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This technology comprises four sub-systems, RRR-A through RRR-D:
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RRR stands for “Reinforced-soil Railroad/Road structures with Rigid facing”’mainly for rail-
ways and highways. The RRR construction system is used to construct embankments,
retaining walls, water-front structures, bridge abutments etc for other infrastructures.
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RRR-A (Integral Bridge with Reinforced Soil).
This comprises two sub-technologies: 1) To
newly construct bridges, the girder is integrated
to abutments that comprises RC facings inte-
grated to geosynthetic-reinforced backfill. 2) To
reinforce existing bridges, the girder is inte-
grated to the abutment after reinforcing the
backfill with nails connected to the abutment.

\

EAFHESRAS

(CATHERXTAIL)

BEHESHN

Columns of cement-mixed soil
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RRR-B is to newly construct retaining walls with
the backfill reinforced with geosynthetic rein-
forcement connected to staged-constructed
full-height rigid (FHR) facing. A number of rein-
forcing retaining walls of this type performed
very well during recent major earthquakes,
including the 1995 Kobe Earthquake and the
2011 Great East Japan Earthquake.

Rigid facing
(Cast-in-placed concrete)
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RRR-C is to cut existing natural slopes and
embankment slopes to stable vertical walls by
using large-diameter technology nails and FHR
facing. Part of FTR facing is constructed before
the start of slope-cutting.This is a very cost-
effective due to no use of temporary structures
(i.e., anchors, sheet piles and propping of the
concrete frame for the facing) and use of short
large-diameter nails.
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RRR-D is to newly construct geosynthetic-
reinforced soil river and coastal dykes that
prevent and reduce disasters by floods, storms
and tsunamis. As the facing is very stable
against scouring in the subsoil and floods, wave
actions and overflowing current, it can the
erosion of the backfill can be effectively
prevend.
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RRR-A  Bridges with Reinforced Soil Abutments-1
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Outline:

The conventional type bridges have a number of serious technical problems. RRR-A is a new technology to solve
these problems by using reinforced soil retaining walls with full-height rigid facing as abutments. There are two types.
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This is a new technology to make a bridge very stable in a cost-effective way D HER g{@ﬁJigr;?i“ﬁi 74
by integrating the girder and the abutments, without using bearings, and

Ground settlement & lateral
reinforcing the backfill with reinforcement connected to the abutments. flow due to displacements by

the weight of the backfill

@ Integral Bridge with Geosynthetic-Reinforced Soil (GRS Integral bridge) to newly construct bridges

A pair of geosynthetic-reinforced retaining walls are constructed, followed by the construction of full-height (FHR) rigid facing
as abutments. A girder is then constructed integrated to the top of the FHR facings without using bearings.

@ Integrated Bridge with Nail-Reinforced Soil (NRS Integrated Bridge) to reinforce existing bridges.

The backfill is reinforced with large-diameter nails connected to the abutments. The girder and abutments are then structur-
ally integrated.
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Construction of a pair of GRS retaining walls ~ Construction of rigid facing connected to Construction of a girder integrated to the
reinforced backfill rigid facing

@ GRS integral Bridge

The backfill is reinforced with many geosynthetic reinforce- ‘;‘Wes‘ 12.0 J Backﬁ.,(ce,iaei_mi:
ment layers connected to full-height rigid (FHR) facing, while | | Lgravelly soi)
the girder is constructed structurally integrated to the top of ; o ::::-:-'—-- s
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the abutments (i.e., the FHR facings). As a result, the girder, _
abutments and backfill are all integrated. Therefore, the iy
bridge becomes very stable, in particular, against seismic e - || ppe— EE |

loads, compared with conventional type bridges. The resis- GcM GCcM

tance against tsunami becomes also very high. 504 | 22 22 45

[All units'in m] 1.

GCM: Gr(limd improvement by cement-mixing
The bearings are not used to support the girder. As a result,

the top of the abutments laterally displaces cyclically by seasonal thermal expansion and contraction of the girder, which
may result in settlements in the backfill and an elevation of earth pressure. As the backfill is reinforced with geosynthetic
reinforcement connected to the FHR facings, these phenomena are effectively restrained and associated problems do not
take place. The development of a bump at the back of the abutment due to settlement of the backfill caused by traffic loads
and seismic loads is also effectively restrained.

The girder and FHR facing become structurally slender due to structural integration. Moreover, as the FHR facing and
girder are constructed after the deformation of supporting ground and backfill due to the weight of the backfill has taken
place, the need for pile foundations becomes very light. These factors make this construction technology very cost-
effective.
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Outline:
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Integral Bridge with Reinforced Soil —|:‘ GRS Integrate Bridge
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NRS Integrated Bridge

Existing bridges are reinforced while maintaining
service. Therefore, the construction of temporary
detour bridges and approach roads becomes unneces-

O BREROBITEBEEICER TIXEFLTRELLET
The girder of an existing bridge is stabilized with a propping
from the abutment.
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integrated to the abutments. As a result, the bridge is
fully integrated. The integrated bridge exhibits a very
high stability against seismic load. The resistance
against tsunami also becomes very high.
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Jrtstessss %%a%u%a% W2004: The Japanese Society of Civil Engineers, Outstanding
Civil Engineering Achievement Award to “Development
of aseismic bridge abutment using reinforced cement-
mixed backfill”
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Large-diameter nalil
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cast-in-place

W 2004: The International Geosynthetics Society Japan Chapter,
concrete

Outstanding Geotechnical Achievement Award to “Load-
ing tests on full-scale model of bridge abutment using
reinforced cement-mixed backfill”

W2010: One of the best papers published in Geosynthetics
International (IGS official journal) in 2009, “A new type
of integral bridge comprising geosynthetic-reinforced soil
walls”

By removing bearings for the girder, the top of the
abutments laterally displaces cyclically by seasonal
thermal expansion and contraction of the girder, which
may result in settlements in the backfill and an eleva-
tion of earth pressure. As the backfill is reinforced with
nails connected to the abutments, these phenomena
are effectively restrained and associated problems do
not take place.

As the backfill is integrated to the facing with nails,
backfill settlement by long-term traffic loads and
seismic loads and associated development of a bump
at the back of the abutment are effectively restrained.

Full-scale model of Integral Bridge with Nail - Reinforced Soil
(NRS Integral bridge)
BEER R+ — KL R (NRS—IKLIBR) DR KIER

E
The backfill is reinforced with large-diameter nails connected
to the abutments.
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The girder is integrated to the abutments.
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cast-in-place concrete




-

RRR-B ff5# + ## 5% T ;%

RRR-B  Geosynthetic-Reinforced Soil (GRS) Retaining Wall

TEDOME
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Place the first layer of geotextile and gravel-
filled bags (or welded wire mesh boxes), then
place and compact the first soil layer.
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Soil layer Geotextile
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Gravel-filled bags
=4(or welded wire mesh boxes)
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Construct the second layer in the same way as
the first layer.
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Complete the full height of geotextile-reinforced
soil wall by repeating the above procedure.
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Cast-in-place concrete layer directly on the wall

face, ensuring a firm connection between the
facing and the geotextile.
=

Cast-in-place
concrete layer
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Drain hole
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GRS retaining walls with FHR facing for very busy urban
trains near Shinjuku Station, Tokyo, constructed during
1995 — 2000
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Outline:

RRR-B is a new technology to construct geosynthetic-reinforced soil retaining walls. The backfill is reinforced with
geosynthetic reinforcement connected to staged-constructed full-height rigid (FHR) facing.

Geosynthetic-Reinforced Soil (GRS) Retaining Wall

The backfill is first constructed reinforced with planar geosynthetic reinforcement layers. After the deformation of the
supporting ground and backfill by the backfill weight has taken place, full-height rigid (FHR) facing is constructed by
casting-in-place fresh concrete on the vertical geosynthetic-wrapped-around wall face so that the FHR facing is firmly

connected to the backfill.

The FHR facing confines very effectively the backfill by developing high earth pressure, therefore, high connection
forces and high tensile forces develop in the reinforcement. The backfill, in particular immediately behind the wall face,
becomes very stable. Even in case part of facing is damaged, it does not result in the failure of the whole facing. A
number of RRR-B GRS retaining walls that had been constructed in the affected areas of 1995 Kobe Earthquake and
2011 Great East Japan Earthquake all performed very well. RRR-B walls have a high resistance against ocean storm
waves. Moreover, the FHR facing can be used as a foundation for super-structures, such as traffic barriers, noise

barrier walls, electric poles etc.

FHR facing is constructed after sufficient deformation of supporting ground and
backfill by backfill weight has taken place. Hence, the facing and the

#

e )

facing/reinforcement connection are not damaged by this deformation. Besides, a
pile foundation for the facing becomes usually unnecessary.

s
RRR-B is a very cost-effective wall construction technology because of no use of
pile foundation; no use of heavy construction machines; use of relatively short
reinforcement; no strong restriction to the backfill type; and no need for a space in
front of the wall for propping of concrete form for the FHR facing (note: the
concrete form is propped with a small anchor from the inside of the backfill).
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1988: The Japanese Railway Civil Engineering Association, the
Wi0914: +E T4 EHMBTES) . BHEIENE best paper award to “Embankment-reinforcing technology.
1% TEE FERE T 3
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:cniq' r\:ve'lllh?y.st%n} h:avnlg staged-constructed 1994: The International Geosynthetics Society, IGS Award to
uii-neight rigid facing “Development of geosynthetic-reinforced soil retaining wall
B 19964 EfHhiE T 228 - EESA S Tl R system having staged-constructed full-height rigid facing”
N .
;hﬂféﬁzgitgc\t’t’;ﬁsrffﬁ:’gg?:;'tcggnmfg;?n(: 1996: The International Geosynthetics Society and the Interna-
- N NN tional Society for Soil Mechanics and Geotechnical
7= N S,
_sérgctyrg:ﬁ(%f%;;fﬁm%tbfd)/71'// Engineering, Mercer Lectureship on “Geosynthetic-
TAY =)l reinforced soil retaining walls as important permanent struc-
sss — s tures”
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HOLa—7 F-TUAL AR L 05 1998: The IGS Japan chapter, the best paper award to “Field
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measurement of the behavior of a preloaded-prestressed
reinforced soil structure and a proposal of design and
construction method”
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TEDHME Outline:
ARWAMEABREZAVT, REBEVTRAVSILLG BRI OOYEPLCEANEZRENICIEHIL TRELRR RRR-C is a new technology to cut existing natural slopes or embankment slopes to near-vertical walls by using large-
BEEEICTSIETY AtEHf-ICEAHL. BUMFATEET, diameter nails and FHR facing.
BIsRE oD U @mAaamiibTiE Nail-Reinfored Soil Walls
EAIBTICEEAZMERNICREL T, SHREERICBN - AE @AM CHBLGHSOMEZEREMICHERIL. IBHIR T £ Existing natural slopes or embankment slopes are cut to vertical walls in a very stable manner by using large-diameter
[ EFORG—FRERZITHRLET  TOEOREIRORBEOERZERI/NSAY HEOXRIGEZ HKE BB -E and FHR facings without using temporary structures. New spaces are created in front of the walll.
EFLLTHALGALIEAITENTEET,
. P _ p e . _ _ After full-height rigid wall is installed in the slope, step by step cutting starts at each
SEE BLET, fl7Ge—ABEE T EARDMBRM N —RKELGo TS0, RAEELT ; i NS : .
;‘Cﬁ:;::ucj:oiﬂnfof i:_roved soll by mixing-in- BELEE ISR ENERIBLET, - BEEITEH—RLAIL & step, large-diameter nails having high pull-out resistance are installed. Therefore, the
e it P y 9 ZR BREOEMELTHAWNSCENTEET deformation of slope during cutting is kept very small, which allows continuous use of
- ' = ° the slope crest (e.g., railways, highways, residences etc) during cutting. o
BIEAH AEOREAIO—HEEELTHOREZIRAIT IO, 7Toh—E L L N
(AT ) Sk ILEE DR E AR ALEE A, Bk AKERLE 0. After cutting is completed, FHR facing is constructed by casting-in-place concrete on
Columns of BE MBI SEYET, Tl BEORCERZHEELLSIVY the vertical wall face so that it is firmly connected to large-diameter nails . Therefore, :
cement-mixed soil 'J—FEEH"G)iﬁ':I’E;;FEl:{;Uéé' :*LBO)T—&:; IR FML T the completed wall becomes is very stable. Moreover, the FHR facing can be used as S ¢ 4
D G B ° - ‘ a foundation for super-structures, such as traffic barriers, noise barrier walls, electric ¥
) ° poles etc.
& BHEEASH RRR-C is a very cost-effective slope cutting technology, because any temporary -
- = . structures (such as ground anchors, sheet piles and propping for concrete form) are
EiiizmT:L":i:kiiﬁ;ﬁti’fﬁpjl:;iz—r;e_ BET not used and the required length of nails is relatively short due to its high pull-out B EETRE
diameter nails in soil. ’ ’ Rigid facing resistance resulting from a large-diameter. (B B LRAFEBRMAE L 2—RE
(Cast-in-place concrete)
NN\ S
Core rod
(( RRR-CILEICEAEL-IRE )) (( Awards related to RRR-C: ))
Loro ks , W20024: T RZLFHBIRE (STF1vva7oh—) 2002: The Japanese Society For Civil Engineers, Outstanding Civil
arge-diameter naiis Reinforcing bars ~Newly created space Engineering Achievement Award to “Development of Radish

(Large-diameter nails) Anchor”
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Complete the cutting work by repeating the above
procedure. 6m

3m #1 Platform #2

+ E +
A N
a” s5m || 0 mmmmm- “4.4m
& Large-diameter nail e
AV —NEEITRLET, 7 (g im)
Cast-in-place concrete layer directly on the wall | Newly created space | Columns of cement—treated soil made
surface. [ | by in—site mixing (0 =7.9m; ¢ 0.8m)
NN avy)—hEE
Cast-in-place
oncrete layer
Reconstruction of railway embankment by RRR-C (on the left side) and Nail-reinforced soil wall under construction (for Tohoku Line of high speed train)
HEKAL RRR-B (on the right side), Rokuzizo station, JR Nara line, constructed 1992 EEEE DY R AL TiEDEH (BRI E)

Drainhole | JRI|E#R. NHEERFER T =
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RRR-D GRS Structures to Prevent Water-Front Disaster

TEDOME

BIZERMERM (OFTFREM)L) THEL, —HREEBE I Z2MHEMICEEL THA=OH. K- IR ZRITHLTHY
SRGEM Y SRR T ZEET S TIETY,

IKBRBE K AR + TIK

BEI-OUAILIRIOHEMEBEELTVAO. BEL-OYEAIIEEAICKHLTEMERNZRLET £, B@E
IT-OYAIRREZOVEE TOXFMBOXREIHLTIEVREMZREL, TORRBLXRXAKORRIZLHMHmIE
EHCIENTEET,

B FEREINTHEY., BEI -OEIFFHEEMEBSLTVDH, BEAI -OYEITERESEAITHLTERL, &L
FREICHLTERLT, #YBSEREBELET,

-

N
DATVYRTHEL-ETERBELES SREISEVERD
#ER(L. RRR-BLEDEMEEALES . Pl 3000
Geogrid-reinforced embankment is  constructed. (BRAL : mm)
Vertical walls are constructed by taking advantages of
RRR-B construction method.
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_ Planar geogrid reinforcement Y,
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Facing is constructed firmly connected to geogrid
layers. Filter layers are installed on the back of facing to
prevent flowing out of the backfill by seepage forces
and sucking out of the backfill by over-flowing current.
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Rigid facing connected to geogrid preventing flow away of the backfill
RIZZEEE T (WM E—RETHY, BIMORELELEIE)
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Planar geogrid reinforcement

Seawall for Seisho by-pass of National Road No.1,
Kanagawa Prefecture, southwest of Tokyo,
constructed 2010

EE—SREM/ N/ \REFERE, 2010F 8%

BEINEHRS
Construction of facing

—{RKORIEEE T DITERAT
Before construction of FHR facing
; SERL
X:F'i_ - Completed wall
Pacific Ocean

FERHIOFEDERICEO>TRIELIZFEH/ M/ X (HFRIR) B FHEEDGRSHER(CXSHEIR

Outline:

This is a new technology to construct geosynthetic-reinforced soil structures as river and coastal walls and dykes to
prevent disasters by floods, storms and tsunamis. Rigid facing is firmly connected to the geogrid layers reinforcing the
backfill to be stable against wave forces, scouring in the supporting ground and uplift forces from over-flowing current.

GRS structures to prevent water-front disaster

Collapse of river and coastal walls and dykes are effectively prevented by: 1) a high stability of the facing against
wave forces, scouring in the supporting ground and uplift forces from over-flowing current by strong connection to
the reinforcement ;and 2) a high resistance of the backfill against erosion due to geogrid-reinforcement.

2. Over-turning of RW| /

i

3. Collapse of
embankment

River bed/
sea shore

Collapse of conventional type RW by scouring

GRS-RWs with a FHR facing has a
high resistance against scouring

e = ————

Improved performance of GRS-RW with FHR facing

(( RRR-D T LIZREEL-IRE ))

W2008%: AR AL o T1v I RER X EGeotextiles
and Geomembranes, 20074 R EFHFH X" Reme-
dial treatment of soil structures using
geosynthetic-reinforcing technology”

W2009%F: AR DCA L TV I AR BARAZ M E
EHEKIZKEDRADOKELMM T TIRICKDEK
AT DBEF

Collapse mechanism of coastal dyke by tsunami

(1)scouring

\*

@Wash-away of concrete panels

@ Erosion of backfill

@ Lost of full-section

(( Awards related to RRR-D:

2008: One of the three best papers published in Geotex-
tiles and Geomembranes (IGS official Journal) in
2007, “Remedial treatment of soil structures using
geosynthetic-reinforcing technology”

2009: The International Geosynthetics Society Japan
Chapter, Outstanding Geosynthetic Engineering
Achievement to “Development of mitigation
technology for damage to soil structures by earth-
quakes and floods”
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Bridges with Reinforced Soil Abutments

HREIMEEES (LEEHER) 20114108
Abutment of GRS retaining wall (using bearings), Octover 2011
- =1 1

. _ - i
MR MEEES (LEEHEHR) 2012488
Abutment of GRS retaining wall (using bearings), August 2012

EERPDCGRS—AER (KEHM) 2011487
GRS-integral bridge under construction (Kikonai) August 2011

BEFPOCGRS—AER (K&HM) 2011F11A
GRS-integral bridge under construction (Kikonai) August 2012

RRR-C BfZ& oY mAAEIE Nail-Reinfored Soil Walls

e

EEBOBIH AMRERE FASE
JR-Kyushu, Hakozaki (temporary wall)

RAEEETS BEARETHE NHEER

JR-West, Rokuzizo station

DY EHEEETLSE BB/
Kumagaya bypass

BEXELTOFBRKRE (EERESHEICLD)
Reconstruction of embankment damaged by 1995 Kobe Earthquake

RRR-B ##i5& T B T %
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JREFER IS - FEISERRE (1992.4)

Geosynthetic-Reinforced Soil (GRS) Retaining Wall

i -
.
HMETEE 8T - SLR (1993.5)

JR Kobe line, between Kanzaki river and Amagasaki station(April 1992) Kobe city road, Maiko-Takahiro line (May 1993)

. O

I EEEE EIITE (1996.12)
Yamagata Highway, Namekawa (December 1996)

RAFEEEERITE (1995.3)
Residential area, Fukuroi (March 1995)

RRR-D /KIRBh @R Tk

GRS Structures to Prevent Water-Front Disaster

EEISEH/ N /SAKEB/AIEOEIIRT Reconstruction of seawall for Seisho bypass National road No.1

CHTHRRREAINOEEKR

Placement of geogrid

BT EREIKR
Conpaction of backfill

TR BEIORRA%
During construction Before and after the construction of facing.




