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ABSTRACT

A Study on the Evaluation of Dynamic Behavior Characteristics
of Embankments according to Section Reinforcement Shape

Lim, Seong—hun
Advisor @ Prof. Kim, Daehyeon, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

In this study, for the accurate examination of the reinforcing section of the
embankment in the seismic design of the reservoir, the 1lg shaking table test,
one—dimensional ground response analysis, and two-dimensional ground dynamic
analysis were conducted. As an experimental procedures, the height of the reservoir
embankment used for the model test was 20m, the slope was 1: 2.0, and the shape of
the sandstone reinforcement section was classified into three cases (no, partial, and full
reinforcement). The Ofunato and Hachinohe seismic waves for short-period and
long—period waves, respectively, were used as the input seismic waves and seismic
waveforms observed for Gyeongju and Pohang earthquakes that have recently occurred
in Korea were also applied.

The results of 1g shaking table tests showed that the PGA increment in the
conditions of partial and full reinforcements were 10 and 19% for upstream slope, 13
and 20% for middle part, and 9 and 12% for downstream slope, respectively. The effect
of reinforcement was expected to be stronger in the slope part than in the middle part,
but the test results showed that the effect was stronger in middle part. This is perhaps
because the shallower ground has correlation with the lower constraint pressure

condition due to the geologic stress of the ground.

— viii =
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Numerical analysis results showed that partial and full reinforcement using sandstone
on both slopes of the model embankment increases the load pressing the embankment,
resulting in decrease of acceleration increment interval. The acceleration increment
interval trend was analyzed against spectral acceleration (SA) and PGA obtained both
from the 1g shaking table test and numerical analysis. The results showed that it was
generally consistent with the incremental interval trend of SA, suggesting that it has
been verified also through numerical analysis.

It was found that, regardless of the presence of reinforcement, the PGA value
increased as the height of the ground increased in all the sections. The decreasing
trend of the PGA increment interval was found to be 10~15% higher on average for
the full reinforcement than in partial one.

In addition, as a result of numerical calculation and comparative analysis of the
reliability between the 1lg shaking table test and the numerical analysis for the
amplification coefficient, the average reliability was 79.8% for non-reinforced section,
79.3% for some reinforced section, and 82.5% for front reinforced. This means that the
dynamic analysis results according to the two-dimensional nonlinear time history
predicted the results of the 1g shaking table test band experiment very similarly, and it
1s judged that 1g shaking table test for the model embankment is sufficiently valid.
Based on these results, it is recommended that acceleration amplification analysis for
dynamic loads should also be performed at the same time when designing
cross—sections with reinforcement of sandstone through existing static analysis. In
addition, since the analysis results of this study were able to obtain reliable results, it
1s judged that it will be helpful in determining the cross—section of sandstone

reinforcement when designing seismic reinforcement.
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(1) Lower San Fernando 9

Lower San Fernando®< =°] 42m¢ ¥ o= A E Yol San Fernando®l
Yxstar o 19719 29 99 Ay ¥ Yo} San Fernando A& A oA z19A]
25H 13.7km gojxl Sto A G FE 6.6(60%7H)e A o] WAt HA|
oNA ASHE HWARIIEEE 04~05gE 71 53tAh AXAl @HAe] AFFAH

1
FESAD, AP ARl o om FEe] BEF 9 Ash BARAGAEES 3
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19 2.2+ Lower San Fernando 9] dIsjAtdl S YeERN ALzl ot}
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(2) Fufinuma 9

Fufinuma®¥l< 1949 <35 dHo g o] 185m, Zo] 133m, A& % 150%+
E, ARERE odeRE e =59 dolth YA ZFE 240km "Gl oA
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bR s B 2 ezt BAs TR T o
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(3) Kitayama South ¥

1995 19 179 dE aMoA 5 729 Zxo] wAFY T Kitayama
South®2 &9 2oz A7 SAA A ZHE oF 3lkm A Ao A o
2 AFAEZS AP RO A Zueo R Z 100m, Dol 1~15me EEY UlFE Al
Wy 7E B E QA HFEE, 2011).

1% 24+ Kitayama South ©e] I 3|AElE YERH ARZl o] T},

(4) Hebegen

19593 1 =9 Montana®] Hebegen Lakeol A & 7.2¢] xxo] w35ttt He
begen® -2 Hebegen Lakeol $Xsl™ o] 27m, Z°] 200m &
HAAl 43] Ao Aot HAs T HAlE Hd 2m B Fshrh sk,
HupFol] FWEgo R 03mo THol WA el Frh B AT (EETE
2011).
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AP S SR AR S AV7F SRSkl whe Al s AEHE 59 Wl
Z7bet, adER EXE W 58 A 2F7HE Al BE 58S 19
TFEA D vk AL AR5 AV E AHASE Aol T 238t (Lauchlan and Melville,
2001)

Tk AT, AR 94 R st Az v, IS ol A Al
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ol B T3 FEjrt 2 AFAC wE dASA Debd o dvk(el ¥R, 2007).
a9 272 AeA APE BAERe] FAR oW, AMNET= IS A Wil
70

P o ® 20173958 30%F~50%Hon 1R S] sY-& AFA 59170

2% WPoR WARZS sudvh 19 282 AN FWiL said ANe
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A
A\ = 2 (2.1)
S ANITAR
Iai and Sugano(1999)+ 1ai(1989)7}F =3k AAMH 2-& A HE W& o] A F3= F<t
AL S7Ft7E Aseo] deE o3 S H3F= FEHY Cyclic mobility e} %15 9]
HE & AlSGe|A Wgo] HASHE FEl 9] Strain softening 7S o] -&3}e] 37FA
TypelZ FFsEA T SAQ (20045 7]Eo F3d g8 F2E A9 &
st & 9 549 1g At SA2RFIAF S T, 1 Ad3E vusteth
25 AW faiel A AS vk Aot
T 25 1g XS 282 Ast AAIE = (1ai, 1989)
Actually used similitude law
Generalized Type 1 Type 2 Type 3
law —)0?
)\p: A=A A€:1,)\p:1
Ap =
Length A A A A
Density 2\ 1 1 1
Time ()\)\6)05 ()\)\6)05 )\0.75 )\0.5
Acceleration 1 1 1 1
Velocity (X)) (AN )P? PE A0
Displacement A A AL A
Stress AN, A A A
Strain A A, 205 1
Stiffness )\/\p/ A M, 305 A
Axial Force )\3)\p \° \° 23
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=

S~ 9 E 2 (Response spectrum)©] 2} 3+,
upeba shube] Fol Xl A xlsksol A SHAIER O] dojAH RS o] &
stol sdole] BAfE FRE dAHE Aewe FE F A od 4
olga BAFE T2 o] obd the FxEe AT A A=
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= = .
18 212 (bl A %4338 ZA(Dynamic equilibrium condition)S ©]-83}o] ] vj

TEHAAS FEstH 2 (22)¢ 2o o7A meS FRES FAHF(Mass), e T

mu, cu, kus TEEO SR o FRE UFoA BAsE B4 Hdnertial f
orce), 7r4] ¥ (Damping force), &3 (Restoring force %=+= Spring force)©] t}.

FuR FxE gFdA ZAeste ste I8 (nmu)S 9 H(External force)©]
2t &1, FRE YR A dAsE 39 748 (cw)d B9 (ku)S W E (Internal

force)o| 2} 3Ht},

mu + cu + ku = —mu, (t) (2.2)

(a) SHX= A (b) A== H<

ISE Y= AR

o

a8 2.12 X &
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u, (2.3)

u, +28wu, +wlu, = —u,(t) (2.4)

oA7|A, {=c/e, @ A&
¢ AT
Co =2VEkm QA AT

T

2 (249 ditalE =

(2.5)¢F 2o

vO + uro

u, (t) = exp(—fwt)(umcostt + — Sinth) (2.5)
D

A7IA, wy=wV1—& @ FFA 7] WE5(The damped frequency of the system)

_28_
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Duhamel ##& o]&3te] FHAS v, ()& 317 98 271389 u,, =0,
&5 oy = F(T)dT, t=t—71% 2 25 udsFE A7 A W xadE g

du, (t)= 2 26)7 o] EAR

Z7)

du, () = exp (— w(t— 1) 00T

D

sinw,, (t—7)dr (2.6)

21 (2.6)° F(T)——mu Astar A = o] thEle] ARG =gt Ab
HEAE FAHEAE 2 QDT 2ol 8 F7F v

wit)=-— i () exp (= Gt — ))sinw, (¢ — 7)dr 27

a8

r

A 2DS to] WElA nESE 2% o ()= A (28)7 2t

u, (t) = _‘/Ot{bg(f)exp(—gw(t—ﬂ [cosw,, (t—T1)— \/f_igzsinwD(t—T)] dr (2.8)

TR A 28

T

toll thejA WESE S u (1) A (29)9 o]

2

—&
+

v, /O i, () exp (= gult 1) (1= — Jsinw, (¢ 29)

%cost(t—T)] dr
1_

PN S -
B, AERS] SgamEd

Auk F2E A9 A &(6)0] 2%~T%0)BE wst wyE AL Za 9 £33
9 Hormg o5 FAlsty Hu AUae FHEW 24 27~29+= 4 (210~
2.12)9} o] Hth
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5,6 w) = ‘% [ i Pexn (-l Dsinale—rdr| @210
0 max

S (& w)= /t?'),g(T)GXD(—fw(t—T))COSwD(t—T)dT (2.11)
0 max

5,06 w) = |w [ i, (eexp (— olt—)sin (¢ — s (2.12)
0 max

2 (210~2.12)4 A4 S, & FAFE S & (Pseudo-displacement response) S, & -fr

A& % & (Pseudo-velocity response), S,€ TAH IS % 5B (Pseudo-acceleration
response)°lgtil sk, S, S, 5, Atolel= A (213)% 2 (2.14)¢ 22 #AVE A
HE o

S AHgEE WHol, A& e SHARELNAE Ao APASES 1§D
AL Aol FxEel A& u, FEBe] AU} FrlEEst TaEo
: | e, hEme] B9 FrE AWAEES} By
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GRADING CURVE
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[e)
=M FAAsR e, AT HS 1.361g/an, A1 3050% 2 e

AP EAE Ay HAAYEES 0.83bg/anrlE YEGow OB AAY

Axh, A = 24 3AE NPNon plastic) gS. 2 WEFRETH
MR By A g1E AAE AFA AAVEY dWrd o AN ALE
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FAe Fusel 98 A J1F A7 50mmE AEFHAL AF ALA
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o
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3.2 A7) 7]
3.21 ¢ AR 1g IF5A 87

a9 332 AgelA ARES JAEAIY Aejeld, o Al 3 329 #rh
ZE 71 EAe] AZ7]1= 3,000(L)x1,000(B)<500(H)mme] =, 7}z "Hol&9 =A7]+=
2,000(L)x600(B)mm, 3§ Ast5=S 1.5tonelth. 2EAE Ho 200mm(+100mm)
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Fig. 2. The experimental apparatus used in this study
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(c) Connecting to the instrument (d) Computer

18 3.6 ASZH

H53 dolHEAE 12219 2 ARF-20AY 4Gage sensor® 8% W, dlo] g 27
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H 3.3 Accelerometer =2 M€

T = Al
Model ARF-20A
Capacity 20m/s’
Rated output 0.5mV/V
Frequency response range DC ~ 80Hz
Natural frequency 150Hz
Allowable temperature range -10 ~ 50°C
H 3.4 Data logger =S A&
T & Al
Model SDL-350R
Number of channel 12 channel
Input sensor 4Gage : 0.5mV/V

Low pass filter

10Hz / 100Hz / 1kHz / Pass

Measure Hz

200Hz
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