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Foreword

2:2023(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally
through ISO technical committees. Each member body interested in a subject for which

carried out
a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
electrotechnical standardization.

The pDrocedaurc UOCUIT dI10 ." SJefesie O U d
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianes
diffdrent types of ISO document should be noted. This document was drafted in aceendan

editgrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO fraws attention to the possibility that the implementation of this document may inv
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of i
patent rights in respect thereof. As of the date of publication of this decument, ISO had 1
noti¢e of (a) patent(s) which may be required to implement this docunient. However, imple}

matters of

iimenance are

bded for the
ce with the

Ive the use
iny claimed
ot received
menters are

cautjoned that this may not represent the latest information, which«may be obtained from the patent

database available at www.iso.org/patents. ISO shall not be held responsible for identifyin
such patent rights.

trade name used in this document is information given.for the convenience of users a
titute an endorsement.

Any
cong

For
expr
the
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an explanation of the voluntary nature of standards, the meaning of ISO specific
essions related to conformity assessmentsias well as information about ISO's ag
World Trade Organization (WTO) principles in the Technical Barriers to Trade
v.iso.org/iso/foreword.html.

This
stres

document was prepared by Technical Committee ISO/TC 71, Concrete, reinforced concr
sed concrete, Subcommittee SC 7, Maintenance and repair of concrete structures.
Alist of all parts in the ISO 5091.series can be found on the ISO website.

Any
com

feedback or questions on this document should be directed to the user’s national stand{
plete listing of these bodies can be found at www.iso.org/members.html.

g any or all
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Introduction

As arepairing and strengthening method, attaching of cementitious material layer to surface of existing
concrete structures has been widely accepted. Since the cementitious layer does not have enough tensile
strength, tension reinforcement is generally placed in the cementitious layer. There are two types of
attaching way. For the first way, the cementitious layer is attached either on top surface or bottom
surface of horizontal concrete members, especially slabs, while, for the second way, the cementitious
layer is attached to jacket vertical concrete members, especially columns. There has not been any I1SO
standard on design, execution, and maintenance for this method with attaching cementitious layer. The
ISO 5091 series serves as the first ISO standard for the intervention by attaching cementitious material

layer with t

At the sam
method, wh

The ISO 50
while 1SO 5
layers.

ISO 5091-2
strengtheng
Note, howe

documents,

Given that mnembers subject to intervention are mostly decksgthe standard methods described hg

are conside

ension reinforcement inside.

e time, the ISO 5091 series is the first ISO standard developed for a specific interver
ich conforms to the umbrella code, ISO 16311, especially ISO 16311-3 and 1SO46311-4.

D1 series consists of four parts. ISO 5091-1 provides the issues common to,all three p
091-2, 3 and 4 provide the issues specific to each attaching way of cementitious mat

describes a specific method of verifying the performance of“a structure repaire
bd by means of top-surface overlaying based on the currently available latest technolo

red the latest information on design and cofistruction of top-surface overlaying u

fibre-reinf

construction methods are developed and methods_for evaluating the post-intervention struct
performande with sufficient accuracy are established, making it possible to apply top-surface overla
for intervention parts and members other than“decks, use materials other than fibre-reinfo

concrete, e
necessarily

The ISO 50
consultant

cementitioy
needs to be

ced concrete on overlaying parts. As technelogy advances, new materials and design|

required to adhere to what is set forth in ISO 5091.

D1 series can serve as a prdctical standard for construction industry, such as client, dd
and general contractor;‘te apply the structural intervention with externally atta
s layer. Additional technical information, which is not provided explicitly in ISO 5091 se
provided in each application case with consideration of the provisions of ISO 5091 seri

ploy interface treatment methods‘other than cutting, cleaning and adhesive, etc., it i$

Iition

arts,
erial

d or
gies.

7er, that the verification method described herein does netover all kinds of verificaltion.
For necessary information, reference need to be made to the relevanfstandard specifications and g

ther

rein
sing
and
ural
ying
rced
not

sign
rhed
ries,
bS,

Vi
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Structural intervention of existing concrete structures
using cementitious materials —

Part 2:
Top-surface overlaying

1
This

method, which increases the thickness of existing concrete members by integrating c
brials onto the top surface of the members so as to improve the safety, sefviceability, dufrability and

matg
othe

This

matg
incly

a)

b)
)

d)
e)

2

The
cons
unda3

ISO
Part

ISO

Scope

document specifies the standards for design and construction using the top-surface

I properties of a concrete structure.

ding, but not limited to:

ibration, and seismic actions;
chemical and biological actions from environments;e.g. sulfate attack, alkali-aggregate|

physical actions, e.g. freeze-thaw, thermal cracking, moisture movement, salt crystall
hnd erosion;

reinforcement corrosion;

Normative references
titutes requirements of this document. For dated references, only the edition cited
b091-1:2023,-Structural intervention of existing concrete structures using cementitious 1

1: General principles

| 6311%3, Maintenance and repair of concrete structures — Part 3: Design of repairs and p

briginal construction defects that réemained unaddressed from the time of construction.

overlaying
bmentitious

document specifies structural intervention of existing concrgte-structures using cgmentitious
brials design and execution principles, and strategies for defects and on-going dg¢terioration

mechanical actions, e.g. fatigue, impact, overloading, “movement caused by settlefent, blast,

reaction;

zation, fire,

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references;-the latest edition of the referenced document (including any amendments) applies.

naterials —

evention

ISO

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

L3714 A AL - rn L - Vad b e e Inl . i ! mJ el L - .
ITOoT I, matrterrance arra repulr 0] COTcrete structures — 1 art . CXecutlionr o repuatrs amu preventlon

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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3.1

top-surface overlaying
method in which the thickness of the structural element associated with the top surface of the existing
concrete members is increased using cementitious materials, which will generally be reinforced

Note 1 to entry: The technique enhances the performance (e.g. strength, stiffness) of the existing concrete
structure and is applicable to highway bridge decks, etc.

3.2

bonding product
material, such as a primer or adhesive, that is applied to bond concrete and mortar

Note 1 to ent]

3.3
filling mat

ry: The grouting material for bonding concrete and reinforcing material is also included in thisf

brial

material injected to fill the gap between a reinforcing material, such as intermediate penetratin

and concret

34
filling proy
degree of fi

3.5

very high €
type of cen
mm? to 30 |

3.6
reinforcing
steel or FRE

3.7
polymer hy
hydraulic c
polymer

3.8

overlaying
cementitioy
for the pury

39
FRP grid
resin-impre

e

erty
ling of cracks and adhesion of crack filling material to substrate

arly strength cement
ent with a typical mix proportion that develops a compressive strength as high as 2
N/mm?2 within 2 h to 3 h of placement

s material
material used to sustain, restore or impreve the mechanical performance of a structu

rdraulic cement mortar
bmposition made cementitious materials and fine aggregate modified by the addition|

material
s material, potentially reinforced, added on the top surface of an existing concrete strug
ose of making afi-intervention to enhance the performance of that structure

gnated-FERP reinforcing materials formed into a grid shape

erm.

y tie,

D N/

e

of a

ture

4 Investigation ofexistng sbructure

4.1 General

The investigation of the existing structure for intervention using the top-surface overlaying method
shall be as set forth in ISO 5091-1:2023, Clause 4.

4.2

4.2.1

Investigation

Investigation using documents, records

The investigation of the existing structure using documents, records, etc. for top-surface overlaying
shall be as set forth in ISO 5091-1:2023, Clause 4.

© IS0 2023 - All rights reserved
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If the intervention has already been performed, maintenance records need to be inspected.

4.2.2 On-site investigation

The on-site investigation for considering the application of top-surface overlaying shall be as set forth
in ISO 5091-1:2023, Clause 4.

To ensure smooth construction work with top-surface overlaying on the site, the storage space and
arrangement of construction machines and materials, traffic restrictions and so forth should be

chec

ked in the prior investigation phase.

5

5.1

The
ISO

The
forn{
leve

In st
exis

5.2

The
ISO

In d¢
cond
nece
star
patc
and
cond

The
appl
the 1
take
com

[ntervention design

General

intervention plan for considering the application of top-surface overlaying’shall be as
b091-1:2023, Clause 5.

structural plan for degraded part removal, patching repair, concrete replacement, ¢
ulated based on the correct judgment of the degradation statis to ensure that the p
and design service life of the structure required from the intervention are achieved.

ructural details, a bonding method shall be establishéd that ensures the integrity b
ing parts and overlaying parts so that the intervention‘effect of top-surface overlaying

Structural plan

structural plan for considering the application of top-surface overlaying shall be as
b091-1:2023, Clause 5.

signing intervention work, appropriate decisions shall be made on the method to remoy
rete, the materials and method“for patching repair, whether partial concrete rep
ssary and the range of replacement, the construction method of top-surface overlaying
[ing construction with top-surface overlaying, considering these circumstances. M
hing repair for the top surface of decks are required to shrink little, be excellent in crac
Heformation-following ¢apability and Young's modulus equal to or smaller than that of
rete.

y waterproofing’and ensure water drainage on the waterproof top surface. In order to
epaired oristrengthened structure sustains its performance as mentioned above, it is 1
measures/to prevent re-degradation while taking into consideration the maintenang
bletion of intervention as well.

set forth in

tc. shall be
erformance

etween the
is obtained.

set forth in

e degraded
acement is
, etc. before
aterials for
K resistance
the existing

intrusion of wateDinto the inside of decks needs to be completely prevented and it is ilnportant to

ensure that
ecessary to
e following

5.3

ctural doatailc

3
éml\'bul UL ACTUITY

The structural details for considering the application of top-surface overlaying shall be as set forth in
ISO 5091-1:2023, Clause 5. An increase in the self-weight due to the overlay shall also be considered
appropriately.

For a structure repaired or strengthened with top-surface overlaying to fulfil the required performance,
the existing parts and overlaying parts need to function together as a composite structure. Figure 1
shows examples of the cross-section of decks to which top-surface overlaying is applied.

If the stiffness of the existing part is vastly different from that of the overlaying part, the strength,
Young's modulus and other properties of the existing concrete and overlaying materials need to be
considered.

© IS0 2023 - All rights reserved
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existingjasphalt pavement

existing|RC deck

asphalt pavement

overlayipg concrete

water r¢sistant layer

reinforc|ng steel

reinforcing FRP grid

overlayihg concrete (concrete pavement)

L0 NN O U D W N

Before gverlaying.

o

After overlaying.

¢ Top-surface overlaying with dsphalt pavement.

d  Steel-reinforced top-surfac€overlaying with asphalt pavement.

¢ FRP grid reinforced taptsurface overlaying with asphalt pavement.

f Top surface overlaying.

Figure 1 — Examples of the cross-section of decks to which top-surface overlaying is applied

6 Materials

6.1 General

The materials used for top-surface overlaying shall be of proven quality to ensure that the required
performance is fulfilled for a necessary period.

6.2 Materials in existing structure

The characteristic values and design values of the materials in the existing structure shall be as set
forth in ISO 5091-1:2023, Clause 6.

4 © IS0 2023 - All rights reserved
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When setting the material properties of the existing structure based on documents, records, etc.
according to ISO 16311-2, the partial safety factor for materials should be determined taking into
consideration the impact of degradation. On the other hand, when the functionality of the existing
structure is restored using patching repair materials or the like prior to top-surface overlaying, the
material properties of the repair materials should be considered appropriately according to their

impact.

6.3

Materials used in repairing or strengthening parts

6.3.1 Cementitious materials

The
4.3.7
mixe
reley
or th

If sh
expa
stre

is formed early and, therefore, there are cases in which an expans$ive additive generate

hydr
Itis
6.3.]
The

cementitious materials used for top-surface overlaying shall be as set forth in [SO5
. Water, cement, aggregate, fibre, mineral admixture and chemical admixture, polyn
d with cement and others used for the cementitious materials shall be thosg,complig
rant standards or those proven to have the required levels of quality based jon €xisting
rough confirmation tests.

rinkage cracking of cementitious materials presents a problem, an €xpansive add
nds upon setting and hardening may be used as a mineral admixture. When very
hgth cement is combined with an expansive additive, the skeléton of the cement har

ation early is used.
hecessary to use an appropriate material according to:the required performance.

p

Reinforcing materials

reinforcing materials used for top-surface-overlaying shall be as set forth in ISO 5

091-1:2023,
heric resins
nt with the
test results

tive, which
high early
dened body
5 expansive

091-1:2023,

Clauke 6. In top-surface overlaying for decks,-grid-shaped steel and FRP reinforcing materjials may be
used as reinforcements in addition to reinfofoing steel.

6.3.3 Bonding products

The ponding products used for top-surface overlaying shall be as set forth in ISO 5091-1:2023, Clause 6.
In top-surface overlaying for-decks, adhesive may be used on the placement interface|l to achieve
integrity between cementitious materials and existing decks.

6.3.4 Waterproof materials

The |waterproofsmaterial to be used for top-surface overlaying shall be selected so as fo fulfil the

reqy
vari

hitions.dn quality, etc.

b ~“Pavement materials

6.3.

ired performance, taking into consideration the construction conditions and environment,

With regard to the pavement material to be placed after top-surface overlaying for highway bridge
decks, its performance of bonding with the waterproof material shall be taken into consideration.

If the bonding between the pavement material and waterproof material is insufficient, it is possible that
the required waterproof performance will not be obtained.

© IS0 2023 - All rights reserved
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6.4 Characteristic values and design values of materials for repaired or strengthened

parts

6.4.1 General

The characteristic values and design values of the materials used for top-surface overlaying shall be as

set forth in

[SO 5091-1:2023, Clause 6.

6.4.2 Cementitious materials

The charag
overlaying §

6.4.3 Rei

The charact
shall be as s

6.4.4 Bomnding products

A bonding
period shal

The bondin
bonded thr

that the int¢grity between the existing and overlaying parts.can be achieved with the bonding pro
The placement interface of the actual structure is likely to"be in a complex stress status becau

+a szaliiac oo acign yraliiac af

o Apaamndiblog o oo
I CIIC CUITICTIVIVIUUOS 11T

Hface

rigk: d d
CLUTIOUIU vdaluclo (2994w " u\,olsu vdalucTo J

hall be as set forth in ISO 5091-1:2023, Clause 6.

nforcing materials

eristic values and design values of the reinforcing materials used for top-surface overla
et forth in ISO 5091-1:2023, Clause 6.

roduct that ensures the integrity between the existing and eyerlaying parts for a neces
be selected and used appropriately based on a full understanding of its properties.

g product is required to have material properties that ensure the overlaying parts
ughout the design service life. It is therefore necessaryto check through appropriate tes

ying

sary

are
ting
Huct.
be of

loads, surrqunding environmental actions, condition .ofthe existing structure, etc. Also, there can be

combined
should be ¢
considerati

7 Actior

7.1 Gene€

The actions
shall be as s

7.2 Actidg

The actions
method usi

ctions of degradation factors. In the evaluation, the performance of the bonding pro
hecked by means of a technique whereby the influence of these factors can be taken
bn appropriately.

LS

ral

used for performance verification of the intervention method using top-surface overla
et forth in ISO,5091-1:2023, Clause 7.

ns for intervention design

for intervention design that are used for performance verification of the interver
hgtop-surface overlaying shall be as set forth in ISO 5091-1:2023, Clause 7.

duct
into

ying

ition

8 Performance verification for repaired or strengthened structure

8.1 General

The performance of a structure repaired or strengthened with top-surface overlaying shall be verified
by means of the method specified in this clause.

© IS0 2023 - All rights reserved
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8.2 Calculation of response

8.2.1 General

The response values of a structure repaired or strengthened with top-surface overlaying shall be
calculated as set forth in ISO 5091-1:2023, Clause 8.

8.2.2 Modelling of structure

A structure repaired or strengthened with top-surface overlaying shall be modelled as set forth in
ISO 5091-1:2023,Clause-8-

8.2.3 Structural analysis

The [structural analysis of a structure repaired or strengthened with top-surfacel6verlayjng shall be
perfprmed as set forth in ISO 5091-1:2023, Clause 8.

8.2.4 Calculation of response values

The [response values of a structure repaired or strengthened with top-surface overlaying shall be
calcylated as set forth in ISO 5091-1:2023, Clause 8.

8.3 | Durability verification

8.3.1 General

The durability of a structure repaired or strengthened with top-surface overlaying shall b¢ verified as
set fprth in ISO 5091-1:2023, Clause 8.

8.3.2 Verification related to steel corrosion

When a structure repaired or strengthened with top-surface overlaying is verified to chdck for steel
corrpsion due to salt attack, an appropriate value of chloride ion concentration on the concfete surface
shall be established if salt attackidue to de-icing substance has an impact as an environmental action.

8.4 | Safety verification

8.4.1 General

The [safety of.a structure repaired or strengthened with top-surface overlaying shall be verified as set
forth in ISQ.5091-1:2023, Clause 8.

8.4. Verification related to failure

8.4.2.1 General

The verification of failure shall be performed in accordance with ISO 5091-1:2023, 6.4, while the
verification method specific to top-surface overlaying shall be as set forth in Clause 8.

8.4.2.2 Verification related to bending moment and axial force

The verification related to bending moment and axial force shall be performed as set forth in
ISO 5091-1:2023, Clause 8.

When the flexural load-carrying capacity of repaired or strengthened concrete members is calculated,
it is assumed that the existing members and overlaying members behave as one without peeling away

©1S0 2023 - All rights reserved 7
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from each other. Therefore, when the overlaying parts to be bent are located in the tension zone, the
tension-side concrete shall be ignored.

When the existing parts are located in the compression zone, the flexural load-carrying capacity
needs to be calculated using the design strength of the existing concrete. When the overlaying parts
are located in the compression zone, the strength and Young’s modulus of the overlaying parts do not
match those of the existing concrete and, therefore, it is desirable to calculate the flexural load-carrying
capacity using the design strength of the cementitious materials of the overlaying parts obtained in

accordance

8.4.2.3 Vi

The safety

Clause 8. This verification assumes that the existing members and overlaying members arefintegr

The design
considerati
surface is s
is small, th
considerati
shown in Aj

When thersg
expressed §

[SO 16311-3.

If the stre
verification|

8.4.2.4 V

If the actior]
of an apprd
the behavig
performang

8.4.3 Ver

8.4.3.1 Vi

It shall be 1
against flex
steel may b
verification|
moment act

with 6.4.

erification related to shear force

verification related to shear force shall be performed as set forth in ISO 509141:2

shear capacity of beams shall be as set forth in ISO 16311-3, appropriately taking
bn the effect of reinforcing materials used in top-surface overlaying. Wheén the lo
pparated from the free end or the opening of the member and the eccentricity of the
e punching shear capacity shall be as set forth in ISO 16311-3, appropriately taking
bn the effect of reinforcing materials used in top-surface overlaying:Calculation examy
inex A.

is shear reinforcement in the existing members, the desigir shear capacity V,4 shoul

1s the sum of the contribution of the shear reinforcemeiit V 4 and V.4 in accordance

hgth level considerably differs between the existing parts and overlaying parts,
needs to be performed carefully by making checksthrough experiments or by other mg

brification related to torsional moment

of the torsional moment is not negligible, a safety verification shall be performed by m
priate method in accordance withdSO 16311-3. However, there is almost no researc
ur of torsional moment of members repaired or strengthened with top-surface overlaj
e should be checked through appropriate experiments.

ification related to fatigue failure

prification related-to flexural fatigue capacity

berified that the) members repaired or strengthened with top-surface overlaying are
ural fatigue under load and environmental actions. The fatigue strength of concrete
e calculdted in accordance with ISO 16311-3. It is desirable to perform a flexural fat
for the overlaying parts on an as-needed basis in such cases as when negative ben
s on top-surface overlaying decks.
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If no data i

avaitabte about the fatigue Strengtit of the Cementitious Materiats used for top-su

face

overlaying, the flexural fatigue capacity needs to be calculated by means of an appropriate method
such as experiments, an experiment-based evaluation method or non-linear finite element analysis.

Since a fatigue test generally takes time, it is allowed to perform the verification using an S-N curve
created from existing research data. In that case, however, care shall be taken by assuming a life with
a survival probability of 95 %, defining the point of time when the progress of cracking suddenly
accelerates as the service limit life.

8.4.3.2 Verification related to punching shear fatigue capacity of slabs

It shall be verified that the surface members repaired or strengthened with top-surface overlaying are
safe against punching shear fatigue under load and environmental actions.
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When the punching shear fatigue capacity of repaired or strengthened surface members is calculated,
it is assumed that the existing members and overlaying members behave as one without peeling away
from each other.

When top-surface overlaying is applied to bridge decks, the punching shear fatigue capacity is reduced
significantly as the decks are subject to the repeated action of moving wheel loads, compared to
the case where the load point is fixed. Therefore, the capacity needs to be estimated by means of an
appropriate method such as experiments, an experiment-based evaluation method or non-linear finite
element analysis. The estimation of fatigue life in a dry condition or in a water-filled condition is shown
in Annex A.

8.5 | Serviceability verification

8.5.1 General

The kerviceability of a structure repaired or strengthened with top-surface ovexlaying shall be verified
as sqt forth in ISO 5091-1:2023, Clause 8.

8.5.2 Stress level limit

The ptress level limit of a structure repaired or strengthened with top-surface overlaying shall be as set
forth in ISO 5091-1:2023, Clause 8.

8.5.3 Verification related to appearance

The pppearance verification of a structure repaired;or'strengthened with top-surface oveiflaying shall
use the crack width as the verification and check:that the calculated response values resulting from
load|and environmental actions satisfy the designated limit values determined from serv]ceability in
accordance with ISO 5091-1:2023, Clause 8.

The [flexural crack width of members ¥epaired or strengthened with top-surface overlaying shall
be cplculated, using the stress level.calculated for the composite section formed as the gxisting and
overflaying parts are integrated, accerding to ISO 16311-3. Since there is little knowledgg, the crack
width should be checked throughiappropriate experiments.

8.6 | Restorability verification

8.6.1 General

The [restorability«f a structure repaired or strengthened with top-surface overlaying shall be verified
as sqt forth im1SO 5091-1:2023, 6.6.

after an earthquake and check that the structure can prevent the falling of the superstructyre.

When topzsurface overlaying is applied to decks, it is necessary to ensure the functional\iry required

8.7 Structural details

8.7.1 Thickness of top-surface overlaying parts

The top-surface overlaying parts shall have a sufficient covering thickness to achieve the specified
durability within a range that ensures the necessary intervention effect and constructability.

The thickness of overlaying cementitious materials shall be determined, taking into consideration the
maximum size of coarse aggregate and construction accuracy, in order to ensure constructability and
integrity with the existing members. Also, the overlaying parts shall have a covering thickness that
takes into consideration drying shrinkage and intrusion of degradation factors such as chloride ions.
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If the overlaying member thickness is thinner than 50 mm, concrete or mortar with coarse aggregate
whose maximum size is 13 mm can be used. In such a case, the use of admixture should be considered
to improve the bonding property and following-deformation capability of polymer and other materials.
When reinforcing steel is used for the overlaying parts, the design thickness of the overlaying parts
shall be 100 mm in principle, combining the space between the existing concrete and reinforcing steel
(30 mm), the thickness of the upper surface covering of reinforcing steel (30 mm) and reinforcing steel
diameter.

When FRP reinforcing materials are used for the overlaying parts, the cover can be reduced because
there will be no corrosion due to chloride ion penetration or some other factor. Therefore, the thickness
is the same as that employed for the top-surface overlaying method that does not involve the placement

of reinforci

8.7.2 Cover
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A cover sha
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of the existing concrete members resulting from surface treatment should be taken into considerat
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e and constructability.

ptween the existing concrete surface-and reinforcing steel and the space between reinfoy
to be determined taking into consideration the maximum size of coarse aggregate
f the fibre. These spaces shall-‘be more than four-thirds times the maximum size of cd

ce overlaying for decks).the space between the existing concrete and reinforcing mate
to 30 mm based on_the assumption that it should be more than four-thirds times
ize of coarse aggregate as well as the filling property of concrete and the length of the f]

he reinfercing materials used in the overlaying parts shall ensure the transfer of s

for top-surface overlaying shall be determined taking into consideration the bonding

ty of

rror

bter of reinforcing steel, and the thickness shall be determined taking into consideration the
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In top-surf:

hce overlaying for decks, lap splices can be used as joints for steel materials. If div

ided

construction is affected, the construction work can be performed using joints whose length is 20 times
or more the reinforcing steel diameter. This is based on the assumption that the confinement effect of
steel fibre-reinforced concrete used in top-surface overlaying contributes to the integrity of lap splices.
If lap splices of the specified length are not available, mechanical joints shall be used.

8.7.5 Structural details related to seismic performance

Structural details related to seismic performance shall be as set forth in ISO 5091-1:2023, Clause 8.
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9 Construction

9.1 General
The construction for top-surface overlaying shall be performed according to a construction plan.

Engineers with sufficient knowledge and experience in the construction for top-surface overlaying
shall be present at the site and the construction work shall be performed under the direction of those
engineers.

If any troubles disable working along the construction plan in the actual construction for top-surface
overllaying, appropriate measures shall be taken to ensure the performance required at[the time of
design under the direction of the responsible engineer.

The pxample of the construction procedure for bridge deck is shown in Annex A.

9.2 | Prior investigation and construction plan

The [existing concrete structure, to which top-surface overlaying is applied, shall be fully investigated
in advance to check differences from design documents, the status of damage and so on.

When decks are the target, the investigation involves visually checKing for cracking and efflorescence
from under the decks. Also, core samples shall be collected‘from the road surface to measure the
pavgment thickness, reinforcing steel covering, etc.

A copstruction plan shall be formulated, and a constructien plan document shall be created to perform
the ¢onstruction for top-surface overlaying appropriately. When formulating a constructipn plan, the
struftural conditions of the existing structure, environmental conditions of the site, cpnstruction
conditions and other relevant factors shall be taken into consideration.

Whegn formulating a construction plan £6p top-surface overlaying, it is important td create an
apprjopriate construction plan accordinglto the conditions of the site. When decks are the target, an
exarpple of the construction procedureis’shown in Figure A.2. The items to note are descrilyed below.

a) [utting

b) [leaning

c) WAssembly of reinforcing material
d) Manufacturing

e) Execution efoverlaying

f) Luring

g) Pavement

9.3 Mix proportion of cementitious materials

The mix proportion of cementitious materials shall be designed, taking into consideration the
construction conditions and environment, variations in the quality of the materials used, etc., so that
the materials fulfil the required performance.

The points to note regarding how to design a mix proportion necessary to ensure the integrity between
the existing and overlaying parts when cementitious materials are placed on the top-surface overlaying
parts of certain members are described as follows.

a) Design material age and strength: Since the design strength of cementitious materials in top-
surface overlaying assumes the integrity between the existing and overlaying parts, a strength
equal to or greater than that of the concrete of the existing parts is required. The material age at
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b)

f)

9.4 Preppration

which the design strength is established is often set to 3 h when very high early strength cement
is used or 7 d when high early strength Portland cement is used. When determining the water-
cement ratio that satisfies the design strength at the specified material age, trial mixing needs to
be performed using the cementitious materials that are actually used for top-surface overlaying
in order to find the relationship between the water-cement ratio and strength. Polymer hydraulic
cement mortar is premixed in many cases. By mixing it with an amount of water proven to ensure
performance, polymer hydraulic cement mortar having the specified performance can be obtained.

Maximum size of coarse aggregate: It is common to use coarse aggregate whose maximum size is
20 mm. If there are restrictions on the thickness of the top-surface overlaying work or the covering
of or space between reinforcing materials, the maximum size of coarse aggregate can be set to a
value smaller than 20 mm.

Slump: [When top-surface overlaying is applied to decks, construction is performed~mainly by
machinjes and, therefore, stiff-consistency concrete with a slump of 5 cm is used. By contrast, when
constryction is performed through manpower, the slump is often set to 8 cm or so.

Air confent: Generally, air content is often set to 2 % to 3 % when very high early strength cemment
is usedfat the site plant or around 4,5 % when high early strength Portland ¢ement is prepared|by a
mixer gt a ready mixed concrete plant is used.

Minera|] admixture and supplementary cementitious materials quantity: When an expansive
additive is used for shrinkage compensation or crack prevention, the unit quantity shall be
establighed so as to achieve the required performance.

Chemidal admixture quantity: The quantity of high-performance water reducing agents to be fised
needs fo be checked through trial mixing. To determin€,the polymer-cement ratio when ysing
polymaer, premixed polymer hydraulic cement mortar With proven performance needs to be ysed.
If the polymer is added, the appropriate quantity ofipolymer to be used needs to be determjined
separately through testing. When fibre is used, the'fibre mix ratio needs to be determined taking
into comsideration the strengthening effect andrconstructability of fibre. The fibre mix ratio of fteel
fibre-rdinforced concrete is often set to 1,0 to 1,3 vol. %.

Before intefvention is performed with top-surface overlaying, preparation work shall be done as

necessary.

When top-gurface overlayingCis—applied to decks, the pavement materials such as asphalt, whter-
resistant layer and tack coatsshall be cut and removed in advance because they impair the integrity
between thp existing memmbers and overlaying members. Examples of the preparation work appli¢d to

decks are a$ follows.

a)
b)
‘)
d)
e)

Remov4al of degraded parts of concrete.

Carry-ihand accumulation of raw cement materials (when mixing is performed at the site).

Building of a site plant (when mixing is performed at the site).
Consideration of the method of transporting concrete at the site.

Carry-in, installation, etc. of machines and facilities such as dedicated concrete finishing machines.

9.5 Surface treatment

In surface treatment for top-surface overlaying, dirt oil and fat on the surface of the existing members
and vulnerable layers shall be removed so that the existing concrete and overlaying parts are integrated.
Also, harmful cracks, floating, peeling and water leaks shall be treated appropriately.

In principle, surface treatment shall be performed using water jetting, vacuum blasting, sandblasting,
chipping or other appropriate method and involve removing oil, grease and other dirt, vulnerable

12
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layers and cement paste and exposing the sound surface. If the surface of the existing members has
construction defects such as honeycombs, noticeable degradation, cracks, water leaks, the existing
members shall be repaired using an appropriate method such as patching repair, crack injection or

water leak prevention.

9.6

Assembly of reinforcing materials

Individual reinforcing materials shall be jointed and anchored by means of the method specified
according to the type of reinforcing material.

9.7
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The mortar or concrete applied for overlaying shall be cured such that it is not subject to sudden
temperature changes, drying or other detrimental action, such as vibration and deformation.

9.10 Pavement

Since waterproofing have a great impact on durability, materials shall be selected, based on an
understanding of the structure, construction time, compatibility with cementitious materials and other
relevant conditions, so that the specified waterproof performance is achieved.

Care shall be taken because, depending on the combination of the curing agent used when placing
cementitious materials and the waterproof materials, the required bonding performance cannot be
achieved.
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As for asphalt pavement, care shall be taken in determining the transportation time of materials
and selecting the machines to be used in order to ensure the specified quality at various outside air
temperatures.

When the surface of the overlaying members is used as concrete pavement, it shall meet the performance
requirements of pavement.

9.11 Quality control

Quality control shall be implemented for specified items in each phase of construction so as to check
that the structure repaired or strengthened through top-surface overlaying has the required level of

quality. Qu

lity control shall involve not only controlling the quality of reinforcing materials but;if the

|

case of moftar overlay or concrete overlay, managing the mixing and accomplishing mix propoition
managemert.

a) Quality|control of reinforcing materials

b) Mixingmanagement

c) Mix prqportion management

d) Strength management

The quality|of mortar overlay or concrete overlay shall be checked before being carried in, based o the

quality recq
strength of

9.12 Insps

A structure

rds created during production at the plant. At the sitej.the compressive strength and |
the mortar or concrete shall be checked in appropriaterconstruction quantities.

pction

constructed with top-surface overlaying shall be in principle inspected according ]
lan under the responsibility of the ordering party of the structure. Destructive tests sh

pond

0 an
ould

hod,

inspection
be conduc'ﬂ)d such as a bonding strength test and non-destructive tests using the impact echo met
gaps

tapping sound, etc. as inspections for the repdireéd or strengthened structure in order to check for
and other ahomalies between the existing and overlaying members.

10 Records

riate
h in

Informatior
method an
ISO 5091-1:

concerning the intervention of a structure shall be recorded by means of an approp
1 retained for a_n€cessary period. The method of recording shall be as set fort]
023, Clause 10.

11 Maintenance

The mainte 5 set

forth in ISO

nance' of a structure repaired or strengthened with top-surface overlaying shall be a
5091-1:2023, Clause 11

Particularly, if there is water intrusion after completion, there is concern of early degradation occurring
on the bond interface and the water should therefore be drained promptly.

Maintenance shall be performed to prevent re-degradation, taking into consideration the post-
intervention environment and the condition of the structure.
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