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National foreword

This British Standerd 12 the official English language version of

EM 150410 2003, including Corrigendum Ootober 2006,
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in the text by tags P2 (5], Tags indicating changes to CEN text carry the
number of the CEN cormigendum, For example, text altered by June 2006
corrigendum is indiented by [ 5],

The UK participation in its preparation was entrusted by Technical Committes
B/517, Concrete, to Bubcommittes B517T/E, Protection and repair of concrete
structures, which has the responsibility to:

—  aid enguirers to understand the texi;

—  present to the responsible international/Buropesn committes any
enguiries on the interpretation, or propaesals for change, and keep
UK interests inlormed:

—  monitor related international and European developments and
promulgate them in the UE.

A list of organizations represented on this subcommittes can be obtained on
request to 1te secretary.

Cross-references

The British Standards which implement international or European
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by using the “Search”™ facility of the BST Electronic Cafalogue or of British
Standards Online,

This publication does not purport to include all the necessary provisions of a
contract. Users are responaible for ita corvect application,

Complianee with o British Standard does not of itself confer immuanity
from legal obligations.
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pages 2 to 51 and a back cover,

The BEI copyright notice displayed in this document indicates when the
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Foreword

This document (EN 1504-10:20403) has been prepared by Technical Committee CERMC 104 “Concrete and related
produciz”, the secretariat of whch 5 held by DI

Ths European 5tandard shall be given the stams of a nasoenal standard, egher by publcaton of an wentical wext or
by endorsement, at the lntest by June 2004, and conflicting national standards shall be withdrawn at the labest by
Jume 20004,

This document i= part of the serics of Europe an standards EM 1504 "Producis and svsiems for the protection and
repar of concrete aruciures®. The other pans of the standard are given in clhuse 2 - Nomative refarences.

The European 5tandard shall be given the stams of Natonal Sandard, egher by the publication of an idencal wexn
or by endorsement

The |':l||'|:|l'|lt!ﬂrl sLianclard xpl:r_"ili-:x Te g uime me nis fosr the & xecwtion of pn:llcl.:l'u:m an :n:pair ol concrele struclures.,

Ik has heen |'|n:|'|.'|n:-|,| h'.‘" CENTC 104, Subcommaitee B "Products and systems lor the profecimm ancl n:pui,r ol
concrebe structures”, the secretarint of which B held by AFNOR,

Annex A B mfommative,

According 1o the CEMMCENELEC Iniemnal Regulations. the national stondords organizations of the following
counirics are bound o mplment this European Standard: Awsiria, Belgiom, Czech Republic, Denmark, Finland,
France, Germany, Greece, 'I!llny_.ilr]r. lee kimed, Irelancd, Dy, lu:ﬂ:ml;ﬂ:-url.-_. Mala, Metherlands, Morway, I-"|1r|||..|]_|:u|,
Slovakia, Spain. Sweden, Switzerlond and the United Kingdom,
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Introduction

This standard & pan of the EN 1504 seriecs of European standards which define and specify products and s ysiems
for the protecior and repair of concrete stmcmwes. Ths Smndard defmes and specifies siue application of these
Fﬂbﬂl..l!,:l!li and svslems and dua Wy controel of the works.

The execution of this work is an imporiant and integral part of the complex process of protection and repair, and
this Standard specifies how it shall ke carried out. The Specifications in this Standard are par of the definikion of
the mtended use for the relevani products and sysiems. The execution shall ke in accordance with this semzs of
slandards, ENY 136701, EN 1990, ENWV 199224 EN 206-1 and any other relevant EMN and ["Zu'rnp-t:un Techncal

Approval,

The specification for producis and systems for protection and repair of concrete sirclures are given in Pars 2 - 7
of this standard. They can only be satished if the rules given in part 9 of this standard and this parn of the standard
are followed.

Ths sandard contams an Annex A which provedes guslance and backgroond informanon to the normative e
The contents ol the Annex A are numbered n the same way as the normative lext o faciilate reference, hut
prefived with "A°
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1 Scope

This par of EM 1504 gives requiremenis for substrate condition before and during applicaton inchiding stmaciural
sta bility, storage, the preparation and applicaton of products and syvstems for the protection and repair of concrete
struchures ITII.:|I.I|:|.i'I1H_ fua Iy contrel, mamlznance, healh and !.aﬁ:l!:,.'. and the environment,

2 Mormative references

The part of this Eu e sLanclard i.|1r_'-:rr|'r-|:|r.jlcx by dated or undated relerence., pm\'ix s from other pu blcations.
These normative references are cited of the approprinte places in the text and the publications are histed hereafier,
For dated references, subsequent amendmeants o or revisions of any of these publications apply 10 this European
Sndand |1|1I:|.' when I'nl,:i:-q:l-ﬁ:l’jll.l:ﬂ m il by amendment or revison. For undated references the latest edisn ol the
publication refermed o applies

EM 206-1, Concrete — Pan I: Specification, performance, production and confarmiiy

EM 13, Miong waler for concrete = Specdicalion fwr samping, festmyg and assessmy the sarabiiy of waler,
incheding water recovered from processes @ the concrete indusiry, a5 mizing waler for concnsie.

EM 1504-1, Producis and sysiems for the pretection and repai of concrete sinictures - Definifons, requicmenls,
guality comtrol and @ valpa tion of confoemiity - Pa 1 De fnfooans.

prEM 1506 -22000-03, Products amd spsrems for the protection and repar of coacrele siruciures - Defminens,
n:-quﬁ'cme nis, gqua Iy contred and e vieluaion af conlorm ir;,- = Parpt 2: Surfice pmh:r.'l.i'm syslenms.,

prl":h' 15043200103, Products amnd syxferms for ke pn.l]cr.'l.i:m and n:'p.aﬁ' af comerele sireciures - Delmilsns,
require menis, qualtily controd and evalvatiion of conformiy - Par 3 Structoml and non sirocioral nepaie

prEM 1504-42000-04, Products and systems for the protection and repai of concrele structures - [Defmitens,
require menis, quatily condrod and evalvaton ef conformity - Par 4 Stroctiwmaf bonding.

prEM 1504-5:2002-01, Proeducts amd spstems for dhe protection and repar of concrele strvctures - Defminens,
requ e e niy, e Wy contred amd e vieluabon of conformiy = Farl §; Concme e .i':le'n;.‘F.i:H‘l'.

prEM 1 50ud-6:2001-12, Poduces and sysrems for the protectoon and separ of colcrele siniciires - Par 0: Grogteg
to o for reimforcement or fo (il e xterna ! vosds,

prEN 1504-T! | Products and systems for the protection and repai of concrete structures - Defmitions,
require menis, quatily conired, ¢valvaiion of conformiy - Pan 7 Reinforcement cormps ion pre ve nbomn.

prEM 1 50:4-B2000-10, Products and systems for the protection and repair of concrede structurcs - Defmitens,
reQuire mears, quaty condred aad evalvabon ef confornity - Par 8! Qualiny conteod amd e valbavon of confmmiy.

EMNY 15045, Froducts and s yvstemy o the prrrn:'cri:lr:l andd n:'p.'rfr ol conere fe strmclares = Delmixns, n::quﬁ'-:man]’x.
gualify contml and evaloation of conformity - Pon 9 General prnciples for the use of products apd sysiems

EM 1542, Products and systems for the privecioon and repair of concrete structures - Test methods - Measorement
of hand sirength by puli-off

EM 1766, Producis and Systems for the protection and re pair of concreie struciures — Test methods - Relercnce
codcredes for e sng.

prEM 188 12003 -0, Produeces and sysiems for e protecnon and reparr of concrele siiciures - Test methods -
Puedlonl fest of rehar fom conerele,

1y currenily under preparaton
f
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EMN 19902002, Evrocode - Bass of siroctural design,

D EMY 1892-2: 1996, Eurccode 2: Design of concrete siruciures — Pard 2: Concrele bridges. (]

EMNY 19924 JYU9sE, Fumcode 2: Dc.-.wgr:l af comere e siraciures = Paet 30 Concrede o aliens,

ENY 1992 PO, Aurmcoce 2: Dc.'.'Jgr:l ol comere e siracelures = Paer 4: J.l:.ru el rela fm.rr__i: and contiianmment struciures.

prE® TIEG=1: 199907, Sreel lbor remfvcement of concrele - Weldable remfvcig sieel - Par [0 General
FE Qe T

EM 12190, Producis and spstems for the profection apd repair of concrefe siructures — Test Medhods
D te rmna tione of compres sive sirength of re pak moutar.

EM 12350-1, Tesung fresh concrere - Pam [ Samplag.

EM 12350-2, Teswng fesh concrete - Pam 20 Shunp rest

EM 12350-3, Tesung fresh concrere - Pam 3: Vebe tesr

EM 12350-4, Tesung fresh concrere - Pam d: Degree of compaci bilily.

EM 12350-3, Tesung fresh concrere - Pam 5: Flvw Tahle resi

EM 123506, Testmyg resh concrefe - Par 6 Densay,

BN P2350-T, Testmg fresh concrefe - Par 7: Ar Comtenl - Pressoe methads,

EM 12390-1, Testng hardened concrere - Par 1) Shape, dinension and other requiremenls for specanens and
mir ks,

EM 12390-2, Testing hardened concrete — Pan 2: Making and coring specimens for strength resis,
EM 12390-3, Testing hardened concrete - Pan 3: Compressive strength of fe st specimens.

EM 12390-7, Testing hardened concrete - Part 7: Density ofhardened concrele,

EM 12390-8, Testing hardened concrede - Por 8 Depilk of penetration of water vnder pressore,

EM 12504-1, Testmg concrete in stroctwres — Pant I Cored specimens - Thking, examining and lesting in
COmpre s £iom.

EM 12504-2, Tesiing concrete in struciures — Pan 2: Non destructive festing - determing ton of reboond numrber.
prEM 1 2504-4: 1 998-07, Tesung concrele m siuctures — Par 40 Derermmanon of wlrasonie pole veleciy
EXN 12096, Cathodic profecion of steel in concrete.

EM 13393-1, Products and sysiems for the profectoon and repar of concrele souciures - Tesr methods -
e fe g tien ol worka faiy = Fard 1 Test for How H‘m:mn:lpﬁ: ke,

EMN 133952, Prowducts and & wslems for rhe jrriele cliuan and .rE_rrur'r of concrede sftuciures = Test methods -
e fe rmina o of worka bifity - Part 2: Test for fow of growt or maontar

EM 13395-3, Products and systems for the protecion and repai of concrele strecivmes - Test methods -
D te rmina tion of worka hility - Part 3: Test for Sow of repair concreie.

EM 133954, Products and sysiems #or the protecoon and repai of concrele stuciures - Test methods -
Derermna von of worka biity - Parr 4 Application of e par mosar overhead.

ENY 136T70-1, Execunon of contcrele straciires - Par 1 Comanon.
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PrOERTS 140381200009, Elecimoebe mieal re-ada ikamon of re-mibreed concrede = Pad 1 Re-akadsahon,

prl":h' I-IH}HJ", Elecroche mcal re-alkafmaton and chlorede e ximction freatmenis or remirced concrete = Pan 2:
Chiorde extraction.

prEM 14487 1:20002-06, S prayed concrefe — Part |7 Definitions, specificatons and conformity,
prEM 14487-2:20003, Sprayved concrele — Par 27 Execotion of stnictures.,

prEM 14629 2003-035, Producis and sysfems for the protecion and repair of concrele struciires — Tesd methods -
D fermvina trony of chiborade content i harde ned coacrete.

prEM 1 4630:2003-03, Producis and sysiems for the protecion aind repalr of concrele strucnires — Tesd methods -
e fe rroeana trevr o carkana tion d-l.-prh m hardened conerele by the phe m:lllm‘lrﬁm'eﬁ'r riresdhaad,

EM 24624, Pami and viomishes = Palloll5 est (B0 64241975,
EM IS0 24088, Method fordests for pafis - Pant & Cross Col Test,
EM IS0 2808, Pamr and viomashes < Determmmaiion of film thickness (150 2808 1497

EM IS0 3274, Geometrcal Product Specilications (GFS) - Burfice fexture: Prodile method - Nomanal characie ristics
af coplact (siyks | msimements (I50 3274 19496

EMISO 42858:1997, Geometrical Prodwect Specifications (GPS) — Surface texiure: Profilke Method - Rules and
procedures of the assessmend of surface fexiure (150 4288190,

EM IS 4628-1: 2003, Pamis and varshes - Evaliavon of degradanon of coarmgs - Designabion of guaniiy and
size of defects, and .;-i'w.:-m-.u_..- ol wnaoum r.'.h;lr:l__en:.v m appeaEnee - FPart I General mircglacion and :I::'.nf_i:r:lurfr.ln
sysfem (50 4628-1:2003)

EM IS0 4628-2: 2005, Poinds and vamishes - Evalmtion of degradation of contings - Designaiion of guaniity and
size ofdefeots, and of infens &y of pniform changes in appearance - Parr 2: Assessment of degree of blistierng (150
de28-2: 3003,

EM IS 4628-3: 2003, Pamis and varshes - Evaliavon of degradanen of coatigs - Designabon of guaniiy and
siee of delects, and of mlensey of wniform changes @ appearance - Pad 3: Assessment of degree of rasiing (IS0
AG2R-3: 2003}

EM ISO 4628-4: 2005, Prints and vamishes - Evalmtion of degradation of contings - Designaiion of guaniity and
size of defecis, and of miepsiy of wadorm changes m appearance - Pam d: Assessmear of degree of cracking (150
dG2E-d: 2003

prEM S0 46285200304, Pamis and vamwhes = methods ol tests for pamis, desigoation of flensiy, quanidy and
size of commen pes of defects — Pant 5; Designnbion of degree of fnking.

EM IS0 4628-6, Pamés and vamishes - Evalvation of degradafion of pamt coatings - Designafion of miens iy,
guantiy and size of common ppes of delect - Par 6 Rarng of degree of chalking by ftape method (150 4628-
61 S

EM ISO 8500-1, Preparatmon of seel subsumwes before applcapon of paiis or refared prodocts - Vizoal
aevessmen! of spriace cleanimess = Pard T Rusr gr.'uh:.'r and prepariiim g des ol ureoated sieel sobsinite and of
steel substrate afier overnllremoval of previous contings (IS0 §500-1;1985],

EMISO 85010-1, Swpplkement to Part I. Preparabion of steel subsimies before applcaton of paints or refted
products - Viswal assessmend of surfice clanfiness - Indbrmative Swvppkment o Pan [D Representanve
p\hr.llrrgr.rphi_' i::.n:.'rmp.le.'.' ol the £fr.'rng¢' ol appeaEnee Jmp.rrh::d' Ier sfeel when blisckaned wah diferent abrasives
(53 HjﬂI-J.'IE'HHﬁuppI:IW-!}.

EMY IS0 B502-1, Preparation of sieel subsimies before appiication of paines or relzled products — Tesis for the
assessment of surfice cleanlivess — Par | Field fest for sofuble ion comos ion produces (ISOCTR E502-1:7941 ¢

B
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M ISy RS0 P.rupur.'ru:ln of sleal swwhsirates be e upp.l.i'.'.'rrl:ln ol Jrvanis o reBafed pn:lrhrr.'r.'.' = Texis for the
assessment of seface cleanbfiness — Panl: Laborriory defermination of chlorde on cleaned sprfaces
(150 502200992

EM IS0 8502-3, Preparation of steel subsirates before applicason of paivis or related products — Tesis for the
assessmenr of surfice clkanlness — Parm 3 Assessment of dust oo steel surfices prepared fr paming
{pressure-sensiive fape method ) (1500 B502-3: 9492}

EM IS0 85024, Preparafion of steel subsimtes before applicntion of pamts or relifed prodects - Tesis for the
assessment of sunace cleanliness — Panr 4 Guidance on the estimation of the probabifity of condensation poor fo
padnt apphicaton (5O B302-4: 1403,

B0 4677-1, Ampospleres for condiboning and festmg - Defermiration of elinve hwmady - Pam 1D Aspraed
s yohrome ter me thond,

B0 46772, .-‘lrmrr.!.'pﬁem.l.' o r.'r.lmIJI.i:mu'r__E and J-E.!.'J.i.ng = Delermmation of elafve furmndidy = Parn 2: Wharked
s yohrome ter me ihod,

50 7051, Concrefe hardened - Determmation of permen kil

50 8047, Concrete hardened - Determmaion of viimsonic pule velooiy leshing,

3 Terms and definitions

For the purposes of this Evropean Smoadard, the following terms and definiions apply m addison w those given in
pruep = L PeLy 2
s 1 and 9 of this standard some ol which are inchided o assist users ol ths standand,

3.1
appropriale person
the freeholder and if diffe rent the person in legal eccupation

a.2
bond

the adhesion of the ;lpph:l.i |1m|:||||:|! o svslem the subsirate

3.3
cemeant grﬂut
mmiuee of cement, water and in some cases admixmres

34
cementitious repair products and systems
hvdraulic or pelymer hydraolic moriars, concretes and grouts

3.5

coaling

treatment o produce a contmuous laver on the surface of concrete. The thickness s typically 0.1 mm o 5.0 mm.
Farkular ip pl‘i:.alinm. My regure i thckness preater than 5.00 mm

3.6
dew polnt

iemperature at which waiter vapour condenses

arT

hydrophobic impregnation

ireatment of concrete o produce o water repellent surface, The pores and capillaries are not filled, boi only Ened,
The visual appearance remains nearly unaffecied
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3.8

hydraulic mortars and hydraulic concrete (CC)

mortars of concrete based on a hvdraulic binder which s bleaded ogether with graded aggregates and may
mekile admixiwores and addmwns which, when mixed with mortar, set by hydrated reacton

348

Impregnation

the treaiment of concrete w reduce surface porosity and to sirengthen the surface. The pores and capillarics are
party or totally filled. Usually the wreatment resuhs m a discontmuouws thm film of 10 pm e 100 wm theckness on the
concrete surface

3.0
mortars or concrete
hvdraulic, polymer hydroulic and palymer moriar and concrete

31
polymer hydraulic cement mortars and concrele (PCC)

hvdraule: morars or concrede modilied by the addition of o polymer

3.12
polymer mortars and polymer concretes (PC)
ble nded mixiure of pelymer binder and graded aggre gaie which set by palymernsation reaction

3.13
preformed hole
hole or skt formed or cut in congrete mio which remforce ment or other fixing & o be anchored

3.14
quality plan

o programme o ensure that the activities of o process are undertnken io the iniended design

315
removal
remaoving of contuminated, damoged and or sound pars of the substrate

316
roughness
the degree of e gularioy of a surface

a7
roughening
removal of the subsirate by removing matier of the substraie o a maximum of 15 mm

318

smoothing coal

H -:.'1:-;1.1i11;_.: it'[!lrl|il.!|.| tor a surhece o Bl vouds, cracks, and cavilies or 10 level an uneven surface, The purpise I [§]
prepare the surface for the application of protection s ysiems

3.19
spray fog

air bom debris resuking from the applicavien of aprayed concrete or mortar which may form an unwanted coat on
the subsirale

3.20
sprayed mortar or concrete
mortar or concrete applied under pressure through a nozzle delivered through pipes

an

substrate
the surlvce on which a profecixm or :rerl.air matermal 15 1o be :|'p|'||'ru el

1]
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3.22

wial on wal

appbcation of a cementiious moriar of concrele onto the surface of a smnilar material which has set but not
i rde mead

I
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4 Structural stability during preparation, protection and repair
Safeiy and stability before. during and afier repair shall be mainiained in accordance with Par 9 of this Standard.

Any pered reguired for gain of sirength of the repair prodocits and swvstems shall be a part of the duramon of the
fe [

5 General requirements

Consideraton shall be given o the chemical electrochkemical and physical condason of the subsirate and any
contuminants, the ability of the stociore o occept lnadmg, movement and vibration during protection and repair,
ambicnt condiions. and the charactersics of the materink contained in the smmaciure and those of the protection
and repaw products and systems.

The followmg reguirements shall be men:

— The achievement of the required condition of the subsirate regarding cleanliness, roughness, cracking. tensike
and compresswe swrength, chlorade or other conaminant and ther peperation, depth of carbonation, modsmre
conleni, lempeniane an :I.-c:grun: af corrasion of remprcement.

—  The achievement of the compatibility of the ongnal concrete and remforcement wath the protection oF repair
pn1|:||||:l'.'\. and swyslems and |.:|1|1'|11-:|lihil:l!3,' belwesn any diffzrent pn:ulur_'lx amd svslems, inl:!uqlrng uﬂ:-il:ling lhe

risk of creating conditions which may cause cormosion,

—  The achevement ol the '\1'r.|l."|'_'i|-'|ll:l:| |'m:-|'|=rti|:x il pn.n:lur_'qx and svslems when appllﬂl and m ther hardened
comndiien rega n.i'in|_.-. the Tulfilment of their PrurpHs e for PI'I:III:"L'I'il:H'I and n:|'|ai'r ol the struciure.

—  The achevement of the n.-quin.-ql slori e and ;lppl:l:ul'i-:rn condnxns n:g:lnlm]_[ ambient lemperature, hurmdity
and dew |'|-:rinl._ wind lorce amd pre |:i|1i|:|!i|111 and any temporary profe ctiom whxch 15 needed.
6 Methods of protection and repair

The principles and methods of protection and repair gren in ENY 1504-9 are descobed below excliding those
methods specificd m ancther EN or BEurepean Technical Approval.

The exchided methods are given below. Information on methods 14, 16 and 1.3 s given i informative Annex A,
on 7.3 and 7.5 n a standard m pn:pu:rulil:m andd on 1.1 m the EN 12696,

The mformaton on methods 1.4, 1.6 and 113 s for mlomabon only and s not o be n:;_.-_urﬂ:ﬂ as par of this
standar.

Methods exchded ;

Method 1.4 Locally handoged crocks (See informative Annex A)
Method 1.6 Transfeming cracks mio jonts {See informative Annex A)
Method 1.7 Erecting external panels

Method 1.8 Applymg membrunes

Method 2.3 Shelerng or overcldding

Method 2.4 Ekctmoche mical reatment

Method 3.4 Replocing elemenis

12
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Method £.7 Prestressing (positensening

Method 7.5 Electrochemical re-olkals ation of carbonated concrete (S5ee prEN 14038- 1 2000-048]
Methad 7.5 Electrochemical chleride extraction (Sce EN 14038-2")

Method 14,1 Applving elecirical pote nfial (See EN 126%6)

Method 11,3 Applying inhibitors m or to the concrete (See informative Annex Al

[*Ti} The preparation, application, quality control and maintenance for each method shall comply with Clauses 7,89
and 10 of this part of EN 1504, (55]

The relevant sub-clauses are given below in Table | for cach method together with any deviations . additions,
NECEsSAry pre citwbions and ik txns .

13
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7 Preparation of substrate
7.1 General

The preparation of the substrate of concrete and remforcement shall be suitable for the reguired condstion of the
subsirate and the siruciural status of the siruciure, =0 that the producis and sysiems can be properly applied, and
shall be camwed our v such a way as 1w produce protecion or repar which is in accordance with this and other
parts of this standard, The requirements for preparation are given in the follbowing sub-clavses and are reloted io
the methods of repair and protection in Table 2,

2
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Table 2 - Preparation of substrate

Method numbers
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7.2 Preparation of concrete

7.21 General

Weak, 1Ium;|g=ﬂ and detenonyted concrete and where nEcessary sound concrete shiall be removed m accordance

with the principle and method chosen from EMY 1 504-9,

If necessary cleaning shall be camied out afier roughening or concrete removal to comply with 7.2.2 unless water
based methods are used which may make ths unnecessary.

Micro crocked or delammated concrete meluding that caused by the technigues of cleaning, roughening or removal

which reduces bond or structural i1'|||:]_|:ri|3,l, shall be subse r.|l|.n:11||:|.' removed or remedsed. The Imshed surlace shall
be visually mspecied and tested by tapping with a hammer to detect loose concreie.

7.2.2  Cleaning
For those methods which require cleaning the following require ments sholl be mei:

ad The substrate shall ke free from dust, kose materal, surface contominotion and materals which redoce bond
Of prevent sucion or weting by repair materals;

by wnbess cleaning i= carricd our immediasely before appbcation of protection and repair materials the cleaned
aubsrrate shall be protected from further contamination.

T7.223 Roughening
For those methods whiclh require roughening the followmg requirement shall be mer.

The texmre of the roughened surface shall be appropriate for the products and systems w be appled and shall be
specihed.

7.24 Concrete removal
For those methods whih n:r.||.:|'in: Lthe removal ol concrete, the !I’nlh:.wrng n:quin:mt:nlx shall he met:

ap the extent ol the removal shall he ;lppn:lpri.:ll.t: o the F‘ri11|.:i.|1k: and Method chosen Irom those H_iw:n mn
ENW 15304-9;

by removal shall be kept o n minimuam;

¢} remaval shall not redoce structural miegrity beyond the struciure’s ability fo perform its function. Temporary
supporn may be necessary;

dp  the depth of carbonation and the concentration profiles of chlrde or other contaminaton in the concrete shall
b establshed and taken mio account:

e}  the extent of the removal of the concrete shall be m accordance with the method chosen and shall be
specified. It shaolliake into account the following:

17 the penetation resistance of the concrete nganmst gnses and fluids:

21 the nature and conceniration of the contamination before and afier the repair;
i1 the depih of the contamination;

41 the depth of the carbonation:

51 the comosion activity of the reinforcemeni;

23
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&1 cover o remfercement;
71 the need for compaction of the repair material;
81 the need for bond 1o the substrabe;

91 the need frtreatment of reinforce ment,
7.3 Preparation of reinforcement

731 General

Before protecton and repair systems are appbed. the required condition of the exsfing and any new reinforcement
shall be prepared in accordance with the specification and the principle and method chosen from EMY | 504-% and
the reguired structural performance . The extent of any cleaning, coating, removal or replcement shall be specified
Iuking ke aceount the |11:-xxihk: meed for comoesion r.!n:\.'unlil:m and the need o |'|m'|.'il.i= Lhi upl:r_'ili:ﬂ bond between
the repair products and systems and the reinforce ment,

7.3.2 Cleaning
For those methods which require cleaning the following requirements shall be mei:

0l rust scal, morar, concrete, dost and other loose and deleterions materinl which reduce bond or contribute 1o
comosion shall be removed;

by the whole circumference of the exposed reinforcement shall be uniformly cleaned, except where smaciural
cons e mbons prevent o

cj unless the cleaning 5 camried our mmediately before applicaton of protection preducts and systems the
ckeaned substrates shall he pn:rlcl.'h:ﬂ ugu'inxl: further contaminalion:

d)  reinforcement shall be cleaned without cavsing damage to it or domage 10 or contammation of the ad@acent
COMCrele Or CNYIronme n;

¢} where exposed remforcement is contamimated with chlonde or other material which may cause comosion, the
whaole of the crcumferance of the contamimated reinforcement shall be clkeaned by water s not exceeding a
pressure af 185 MPa 1o remove the chlndes and other contammnants unkess electmochemical methods of
prodection and repair are to be psed (see AT.5.2)

fi  for Method 11,2 the stondord of cleaning shall ke to 502%., For method 11,1 and other meithods excepi method
11.2 where reinforcement is o be coated the standard of cleaning shall be specified and shall be suable for
the coatng 1o be applied. The specification, method and choice of cleaning shall take o account bar

r:lngc'\.lilm. contacl between bars, pm:l.im'il],l o concrete substrate and other lactors which prevenl access for
cleaning {see AT.3.2hL

8 Application of products and systems

8.1 General

The appbeation of the products and sysiems shall be sugable for the substraie and siructure o which it 5 apphed
and o produce protecton and repar which & m accordance wih other pans of this sandard and EN 206-1 and
EMY 136701,

Prosiucts shall be stored before use so that ther properies shall not be 1m |'|ain:-|,|.

Access lor the work shall be aﬂcqu.‘l!u w4 that |'rn1n:l|.1|:|!x and syslems can be pmpan.--l,l and applil:ql n accondance
with this standard.

4
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Protection shall be provided so that preparation, application and subseguent curing shall be carried ouwi in
accordance with this standard.

Before and during applicaton of the products and svsiems the subsirate wempernture and moisture conient, amd
the characteristies of the enviconment for example wmperamre, relatve humadity, dew pomi, rate of change of
moslure conlend as mlienced by pn:r_"ipilulmn andd wmd shall be cons xlered.

Mi,:l.in]_[ of pr\-:_l-l,lu-;,:lx amdd systems shall be m accordance with EN 2061 and ENY 136701 or shall he spe cihed.

The thkkness |1rk.|]-'=rx of r.!n:l-l,lu:.:lx and swslems shall r.'-:rm|1|:|-' with this Standard or bhe '\;pl.-q."iﬁel.i.

The bond of the :n:p;lir mitera]l with the substrale and belween h:,.'t:rx ol n:pu.'ir materst ], shall be nol kss than the
bond sirengih specified.

The requirements for apphcaton are given m the followmg sub-choses and are related io the methods of repar
and protection in Table 3.

x5
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8.2 Defects in concrete and structural strengthening

8.2.1 Bonding

H|111|3ir|r_ n:quin:ml:nl:i shall he le:l:ll'l:ql and  for uppliun:l mortar amd concrete  shall |:|11'nr.||_l,l with

prEM 1 5id-4-2H00-04,

The water for wetting the subsirate shall comply with the purity reguiremenis for mxing water of EMN 2046-1 and
EN 1S,

B.2.2 Hand applied mortar and concrele

Where cemeniftious products or systems are used withour a bonding primer the concrete subsirate shall be well
e =weite o but free rom waler on the swerlfce ot the tme of the appll:ulr:rn. The condxn of the subsirate shall be
specified where a bonding primer is used,

Repair morar shall be worked mie the prepared subsirate and shall be compacted withouwt mclusion of entrapped
air pockeis and m suwch a way that the required sirength is achicved and the reinforcement is protccied against
OIS IO

Ik shall be decaled whether the repair mortar or concrete is o be buill up in layers o prevent sagging or 2 lumping.
The bver thekness, mme between upplil.::llmn ol kyers and other ru||.1':n:1'nenlx shall be HI‘I‘EI,:iﬁEiL Where the
applicatien of layers & miermupted and livers cannot be applied wet on wet, surfuce trentment for bondimg to the
previous layer shall be in accordance with 7.2.2, 7.2.3 and #.2.1.

B.2.3 Sprayed mortar or concrete

Sprayed concrete and s prayed monar used as repair maleral shall comply with the standard for sprayed concre e (see

prEN 14487-1: 2002-06 SprEMN 14487 -2:20003).
The need for pre-wenng of the subsimie shall be considered. b depends upon s condmien and the composition of the producis
and svsems used.

Sprayed concrete and marar shall be placed without the formation of voids and loose rebound materinl and m such
a way that the reguired swrength s achieved and the reinforcement is protecied against cormos ion.

Spray fog deposits or overspray and loose rebound marerial shall be remoeved from surrounding areas and from the
subsinele belore 5 ye f concrete or mordar . uppliu .

Where uprq:,.‘e:l concrete or morlar 5 1o he .a|'||1|'i|=1l m more than one kyer and, where the work s naol uppliu:l wel
on wel, intermediate surfoces shall comphy with 7.2.2 and 8.2.1.

Mo reaiment shall be allowed to the surface of sproyed morar or concrete unless the spraoved morar or conerede &

non-struciural o avoid the possibility of reducimg bond. If treaiment B reguired to structural sprayed concreie or
mortar it shall be appbed to the final lyer which has not been applied wet-on-wet o the stuciral mabe el

B.2.4 Cast mortar or concrete
Where cemengious products or sysiems are used without a bonding primer, the concrete substrate shall be well
r.!n:-wum:n:l but free from water on the swrfice at the tme of ;lpptl:ulmn. The condimmn ol the subsirate shall be

specified where a bonding primer is used,

Concrete shall be replaced m accordance with ENY 13670-1 and shall be specified fo avoid segregation bleeding
and loss of cement pasie.

Formwork shall comply with ENY 13670-1.

Formwork shall be fived in place as 5008 as possible afier the subsiwrate has been prepared as specified in clause 7
of this standard. Upuningx in the formwork shall be prile cled 1o prevent eniry ol debris ar conlammanis .
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Concrete mignded for compaction by vibration shall be compacied around the reinforcement and elsewhere without
inchision of enirapped air pockets and in such a way that the required srength 5 achieved and the reinforcement is
protecied against cormason.

Where casting s to be with flowing concrete mended w be compacied by graviry, the following shallalko apply:

ap  the substrate shall comply with clavse 7;

by formwork shall be warertight o the exisimg concrete and shall be free from obstuctons w the fee flow of
concrele, Eshall be ﬂcxignu:l o allovw ar and bleed waler o eELipe;

¢l the concrete shall be miroduced o the lomwoerk m such o way that the ar and water can esca pe. It bl st

ke vibrated.

B.25 Curing

Where cementitions repair products and systems are used curing & necessary and shall comply with ENY 1 3670-1
and shall be specified.

The method and penod of any wet conng shall be specifed aking inw account the namre of the prodoucis and
syslems, the thkkness ol the n:|'|air and environmental condibions .

{_Zuring |:|:|m|'|-:ru|1-|,|x shall nod be used where they adversely alfecl subs eiue ntly :||1r.||'i¢|3 |1n1n:l|||:l'.'\. and systlems,

B.2.6 Cracks and joinis
Account shall be taken ol the |'|-:_|-xi|i|111 and size of cracks and jurnl:i. any movemenl in the subsirate and of the
¢ffect on the siability, durnbility and function of the siructure and the nsk of creating new cracks os o resul of any

ire atme ni-

The treatment of cracks shall be in accordance with the Prnciple and method chosen from ENY [504-% and the
followiag :

ay cracks shall be cleaned in accordance with clause 7.2.2;

by cracks w be treated to restore sruciaral mie grity shall be Glled with a bonding product or sysem;

1 cracks o be treated o prevent the passage of agents shall be covered or filled;

dly  cracks o be treated w accommaodate movement shall be rl:p.'ln-:l;l s that a _jnl:-inl i formed o oexbend 1|.11'|1I|.|1|:I.1
the full depth of any repair materml and positioned 0 accommodate that movement, Cracks shall be filld or

coversd with a flzxible material for that purpose.

The ircatment of jomis shall ensure that the joint e xtends through any repair material so that the joint performance
is mamtamed.

8.2.7 Surface coatings and other treatments

Smaoothing coatmgs shall be appled and cured where necessary before surface coatngs are appled o fill uneven
surfaces and surface pores,

{_Znul'ingx shall he .appll.-ql withm the xpccil‘rﬂ:l maxmmum and mmmmum thekness.
The maxmuam and mmenum lemperiiurne and madsture contenl of the subsirate and the ambent L pe ra fure and

humidity shall be specified and shall be appropriate 1o the surface coating hydrophobic impregnofion or
impre gnaten mate eal.

0
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B.2.8 Anchoring
Anchoring remforce ment mdependenily of the existing reinforceme nt 1o bond it 1o the subsirate concrete shall be in
accordance with EN [504-6:20001-12, ENY 13670-1, ENV 1992-2-4 and any other relevant EN or European
Technical Approval

Anchors shall not be mealled in cracked concrete or reduce the strucral or eleciroche mcal performance of other
remboreement,

The exiure and cleanliness ol the surface of anchor holes and gronves shall be v accondnce with Chuses T7.2.2
and 7.2.% and shall be appropriate to the anchorng material.

8.2.9 Plate bonding

Flate konding shall be camied oot in accordance with EN 1504-4: 2000004, ENY [9%2-24 and any other relevant
EM or European Technical Approval.

The exposed surfaces of concrete o receve extemally bonded reinforcement shall be cleaned and roughened and
wolcls tresbecd 1o cq:mpl}l with clhuses 7.2.2 and 7.2.3 of this Standard, Weak, :Iamu]_n:n:l or deterorated concrete

shall ke removed to comply with Clause 7.2.4 prior to the application of bonded exiernal remforcement

The conditiens of the surface at the time of application of the bonding agent sholl comply with ¢clouse 7.1, 7.2.1 and
71.2.2 of this standard.

Replacement of removed concrete and the filling of voids and the treaiment of cracks shall be in accordance with
Clause & of this Sandand.

The surface of the sweel plates 1w be bonded shall be free of any contaminanis and shall be cleaned w Sall:
[see 150 B500-0),

The surface of fibre reinforced or other plates to be bonded shall be prepared in pccordance with the specification,
Adheswves shall be :|11-|'|I'i1.:|;l 15} |:|:|1'r1|'|l_l,l with the spe ciled ambrent conditions .

The (S 4 TR ed surbsce of phl:u shall be pritecle o as spe ciled
8.3 Defects caused by reinforcement corrosion

8.3.1 Coating reinforcement

H|111|3'ing rvc:|:|||in:m|=nl'\. shall be .'\.pl:r_"irl:l.i and shall |:|111.1r.||_l,l with EMN 1504-6:2001:12. The whaole c:tp-:rwﬂ
circumference of the exposed reinforcement surfnce shall be uniformly coated,

Copting shall not be nllewed to contammate ¢xsting concrete if it is detimental to the bond ketween the existng
concrete and the repair products and 5 ysems.

The weatment of reinforcement to prevent corrosion shall comply with EN 1504-7"
B.3.2 Removal

If reinforce ment & removed the following requiremenis shall be mer:

a)  the concrete subsirate shall not be damaged (see AR.3.2);

bl remainmg reinforcement shallnor be damaged.

in
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B8.3.3 Replacement

Added or reploced embedded reinforcement shall comply with Clanse 828 of this Standard, ENV 13670-1,
EX 10080-1:1999-07 ar other relevant EN or European Technical Approval

To avoid the risk of creating condiions which may cause comosion, reinforcement shall not make ¢lkeciroche mical
contact with a dissimilar metal.

Where eleciroche mical methods of protection and repar are o be appled, added renforcement shall be n
sufbcent electneal contiact with 1:.u«:IEi|1]_|: retnforee ment 1o |:|.|m|'||:|-' with the I-"rrnl.:i'|'|lu and method chosen,

9 Quality control

9.1 General
The executien of the work shallbe carried oot m accordance with o quality plan prepared for the project

B Products and syslems for the execution of work shall satisly the guality conirol requirements in prEM 1504
paris 2 to 8. 5]

The stornge conditions and periods for use of products and systems shall comply with clavse 5 of this standard and
the specificaton.

8.2 Quality control tests and observations

The properszs of the subsirate, acceplance for suiability of producis and sysiems, the conditions for thew
upph’.‘alilm and fnal prope riies of the hardened pn:n:lur_'lx amd svslems shall be '\.llhjt:l.'l Lo (ua Wy conirol which shall
be undernaken using tests and observations given m Tahle 4.

References for test methods are piven for tests in EM and 150 Sdandards and where no standard exists reference
is made to tests and observations in informative Annex A which refer where relevant to Mational Standarnds.
Matonal Standards may be apecified where no European Sandard e xisis,

Tess given in Natonal Standards are informanve.

Maxmmum and minmum paameters and freguency of observation or esimg shall be m accordance with the project
specification, If no frequency i= specified those given in the following tables shall apply, If no maxmum and
mmimum parameicrs are specificd guidance B given m informative Annex A& (A9 21

When exchided methods are used similar reguiremenis for quality conrol are necessary.

The stats of the characteristics 1o be tested i as follows:

B Forallmtended uses

# Forcerain intended uses where required by the specific or operating conditions

O Forspecial applications

1
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10 Maintenance

Detaik of the method of execution of repair and protection, the resuls of gualty control and other information
relevant o future maintenance of the sruciure shall be recorded and gmen 1o the appropriate peron.

11 Health, safety and the environment

The executon of the works and the pr|1|.I||.|:I'\. amid systems wsed shall r.'|.|r|||'||:|-' with the n.-|:|uir|.' menits ol the relevanl
healh and x:|1'|.-13,l.1.'11'.-'ir|.|11m|.-n! T:-n.lh:l.'l'u:-n and lwre ruguhlinn'\..
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Annex A
(informative )

Foreword

This Annex provides guidance and background mformation on the Normative text. The contents of this Annex are
numbered in the same way as the Nomative wext o faciliae reference.

A.2 Informative references

The information and references in clause 2 apply o the references given in informative Annex A,
EM 12350-6, Tesimg fesh concrele — Par 6: Densiy.

S0 568, Tesr seves metal wire, perfosated meral phites, Ekcio formed sheer

Directive BOVINGEEC, Cons truction Prodices Direcifve.

Diectuve 9XAVEEC, Implementition of ndormom safry and heakh reguiements for lemposicy oF mobils
COHms frc ey S Ifes .

A.3 Definitions
The definitions m clause 3 apply to the annex

A3
blasting

remaval of matler fom the concrele subsirale 10a masmuom depth of 2 mm

A32
grit blasting

blasting using abrasive as an addiive in ar

A.3.3

mechanical remowval
remaovil of substrte hy pe reussive or abrasive means

434
non-selective hydrodemaolition
remaoval of comcrete w0 a selected depth by using high pressure water e chnigues

835

selective hydrodemalition
removil of domaged concrete leaving sound concrete of a selected strength usmg high pressure waler techniques
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A6

soaking

filling cracks i a homeonial surface by means of graviy using a pond of filling material abowve the crack
A3T

water blasting

blasting using high pressure water with or without abrasives as an additive

A.4 Structural stability during preparation, protection and repair

Deterioration damage and the process of repair can cause reduction in the load bearng capacity of the siruciure.
The should be mken mio account in the design of the repair method and subseguent applicaton, any reguirement
leer the permanenl or lemporary reme virl o dead and lve loads, the provs LA -:r!'ll.-mp-::-r.j:r'_-' o permananl additwnal
support and the design of the order of the repair to accommaodate the koad,

Although many repairs do not affect stroctorl performance, & should be recopnised that successive repairs carried
out o the same concrete siructure over a perod of time can create a danger of progressive weakening caused by
repeatedly cuting away strucmral concrete and replacmg £ with new material

The rephicement maters ] may nol carry s share ol the lowd F o has dobe nemt properes o those of the matenals

removed, becanse of shrinkage or iniial thermal contruction, or becanse of siresses in the stroctwre ot the time of
the repair.

A.5 General requirements
If wibration {for example due to construction eperaiions or itaffic) is expecied during the setiing of repar concreie or
muortar, the selkected |'m:-|3l|||.'| or svsbem should be |:ur.|:|l1-||= ol wilhxl.'lmlin]_.l_' the wibration withouwl adverse ellecis or

the wibration should ke reduced or eliminated by restricting its causes to the necessary extent. See also AT 20
and &.1.

A.6 Methods of protection and repair

The methods excluded are or will be standardised in other EM or apecidfied in other European Technazal Approval
The methods 1.4, 1.6 and 11.3 lor wheh there 15 no current EMN, or ;lppn:n'.'ll are desenbed below,

Method 1.4 Locally bandaged cracks

The method 15 o seal cracks m the concrele o prevend the pissage ol agenls,
Freparation

See clhigse T.2.1 and 7.2.2

Application

Nee clhinses BN, B2 6 and 5.7.6

Free movement shall be mamiamed. Adhesive shall not be .'||'|r.|ll:1l Ly ree ta pe wlth,
Quality control

See clhinses 9.0 and 9.2

i ne other imformation & availible pre-iests shall be camied out o determing the adhesion and tighiness of
bandages against penciranis.

A4



Table &.1 - Quality contral method 1.4

The relevant charncieristics fo be wested are:

EN 1504-10:2003 (E)

Test method or Test Ret. EN or I1SO
Status of test Characiaratic abservation Frequency of number or Test or
ax (including e o observation number in
Observation equipmentused | observation clause A9
where relevant)
SUBSTRATE CONDITIONS ANDVOR AFTER PREPARATION
[ ] Clennliness Wisunl After 2
preparaton and
e di L ly
he fivre
npplicaton
[ Surface tEnsile Puall-aff |
strengzth of EM 1542
subs rake
* Vibraton Acoe krome i H
L Crack widih and Mechanical gauge, Omnce before L1
depth Core and Veual or applicaton
LIlira s4mniic:
[ ] Crack movemens Simaim gauge, crack Throu ghant 7
magnifier or glass npplicaton
plabes
L Temperatne of The rmometer Thrau ghoun i
sub rake applicaton
u Moisture content of | Sie samplng and Belore and i
surmaunding Lahawratary fe st during
CONCre e Wisual or resistvity npplicaton
te st e lative humidi
prohes
ACCEPTANCE
u [denity ance befone | Wnlken ceriication B e In
use application
CONDITIONS AND REQUIREMENTS BEFORE AND/OR DURING APPLICATION
u Ambaznt The rmometir Therru ghout b |
e mpera tre npplicaton
* Ambient hamidiy Hygromeler Threvu ghout X
applicaion IS0 4677 - 1 &2
* Precipitation Visual Diaiby 23
* e o povint Hygrometer and Throu ghout 15
thermomeler application i ISCr 46TT &2
product reguings
iL
u Aulhiz s Full-afl Um comphetion i5

Method 1.6 Transferring cracks into joinls

This method makes use of existing cracks as an integral pan of the siructure. The design of the joint and wse of
materak shall be v accordance with EMY 1992-2-4 or any other relevant EN or Enropean Technazal Approval

Jomits shall be formed i accordance with the relevant EN.
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Method 4.1 Adding or replacing embedded or external steel

There & a risk of promoting elecirochemical action if new reinforcement s added to structwres infecied with
chlorides

Method 7.1 Increasing cover to reinforcement with additional cemenlilious mortar or concrele or surface
coating

The application of surface coatngs can assistin the preservation of passvity.

Method 9.1 Limiting oxygen content (at the cathode) by saturation or surface coating

The elflectveness ol saturabon o prevenl axygen mansmesson e the rembforcement depends on the mpemmeability
achieved when saiurated with water, The effectivensss when surfuce coatings are wsed depends wpon the
charncterisiics of the surface coating.

Method 11.2 Painting reinforcement with barrier coatings

The effective ness of the method depends upon the abilicy of the coating to Bolaie the remforcement from the local
environment, and so s imporant that there are o gaps in the coating.

Method 11.3 Applying inhibitors to the concrete

Inhsbitors are apphed as a surface weamment or are added o repar products and svsems.

Surface Treatment

Inhibitors act as chemsal agenis which discourage the formaton of anodic regions on the reinforcement. Their
effectivencss depends on the abilly of the product and system o penetrade and aflect the surface ol the
reimforce ment,

Application see clhuses 7.1, 7.2.1 and 7.2.2.

Preparation

See clonses B0 and 8.2.6,

Cluality Contral

See clavses 9.0 and 9.2,

A.7 Preparation of substrate

A.7.21 General
Dust and loose fine matermal left on the subsate afier concrete has been removed may contain e nough unhydrated
cemenl o sel m the presence af momiure. Abhough the materal s weak, once sel 1 can be very diflicull 10 remaove
from the rough surface of the prepared subsirate and ® is imporant bo remove i before setting con occur,
Full-off tests can only be used to measure the surface ensile sirength of the surfaces which are reasonahly flat,
The methods of cleaning, roughenmg and removal inclde the felowing
1. Cleaning Mechanical percussion and nbrsion

Grit and sand blasting

Water Blastmg with low pressure up 1o approximately 18 MPa
and where low water volumes are necessary up o 64 MPa
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2 Roughenmg Mechanicnl percussion and abrasion
Girit and sand blasting
Water Blasimg with high pressure up o approximately 60 bPa
i Renoval bechanical, percusson
Wiler Blasimg with high pressure up o 6B MPa and very high
pressure up o 110 MPa

A.7.2.2 Cleaning

The purpose of cleanimg s to remove dust, kose matermal and contaminants so as fo improve the bond between
the cleaned surface of the subswate and the material being apphed. Water blasting, clean compressed air or
vacuum ¢leanmg are effective methods.

Where contaminants are on or have penetrated bepeath the surface it may be necessary w remove them using
methods for ux;lmpk: i.n'-'\-:_l-['l.'in]_[ the use of solvents or sleam clea n'ing.

Chlkvles  anmd other contiminanis may he  detecied by szile xumpling and chemal unulp: it reference
prEM 14629 2003-03 for chloride content and as in BS [881 pant |24 for other chemical analysis,

Coniaminanis embedded in the surface may inchide e wire, naik and timber.

Cleaning of concrete suwrfaces without removal of concrete is nomally performed with water pressurcs up
i |8 MPa.

Water blastng, using high water pressure techngues, is used for clkeaning or superficial removal of concrene 0 a
de plh ol up lis 2 mm. Memhbranes, ;|x|1l1:|.II resclues, colour m;lrl:rn]_[x and Bnence are other exa mpk:x ol marlermls
which can be removed,

Crucks and joints can be cleaned with waier jetting, flushing with water or compressed air

When usmpg compressed air care shall be tnken that the air is clean and does not contuminate the substraie with
oil.

A.T.2.3 Roughening

Roughening 5 used for removal of concrete up o 15 mm depth and gives a texired surface with good bonding for
a new layer of concrele or mortar casl, apphed or sprayed onio original conerene.

AT.24 Concrete removal

The extent of the removal should ke oo account the relevant factors and any need o provele uncontaminated
cover on all sules of the remlorcementL

Struciur] conselerations may ima the extent of the remaval
Where methods 7.3, 7.5 and 10,1 are o he wsed, hum:;-‘v;,:nmhun:l or dehrmmated concrete, surface r:lalingx. and
previous repams with vnaocceptably high resistivity should be removed. For these methods & 5 not necessary io

remove onginal sound concrete from around reinforce ment.

Tying wire fragmenis. nails and other meml debris embedded in the concrete should be removed where possible.
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The edges where concrete B removed should be cui ot 8 minimum angle of 9° to avold undercubing and o
maxmmum angle of 135° 0 reduce the possibility of debonding wih the wop surface of the adjacent sound concrete
and shoukl be roughened suffeently w provide a mechanical key berween the onginal material and the repab
proaiuct

AGEF TR VIR

[

Key
I Mmmum angle

-

2 Maximum nngle

Figure A.1 - Concrete removal

If comosion & present on the circumference of the reinforcing bar whch 5 exposed afier removal of damaged
concrele, the depth of removal may need o be mereased o expose the whole bar dependmg om the repar
specification. The clearance armund reinforcement and the minimum distance between the reinforcement bar and
the remainmg subsirate should be ar kast 15 mm or the maximum aggregate swe of the repar material plas 5 mm
whhever 5 the greater o allow proper compaction. Chloride contammate concrete shoukl be removed on all
sifes ol the remlorcement for a minmmuem ol 200 mm.

If there is no comosion on the reinforcement, corbonated and or chioride contaminated concrete may remain if
clecirochemical methods are used or the concrete is sufficie ntly dry.

In thermal and mechanical removal of concrete, micro-cracks may occur in the concrete lefi in place. The laver
containmg mere-cracks shoukl be removed using water blisting wah or without abrasive or should be reated 1o
restore s milegriy o the surkwce fensie strenglh m nol sulfwwnl lor the products amnd systems 0 be applied,
Crucking can be detected by wetting the surface and allowing # to dry. Cracks retnin woter and can be seen as
dark lincs. Ifthermal processes are used o remove concreie, the introduction of heat must be carefully conirolled
o prevent damage and if damage oceurs further removal carried out by other means 10 remove any contaminated
concrete

Hydrodemobixen s a st and elecive wiy of removimg concrele, keepmg the removal ol sound concrete o a
minimum. Mo micm-gcrcks develop and unsound concrete is removed selecively leaving sound concrete intact,
Selection s carried oot around a mean removal depil. This procedure may be employed f o s camied out wih
egquipment ol Enown perlormance. The requmements 10 be met are o achieve the selection between sound and
unsound congrete, o remove concrete without leaving shadows and only 0 small amouni of low ridges undementh
the remforcement and 1o do the work withouwt creating pits. Removal 1o a generally predeermined mmimum depth
s possble, but where concrete s locally wealk, the depth of removal will be deeper.

The equiprent normally vsed for selectve hydrodemolion operates with a pressure of 60-110 MPa. In selecuve
hydrode molition, 1 s necessary W specily equipment pregualfied for the method, Surface roughness may vary
considernbly and is afecied by the distance between the nozzle and the subsirate, water pressure, water fow, feed
rafe, cquipment and concreie gualiy
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Water pressure, which is usvally metered at the pump can be categorised as follows:

—  Low Pressume Up 18 MPa - Lsed for cleanmg concrele and sleel subsinie;

—  High Pressure 15 MPa - 60MPa - Used for cleanmg steel subsorate and for removal of concrene:

—  Very High Pressure 60 MPa - 110 MPa - Used for concrete removal when bw waier valume are necessary,

Cutting with high pressure water is defined as cutting with o water jet so that o narmow slit or small hole s formed.
The method is wsed, for example, to cut away pans or make holes in reinforeed concrete. By adding abrasives io
water, it B alse poasible w0 cur seel

AT.3.1 General

Stucmral performance may be changed by boss of section or pitting of the reinforce ment.

AT.3.2 Cleaning

For practical reasons, cleaning will normally be w the whob: peaphery of the bar It will normally exiend 30 mm or
more he :,.'1:-n|:l the extent of the comesonm :|l-:rnH_ the I:ngl['l of the har, Swructural consideraions ma ¥ lima the amaount
of conereie which can ke removed and the cleaning which can be camied out Potentinl mapping may assist in
detecting cormosion.

The standard of cleaning for method 11,1, using coatings with active pigment, is nomally 10 5a2, “thorough blasi-
cleanmg”. For method 11.2, vamg bamier coatings o 5a2%, “very thorough blasi-cleaning”, is normally specified.
{_le:anrnl.-. may b dilTicul to achieve under sie conditions .

Where access lor -:.'k:u.nirlk_ 1% pre wented or dilfcul due w bar congesiom, conticl bietween bars, |'m:-.l|.i|1'|i|3,l Ly Lhe
conerete substrate, or other bars or other factors. the method and standard of cleaning should be specified. IF
cormoson products and contaminants cannot be removed or, if the coating cannot be appbed w all areas mtended
¢ be treated, the |'|=r'|'|1:rm:||1-:.'1: il the coalmg may b= r_'i1u11]_.l_'|.-1l. Sa stlandards lor hlilxl-l.'h:.'lning an: gwen m
50 8501-1, Any method of cleaning, including grit blasting, may be vsed

Remowval of chlorides on the surface of the steel or in piis in the sieel can only be achieved by woier under

pressure, normally at low pressure belbow 18 MPa buot if ow volumes of water are required pressures up to 60 MPa
may be necessary.

A.B8 Application of products and systems

A.8.1 General

The emperamre of the subsrate and repair monar or concrete should not differ maerially 1w avoid the risk of oss
of bond and kss of hydration.

Surfnce working of concrete or moriar may cause the formation of shrinkoge cracks as the treatment may give rse
e a cement rich surface layer.

A.8.2.1 Bonding

Arough surface profile = beneficial for the bond between old and new concreie and repair products and systems.
Ths can be achieved by hydrodemobison or mechanical means. The roughness produced by hydrodemolivon is
consule :r.'||;||:|.' preater than thal pn:l-l,lur.'c-l,l by mechancal hammers which & m lum greater than that pml.iu-;,:t:l;l by |_.-_ril
blasting. If hydrodemalition is used there is normally a good bond between the concrede substrnie and the repar
material and mechankcal connection is not necessary for the iransfer of shear and tensile siress less than 0.4 MPa.

A textred surface can be given io the surface of repair morar or concreie before & has set o asssr in the
mechanical key for a subsequent layer.
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Where cementiimus or polymer repair producis and svsiems are used it should be decided whether it is approprinie
io apply a bonding primer. The wse of bending coats can reduce bond if the bond coat sets before the application of
subseguent products.

Where cementitions repair products and sysiems are used without a bonding primer and the surface is w be pre-
welled as le:l:lrl:ﬂ in B.2.2 B2.3 or 5.2.4 for 2 mmimum p-t!l.'ill:lﬂ. the surface shoukl not be allowed o ilry bhelore
applicatien of the producis and swvsiems. However surface pores and pits showld not contain water when the
material is plheed or bond may be diminshed. An indication of this is the appearance of the surface which should
be dark man without ghsienmg. The purpose of welting the surface B 1o prevent the ransfer of waler from the
repar product o the subsirnte detrimentally affecting the hyvdration of the repair product.

F‘nl:,.'rm:r h}ﬂ,lraulk,: morlars may sel with a smodth |'|-:r|:3,'m|=r rch liyer on the surlace which w harm ful tn the hond ol
subseguent layers or surface reatment.

A.8.2.2 Hand applied mortar or concrete

Frovision must be made o allow for the difference in pmoperies between polmer morar and concrete and
cementitons products and systems. General polymer momar and concrete have higher coeficients of thermal
expanson and higher resstance w water vapour and lower resiztance w fme or high temperawres than
cementitions ale matives,

Folymer morar and concrete may be used underwater or where high abrasion ressitance s necessary. fost gain of
strength or thin layers are required. or where it 5 impossible to provide curing for ce mentitions matenals.

A.8.2.3 Sprayed concrete and mortar
Sprayed concrete and marar can be applied by the wet or dry proecess

Sprayed concrete or morar should be applied af an angle a5 close os pessible o 90 degrees 1o the substrie, and
at a distance of between 0.3 and 1.0m bemween the nozzk and the subsirate.

i spraved concrere s appbed 1o a thickness greater than M mm i may be necessary w meorporate remborcement
withmm o Lo prevenl the de vclnpml: nt -:rl'xhrin'l-:.'ll.-_c Cril |:ki|1]_.l_' and 0 assstm mechaneal bond

Ciare & I'|:|.'|llil'|!1| 1o avorl the formatsen of voxls behind the reinforce ment,

Far upm]ﬂ:ﬂ concrele whch has sel between layers, that s nol wel on wel, the surface shoukl he claned h:,.' lorw
pressure waber or compressed air, Sprayed concreie does not norma lly require o bonding coat,

An pdditionn] non siruciural laver can be apphed if there are specinl requirements for the surfuce of the repair
material ¢ g. if finished with rule or hand wols.

A.8.2.4 Cast mortar or concrete

Drainage lavers on formwork surfaces prevent the formatson of surface voids and decrease the water cement ratio
of the surface layer

AB8.25 Curing

Where @5 mponant 10 avorl cracks caused by plasie or deying shrinkage, cunng of hydraube momar and concrete
[ee) s maosl Er‘l:l.'l.i'i'\tlljl camied oul by Hllrli!ll.}'il'lk_ an excess of water over the surbsce, If 1 s ws ually impnl.r_'lil:ul 18}
apply water manually thronghownt the reguired curing period but the wse of pedforated hoses o feed waler o
absorbe nt material {for example hessian) covered with ransparent plasic sheeting & economical and very effecive
even under the most severe -I,Ir_l,lrn;_.-_ comdnxns .

[:lllri'n“ the hydration and harde n'ing process af the concrele 1 & mnporiant that the femperiture gra chemt th n1l|.|]_|:[11:-|..||
the structure is as flat as possible to avoid thermal crockmg
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Producis and syvstems contnining polymer modifiers {pcc) have specinl curing requirements becouse n balance
must be struck between the need to retaim moisture to cure the cement and the need to reduce moisture 1o allow
film Forming of the polymer component o gain srengih.

A.8.26 Cracks and joints

I%51} Filling cracks can be by injection, seaking or vacuum technigues. Before filling any cracks contamination such as
o1l or other contammants must be removed. The wkermble amount of mosture or water m the cracks 1Il:pl:mlx on
the properties of the fillmg materinl. Crocks may be cleaned and dried by methods incliding the vse of water and
solvents and clean ar under pressure. If cracks are injecied, scaling of the cracks is usually necessary w ensure
that mjection can be completed wabour mermopiion, Pans of nozzles semaining in the sivwcire should be of
matlern] which wall not cause electrochemical reacton. Ciare must be aken that the e s s une ol mpecion does not
produce further cracks or other detrimental effects o the subsirate . other components or the envirmnment. The use
of thixotrop grouts may give rise w unpccepiabiliy high pressurnes.

Surplus filling and sealing material 5 usually removed.

The eguipment for soaking must ensure an adequate, unmiermupted fow of the crack-filling material until ab=orption
has ceased.

Oiher methods |:|I'!I'il1'r||_.-. cracks are based on viacuum tech M| e s,

II' there are xignfru nl r_'I1.'|11]_|:|:x m ¢rack-wrlth |:I||ri11|_.-_ !I"Iling and harde n'ing then the time of imgection must be
selected where possible o allow re-injection at the moment of maximum crock width and within the workabibiy time
of the product.

Crack fillng & not appropriate if expansive reaction in the staciure 5 ey

Cracks should be completely filed if possible. The degree of filling can ke esiablshed by taking and examining
cores or uhrasonic tesimg - see Test No 33,

Complete fillng of small cracks wih a width of less than 0.1 mm s difficalt o anan. Epoxy resms wah a low
vix-;,:uxil!:,.' and spe cml hine rl:ml:nl.fgn:-lul. ity giﬂ.: gm:n;l resulls. Thes shoukl be proven n pre-lesis.

SEilh“ ol cracks with baneda ges may e pre lerable i cracks are contamimated, oo small or I'|I'I.|11]_|: ar i i:mgillu il
andfor shear movements are more than 25 % ofthe crock widih., If no other information & available pre-tesis may
be necessary o determme the adbesion and tighimess of bandages.

Cracks may require 10 be converted into joimts of considerable changes in crack-width are expeced, e.g. due 1o
thermal eflects or struciural movemenl. Nl:w_jnl:-mlx should be |:|:|m|'|.a|'i|:.|l: with the e umimy s, Fremlorcement 1=
e be cut, any harmful effects shall be tnken imto account, in particular with regard o the Inad bearng capacity and

the corrosien rsk. The design of the jomt and use of maternal shall be in accordance with ENY 1992-2-4 or any
other relevant EM or European Technical approval.

A.8.2.T Surface coatings and other treatments

There & a danger of the occurrence of efflorescence when Ekcirochemszal processes are wsed. Unless it is
remdaved f mierleres with the bond between the -;,:1:-ul'i'ng and the concrele.

Surface uppliu d mhibtors can leave a surface de |'|-:_|-xi1 which may hinder bond of a subse quemnl |..'|.|.'|I!i1'|H_.
I'rrlpn: gn;l!ilm ancl hyﬂmp hihbi: impn: fna N can iz uppliu d by hamd, SpPray, vicuum me thowd or v a ne 1.

Faor II]-'l:ln:lph-:rhI: impmgn:lli:m u'\.ing i silane or sthhxane the pl:nl.:l!ml'i-:rn can he 'i'rnpm'n.'etl by uppl}'ing Lthe materil
in bwo Fh'lg‘:ﬁ.."-‘l'ﬂlﬂl'l wed
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A.8.2.9 Plate bonding

Bonded extemal plul!t: remlercemen! may consisl of mild steel or fibre remlioreed -;,:1:-m|11:mi|!t: or nther materal ol
appropriabe standard capacity and durability. The vse of stainless orhigh vield siecl s not recommended.

Surface preparation of the concrete subsirate is recommended as follows

The surface tensik: sirength should be established. Weak, damaged and detweriorated concrete should be removed
and replaced. Cracks wider than 0.1 mm should be filled wah compatible srucmral repar material

A.8.3.1 Coating reinforcement

Coatings for reinforcement are included in many repair systems. Coating on reinforcement can act as a bamier or
can be used o prevent coaled areas aclmg as an anoce and so prevent corms®en of untreated remloree menl,
Inhikition can also be achieved by surrounding the reinforcement with alkaline cement paste with or without o
polymer modifier. If cement paste s used it should not be allowed o set before cementitions mortar or concrebe B
applhed or placed or the bond berween repair material and remforcement may be adversely atfecied.

A.8.3.2 and A.B.3.3 Removal and replacement

Addiional or replacement remforcement can be fied wsimg mechancal connection, by welding, by lappmg w
cnixliny_ remborcemenl or by ;mr_'hnring mbo the concrete substrale,

Femlorce ment Iixingx or odher attachments made from dissimitar meals embedded n remlorced concrele can
cavse rapi kcal cormosion of reinforcement if there is direct or indirect elecirical contact between them. A smmilar
problem can anse through elecirical contact bevaecen gems made from the same type of steel if the v are in different
environmenis, e_g. different concentrations of oxvgen.

Care must be taken when removing or replacing reinforcement when using echniques involving the applicaton of
heat not 1o damage eher the remforcement or the concrete subsirte.

A.9 Quality control

8.9.1 General

The personnel wndertnking the execotion of the protection and repair work should be susably experienced and
should pessess wrticn evidence of their compeience where this i availble 1o them.

As mdicated in Clause 9 (Mormatve ) site tesimg is o method of measuring the characienstics and qualiy required
for products and systems on their arwval on sie and for their peromance during and afier applcation. Sge esting
15 abko g method tll'muuuurrn;_.-_ the condion of the structure and the subsirate on which the |'|'n|,:||:I|||;I.'\. anmd syslems
are o be applied and the condition of the environment in which the products and systems are to be applied.

Test methods are described in EM standards but where no such standard exisis tests should be camied out in
accordance with 150 or Mational standards or in the 2515 or ebservations described in A% 2.
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A.9.2 Quality control tests and observations

Table A.2 - Guidance on acceptable maximum and minimum parameters for tests of characteristics is as

follows
Tesl No Characleristics Method Maximurmn and Minimum Parameter
I Temperture of AR D pends on material bt usally berseen 5% - 30 °C
subeirate
13 Frecipila tion All Usually none but some malerlk can be appled 1o damp
ar wel surfaces
14 Wind strengih 1.1, 1.2 Less than EMsec
1.3, 2.1,
22, 5.1,
52,6.1,
7.1, 8.1,
22,01
15 Dz w pavint 1.1, 1.2 Depends on material but uswally no application at
1.3, 2.1, wempermnimres kess than 3 °C above dew poimt
22,43
51,521
6.1, 7.1,
1,82,
L3 R
1.2
i3 D gree ol Allng of 1.4, 1.5, B0 % & normally acceprable
criacks 4.5 4.6
i3 Aglhizsion A.1,33, It depends bul can never be greater than the surface
Morars and concreie 33,44, tensie sirength of the subsirmte. Site values within the
5.1, 6.1, range af 1.2 - 1.5 MPa for smeciurn ] repair and o
TA,T2 | minimum value of 0T MPa for non swructurs | re pair ae
T4 acceplable. Yalues R Bbomlory perlormance ane given
m prEM 1504-3: 2001 43,
a5 HAalhzsion 1.2, 2.2, It depends om and can mever be grealer than the surface
Surfuce conlmgs 5.1, 6.1, tensie sirength of the sobsimte. Valees for hborory
7.1, 8.1, performance are given in prEM | 504-2: E-03,
A
s Compressive smength 31, 3.2, Comipaiihiliy with the pareni concrets is an imporant
53,44, | facrer. Vabses for lahoratery performance are given in
5.1, 6.1, EMN 1504 -3 : 20401 -3,
7.1, 7.2,
A
44 Adhesion of crack filling 1.5, 4.5, It depends but can never be greater than the surface
min tera l o subs iraie 4.6 iensile sirengih of the suhsimee. Valses for hbomory
perfrmance are given in prEN 15{(-5:20802-01.

Description of quality conlrol tests and observalions

Test or Observation No.1. Delamination

Tappmg or sounding on a concrete surface can be camied out with a light hammer or other impact echo eguipmeni.
The purpose & w deect delammmated areas of the concrete simuciure or keose single agegregates in the surface of
the substrabe.
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Test or Observation No.2. Cleanliness

The surfnce should be checked visually for the presence of

— hardened cement and spray fog;

—  flaws, such as gravel pockeis:

— efflorescence;

— powdermg and sanding;

— keose pamcles such as dust or concrete spalbng (e.g. above reinforce nuent);
— organic growths;

— contaminanis such as oil, grease or paraffin;

— debonding agents, curmg agents or resddues of old coatings;
— debonding of moriar.

The presence of dust or contaminaics on the surface of the subsirate can be detected by visually wiping or
scrafchmg the concrete surface. An adheswve swip appbed o the surface will mdcate the presence of dust when
remaved

Test or Observation No.3. Surface Unevenness

‘u"lxu.aim'\.pur_'ll.m will reveal the presence ol civilkes puTes and pilr; on the surlace ol the subsirate whih would
cause an intermuption of an even thickness of o bonding or coating film,

Unevenness of subsirate can be established using a steel strnght edge.

Irregularities can be remedied as specified in Clouses 8.2.2, B.2.6 and §2.7.

Test or Observation MNo.4. Roughness

The roughness may be determined with the vse of a profilk mewer or using the 5and Arca Method. Ths later

method & desenbed in EN 1766 Chuse 7.2, The surface texmre profile method 5 described in EN 50 3274 and
M IS0y 428K,

Test or Observation Mo.5. Surface tensile strength of substrate

Surface ensile strength may be measured on sie wiing a pulloff st analogous w EN 1342 or as given in
BS 1R8] Pars 201 and 207 B may be used dmectly on the surlece o be lested or at a THJHHiI:Irl on the surface
which has bkeen panially cored if sirength ai a specified depth beneath the surface & required. Care should be
laken wih the prepampon of the surface and the pumber and positon of wess 50 that they are properly
representaime,

Test or Observation MoJs. Crack width and depth
Crack wilth may be measured |'|3,l electncal or mechamcal gauge an ::-:pu'\.n:ﬂ sireclures, the most im]'H:-rlunI crick
charncteristics (crack width and changes in ¢ruck widih) are subject io weather related chonges (see Tesi or

Observation Mo.7). When these characteristics are deicrmined, the following additional data should therefore be
recorded:

11 date, time:

23 weather condivons Le. awr temperamre, ¢lood coverfram {mchiding values on preceding days )

5d
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i} surface tempernture of the component in the crack-relevant zones and in special coses also in the interior
of the component.

Drlled cores can be used to determine the type and size of crack, the state of the crack and crack edges and any
remedial previous measures. Drillng cores invariably represents a disurbance. and should therefore be restneied
I necessary cases, Ulrason esis yebd also |_.-.-:r|1|:l informaton on crack chamclenslics, They can be used only h:,.'
propedy tramed and e¢xperienced personnel,

Teslt or Observation No.7. Crack movement
Crack widths may be mensured with mechanical or elecincal gavges and measurements shoold be given 1o an
accuracy of at kast 00l mm. [ will usually be sufficient o compare the crack width vaually with a calibrated line on

a lme-width rule. More experience is needed 10 use a crack magnifer.

Methods with |:Ii|'|i=rl15 sensivaly can be wsed o measure the r;h;ln]_[ux in dmtance assocmled with changes m
cruck width as follows:

+ lne wiadth ruke:
21 gloss pltes or stram pouges can be fixed overn cruck (see BS 1881-204);
i} crack magnifier;

4} thin plaster markers can be apphed by brush 1o the concrete surface. When the crocks in the concreie
widen, cracks also appear in the plasier. Ther wadth can readily be dewrmined with the crock magnifier.
Repeated readings o an accoracy of (001 mm can be vsed o follow slow changes in crack wadih,
inr_'lul;l'ing !-:mg-l.t:rrn wlerens. I mecessary, a4 number ol pl;nll:r markers may be appli.l:n:l abl miervals 1o
the same crack.

Where changes i crack widih during the course of the day are observed, the relevant data musi be recorded
segveral tmes a day. Where changes in crack widih are iraffic-related, charactersation of the traffic may be
necessary m order o allow mone o fBe crive unul}'ucx ol the results, The selected mc;lxuriﬂg pe= redls shoukl he such
thaot adeguate conclusions on shori-term and daily changes in crock width at the planned filling time can be dren
from the resulis.

On superstmciores of monolthic bridges and similar siructores exposed o direct weathering, there are daily
changes in crack wudih, in some cases dependent on nsulavion. The maximum changes are 1w be expected in
Clowdless days m the summer months, but nol on days with hgh chwud cover and h'igh am lemperiures. Al the
crock width moxmmum, iraffic mfluences ako vsually lead o extreme voloes of shor-term crnck width changes.

Test or Observation No.8. Vibration
When applving products or system it is imporiant to observe vibration due o cavses such as taffic, equipment or
windy weather. To regrier the vibration one can use vibration measurement equipment e g. an acceleromerer. Mo
resirichons on causes of vibrabon shonkl e made f the vibration valees are within the vahles for |.I:|-'n:||1'|k.' ki cls
accepted by the product or systems during the application
Test or Observation No.9. Mpisture contents of substrate and cracks
The mosture conient of the subsirate moy be evalhnied by the following tests and observaions:

Iy Visual

The surface mosture may be ohserved using the following approximate guide:

# ey« Adfreshly produced fFracure surface with a depth of approsimately I cm must nol become visihly
lighter in coloor as o result of drying ouot;

. ‘moml - The surlace has 4 mall, maost appearnee with no xhrn'r-' waler h[lm; the prore s ysiem ol the
substruie must not be water-snfurated ie. drops of water applied io the concrete subsirnte musi be
soaked up, lraving the surface matt again afier a short tme:

£5
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[ ‘wizl’ = The pore syslem may be walerssaurded; there may be o surlace shme on the concrele, bul
ni free surfice waler,

A further visual mdication can be obigined by covermg the surfice with a palythene film for 24 hoors, If no
mosre is evident the surface and sub surface can be considered dry;

21 with use of Relatve Humidity Probes;

31 by measuring the elecirical resstivity using the Wenner probe test and relating the measurements io
absolole moisture content as measured n the laboratory. There s also a two pm conductivity test whicls
cian be related 1o absolute mastere content:

47 hy Iilkin]_.l_' sile '\..'lm'pll:x andd It.:xling m the Eyboraiory,
The maosture content m cracks can be observed by lakmg '\..'lmpll:r; or cores and vewal observabon.

Test or Observation No.10. Temperature of substrate

Measuring the temperature of o concrete or steel surface should ke carried out with o thermometer made for
measuring surfnce tempemivres. IF there B a need for exact measurement of the tempermiure of o substrate, after
a suitable material for ensuring thermal contact with subsirate has been applicd. the measurement can be camicd
oul as ollows, The thermometer shoukd be :pL'lr_'n:ﬂ m the 'p-nr;'ilr:m for measurement i the meldle of an l1'\.||lulir||_.-_
maierinl such as o Styrofoam plate with the size of 0.5 square medre and 70 mm thick. The measurement shoukd be
camicd out when the tiemperaiure 5 stable Le. when the change of the wmperamwre with the passage of iime is less
than | centigrade S minuies.

Test or Observation Mo.11. Carbonation testing
Use the s given in prEXN 14630:2003-03.
Test or Observation No.12. Chloride content

The chloride content of corcrete subsrate may be obained by oblainmg dust samples and by subsequently w@sting
in the labarmiory by the method given in prEN | 3624%:20403-03,

Alkernative by there are site test svstems which can be wsed, These are based on ekecirochemicaltechnology,
Test or Observation No.13 and No.14. Penetration of other contaminants and crack contamination

The concrele subsirale and cracks may be contammaled by agents which cause deterioration ol the subsirate and
repair products and systems and encowrage cormosion of reinfercement. Such contammanis melude carbon dioxide,
chloside s, sulphates and other organic and inorganic substances. The history of the sructure and s environment &
like by 1o madcale puxxihk: contaminabon., I contammabion = mlxpl.--:ll.-ql :umph.:x may be laken by drillmg or -:.'1:-ri11;_.-_
and fested im the lnboratory to establish content and profiles,

Test or Observation No.15. Elecirical resistivity

Resitivity of substrote and repair material may be measured by o method bazed on the Wenner 4 probe method of
soil e sistivity testing, Resistvity of repair maicnial should be measured on the site applied material or on prepared
specmmens and is normally specified w be berween 30 and 200 % of that of the subsate for eleciroche mical
methads 7.3, 7.5 and 10,1,

Test or Observation No.16. Cleanliness of existing reinforcement

The n.-1||.|ir|.'|:l :lux_n:: of clkanlmess of steel remforce menl |:I.-|.'|11.:|1|:lx upan Lthie method of :n:p.air selected, I s hest
judged by comparing the appearance of the cleaned sweel with that defined in 150 8501-1 eg. 5a2ls .

ih
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Test or Observation No.17, Slze of existing relnforcement

The size of remforcement should be measured mechanically 1o establish the cross section dimensions at positions
where cormosion producis have been removed o obiain the minimum cress sectional arca so that smaciural
cakculanons can be made and compansons made with the specificaron.

Test or Observation No.18. Degree of comosion of existing reinforcement

Loss of sweel-area on reinforcement due o cormosion can be estmated by measurmg mechanically. Special
atlenton shoukl be giwn 1o the detecon ol cormsgn |'|'i|x m the sieel.

["ZFM:-.Il.],I or other rmpl.-rrm.-;lhb: |.:|1:Iir|g'\. on remforcement should be ins preche d closely as cracks or delects m the
coating m combination with high chlerde kevel mav give rise o increased corrosion at the damaged posgon and a
reduction in bond of the coating. The reason for the comoesion is that the reinforcing stecl s nsulated by the coating
I'roam the prolecimyg alkalme environment.

Cormmosmon can also be delected by |'|1:-Ien|'i.af muppiﬂg u'\.ing hall cell lesits.

Test or Observation No.19. Cleanliness of reinforcing plates

Steel |'|la|1.'x shoukl be free of mill scalke, rust, grease and other contammanis. The :lugru: of cleantness shoukl be
i 5o 2V s defined in IS0 8501-1, Composite plates should be cleaned oz specified,

Test or Observation No.20, Identity

Identity may by be established by means of markmg and lobelimg in accordance with EN 1504-8; 2000- 10 or by
writte n certificate. The purity of water can be established as detatled m EN | 0408,

Test or Observation No.21. Ambienl lemperatures

Amibient emperaiure may be measured using themomeness, The accuracy of the reading should be at least pls
or mmus 1 YL

Measurements should be made in the mmediae vicinny of the works. The emperamre sensor should mot be
exposed fo drect solar radintion. Measurements should be taken sufficiently ofien to record changes of 2 °C and o
recond reducing or increasing empeTraiine move me .

Test or Observation No.22, Ambient humidily

Ambicnt Huomidity may be measured by the methods given 5 150 4677 1-2

Test or Observation No.23. Precipitation

Precipitation may be observed visually or if relevani recorded with the use of a gaonge. i can inclide rain, snow,
dew and spray.

Test or Obsarvation No.24. Wind strength

Wmd velecily shoukl be measured by means ol anemomeler so thal maximum values 1I|.1'riny .appﬁl:ul'i-:rn ciem he
measured and work suspended f so specified.

Test or Observation No.25, Dew point

For the application of many polymer an other producis the subsirate must be dry and dew muost be avoided unkess
otherwime specificd. The dew pomt depends direcily on the ambient relative atmospheric humidity and on the
ambient emperatre. b occurs only when the subsirate emperature & bower than or equal o the dew point

le I'I'lI1E ralure,

The 1|1!Ih:-wi|1]_.l_' lable (extract ol labke giwn m 1504677 1-2) ;_.-_'i'.-'r:x the temperiaiures ol dew pomis, knnwing Lhi
ambient dry temperatore and the ambient relative atmos pheric homidity,

LX)
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Ambignt dry- Dew point temperatures (°C) for amblent relative humidily between 40 and 100 3= RH

tempearatura
4 % A0 % Gl % T 4% a0 % W 1nn %

35 19.4 230 26.1 8.7 1.0 LN 15

£ 1] 130 14.5 214 239 6.2 2532 a0

25 10.5 13.9 167 14,6 2011 232 25

20 G0 9.3 12.0 14.4 16.5 1E.3 pl ]

15 1.5 4.2 T.3 LR 116 134 15

14k S50 (1N L 4.5 .7 8.5 14k

b -1 -4.7 -0 i} 1.% 3.5 b

The repair or protecien prodoct cannot usually be appbed when the ambient dry emperature & kss than 3 °C
abhove dew r.n.l'inl! bt the de pe nds on the matermal (see Tahk AZ),

The wir 1e e Ll w measured 'u'\.ing A MEercury or LIi]_[lluI thermaomeler. The n:quin.-ql accuracy is & 005 ",

Faor the surface b mperi e messuremenl |:li|_.: il e ecironi thermaomelers may be used.

He qllirr:ﬂ accuricy @& L5 ",

For the airr humelily assessment see Test ho 22,

Test or Observation No.26. Wet thickness of coating

The method Mo, | of 50 2808 gives two methods for mensuring a wet thickness: comb pavge and wheel gavge
The first seems easier o adapt from s wse for measurmg paints and vamishes o use for measuaring coatings of
repar preducts. The gauge consisis of o stninkess steel comb, the ooier teeth of which form a baseline, The inner
ieeth are progressively shorer 20 as 10 present a range of gaps between the weeth and the baselbne, and the size
of each pap can be read Irom a scale on the pauge, Immedately aller the .applil.':nl:m ol the pml.i'u-:l. Lthie comb
gouge is placed firmly onto the substrte n such o way that the teeth are normal to the plane of the surface and the
gouge does not shp. The gauge is removed and the weth are examined 1o determine which & the shonest one

wuch the wet coating. Minimom three readings are aken m different places in a similar manner o obiain
representilve resuls over the nepaired area.

A wheel gauge may also be used,

Test or Observation Mo.27. Congistency of concrete or mortar

In addxn o the .‘illmrl. Yebe and Flow Test able test giw:n m EM 12350 Parts 1-5 g lest us i11|_.-_ H ln:mgh can be
used o fesi the consistency of flowmg concrete. Concreie mornar and grouis can be wested as specified in
EM 13395-1-4.

Test or Observation No.28, Air content of fresh concrele

Use the s given in EN 1 2350-7.

Test or Observation No.29. Dry thickness of coating

The dry theckness of the surface coatng can be measured by knowing the guamay of product applied by vsmg
B0 2808, Method Number 2,

The thkness can also be measured by destructive means such as:

—  profiemeter methed given m 150 2808

L 1]
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— w.:ﬂgt: cul method (i r;pm:nl apparnius w avillabl which meledes a Tnil.'m:ir_'-:rr.u.- with llummatiom devices amd
cullmyg tooli grven m 150) 2808 method 58:

— :lrﬂling ol core x:lmpi.-'\. and MeILsUrm g the filkn thickness (5 more destructive and there 5 no standand),
Test or Observation No.30. Covering of coating
Gaps, holes and defeeis m the coatng may be devected veually and as given in 150 462 8-1-6:2003-04.

Test or Observation Ho.31. Penetration of impregnation

The |'||=r||.-lr.a!i|111 ol imp:rl.:gn:llmn 1I|.-r.u:11|3r; on the subsirale plm:-xil!'r-' and on the pﬂ:-l:llll.:l penelnizm ahility, It 1=
possible o get an estimaton of it by knowing the guantiy of product used, For thar, EN 150 2E08 may be used
imethod Moe.2 @ determination of dry-film thickness by calculation from film mass per unit area

lis alko possible w determine pene ratien by exammation of cores.
Test or Observation No.32, Permeabllity of coating or repalr materlal or filled cracks to water

The principle of the German Karsten Test, as for the French iests of KF P 84-402 or NF T 30-801, 5 to measure
the volime or the weight of waler penetraimg per und tmie into concrele by means of a glass calbrated mbe
pn:'n."ﬂw'\.ly s g bead w.al:rtlghl o the tested surface. The duameter of the be, :In:rn:nl:linH_ on the standard used can
be 20 mm, 50 mm, 130 mm. The height of the water column, depending on the standard vsed can be 100 mm,
L5400 o, 20600 mom.

The resulis obiained are:

— quantity of peneraing water during the time of the test (linear or not, limied or not);
— lemperniurne condions;

—  moniure content of the @51 area.

Cracks which are filled o at least B0 % by volume and with a fiem bond bepween concrete and sealmg matemal can
b wis i II;..' Liken as i11'|r.||.-rmn.-.'|l_'|lu By waler., In dowubtlul cases cores can be laken and penelnlun lesis carned oul

a5 indicated EMN 123%0-8 and [50 7031
Test or Observation No.33, Degree of filling of cracks

Dirlled cores are b be tnken o assess the degree of filling, The cracks must be filled completely. This is defined if
cracks vigible on the surfnce of the drlled core are filled to a keast 80 % by volume. Usually small-diameter cones
(500 mm or kess)are laken from representtve secions ol the Olled cracks.

Ultrasonse st methods as gven m prEMN L 2304-4:1998-07 and 50 5047 can ako gve informaton about the siane
aof IiIHn]_[. Present methods avadlablk demand exper skill and H:-rlhi.'ﬁlil.‘jl!ﬂil le sl Equipm:nl Ik |'|n:-|3l|||.'|.: re [y bl
resulis om site.

Test or Observation No.34, Thickness or cover of repair materials

Cover of concrete over reinforce ment may be established by means of a cover meter which is a electromagneic
device. Accuracy expected in average sie conditions should be within £ 15 % or 5 mm whichever & the greater for
remforcement cover less than T mm, The lest methods s desenbed m BS 1851 Part 214,

Concrete covercan also be estabbshed by I;ltlu_[ cores and by I'ETI'H:-\'iHJL e mmaberal
Test or Observation No.35. Adhesion of coatings, adhesive and repair material

Adheswn of coalmgs can b tesbed ||xi|1]_.l_' the ¢rmss cul lest as HTH:|:|I'|:1I m EN IS0 24096 and for adheson of
repair materials a pull off test as specified in 50 4624 and in B5 188 1-201 & 207 or analogous o the Bbomiory
tesis in EN 1542, The cross cut test can be used for byvers less than 0.5 mm n thickness and the pull off test for
thicker layers.
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Test or Observation No. 36, Compressive strength

Compressive sirength of original precast concrete and hardened repair concrete or moriar can be measured by
means of taking cores and crushing them i accordance with Pr EN 12504-1 or with the use of a rebound hammer
v accordance with EM 12504-2, When using the lamer method care should be raken w0 ensure that the insmamen
= properly calibroted. The nature of the Biter method and the possible varabon in the surace of the concrete or
maortar make it useful for indica ton of comparative strength rather than absolute valies

The strength of repar concrete con ke established in accordance with EM 123%0 1-3 using cube and crushing iesis
but for pe or pec and hee mortar it can be wested o accordance with EM 12191

Test or Observation No.37. Density of hardened mortar or cement

=) The density of hardened repair mortar or cement should be established using tests given in EM 12390-7,
If thve density af the original concrele is required il can be established by taking cores and measuring the weight and
voluma. #i]

Test or Observation No.38, Shrinkage, cracking In repair material

This may be observed visvally and measured with a gauge. very fine cracking can be detected by wetting the
surface and allowing o0 dry. As it dries the cracks can be seen as they retnim water for a longer period then the
uncracked surface.

Test or Observation No.39. Presence of cracks and voids in hardened repairs material

Wioids meluding those caused by inadequate compactoen, mpcion or filling and cracks may be detected by means
of r.aql:-:rgr.aph'_-' relerence BS 1881 Par 205, mdar or ultmsonx pul'\.e velocily measuremenl relerence
EM 1 2504-4:1998-07 and 50 8047, Allematively cores may be taken and visually examined.

Test or Observation No.40. Position of reinforcement

The pesition of reinforcement with respect to the outer surface of the concrete and o other reinforcement can be

measured mechanically when concrete has been removed or by means of a cover mewer as specified in
ES THS1-204 when remBforcement 5 nal visaihle,

Test or Observation No.41. Bond of reinforcement

The bond strength of remlercement embedded m repar morar or concrele may be determmed wsing the
appropriate aspects of prEN TRE 200306, ASTM A 944-59% of equivaleni. Samplks of reinforcement embedded
in repair material may be teswed in this way.

Test or Observalion No.42. Presence of voids belween bonded plates and substrale

The presence of voids may be detecied by tapping or similar impact echo methods and by using ulirasonic testing
as spectied m EM 1 2504-4: [ 998-07.

Test or Observation Mo.43. Load tests

Sie load lests may be requred o the kead beanng capaciy of an ekement or structure has o be established aller
repar ar sirengthening

Test or Observation Test No.44, Adhesion of crack filling material to substrale

There 5 no =ite test for measuring adhesion sirength of crack filling materinl. Howewver an indicotion of the
adhesion can be established by mking cores and mspecting and by testng the cores o fallure using the fesi
specified in EM 12504-1.

Test or Observation No.45. Colour and texture of finished surface

The colour and texmre of the finis hed surface of repairs should maich as far as possible the onginal
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A.11 Health, safety and the environment
Parkular care 15 advsable when 1I|.-.al11;_.: with dangerous and radwactive substances,

NOTE 1 Dhrective Y205 WEEG gres Minimum Heahh and Salely requmements for emporary and mobile cons mocion iles
and requirement afa heakh and safety pkn.

MOTE 2  Construction Produocts Directive B9 00EEC gives reguiremenis for hyvgiene. health and safety and the envimonment
for third paries.,
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