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Abstract

It is well known that many of the existing road embankments spreading across Japan require drastic maintenance,
because their earthquake resistance is considerably questionable due to the poor quality of the embankment
materials used and insufficient compaction. In order to solve these problems, it is important to develop efficient
and high cost-performance methods as an urgent task for engineers in charge of road management. Therefore,
the authors proposed a seismic reinforcement method for road embankments by using flexible container bag that
can reuse local embankment materials. In this study, a series of shake table tests on a full-scale road embankment
was conducted at E-Defense in order to verify the reinforcement effects of the flexible container bag structures
installed at the toe of the embankment. Based on the results obtained from the shake table tests, it was qualitatively
confirmed that the flexible container bag structures can improve seismic resistance of the whole embankment.

Key words: Earthquake resistance method for road embankment, Flexible container bag, Earthquake resistant, Full-
scale model, Shake table test
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Table 2 Specification of shake table.
Loading capacity 500 ton
14.5m % 15m (217.5m2)
Hydraulic pump system

Table size {area)

Power supply
Shaking direction

Horizontal (1-dimensional)

3,600kN (four 900kN actuators)
940cm/s2 for 200 ton
ooom/e2 for 500

Maximum velocity .1D{]crnfs

Excitation force

Maximum acceleration

Maximum displacement |+/- 22cm
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@® @ ® @ ® ® @ ® ® ) @
Casel 362 357 343 364 376 366 353 354 371 365 377
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Table 4 Maximum acceleration response in embankment in 750 Gal shaking.
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Table 5 Specifications of shake table.
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Photo 10 Installation of soil container on the shake

table.
H | (1)LRbHEEL | (1304 g
&
# | I g
=z ST | (14) 2R :
ﬁ -
ﬁ - (AEo3EA | s
| (15)mmmE ﬁ
e 5
¥ | omsemcann | = —"———
# (16) iRl w
H
% (S)EDMEtkDEE Y
" (17) SR
S| ommumronn
g BULLHORE -y
o (MBS~ RIE)
ﬁ (7) R
(19)mEpERIR 7
g | (eEpeEEOR: g
o I e
# (9)1imizE [ (20) Itk - BHBISRES R |
ﬁ. (g EBE) |
#
‘ﬁ (10)LMEE I (21) L AR l
" |
& (11)2@im (22)8Bk |
g L — O — — —
& | naesvonrmeny
B nasonm mews =7

Y31 JHmROoTO—
Fig. 31 Experimental flow.



D KEAER b>7‘:i§£"§?"f DI EA R 2K T 2 S B o I - 513

42 HFEOrEY
ETIE, 2LRMICP WEE A AORB T A lmﬂm(ggﬁ)
(FE U BLOY 32) 2FHe -IFH L, - Mt 1oiuma | TLRrLzARE

12 D5 EAER WSt 2B Lz,

Y 3icagEIig, BT IHIAE, T DD
HiEADHERK S DL 22HEEBEORKATHDS.
T YIZIEERBmARE Y NA INTWBER, O
MERIZDNTIRAS FITR RS, P HRAR, SN
S DO DR LN T D 2 FEE DM A E A
HIHB LZBDT, WINd: O5%- FITHA,
PERT =TI R ﬁbf'ﬁ"f&%iiﬁb: L. 1D (a) ¥4 A=,
X, Z O2FEWIIHREALE- YT, BXU
H o 1O0HEYIL, P": 2zty RNy 7 LT
A S OY = A el O o

i
|

(b) BB B Y

Y 33 FHMA oLy SR v
Fig. 33 Outline and cross-section of the experimental
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Table 6 Physical and mechanical properties of
embankment materials.

EN

94475 2020 § TR

KT, T FEEICDNTRENS.
T, ¥36i- * GANHRBRUR Fysh - wp
& (CD) &Bsa L 279, — fFOICRETE XN 30
~ 3R &N, AR O IR ¢ 13 520
BTHDIEME, P HEL TGRS T
Hore. Fiz, BOLVEEZY AT, €
TROEFI D ELT, 955655 0T SLkk(E iz
iR Ens.

R L L

— i B A BT (De=90%) : ¢=6.7TIKN/m?, os- 51.92°
s :s.ur - B e
EE I T eE
[ Ag=ns
t
il ; P L P
2 __.-'/_\'-u\__‘ i v
| —~15| /
e . - ml /
o= Tk |
l-!‘ll
o1 3 4 2 & 7 o T
& (mam) o (kNim’)
S TEEES (CDRER. Dc=90%) | c=0kNm*, ¢=35224
a0 - .
CDELES CDEER
[01]
Adenn

i (kN-'mz)

r (K™

Density of soil particles Ps {g/em’) 2.615
Maximum particle size D (mm) 75.0
Fine content (<0.075 mm) F. (%a) 11.4
Optimum water content W opt (%a) 8.0~104
Maximum dry density 2 dmas (g,-'cmg} 1.998~2.150
Cohesion ey (kN/m%) 14.7
Angle of shear resistance @ () 36.1
Initial modulus of rigidity G, (MN/m?) 30.6
Maximum damping constant i ., (%) 14.2
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Fig. 34 Grain size distribution of embankment material.
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Fig. 36 Laboratory test results for embankment materials.
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Fig. 37 Dynamic deformation characteristics of
embankment material.
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Fig. 38 Storage situation of ground material for embankment model.
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Fig. 39 Cross section of test embankment.
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Table 7 List of construction results in test embankment.
EEYERLE (s 0 2 4 6 H 8 10 ®
RI DR (%) 72.1 82.3 84.6 83.3 85.2 87.9
& (%) 6.2 6.0 6.1 6.1 5.7 6.1
B #E DR (%) 68.0 88.2 83.6 87.4 90.7 91.6
- &5 (%) 6.0 5.9 5.9 6.1 5.8 5.9
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Fig. 41 Schematic diagram of experimental model.
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Fig. 42 Loading conditions and stacking method.
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Table 8 Acceleration amplification factor.

PS1ii ilt40kN, PS1i il{90kN, PS#if ilt90kN,
TR L T A L TAstiiidn b
150 Gal 1.344% 2.13{% 2.35(%
250 Gal 1.13f% 1.284% 1.704#%
450 Gal L10f%F 1.140% 1.306%
600 Gal 3414% 1.18f% 1.18f%
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Fig. 43 Relationship between input acceleration and
loading reduction rate.
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Fig. 44 Relationship between input acceleration and
vertical displacement.
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Photo 14 Situation of compaction by roller.
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Photo 15 Watering situation.
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Photo 16 Measurement using RI instrument.
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Photo 17 Measurement status by sand
replacement method.
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Table 9 Measurement results by RI instrument.

I3 gi\@‘ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
;i'\@‘yj\ 5O# & (m)| 0.00 | 0.25 | 0.50 | 0.75 | 1.00 | 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75 | 3.00 | 3.25 | 3.45 | 3.65
b % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
223 D, (%) 86.3 | 90.0 | 86.0 | 86.3 | 87.4 | 889 | 85.7 | 85.1 | 88.0 | 86.0 | 87.5 | 89.0 | 87.6 | 88.8 | 88.7 | 88.5
D2 E A (%) 63 | 47 | 51 | 67 | 68 | 62 | 60 | 75 | 68 | 85 | 67 | 65 | 63 | 57 | 6.2 | 51

# 10 R T KB EGE
Table 10 Measurement results by sand replacement method.

iy B 2 4 6 8 10 12 14
4D S OF & (m) [ 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.45
o 2 2 2 2 2 2 2 2
224 D, (%) 87.2 88.6 93.2 86.4 87.5 90.7 91.3 87.6
2k - (%) 6.4 6.4 5.9 7.2 7.6 7.2 6.5 6.4
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Fig. 45 Measurement results at each height on embankment crest.
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Table 11 Part materials list.
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205 A H150-150-7-10-3960 10 yahy

209 B H150-150-7-10-1348 rahy

04 C H150-150-7-10-2331 4 yany

T —DK NS 384 D H150-150-7-10-1028 rahy
04 E L.100-100-10-600 20 Vasb kv,

04 F L.100-100-10-200 20 Vasb kv,

EAYe H150-150-7-10-898 2 Vasb kv,

®© # H150 X 150 — (1925 X 2500) 2 ERONRT o}

@ K H150 X 150 — (1925 X 3300) 2 IV DT

@ - FT -/ H150 X 150 — (1925 X 2500) 2 ROt

X R @ - Fe R H150 X 150 — (1925 X 3300) 2 ERONAE 2}
® - %2 -1 H150 X 150 — (1925 X 2500) 2 ERONRE S}

®AZ F K H150 X 150 — (1925 X 3300) 1 RO oY

®B - %k H150 X 150 — (1925 X 3300) 1 ERONRT s3>

SEDY 2 h— M24 M24 X 2620 (% s 8.8 &34 %) 8 r7anhy

SEDY 2 H— M24 M24 X 1470 (% f: 8.8 &34 %) 16 r7ahvo

72— SEDY 2 H— M24 M24 X 1000 (% s 8.8 &34 %) 24 r7ahvy
SEDY - M24 M24 X 1000 (% 8.8 &%) 4 VasbiLy)

SEDT 2 H— M24 M24 X 1000 (%% 8.8 %) 7 ahg

Y AT TR EESEEY
Fig. 47 Diagram of anchor-mounting base structure.
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Fig. 46 Cross section on Installation of flexible container bag structure.
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Fig. 48 Detailed view of anchoring unit.
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Fig. 49 Structural drawing of lower frame of confining pressure plate.
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Fig. 50 Lower frame of confining pressure plate. Fig. 51 Upper frame of confining pressure plate.
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Photo 19 Construction status of flexible soil container
structure.
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HE 20 TL AL REEOREST
Photo 20 State of Pre-stress loading.
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Fig. 52 Measurement result of pre-stress loaded on
flexible container bag structure.
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Fig. 53 Arrangement of accelerometers.
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Fig. 56 Arrangement of strain gauges.
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Photo 22 Installation of laser displacement meters.

TE 23 @I FOFH TP 25 CWEBEBRTON—DOT AT =T
Photo 23 Installation of load cells. SRl

Photo 25 Attachment of the strain gauges of
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Photo 24 Installation of strain gauges to assume slip
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Fig. 57 Acceleration measurement line located in the center of the embankment.
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Table 16 Response accelerations and amplification factors in the center of the embankment.
N Casel (8§ 7~ 125 Gal /= ¥ 3 ) Case 2 (8 7 245 Gal /2 ¥ )
- S B TE . (mis?) Ak o BT (mis?) gk
;i'\jiyybxgo)aj x (+) % (+) #é (-) % é (+) #5 (-) % é (-) # (+) # () #é
3.90m () 2.43 -2.44 1.97 1.95 5.56 -5.26 2.49 2.34
3.25m 2.38 -2.48 1.93 1.98 5.57 -5.57 2.50 2.48
250m 2.18 -2.26 1.76 181 5.08 -5.35 2.28 2.38
1.75m 1.85 -1.91 1.50 1.52 4.40 -4.41 1.97 1.97
1.00 m 1.60 -1.67 1.30 1.34 3.49 -3.60 1.56 1.60
0.00 m (22'\&) 1.35 -1.34 1.09 1.07 2.59 -2.56 1.16 1.14
%Eﬁé" 1.23 -1.25 1.00 1.00 2.23 -2.24 1.00 1.00
N e Case 3 (8 7+ 376 Gal 723§ ) Case 4 (8 > 660 Gal 723§ )

BB TR (/)

e

%R IAE ()

E e

SIMOOH I (#)Fh (+) (-) # (+) % (-) # i () # (+) % () #
3.90 m (> 7%) 15.79 -11.89 4.20 3.26 23.63 -19.97 3.60 3.03
3.25m 7.93 -9.58 2.11 2.63 17.68 -16.11 2.70 2.44
2.50m 6.40 -7.45 1.70 2.05 11.91 -12.34 1.82 1.87
1.75m 5.87 -5.68 1.56 1.56 10.10 -9.88 1.54 1.50
1.00 m 5.26 -5.00 1.40 1.37 9.11 -7.94 1.39 1.20
0.00 m (=J%) 4.17 -4.18 111 1.15 7.64 -7.21 1.16 1.09
i B 3.76 -3.64 1.00 1.00 6.56 -6.60 1.00 1.00
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Fig. 59(1) Acceleration measurements of embankment on the one-step type and two-step type sides.
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Fig. 59(2) Acceleration measurements of embankment on the one-step type and two-step type sides.
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Table 17 Residual settlements of the crest of embankment.
o o~ - BYA T DGy E":’ LN B A T EDI
- Z01 Z02 Z05 Z06 Z03 704
Casel (8 125 Gal = ¥ i ) 0.1 0.3 0.2 0.3 0.3 0.3
Case2 (8 > 245 Gal #2335 ) 3.9 4.5 3.9 4.7 3.2 3.9
Case3 (8; F 376 Gal ¥ jf ) X X 8.2 9.1 X X
Case4 (8; F 660 Gal #2:3jf ) X X 9.1 9.9 X X
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Fig. 68 Time histories of vertical displacement at the crest of embankment in Case2 (Maximum 245 Gal wave).
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Table 18 Residual horizontal displacements at the crest of embankment.
. - AT RO I HRYATEDER
X z
Y01 Y02 Y03 Y04
Casel (5 7 125 Gal #2323 ) 0.1 0.0 0.0 -0.1
Case2 (5; 7 245 Gal #2335 ) 1.4 1.2 -0.9 -1.0
Case3(5; / 376 Gal #2335 ) X X X X
Case4 (5; 7~ 660 Gal #2335 ) X X X X
(B . mm)
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Fig. 69 Time histories of horizontal displacement at the crest of embankment in Case2 (Maximum 245 Gal wave).
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Fig. 70(1) Displacement measurements in flexible container bag structure.
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Table 19 Residual settlements of flexible container bag structure.
RN - FIAT B R S HIAT SBRER
- Z07 Z08 Z09 Z10
Casel (5; > 125 Gal 72 ¥jf ) 0.2 0.2 0.0 0.2
Case2 (5; 7~ 245 Gal #7323k ) 3.0 2.8 1.7 1.6
Case3 (8; 7 376 Gal *?3jk ) 5.2 4.4 3.1 3.0
Case4 (8 7~ 660 Gal #2 3j ) X X X X
(B : mm)
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# 20 S DOREADERE AN
Table 20 Residual horizontal displacements of flexible container bag structure.
e, S B AR @ DD TEE DD
S BIA = DIk Y05 Y06 Y07 Y08 Y09 Y10
Casel (5 / 125 Gal #2323 ) 0.3 0.3 0.4 0.3 0.2 0.2
Case2 (8 ~ 245 Gal #7 3.3%) 4.7 42 5.0 3.8 3.9 3.2
Case3 (5 7 376 Gal #2323k ) 17.4 15.8 17.1 12.8 9.6 7.9
Case4 (5 7 660 Gal #2 %35 ) X X X X X X
S Sy T DOEER B R ~#Z DD AR AR R SE)%)
Y05 Y06 Y07 Y09 Y10 Y08 Y09 Y10
Casel (5; / 125 Gal #2323k ) 0.2 0.2 0.1 0.2 0.2 0.2 0.1 0.1
Case2 (5; 7~ 245 Gal 323K ) 15 1.8 1.7 1.8 1.7 1.7 1.3 1.6
Case3(5; 7 376 Gal *33k ) 4.5 4.4 4.7 4.6 4.6 4.4 3.6 3.3
Case4 (5 7~ 660 Gal #2315 ) X X X X X X X X
(B : mm)
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#21  JREOTVARNLAOAL7E
Table 21 Change in pre-stress after shaking.
B} 5 SEIMT
Casel, # 7~ 125Gal - FEIAT == o
K5 = S
1-A 1-B 2-1-A 2-1-B 2-2-A 2-2-B
F¥&En (kPa) 81.85 83.62 71.99 71.99 80.86 80.43
JE: (kPa) 81.08 82.84 71.51 71.51 80.81 80.35
>3 (kPa) 0.77 0.78 0.48 0.48 0.05 0.08
I D2 (%) 0.94 0.93 0.67 0.67 0.06 0.10
§ . SHBIT
Case2, 5,7 245Gal - HI1T = —
N = _—
1-A 1-B 2-1-A 2-1-B 2-2-A 2-2-B
JE AN (kPa) 80.92 82.75 69.93 71.74 80.78 80.29
JRTS (KPa) 57.34 60.99 61.48 63.19 78.43 78.01
>3 (kPa) 23.58 21.76 8.45 8.55 2.35 2.28
D% (%) 29.14 26.30 12.08 11.92 2.91 2.84
§ . S FI1T
Case3, &/ 376Gal - HYAT = =
KI5 = -
1-A 1-B 2-1-A 2-1-B 2-2-A 2-2-B
J¥& A (kPa) 57.39 60.95 61.35 63.25 78.39 77.94
JriRT: (kPa) 12.39 14.32 38.39 40.31 70.74 71.05
>3 (kPa) 45.00 46.63 22.96 22.94 7.65 6.89
I D2 (%) 78.41 76.51 37.42 36.27 9.76 8.84
§ . ST
Cased, # )~ 660Gal - BT = —
R - -
1-A 1-B 2-1-A 2-1-B 2-2-A 2-2-B
FE AN (kPa) 13.42 15.1 38.29 39.99 70.57 70.62
R (kPa) 5.48 4.19 9.44 3.11 13.00 17.2
iﬁ >3 (kPa) 7.94 10.91 28.85 36.88 57.57 53.42
iﬁ D3k (%) 59.17 72.25 75.35 92.22 81.58 75.64
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Fig. 79(1) Measurements of anchor axial force with strain gauges.
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Fig. 79(2) Measurement of anchor axial force with strain gauges.

#22 PEREOY V-8 Ok
Table 22 Change in anchor axial force after shaking.

Casel, 5 - #5147 (kN) - H#5 147 (kN)

125Gal #2x S1-1 S1-2 S2-1 S2-2 $3-1 $3-2 S4-1 $4-2 $5-1 $5-2
A 5P 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.0

A 1B -05 -0.3 0.2 0.2 0.3 0.9 0.3 0.2 -04 0.0

18 0.6 0.6 0.5 0.4 2.8 3.8 05 03 11 0.1

B fE -0.9 -0.6 -03 -05 -1.7 -1.8 -0.2 -0.1 -1.3 -0.1
Case2, 5 - H#5 17 (kN) - H#5 147 (kN)

245Gal #2x S1-1 S1-2 S2-1 S2-2 $3-1 $3-2 S4-1 $4-2 S5-1 $5-2
A R -0.4 -0.3 0.2 0.2 0.4 0.9 03 0.2 -05 0.0

A 1B -4.3 -3.6 0.2 03 1.0 2.2 0.4 0.2 -4.1 0.0

18 0.9 16 0.8 12 105 136 0.9 0.6 1.8 0.3

B O fE -5.1 -4.6 -0.5 -0.9 -5.9 73 -0.1 -0.1 -5.8 -0.4
Case3, 5 - H#5 17 (kN) - H#5 147 (kN)

376Gal 23" S1-1 S1-2 S2-1 S2-2 $3-1 $3-2 S4-1 $4-2 S5-1 $5-2
A PiE -45 -3.7 0.2 03 0.9 21 0.4 0.2 -4.0 0.0

A B -6.0 -5.6 -0.1 0.1 1.2 4.1 0.4 0.1 -7.2 0.0

K18 2.4 5.0 11 12 25.3 30.9 0.9 0.6 0.4 0.6

5 -9.6 -6.0 -0.6 -0.4 -8.4 -8.7 -0.1 -0.3 -9.3 -0.7
Cased, 5+ - FH5 17 (kN) - #5147 (kN)

660Gal #2x"j; S1-1 S1-2 S2-1 S2-2 S3-1 S3-2 S4-1 S4-2 S5-1 S5-2
e -5.7 -5.1 0.2 0.4 12 3.9 0.6 0.2 71 0.3

A 1B -4.6 -5.1 0.1 0.3 1.7 -7.8 0.6 0.1 -125 0.3

K18 5.5 8.1 0.9 1.0 53.4 66.9 14 0.9 5.2 11

5 fE -9.4 -55 -0.8 -0.5 -105 -10.2 -0.7 -0.6 -135 -0.5

(CONEIE SUR SN O RIEE

245 Gal F2 ¥ ) Dfg A & H AT, S3 Y > /1 — s YR ) Oig N EEROpEATH oA, S3Y 21—
YNEHE S EL oM, S2 L8408, FL DFE, PRI I RO ZTNIEEDS (&
WEBDSIRNo Tz, 73B, SLESSIE, V2 i— 53.4 ~ 66.9 kN) 7%5 = L7243, PUR®ICIE, | A&

D A Mg L pas )Ngl I N7z, Cased (5 H NHAE T 5t an L.
660 Gal #2733k ) ITH N TH, Case2 (8 ~ 245 Gal #2
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Fig. 79(3) Measurement of anchor axial force with strain gauges.
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Fig. 80 Time histories of anchor axial force in Casel.
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Fig. 95 Maximum strain values during shaking at each measurement position in Case2 (Maximum 245 Gal wave).
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