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Multi-Anchor ReinforcedSoil Wall Method
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Multi-anchor is a reinforced soil wall construction method independently developed in Japan
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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.
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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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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 bk T
Gravel Fine grain
(2 ~75mm) (~0.075mm)

Sand
(0.075 ~2mm)
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Structural stability and superior design used in a variety of situations

a/r—aY Locations a4 —3ay Locations

B Roads
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Multi-anchor can flexibly adapt to a variety of construction conditions (such as
high-standard roads and agricultural/forest roads), and promotes stronger national
networks.

R %HYH Approach-ways
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When installing structures to walls, using multi-anchor to keep the number of
retaining installation parts to a minimum can reduce costs.

HBE S K [- Soil improvement
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The reinforcing materials are short, so the area of the soil improvement is compact
and it is possible to achieve safety and economic efficiency, even on soft ground.

227 /71—  Rock anchors
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Multi-anchor can be used with rock anchors to drastically reduce labor excavating
solid bedrock in the ground.

Gk Filling
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Multi-anchors are vertical reinforced soil walls, and are effective in using sites
efficiently and reducing the amount of fill material used.

R&EBIH  Disaster recovery
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Multi-anchor is becoming increasingly noteworthy as a secure construction method
that offers improved safety when recovering from frequently-occurring natural
disasters.

Wi Seashores
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A variety of designs and materials are used to implement reinforced soil wall
construction—even in maritime areas with strict natural conditions.

KA - X2 Watersides/Dams
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Multi-anchar uses fill material that is strong against water and that offers excellent
permeability. Stable fills can be constructed even in locations where the wall
surface is submerged.

MEEE  Parallel walls
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Multi-anchor allows for fills with parallel walls that are economical and secure in
roads attached to approach-ways on overhead crossings and other structures.

IR Diagnosis support
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le to use ultrasonic flaw detection and lift-off tests to diagnose the
of functioning steel elements after the construction.
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Roads (Hi-Standard Roads) Roads (Agricultural/Forest roads)
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Approach-ways Soil improvement

25250
10500
7500 500| 1750 7000 1750 [750
500 75! 500 500
1000 3500 3000 500 | [1250 3500 3500 1250
[750
3500 500320

o
18]
E s 7000
qf = 750| 1000 3500 2500 |1000
< 1750 1750
o

11



Q27— 1))

Rock anchors Filling

— RN HERTEDES. TORIHICIEHIZEDHEMOES Standard reinforced soil walls tend to require that a greater amount

EDNBEELERTEDSHILIBEINZ < EDOHBETT, of earth be excavated, as a fixing layer of reinforcement material with

ST UN—Tl3. BEREHOSEICERNHBES. OvITY a certain thickness must be built in the backfill.

A BABE N ES I B B2 T & CRiR LRSS T3 Wl.th MuIt|—anF:hor. if there is bedrock in a Ioca."tfon with a stable T|II a
reinforced soil wall can be constructed by driving rock anchors into

EDERET T CNICKD, HILIDOEHZBHMPR AV —HTR the bedrock so that the bedrock bears the resistance force. This

E—Fr—HEIZRELFET, allows for smart and rapid construction that keeps earth excavation
to the bare minimum.
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Standard reinforced wall Multi-anchor (rock anchor use)
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Rock anchor angle
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Tie bar Cement paste
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Tensile material
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One every 1 m
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Disaster Recovery Seashores
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Watersides/Dams
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Parallel walls
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For construction where fills are sandwiched
between reinforced soil walls on both sides, binding

walls with tie bars when using multi-anchor
reinforced soil walls can improve stability.
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Diagnosis support
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It is possible to use ultrasonic flaw detection and lift-off tests to

diagnose steel reinforcements that are actually functioning,
not testing dummy specimens.

NETIS : KT-220155-A
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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 B == Equipment Type Qty Purpose
rNwvooL—r | HER 4.9tk 1 BREMRAH Truck crane Hydraulic 4.9t 1 | Panel hanging
TIVR—=t 111K 1 BrMOFTEHL.BIL Bulldozer 11t 1 | Spreading/laying filler
Ny ik 0.45m?3 1 EEROBIMBOFIEHL Backhoe 0.45m? 1 | Spreading filler aside the wall
y4vOo—> 8 ~20t#k 1 B MR ORMED Tire roller 8to20t 1 Compaction of filler material
REIO—> INYRAARK 1.0t 5 1 BRERROE TR OME D Vibrating roller | Hand-guided type 1.0t | 1 Compaction of filler material
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Wall surface material application
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Connecting tie bar and anchor plate
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Soil spreading
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Wall surface adjustment
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Compaction (wall rear surface)
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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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Quality control of embankment NETIS : HK-220006-A

using torque data
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Deformation of reinforced soil walls is often caused by defective embankment materials, which may be due to an increase in the water content
ratio of the embankment material or an inability to properly respond to changes in soil quality caused by changes in the location of the
embankment material collection site during construction.

In general, an on-site density test is conducted once every 500 ni for quality control of fill material during construction, but this frequency is
often not sufficient to respond to changes in fill material, especially when inappropriate fill material is delivered. As a result, the process and
economic loss due to rework is significant.

The "Quality Control of Multi-Anchor Reinforced Soil Wall Using Torque Data" is a simple and continuous method to control the quality of
multiple-anchor type reinforced soil wall by rotating the turnbuckle attached to the reinforcing material with a torque wrench immediately after
compaction of the fill material, thereby applying a tensile force to the reinforcing material and indirectly measuring the pull-out resistance of
the anchor plate as torque value , which enables the rapid detection of changes in the condition of the embankment material.
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Torque Data Management Quality Control System
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SO RTA 5/'4}\“— / In the test, the relationship between the torque at turnbuckle rotation and the
/ resistance force of the reinforcement was similar regardless of the soil type of
/ / the embankment material, and it was confirmed that the suitability of the
| 1 embankment material could be easily confirmed by measuring the torque at
turnbuckle rotation and the displacement of the anchor plate side.
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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
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.
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Strong earthquake resistance proven during the Niigata Chuetsu Earthquake and
Great East Japan Earthquake
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i 5¢ 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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WEDREUCIERERE(EFF) & FEI RS HY Y H—A @ EE(HE),
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 for long term performance
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For preventive maintenance, the ease of maintenance will be an
important element far civil engineering facilities from now on. For
multi-anchor reinforced sail walls, we support management based
on the maintenance cycle from various aspects such as inspection
using drones, and the supply of new members and materials that
enable deterioration diagnosis.

AVTFVADZE T —AL K 73 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%8) (Visual 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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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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Multi-anchorgwall

maintenancelcycle)
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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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Inspection and Diagnosis
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Although the multi-anchor reinforced soil wall is 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 with a new chapter on
maintenance management that includes topics such as inspection items,
inspection methods. and repair methods. Particularly, inspection and diagnosis,
which enable to detect disorder immediately and identify cause of disorder, are
key factors for maintenance management.

The “Multi-Anchor Reinforced Soil Wall Construction Method Design/
Construction Manual" provides clear and detailed explanations of the
checkpoints for the close visual inspection required in specified earthwork
inspections. This makes it possible to quickly detect abnormalities using a
simple method. Furthermore, since it is fully compatible with the common
recording form for nominal reinforced soil walls, there is no need to prepare a
dedicated recording form.
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In general, the reinforcing materials of 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 panel" 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. In addition to these nondestructive tests, we can
also perform pull-out tests on reinforcement.
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Inspection and Diagnosis

#Hiﬁiﬁ*ﬁ N Non-destructive inspections

2RI BERRMTZE SN\~ UA I TADLICBEROINEZAIE
Example waveform observed 9% A , , A
The ultrasonic probe is pressed against the end of the tie bar and measures

the response to the ultrasonic wave that was input.
BEEDINEDFAED TN\ —DREDAEICH D, hDOMDABICRHE
DEWVEEIE, N\ —[FBELTOLIEVEEZRT 2.

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.
BEEOIREDMEDIAMN—DREDABICEVEEE. F1/\—H1E
ELTWLDERRTT D,

If the response to the ultrasonic wave is not at the
designated tie bar length position, then the diagnosis is that

Response

—p RINCH

Distance the tie bar is damaged.
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A tension bar is attached to the head of the reinforcing material
protruding from the wall surface material, and a frame, a hydraulic jack,
a load indicator and a displacement gage are installed.
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Example of relationship
between load and displacement
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% Lift-off load The tensile force is loaded gradually.
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The lift-off load is judged from the relationship between load and
displacement and the tension on the tie bar at the current time is measured.
—p TS = q = A .
Displacement SHK Rear view flERK Side view
XEREE  EE8miEEMUT .
*Scope of application: Wall height around 8 m or less LTt PUMREEY o
Rubber plate for diagnosis
&l &l
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aARHH— Qs H— Bearing plate Sealing material
Connector Connector
‘ WED Y v— TR
s Spherical washer Non-woven fabric
‘ L Reinforcing material -
I \\W Efg?:a‘éj \T.orclue steel tube
e s e
.‘ﬂ(\ =) BEDYYr— 1
(| Spherical washer 7 s
G ¢ Reinforcing material
L] -
=\ Reinforcing material N ~
P REEMEE — B/ Nineor
Rear of wall surface materials for diagnosis [—
| Wall surface material
. _ . ‘ for diagnosis
L TOEEMIES TIVIRTY—ICKDERSE
The upper and lower wall surface materials are joined ‘ ‘
with double connectors [— ‘ |

6 Hji = %ﬁﬁﬁ Pull-out test

ERBDEEmMDBESICBVNTH. EEMO—EERET D EICK Evenin the case of conventional wall materials, it is possible to check
the integrity of the reinforcement by pulling tests by removing a portion

of the wall material.
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Technology for repair
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A variety of technigues are available in case the diagnosis indicates that repair need to be taken for multi-anchored reinforced soil walls.

BEM A DIEIE Wall surface material repair

Multi-anchor allows for repairing and exchanging wall surf ace
material. This is described in detail in "Multi-Anchor Reinforced Soil
Wall Construction Method Design / Construction Manual Edition 4"
(Public Works Research Center).
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iﬁ EEH 0)% 6& Enhancement of reinforcement materials
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Surface protection work
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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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Plans of parts/final view
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Layout in general
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Foundation
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Anchor plate composition
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Standard panel applications
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a-type panels
(Design pressure B0kN/m?)
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B-type panels
(Design pressure 100kN/m?)
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y -type panels
(Design pressure 150kN/m?)
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