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Multi-Anchor Reinforced Soil Wall Method
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Multi-anchor is a reinforced soil wall construction

ST v — AR B TIRIE, 197 OIS IHEEER A LRI TER SN THRM 2 vk
T ZERR Tk 2R LT 2 O E AR OHinE -8 TR A B M Z EHcE 2Rk %
TG LCOEBRTEE O AR L E I RN, BRI AR ORI, 2 L TENLEEZ IR >Tw»
9, INETO30EM FoEFEE2IEEZ. 20144E8HICIZ T4 8T v h— ik 1B Tk e -
M Te= 27 )VEE A B (— MR A AR 2oy —) 3% IS T FTEFES A ELE L7,

The multi-anchor reinforced soil wall construction method is based on the "fill stability
improvement construction method using tensile member" invented by the former Ministry of
Construction Public Works Research Institute in 1970. Its ability to be applied to a wide variety
of backfill materials allows for the efficient use of surplus soil, provides strong earthquake
protection, reduces environmental burdens, and offers superior stability. Looking back over 30
years of results in applying the method, the "Multi-Anchor Reinforced Soil Wall Construction
Method Design/Construction Manual Edition 4" (Public Works Research Center) was published

in August 2014. The construction method continues to grow even more reliable.

method independently developed in Japan
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The six advantages of the multi-anchor reinforced soil wall construction method, which continues to evolve with the times
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Effective use of surplus on-site soil
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The reinforcement mechanism allows for the optimal use of
surplus on-site soil, meaning sandy soil, rock muck, gravelly
soil, cohesive soil, and more can be used effectively. The

construction method is also effective in promoting
zero-emissions in road projects.
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"Rock anchor" reduces excavation volume
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Multi-anchor can be used with rock anchors when natural
ground behind the reinforced soil wall is solid bed
rock,effectively reducing the amount of soil to excavate. This
economical construction method matches the Japanese
policies to control the amount of surplus on-site sail.
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Shorter construction period and safety
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Turnbuckles incorporated into tie bars make it easy to adjust
the perpendicularity of wall surfaces. All components are
factory-made, for reduced construction period. All operation is

possible on backfills, for smooth construction on steeply
sloping ground. This makes construction safer.
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Reliable structural stability
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Multi-anchor's superior performance has been confirmed even
during surveys near the epicenters of recent large-scale
earthquakes, proving that it is an extremely safe and secure
construction method. There are cases where walls with a

maximum height exceeding 25 m have had been built using
multi-anchor.
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Supports a wide variety of fill shapes
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Multi-anchor is applied to a wide variety of fill sites, from
urban areas where site procurement is difficult, to
replacement roads in ravine areas that cannot enter river
cross-sections. A variety of projects are possible, such as
multistage fills where vertical walls are built in tiered platform

shapes, or two-sided fills that confirm soil in wall surface
materials.
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Maintenance management and repair
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In anticipation of future infrastructures with longer service
lives, maintenance methods are being formalized into a
manual, while inspection and recording items are being
clarified. Slight cracks and partial damage in concrete wall
surface material can also be easily repaired.
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Supports construction site needs
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Flexible structures from flexible ideas
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Earth pressure = Pullout resistance
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Stable soil
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In this construction method, the wall material and multiple anchor
plates installed in the earth are bound with tie bars to build an earth
structure with a vertical wall. The earth pressure acting on the
concrete wall surface and proportional pullout resistance restrains
and strengthens the earth. This allows this construction method to
be used at a variety of embankment sites.
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Continuing innovation
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Since it was first used in 1983, the multi-anchor construction method
has been used in over 7,000 construction projects with a cumulative
total wall surface area of 1.8 million m2*. The construction method
continues to be researched and developed in order to improve quality
even further. As a result, the method's superior earthquake resistance
can now be factored into stability calculations, and a concept of
performance design has been introduced. The construction method
has also promoted reduced earth excavation through the effective
utilization of on-site soil and the use of rock anchors. The multi-anchor
construction method is based on logic that differs from that of
friction-based reinforced soil wall construction methods. The
"Multi-Anchor Reinforced Soil Wall Construction Method
Design/Construction Manual (Public Works Research Center)" was
therefore published in 1994, and research has continued since then,
with Editions 2, 3, and 4 published along with component
improvements and technological advances.

* As of March 2015
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Adapts to a variety of fill materials
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Multi-anchor reinforced soil walls are based on anchor plate
bearing resistance. This makes it possible to build reinforced

soil walls on a variety of backfill materials from highly granular
surplus on-site soil to aerated mortar.
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Optimal use of rock muck
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Multi-anchor reinforced soil walls attempt to reach stability via the
bearing resistance of the anchor plate, and can use detritus and

other gravelly materials as is for backfill materials.
* The maximum grain diameter is regulated.
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Multi-anchor reinforced soil
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General reinforced soil ® 9 FiE Ty
Gravel Fine grain
(2 ~75mm) (~0.075mm)

Sand
(0.075 ~2mm)
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The Reinforcement Material Length Advantage

Procedures
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General reinforsed soil wall

Among the construction methods described in reinforced soil wall
design/construction manuals published by Public Works Research
Center, multi-anchor has the shortest reinforcement material
length.
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Multi-anchor reinforced soil wall
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The multi-anchor reinforced soil wall construction method requires
only a few workers to perform, regardless of the scale of the site. It
can also offer improved safety, as work can be performed on the
backfill while at the same time prioritizing the establishment of wall
surface materials. This construction method stabilizes structures
by integrating them with the soil, and makes effective use of the
engineering characteristics of earth. Therefore, be sure to follow the
construction procedure in the “Multi-Anchor Reinforced Soil Wall
Design/Construction Manual Edition 4 (August 2014)" for work
such as spreading soil and surface compaction.

% = RO ai == Equipment Type Qty Purpose
rNSwooL—r | GHER 4.9tk 1 BEEM A Truck crane Hydraulic 4.9t 1 Panel hanging
TILR—=t 11t#R 1 BIMOFEHL.ETL Bulldozer 11t 1 | Spreading/laying filler
I\ RS 0.45m3 1 BEERROERTHMBIOEETHL Backhoe 0.45m?3 1 Spreading filler aside the wall
y4vO—3> 8 ~20t#k 1 BRI DOMED Tire roller 8to20t 1 | Compaction of filler material
wEIO—> INYRAARK 1.0t8R 1 BRERROE TR ORMED Vibrating roller | Hand-guided type 1.0t | 1 Compaction of filler material
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Soil spreading
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on wall surface edges
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Repeat the process

Construction precautions

@ Use only bolts and nuts indicated in the design, and only in indicated
locations.

@ Do not use backfill materials that are of lower quality than the soil quality
conditions in the design.

@ Contact the Multi-anchor Reinforced Soil Wall Association if backfill
materials differ from design values.
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Anti-earthquake performance to help build a safe nation
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The level of damage suffered by structures built using reinforced soil wall construction methods are confirmed and surveyed whenever there is
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a large-scale earthquake or torrential rain disaster. There have been many such disasters recently. These results serve as valuable design and
construction information, and are used in making improvements to methods with the goal of realizing a high level of safety.

Meanwhile, systematic performance evaluations are essential in attempting to restore reinforced soil walls damaged at actual disaster sites.
In particular, structure managers must objectively evaluate the level of damage suffered by reinforced soil walls during disasters, and must
quickly make a variety of decisions and perform many tasks in recovering from a disaster. This requires that guidelines be set that can act as
indicators used in making such decisions.

In response, the Public Works Research Center prepared the "Report on Disaster Damage Level Evaluation for Reinforced Soil Construction
Methods and Basic Policies toward Disaster Recovery" in 2005.

HE IR R 2 R0 AR5 5K T IERE S M 7z i i i PE fE

Strong earthquake resistance proven during the Niigata Chuetsu Earthquake and
Great East Japan Earthquake
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A survey was conducted on 46 sites in the Chuetsu region that were impacted by the
Niigata Chuetsu Earthquake that struck in October 2004. Surveyors confirmed that
reinforced soil wall structures and retaining walls in each area lost functionality, while
roads were torn to pieces. However, there were no cases noted in which there was
catastrophic damage to roads constructed with reinforced soil walls.

A survey on the extent of damage suffered during the Great East Japan Earthquake
on March 11, 2011 was conducted in four prefectures (lwate, Miyagi, Fukushima, and
Ibaraki) that recorded earthquakes at an intensity of at least six lower. Results
showed corner chipping and cracking (likely due to concrete wall surface materials
violently crashing against each other), slanting coping concrete mountainsides, and
other damage.

However, there was no sign of damage or deformation that could result in reduced
stability in actual reinforced soil walls, and there were no locations with damage that
could hinder their use as roads.
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Common retaining wall Multi-anchor reinforced soil wall
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Common retaining wall that suffered damage (left side, toward the front), and a
multi-anchor reinforced soil wall that held up (right side, toward the rear).
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Maintenance methods for extending lifespans
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Raised backfill, ground, etc. deform:
(cracking, slipping, etc.)
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Although the multi-anchor reinforced soil wall construction method itself is

BEEF ORI
(U590 =) =S

Road surface, etc. deformation
(cracking, level variation) 7
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Coping concrete deformation
(cracking, slanting, etc.)

extremely stable, maintenance management is required to keep soil walls
functioning well when they are being shared and to prevent them from being
damaged during disasters. Under the realization that maintenance management
is important for civil engineering structures, the "Multi-Anchor Reinforced Soil

Wall Construction Method Design/Construction Manual" was revised in 2014 a P
. . . . 2% (O Pintes] (craclgmg corner ch\um g . ZE R
with a new chapter on maintenance management that includes topics such as Backfill material ‘ i (AR 555 %)
. . . . . R discharge " Wall surface deformation
inspection items, inspection methods, and repair methods. R (slanting, swelling. etc.)
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Drainage condition 5 5 g
(wall surface area) (&1 IR :E N )

Foundation area deformation

(sinking, sliding, slanting, scouring, etc.)

(O5vy ERIET)
Foundation ground deformation
(cracking, rising, sinking)

E%EH‘ D ?ﬁ ﬂ% Wall surface material repair
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Multi-anchor allows for repairing and exchanging wall surface material. This is described in detail in "Multi-Anchor Reinforced Soil Wall
Construction Method Design/Construction Manual Edition 4" (Public Works Research Center). The soundness of a retaining wall can also be
confirmed by conducting a drawing test on the reinforcement material.

ation

R RE POIRD)=k=3 H1E=l Status Response guidelines Repair examples
BEMDISVY ggojgcrEOW] m Lali=pact Wall surface material cracking 8r88k5vg|d:thov¥ mm Fill with resin
BEEM DIES BRITORESE WIEE1E Wall surface material damage Edge chipping, etc. Cross-section repair
EE i
BEEM DAL 0.03H 1D 30cm Z:ﬁgﬁzgn— Wall surface material displacement 0.083 Hand 30 cm Bﬁsggﬁg‘ﬁ:;ﬁ:face material
I - EIE% Poor execution during/after .
DR 0.03H D> 30cm BWE. BEE construction 0.03 Hand 30 cm Remove and rebuild
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Anti-disaster plan
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Checklist
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Daily maintenance
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Weather facts
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Unusual happening
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Daily check
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Periodic check Anti-disaster team Disaster
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Jake measures
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Extra inspection
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1__Emergency measures__ | Traffic restriction |
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Detailed investigation Anti-disaster work study
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Maintenance work study

No
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JTake measures
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Anti-disaster work
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Maintenance work
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?ﬁ Bﬁi‘j @i% Eﬁ Enhancement of reinforcement materials
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When a problem with the stability of the embankment, an
abnormality in the reinforcement material, or some other
problem is recognized, ground anchors or Mini-anchors can
be added as new reinforcement material.
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Maintenance cycle
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The ease of maintenance will be an important element for civil engineering facilities from now on. For multi-anchor reinforced soil walls, we
support maintenance work from various aspects such as inspection using drones, and the development of new members and materials that

enable deterioration diagnosis.

AVTFVADR T —AL A T 3 Phases and options for maintenance
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After constructing the Multi anchor reinforced wall, we can use

drones to obtain images of how the wall surface is standing
and keep a record of that as the initial values.

(B#R) (Vvisual inspection)
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We propose judgment methods and recording methods to

ensure that the judgment criteria do not vary between different
inspectors or between each reinforced soil location.
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maintenancelcycle)
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Diagnosis
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We have developed wall surface materials that enable the
non-destructive diagnosis of the soundness of actually

functioning steel reinforcements. Various inspections are
possible without destroying the wall surface materials.
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If it is recognized that there is a problem with the stability of an
embankment, or an abnormality in the reinforcing materials,

then it is possible to increase the strength by newly adding
ground anchors or mini-anchors as reinforcing materials.
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The possibilities for the diagnosis support
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In general, the reinforcing materials on reinforced soil walls are buried inside the banking material as constituent parts that are extremely
important for the securing of stability. The problem for their maintenance and management is that it is not possible to conduct monitoring after
they are put into use. The “diagnosis support” was developed in response to this and has reinforcing materials protruding out so that they
support the wall surface from the outside. This makes it easy to implement tensile testing and various non-destructive inspections on the
reinforcing materials that are actually supporting the structure.

#Iiﬁiﬁ*ﬁﬁ Non-destructive inspections
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The ultrasonic probe is pressed against the end of the tie bar and measures the response to
the ultrasonic wave that was input.

BEREDIREDREDIAIN—DREDAEICHD. D DMDMNEICKREDFEVESE. F1
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If the response to the ultrasonic wave is at the designated tie bar length position, and also
there is no response at other points, then the diagnosis is that the tie bar is not damaged.

BERDOREDNMEDYAI\—DREDAUBICIEVESTIE. FA/I—DEBELTWVND LEKT D,
> EEk If the response to the ultrasonic wave is not at the designated tie bar length position, then
Distance the diagnosis is that the tie bar is damaged.
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Example waveform observed
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Response
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A tension bar is attached to the head of the reinforcing material protruding from the wall

AE~Z[IRARDHA
Example of relationship
between load and displacement

93| surface material, and a frame, a hydraulic jack, a load indicator and a displacement gage are
é%ﬁ installed.

2 UZJ A JfEE _

8 _ _——_ _ liftoff load SIRAZERFERICHTT T Do

e The tensile force is loaded gradually.

HE~ZMREFEISUT M JREZHEL REY N\ —[MEALCVSRNZAET .

- ey ive-— The lift-off load is judged from the relationship between load and displacement and the
Displacement . . . .
tension on the tie bar at the current time is measured.

5 | fl m
Rear view Side view

MEFAEER  Ee8miEEMT
*Scope of application: Wall height around 8 m or less
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JLTU—b }P:\;T Wall surface material
Rubber plate for diagnosis
MR yoww
aARHH— azss— Bearing plate Sealing material
Connector Connector
‘ ‘ RED Y r— Tt
i Spherical washer Non-woven fabric
‘ L Reinforcing material ‘ .
Er W Lo EE
ﬁ:‘gd:‘::aéj ~‘\T‘qul,ie steel tube
= e
eﬂx o HETYYv— -/
| Spherical washer /7 i
§ g =\ ( Reinforcing material
L .
- Reinforcing material ALk NAVY—k~
?)&ﬁm@ﬁ*ﬁ‘%ﬁ Bolt N insert
Rear of wall surface materials for diagnosis BEmEmH
Wall surface material
for diagnosis
LT TOEEEMIEY TIVIARTT—ICKDERE
The upper and lower wall surface materials are joined ‘
with double connectors ]
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Plans of parts/final view

Hub AR (E1F)

Layout in general
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Standard panel applications

EHEER A FINART5— §¥"ﬁm 1440 1500 1500 1500 1500 1500 1500 1500 1500 1500 1440 =

Composition A Double connector EEE*Z (TA 9,{7) EE 35] kg
VINART T — JESEERM B FAI\— N O ote pane A \ K ©
Single connector Coﬁpositign B Tie bar RO T —IEHRIL

Bolt for connector

ROy R7 A LRIV &
Bolt for rodeye
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IR Z—IEDRIL b

ROy R7A kT b

ERETEE 100kN/m?2)

o DEFREE
Turnbuckle > EHEOy R7 A1k Y b (ERETLFE 60kN/m?) .
Vo — NEEEH ] o o DIV (677 (EIEITE i I I I I a-type panels N . T &
e SIINARTH— IRTH—IEHT v — I I I (Design pressure 6OKN/m?) | | =
Double connector Washer for connector I ) ) I | 1590 |
[=hiery) V‘ [ [} [ [
Joint filler > I
[ [l [}
FKBHRLH 08 ani. i
Water penetrator }X‘ ...
BTA BTA BTA
OMpoO O » /] / Il ATA
- ARG H— DT vy r— S . 1590 115
"‘ Washer for connector ) B DEFREE
il

EEERE (RER)
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Foundation . B-type panels 0
Design pressure 100kN/m?
Anchor plate X . ©
DI ARTE—
Single connector v
ROy R71ESHRIL b v OEmEE
Bolt for rodeye (ER5tEE 150kN/m2) 9
0
% " I/ Ha Y-type panels
n A n (Design pressure 150kN/m2) X

Anchor plate composition

Bolt for connector

Nut for rodeye

XAV T—b

Main plate
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Sub plate

9w v— Washer
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