construction, and in rural and urban settings. Except for the static analysis in
design, the dynamic characteristics must be also considered for permanent structures.
Therefore, the earthquake resistance and the interaction mechanism between nail and soil are
then of vital importance for stabilization of steep slopes in Taiwan. The objective of this
research is to investigate the response of nailed slopes to seismic loading as well as their
failure mechanisms. The experimental results of shaking table model test conducted in the
previous research revealed that soil nailing is effective in increasing stability of steep slopes
under seismic load. However, a comprehensive understanding of slope response regarding
the behavior of nails along their length, distribution of earth pressure on facing panel, and
development of failure mechanism in soil mass are difficult to obtain from model test. The
numerical method can overcome the deficiency of the mode tests and is employed in this
study. Build-up the numerical modeling of a model nailed slope experiment with the finite
difference program, and compare the results with the measured data to conform the adequate
of numerical model. Analytical results show the wall moves forward when the input
acceleration is enough large and directed backward.
Keywords. soil nailing, reinforced slope, dynamic analysis, numerical modeling

- ;@‘Elgglﬁg

4 S [T AR RIF]E 4 éT}j?u§'£*l/ﬁ‘[‘ﬂ:‘%j’4 Ik % 5 ltm ) I J%ﬁ -+ 1A
EJJ }Jg o TR B jj‘/\&lﬁﬁﬁ = [yggﬂp o ﬂ 21|78 F:%%Lt
W%-Hﬁ¢4gW%MﬂLﬁﬁhT\ﬁ@%?% i,w%ﬁ& Pu%ﬁ el
e SO - ) L J;wﬁu%@t@wrﬁg“ | ek %ﬁ%ﬁ:ﬁwi e
B \—F”FIL EE’ﬁ s SRS+ AET*JLIWPA =l .—:tr,tﬁzwm I/ JE[ |—j I/E,L,Eyp PRIF=s 4 fg’:;;ﬁg

2



upuf,;‘j T 4 &7 R u :ﬂ;g& ) j FJ}H/ + ETTER R g«' ﬁsﬁzﬁz’éjpagl
i ¢TJI”J1;{2J’ pH &35 @;ﬁﬁ‘;gm]ﬁffi };KFT]W TR | JE/‘[Hc_rh}i s Fﬂ‘;ﬁ:f—?k'}, ; tZ’p‘fgfd
N;F’T;F;A r E[ft » 75T Hﬂﬁ = *‘*k (2002) I/ﬁgﬁf[gg,;ﬁ%tu ]%‘ggf%g ) 11% EE“ -+ (T"JD
H;JQEJ%.A\‘TU 921 %R—[/@%ﬁ & ‘H{ﬁf; &Aﬂ-’r‘@ E}%—LJAJ I-S\L i/li[—l' é—"q:li[[ f‘E_'[T;JE:'[ N j _:t’JJj’} fJ_J

@%%’i%&&ﬂq > T BTSRRI R A PN BTS2 T R
TSR L SR RO AR R ST RO i B -

= . 4 EEERTE
31 4 ERERE i
P F/r S (20023 [E5 R < W T (R SEr T LT[R NRR I S RAPR] - ) 2 ke
*»%E P IR D50—0 31mm ’ JF‘:J SR Cy= 168 Il (g C=1.11 » #i];%gqﬁ'k
B85 Bl ALVAL(SP) - b4 TET G=2.64 0 it NI Gina=16. 3kN/m® > it /[ iz
%@gmn—lsskl\w fw L %@w}m 1F %) ~ PR AR EAMPa)Z= [t "I E=xic 55 |
Y (B =, 2001)

W

5
f,=30.81+13.38D, - 415D, logio3+ 1)
F. o
5
E, =32+20.25D, + 205022 2+18.8D, 232 2)
F.,a (%] a ﬂ
5
X =7.15- 1.000232 (3)
F. o
D, SRS o s, SERIE(KPa) o A - 5B (1014 kPa) ¢

32 BeTHisE] - BRI fFE"“E"JF"%E\T

R B BRI ST TR < S R - PO TP ) (AR
S8 AR 1 99 o5 -

‘*ﬁ::H}JI E:Au:}a’ﬁﬂti# 2 3.5cm-~ ﬁ 17.2cm '/[E“[H Rt 1 ?Jﬁﬁ;}{k'ﬁ::%’ﬁ%' ij[
SRS [N B2 ﬁ[tﬁénﬁﬁf 0 U2 [ gm:azwu
qu%vlffm o T SPEIY BRI FER X 4R m:eﬁrf SR ST A B 400
Y ST e i P?F[E'I PO T T <

o

1 = gk ’ﬁ%{é 7 ff’%FﬁfF‘ b= %L[ﬁ
R PR T R ) R TS LR R PR ] Mohr-Coulomb kit



P 8 £ 7 EA R 1 (non-associated flow rule) » M58t g 97244

9=S,-S3N, - 2¢/N, =0 4
1+sin s e o

H{N, =72y = R Bk 0
1- siny

Vb= 1SS D, =60%EL1] - ' 5HET+ BEHT £ g, £ 15.43KN/m° < AUBGEEER = s
JuE4% 0.25 > SVREIES 100kPa ~ §ii% i) B 50kPa s FR TSk R Bl e pi s 1Hz o Bl
A e s b ikl f R 38.9° ~ EUREGH AR £, L 68.8MPa~ + IR[ETd P £
6.1%- SR ’%‘ﬁgﬁfj FIIRE T | Iﬁfjg%“ﬁ?ﬂ I H A 7 5FR Kirzhner == Rosenhouse(2000)
R IR 53 AR S A R AR A ) - e
;[ﬁfﬁ@; F I (free vibration) > E'lfi’ﬁﬁ?iﬁjjﬂ;‘?ﬂﬁﬂ”ﬁﬁﬁﬁF'E?JEIU%%[’%T’:F[I?{-ﬂflf\zﬁﬁfﬁ
S RO FR I O TR AR IR B 300HZ -

33§l = Wi R
YRl 2 B SR TSRS S e oY 10 S PR SR B SR o E Y PVES

B ARSI 300HZ o 8922 [ YRS (ASFH TR E TR0 B - I 1
V apt PSR GUH 3 A ][RR SR ¢ kL

R IR G0 i“”ﬁ%ﬁj“—;’i L Y E T [ IR B S PRI PRI IR o R [ e
[IEVE 14 iﬁﬁﬁﬁﬁ R e EERR S FUN RS o g P R ?ngﬁ‘ 1 a%ﬂﬁ?@%
TN ) &7 ﬁ’xﬁ%%‘ilﬂ[ﬁ' 4 Fr e P[RR A P E‘E“%ﬁfﬁ\ﬂj ‘i'%fgéjiﬁ]ﬁ?f[@
[fnd > (2N (S)FT gl shRs P P ==y ATl 5 F=h B | RVRS RS T E S
e E1 UpE =g (force vibration) o [ Es I PR > 2R AR O L -

V. _

j+1 @eZPX (5)

Vi

FHV ST Wy BERATI W Y & T
o)
[a )
f, 50 —
- i
O 40 —
[
o -
S 20
= i
fat

/
/
C/‘I'I'I'I
0 0.02 0.04 0.06 0.08

Strain (%

Dr=60% , Confining pressure=100k Pa
Loop at 11th cycle

Experi ment al

————— Nurrer i cal (fn=300Hz)

‘ -50 —
il 2 BRI



0.08 0.06
Damping ralio:0.0Slj |
0.04 —
~ 004 - i
1S g 002
E E i
‘E 4
g g 0.00 —
0.00 £ L
8 8 0.02 —
ks s
o o -
8 2 ooal
O o004 a o
I Damping ratio=0.05
006~ | Damp?ng rat?o:O.S
Damping ratio=1.0
'008 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 0 08 | I | I |
o 1 2 3 4 5 6 7 8 9 10 11 - 0.20 0.24 0.28 0.32
Time (sec) Time (sec)

3 IH e ™ PSRN SRR 4 P RIS R A PR

]ETJIII
P~ 3 STIRAR RIFRE 1 RO TR
gw/\ o @‘ﬁpug PIPARLES VS 5 S 4 ST PR B R HeTi e 2
[Iiﬁaﬁlﬂi‘?ﬁ%?%\lﬂhj FrE=sEf 141*% JifET- 5 =g E‘V‘[EVEUE JEE— #5504 &
HLEC [ SR () JJ%’H : Flif ’%ﬁﬂf@mﬂu%ﬁﬂ’l@ﬁﬁ'*‘ﬂ? =
Bt st M 1 A S KFE - BT 3 2 SR oy
1yl Nmﬁmf:ﬂa% P E’E"‘J’“ 5T TR V EIRA w S ] -
4-1 ?‘?‘z;rb'[ R
935 (00N B AP SSBE {38 SRR - R
= [/’F‘J,ff < B 1.1m - HEIEO 345m . ﬁ] im> I')3&= P[J“@@ I/FHIEI[ #iFJ*J ° #:QE}JF
RARRTPTER P PR (MET021 B & NPYERR » BEF VRS 6 N E Vf&ﬁﬁ‘l T
F”Tiﬁur% g 5'FTCUO74#%,:<< I r:cl-%& VR [p) BI R R [‘Dt LHTHI ?é;;ﬁ
%J/ﬁgﬁ/ I‘B‘}W S| pH;%( MNP [E]t 577ga|(cm/sec) Rl ??EJJEE“"@‘D l’ﬁIS,
LR e S 1 O7Hz °
P=gihT; %"r‘irﬂfﬁiﬁﬁt%ﬁ JAHIE™ E“:%’F‘“[ e E'Hﬂﬁ?”i VRl R e
ik Lﬁ,[ﬂ: SR b RO~ P e 5 T AL
L /%—i‘gj«"ﬂ%:ﬁ LA RS EH}E} pJS [ﬁ P Jpﬁ@ﬁﬁﬂluplgo%ﬁwﬁ 18%J/ qga)'
624 L5 IIEbE 1 & IR REES S R

000 By =577 g8 F o
. L i A2 ‘
g 300 i g
5 . . )
a [ % AL
] : o ‘
D ‘ Strain Gauge
g o R e ﬂ

600 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L” o Displacement Transducer

0 20 40 60 80 100 o0
Time ( sec) R — -
| = # .
% e FCUOTHRIIINF "0y 6 v 1 st pis 5
b R s 2002)



st 1 JRE RIERER T A G pIF S 0 2002)

Slope Nalil Nail e

Model angle length inclination Amplification Safety Input peak acceleration (gal)
number ) (m) ©) factor factor

1 80 0.4 0 5 1.99 85,194,437,587,724,893,968

2 80 0.4 15 5 2.37 113,229,409,652,827

3 80 0.4 30 5 2.40 282,509,802,884,965

4 80 0.5 0 5 2.37 95,184,429,575,846,974,978

5 80 0.4 0 35 1.99 116,233,455,640,790

6 90 0.4 0 5 1.88 96,217,465,633
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