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[1]SCP (Sand Compaction Pile)
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In this technology,
both sand and
stone are available
to be used.




Work sequence
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(1) Casing pipe is correctly positioned.

(2) Casing pipe is driven into the ground using a vibro-hammer.

(3) When it reaches the required depth, the casing pipe is charged with a
specified volume of sand/gravel.

(4) As the casing pipe is raised by a specified margin, the sand/gravel is
discharged into the ground using compressed air.

(5) The sand/gravel pile is compacted and enlarged by driving the pipe
back down.

(6) The pipe-raising, sand/gravel discharge and re-driving procedure is
repeated, forming a complete compacted sand/gravel pile.



Quality Control

On-line processing (on main equipment)

Operating monitor
Sand level (SL) gauge (in operator's cab)

GL gauge (GL) Off-line processing (in site office)
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To secure the diameter of SAND/GCP pile, the following On-line
processing system is used. In this system, weight electrode detects
the sand/gravel surface inside of casing pipe and consequently the
operator is able to measure the discharged sand/gravel volume to
secure consistent column diameter.
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Advantages of Sand Compaction
Pile

Except of Large density increase...
(1) Increase of lateral stress (Increase of Ko)

(2) Decrease of saturation degree due to air
injection for discharging in-filling sand
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(2) Air injection effect into the ground

Reduction of saturation degree has
been observed in many past SCP
Improved areas. Air pressure
charged in casing pipe for the
purpose of discharging the sand
causes the air leakage into the
surrounding sandy ground.
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Prof. Okamura (2002) presented that
the decrease of saturation degree has
been maintained for even more than
25 years by using accurate frozen
samplings.




Location of Frozen sampling
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In-situ Test in

Tokushima (Akiyama

et al 2002)

Cross-Hole, Down-
Hole Test at 3 weeks

later of GCP
installation
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High accuracy surface wave investigation system by Seismographs (Aochi, et al)
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The liquefaction mitigation effect of Pneumatic Caisson due to air leakage effect

(S. Shiraishi, 1997)

BANDAI bridge (1929) is the first case of pneumatic

GL . L [l [ .
e caisson in Japan, there was no significant damage
! at Niigata earthquake (1964), whereas neighbor
imARN / Showa bridge girders have fallen.
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[2] SAVE-SP
(Densification by Sand | {f°
Press in with compact |
size machines)
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C[avﬂer—lype Rig
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Fluidized sand by added fluidizer
are used to be injected into the
loose sandy ground and later the
sand is back to the solid

condition by added plasticizer.
B Example of Application I

Improvement of existing jetty foundation or behind of abutment
beneath pavement
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B Construction Systems

ltem
Base machine
Boring rod
Flow meter & pressure gauge
Pump for injecting fluidized sand
Fluidized sand mixing plant
Backhoe
Sand stockpile
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Case Study (1): Muya, Tokushima

Rell [ T ®@ | 200953A~45
g KD D

¢700mmI1.4m (as=20%)
MRHtE ¢ 500mm1.0m (as=20%)
WEFEE GL-12.2~-2.4m

EIEHE ¢700mm : 224,193m ¢ 500mm : 202,147m

Ed=1=:0) EREEOERBOBRS
HiER HEOMAS20%EE SENIFEAERL ¢ 500mm T

HFER
<R
MR SREENE
 QmmmIemo R o W 2 B 4 S0
O MEMT¢500 —

)

ot E 0 EHMET $700 20°

05 © T G500 20°
§ mERA B

BN
10 P0 O30 40 50

X Gl-(m)

S @ W W B 0 B W R = D

(]
0
18] 10 L AL

23] 1m

47) f
17)
EET] 137 .
i Wt o
1)
7 1%

e ‘-—.—.‘-‘I.\ o

42)

Faa OMNIE I |EAT15 5 A ZHEh0,

W

4

This is new application in Japan under the existing structure (sea wall).
Sufficient densification effect was obtained without any lateral deformation and
damage to neighbor structures.



Case Study (2): Shonai River, Aichi
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[3] Mammoth Vibro-Tamping (MVT)

MVT Method is to compact the
surface area (15-17ft) of sandy
ground using a strong vibratory
motor on top of large-scale steel
tamper plate (10° x 10’) and

specified duration. é g
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Work Experience of Kansai
International Airport, Japan 1998 YRl (o)

0 10 20
[T R (.. .........

BeforelMvr =~ =+5.40m ! MVT | MVT

72 AFLerMVT  GlL=+5.00m
5_. S P L EW_,E..........

4_

After

w
L

epth (m)

Before

D

g3 5CPMethod $7ha \
0CMeithod soha v : :
@ WV TMethod {T4ha 0 — RS S ."‘.‘..f.... e SRR ; et e e S
umt |l“m| |lm--t [ LT = b '
g ZAWAH
| L] T A B = -1
L1 ; AR =1 i L
? mna (1 g 3 BAMBAL _2_......... e ....: ..“
_.:_‘,_u__ i : : .iu = % At - _I i _3— ----...................E-.. ssssssMasasss ..:-.......................;......
ST 7O
FEIEIANEoRENEN
1 s (N




Effect of liquefaction mitigation at Miho Airport,
Tottori, Tottori-ken Seibu earthquake 2003, M=7.3

MVT has been applied at
the runway expansion area
in 1994 and there was no
liguefaction observed in
2003.



U.S. Fort-Lauderdale Airport (Florida) Runway
Compaction work by MVT (2012.10-2014.2)
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Mammoth Vibro Tamper Type-1 (Large

Mammoth Vibro Tamper Type-2 (Regular

MVT) MVT) dropping)
E=EOxnxtx60/(AxBxh) E=EOxnxtx60/(AxBxh) E=WxHxN/(AxB) tfft/sf
EO=2xax (W+F/2)x(f/60) EO=2xax (W+F/2)x(f/60) Where
Where Where W: Weight = 25 tons
EO: Compaction Energy to ground per unit time | EQ: Compaction Energy to ground per unit time H: Height = 110 ft
n: Number of Compaction = 1 n: Number of Compaction = 1 N: Time of drop = 3 drops
t: Duration (min) = 1.67 t Duration (min) = 1.67 A B Effective width = 12 ft
A, B: Effective width (cm) = 300 A B: Effective width (cm) = 200 E = 57.29 tf ft/sf --- per unit area
h: Thickness of layer (cm) = 305 h: Thickness of layer (cm) = 305
a: Vibration amplitude (cm) = 2.63 a: Vibration amplitude (cm) = 2.63
W: Weight (tf) = 25.0 W: Weight (tf) = 11.7
F: Vibration force (tf) = 80 F: Vibration force (tf) = 60
f: Frequency (rpm) = 560 f: Frequency (rpm) = 558

EO = 3191.067 tf cm/sec
E =0.011648 tf cm/cm3
=116.48 tf m/m3
E = 355.27 tf m/m2
=108.29 ftf ft/sf

--- per unit area
--- per unit area

EO = 2,039.881 tf cm/sec
E =0.016754 tf cm/cm3
=167.54 tf m/m3
E =510.99 tf m/m2
= 155.75 tf ft/sf

--- per unit area
--- per unit area

* Kiichi Tanimoto, “Fundamental study for compaction by means of surface vibration”,

doctor’s thesis at Kyoto University, 1958.

* Compaction energy by both MVT Type-1 and Type-2 are larger than the compaction energy by the specified Dynamic Compaction.
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a : Amplitude (cm) 1.1
W : Weight (1f) 21.5
F : Oscillatory force (tf) 87.7
f: Frequency (cpm) 560
A: Effective width (cm) 310

Figure 5.59. Calculation of vibratory compaction energy.
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2. Effect of Mitigation Liguefaction

-Japan, US, New Zealand



Case Histories on Effectiveness of SCP

Tokachtoki Earthquake(Sep.'03;M=8.0
Effectiveness confirmed of SCP improvement for
Tokachiport etc.

HokkaiddNanseiokiEarthquake July'93;M=7.8 — i . .
storage tank site at Hakodate confirmed Effectiveness confirmed of SCP method at site
SCP used in embankment restoration work where it was adopted for restoration work after
of GoshiribetstRiver. f '93 Kushireokiearthquake (Nishikawa et al. 1993)
X :St KushireokiEarthquake (Jan'93;M=7.8 )

Effectiveness confirmed of SCP and gravel drain

glflfsgir\]/l;r?g’sry#gg&%ﬁg&;ﬂ;ﬁfoﬁrﬂay 83;M=7. method used for Kushiro'$Vest Harber( laiet al. 1993).
. . . \ : SCP used in restoration work ofKushirand
Okitatestorage tank site confirme(JSCE 1986). y TokachiRivers (Sasaki et al. 1995),

HyogekenNambuEarthquakeJan.'95;M=7.2
Earthquakeresistant effect of ground
improvement confirmed (Yasuda et al. 1996).
SCP used for restoration work ofguays
Breakwaters,etc.

® LSanriku—|arukaokiEarthquake(Des.'94;M:7.5 )
X Effectiveness of SCP improvement confirmed
at Hachinohstorage tank site (JGS 1994).

Miyagiken okiEarthquake (Jun.'78;M=7.4)
Effectiveness of SCP improvement confirmed at
storage tank site near Ishinomorifisingport (Ishihara et al. 1980)

Great East-Japan earthquake
(Mat,’11,M=9.0)

TottorikenSeibu Earthquake (Oct.'00;M=7.3)
Effectiveness confirmed of SCP improvement for
Sakaiminatgort etc. 25



Improvement effectiveness at Urayasu
(The 2011 Great East Japan Earthquake)

Outline of the Earthquake S
-Occurrence time:2011.3.11 T
- Magnitude - M=9.0
*Depth -8km

Urayasu Area

Unimproved Area
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Soil Condition in Urayasu area cclaimed N=9—5
In this area, very thick (25-40m) soft o Ne10-20
marine clay layer has been deposited. 135
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Liquefaction damage at Shin Urayasu Station




L|quefact|on damage, Lateral flow & sliding failure

Large settlement
around 3ft due to
liquetaction
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Liguefaction mitigation effect

Project
Method
Diameter
Spacing
Length
Total
Remarks

Date

H junior high school Soil Improvement
GCP

50cm

2m

12.2m

10989m  935pcs
Single particle diameter stone was used to

keep high permeability.
1993
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Project
Method
Diameter
Spacing
Length
Total
Remarks

Date

E Hotel

SAVE (no—vibration method)

70cm

1.6—1.9m
5.5-12m
19,032m

1886pcs

e
o -
-

i |




Many types of columns like
SCP, GD were installed at

under structures.

5. RRHW
6. mInm
T, %mEW|  Ettw

B. WEE®H Agi{ 1y erkk A

! i—

8. =HSS. RENE. DMALRES, RESENSECE

i adtd

I e |u @ cann|w & [Sarismt]@nnein| < ~us |
co ;t'l: el '-ll:lt! aw g T !
cr 12°0 | qmanm| tem®| gpge sy o O 2AcEnidile  Sand Fils ‘
| cue [1a"an®® seat-im| s2e® [ te- s’ :io;;'m L :
o o e 1 o |

T=1i0*

————0

——
@ _Teal= Py n'm s
s ___m
12

- i0"

] S NEERIEA i
& - - 3 Bt g 3
] I3 O ‘ 5 h i
LAY ;@A MR L= e T 5, P @ 2 2AE -l dsawel Drain PLls
. - Gepeat Braia plis pﬂ'y N3y avnds
“104 - AR YA - T pana ~Canguciras 2ile P R000 2000
Lol 2363 i Ceeec e _*__
S L=aT — T e
-
sdnt ol W=a
{ ~
Allevial wlay ——r. T =120
s MAwny
! :%_._' ey S DEIE ,_ v
| t‘:‘v = b T I 7 e ) A Sard C ctiom PL]
b G | j & iA_léat}an SAS: cepa ] A
| —— -—q- [ T
g ypagr s i ) " 5 . X | |somn sz 13 | Ghrs e v PEYER P SmvpLER
i & - ] —— @, N— u S JCRYETaL Pelell RESTASANY Pe AT st T e EE LTS
. ] a CER L } s ams 15 | CONSERELLA'Y GELMON Camounel
= H I 1 M | 4 |BaiL kDuD STATION s it e & Small weeLn
1 ts ! | | [ N 3| UNCRANTED TIND SmoM IT |ETaR JETAUPAEE Bas
.. { | | “ I | M | .1 - — — § | POLYME A mETTILELMNY 10 IAPa B¢ NIkatix |
] ——— = S T A £ P PRISEVAL SSOLD B 08 e 19 [geecE wanTain
: - - - 0 |eoipen peesiiree e 1‘;::1:.:‘::.:1:1‘ EL L2 VT FLETS ,,,.“.y,nxumj[m
‘ -t B— = I 4 b |BEAR Rasw coMrLEX 31 |MEET Thx waea o
- -———f' TER B AL s @ | 1o |eecmuic s srerean 22 | uvenew peamr “
Site Improvamsrt = 11 [AMINTID mavatOv oArFLCE 23 |CEvrmaL COWUTIR RUILDIM
Detailed Flan |1t jevmemis's cosrs 16 |unarans ‘




1==a

T AT T TR T BT

(Tafl), whareas & three-story buiding seftfas more than the ure 6, Clogaup of sefffad thrae-st bmﬂ in Elgure
aidfacent sidewalk surfacs (right) in Urayase (N35 6485, Fig o o ¥ W

E130.9778).

appeared 1o be primarily il mater-
als or young aluwium.,

Liquefaction caused extensive dam-
age to light residential and light
commercial struciures in many of
the areas visited, with the magni-
tudes of the settiemants and tilts
lerger than often observed for suweh
light structures. Tilts of up to 2 or

3 degrees were observed in many
cases (Figure 3), Many of thess
siructures were Tounded on mal-
type foundations with deep grade
baams (Figure 4) that limited dam-
age to the superstructures despite
the large setlaments and tits. Fig-
ures § and & illusirate a casa in
Urayasu whare the sidewalk and
street settled approximately 30 em
relative 1o a building on piles, while
an adjacent three-story building on
a mat setiled 40 om mors than the
adjacant ground surface (that is,

70 em reletive to the plle-supporied
buileing]), and tilted noticeably with-
out ohsarvable damage to the super-
structure.

Liquefaction-induced ground sur-
face and building settlements were
offen observed to vary significantly
over short distancas. Differences in
settlements at eome of these loca-
tions (Urayasu) may be related

o the differences in the dates of

5 (M35 6485 £133,

fill placement and ground mprove-
ment (Tokimatsu ek al., 2011). The
bail meteriala did nof appear to differ
substantially in characterislics across
some of thesa locations. These data
may allow examination of whether
the effects of age and differences in
fill source materials are adequately
refiected in the resulls of in-situ tesls
and accounted for in exlsting angl-
neefing praceduras. Moraovar, tha
large dataset on setlement patterns
and rodations for buildings on shallow
foundations (Figures 3, 5, and &) at
thesa sites provides a similarly
unique apporiunity for testing engi-
neesing procedures for predicting
foundation parformance in the pras-
ence of liguefaction.

Liquefaction-inducad damage to whli-
ties caused widespread disruplions
fer homeowners and businesses,
described |ater in the section on
lifelines.

Areas known to have baen improved

by sand clion plles and other
UES Wars

i) , In tha E'I'CIIJ SUnace

displacemants ware noi observed.

The detailed studies of fiquefaction
effects underway In areas such as
Urayasu ¢an be expected to produce

9178),

Futura GEER efforts will include

Speciral Analysis of Surface Waves
{SASW, and Cone Penetration Test
(CPT) testing at select sites in coor,
dination with Japanese ressa

Levees
Hundrads of kilametars affeveas

re, Transpaort, and Tour-
J, were graciously shared
GEER feam. Our field
wara largely limited to the
em parts of Miyagi and |baraki
Ures.

Mast levee reaches performed well,
with liltle or no damage or distress
This generally good parfarmanca
may be parily sttributed 1o the fac
that river levels wers relatively low
at the time of the earthquake, and
thus the majority of levee embank-
menls wera not saturated, [n many
areas, setiiermsnts of nondistressed
levess appeared to be about 7-15
cm relative to structures such as
bridge piers or burled waler con-
veyancs structuras.

significant findings in the near future,

EERI(Earthquake
Engineering research
Institute, U.S. ) Special
report (Sep.,2011)

There is no significant
settlement damage
and well organized in
Improved area by SCP.



Improvement effectiveness at quay wall
(The 1993 Kushiro-oki Earthquake)

Outline of the Earthquake
Occurrence time:1993.1.15
- Magnitude : M=7.8
* Depth :107km

Unimproved Area

Large cracks appeared.
Quay walls could not be used.
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No damage was observed.

Port activities were resumed
on the following days.
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Remedial works by SCP at Levee was safe after next earthquake

No Damage was observed at
1994 Hokkaido-Tohooki
earthquake at treated area.
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Improvement effectiveness at Oil Tank
(The 1993 Hokkaido Nansei-oki Earthquake )

Outline of the Earthquake
Occurrence time:1993.6.28
- Magnitude : M=7.8
- Depth :34km

f
4
Epicenter @

Fﬂ'\
Q@
o

Sand boil was observed.

approx.1.5m

trace of sand boil

SCPI1.8m

]
13.00m

L.9.00m

18.00m

" 9.00m]

36.00

Crack

Crack

trace of sand boil
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Improvement effectiveness
(The 1995 Hyogo-Ken Nambu Earthquake)

Outline of the Earthquake
-Occurrence time:1995.1.17

‘Magnitude  : M=7.2 Large Differential
“Depth : About 20km Settlement was

observed. o e

| Unimpfoved rea



Relation between Relative Settlement and Ground
Improvement Metho
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UPS Cerritos, in LA (Apr. 3, 2014)

# Approximately two miles south from
the epicenter

# It has been improved by SCP and
SAVE.

# There was no sand boiling and
anomalous induced settlement after the
earthquake.

Magnitude
Region
Date time
Location
Depth
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AMI Stadium, Christchurch.
(Misko Cubrinovski, 2012)
Stone Column(Length 8-
9m) have been installed,
but 40cm of settlement was
occurred due to
Liquefaction.

Z ; Figure 33: (a) Aerial photo of AMI Stadinm indicating
|s=i5ﬂ;icmengomecembe, w011 onr ] lignefaction damage; and (b) Liguefaction
- = e o e damage fo the stadinm field.




STONE COLUMN METHOD ...

Pre-drilling
rig

Tég-féed Bottom-feed
type type

In case of Stone Column, sometime pre-drilling holes need
to be made due to less penetration power. Accordingly,
ground may be disturbed and the compressed air might be
easy to be out from the ground.




Thank you for your kind
attention.



