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Part IV: Concrete Structures - Vol 1 - Durability factors and requirements
1. General considerations
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Causes of the Erablem

Results

Inadequate mixing proportions facing

Causes of the problem

Results

casting conditions

Poor reinforcement details, for example
ngested o cover to

Cracking, poor compaction, insufficient

t
enwironment action, and voids around the
steel reinforcement

Poar detailing of fisings, window frames,
handrails, supports, and expansion joints
defects

orir reinforcement
distribution

Water penetration, localized cracking and
balcony

Inadequate water/cement ratio

Inadequate compactiontvibration

Long, slender components

Excessive deformation and cracking

Inadequate design for creep

Decorative finishes, such as acid etching,
bush hammering, and fluting

Poor drainage

Deflection due to strain under continued
stress

“arying depth of cover around the steel
and localised corrasion
Water ponding
corr

and localised

Scattering or inadequate cover depths of
reinforcements
P oor curing technigues

P remature stripping of formwark
Control of maximum temperature during
setting and hardenin,

Incorrect concrete grade for purpose

Concrete with 100 low or oo high srength
far the application

Inhomogeneous  concrete,  Iocalised
weakness, and reinforcement comosion
Varable strength, inadequate durability,
increased drying shrinkage, excessive

permeability

Honeycombing,  voids,  excessively
permeable concrete, localised
reinforcement corrasion

Localised  reinforcement  cormosion,

penetration of damaging Substances
Shrinkage cracks, increased
permeability
Cracking and deformation
Possible thermal cracks and Delayed

Table 2. Concrete deterioration caused by the lack of workmanship or quality control

Ettringite Formation DEF

Concrete mixes with high drying shrinkage
Concrete mixes that are highly permeable
to chloride ions

Passible cracking
Chloride induced reinforcernent corrosion

Causes of the problem

Results

Low cement content

Table 1. Concrete deterioration caused by adequate or wrong design

DURABILITY DESIGN

Inadeguate concrete strength and low
performance to environmental actions.

High cement content

High water cement ratio

Inadeguate workability, shrinkage, and
cracking
Inadeguate concrete  strength  and
increased permeability to gases and
chioride
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Part IV: Concrete Structures - Vol 1 - Durability factors and requirements

2. Overview of European standards for concrete structures design
2.1. Classification of the exposure environments  2.2. Durability requirements for concrete

Table 4. Exposure classes related to environmental conditions
in accordance with EN 206-1
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Part IV: Concrete Structures - Vol 1 - Durability factors and requirements
3. National standards or guidelines to complement EN 206-1

v United Kingdom (8s EN 206-1, BS 8500-1 and BS 8500-2)
v Ireland gs en 206-1)

v' Portugal (NP EN 206-1, LNEC E 461, LNEC E 464 and LNEC E 465)

v France (NF EN 206-1:2004)

v Spain (EHE-08)
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Part IV: Concrete Structures - Vol 1 - Durability factors and requirements
4. Comparison of the national requirements in complement to EN 206-1

Tatie 1. Nationa) standards or reguiations

v National standards or regulations =] T o e SRRl TN ER:

Ieland |  National Arnex; published with IS EN 2061 as a single documert
The Poriguese recuirements are in the National Annes to NP E N 208-1

and to NP EN 136701 andl in the following Netional Civil Engineering

Lakoratory (LNEC) spedifications, referenced in the NA of NP EN 206-1.

v Exposure classes LNEC E 461:2007, Methodology for avoidng intemal expansive
. Portugel | LNEC & 4642008 Presaiptive methodciogy for 50 and 100 yeafs
Table 1. Grouped exposyre classes in each country ?N:%n “E‘""QEA";‘DE.?".‘{: mw" axpﬂaw!s
| County DI Sh e clsees perimence p;apenmw::mw:lmb: dedgnmm:umha:
] reinforced  or ressed concrele  struchures  under
France (K3 XCA, XD1, XF1) embronmeisl exposures X and XS
(053 Spéin
Treland None F ma:yammstmwmasew 206-1
[ Portugal 5 X0 Kingdom and guidance for the specifier.

C3, XC4) |-
United In 2006 revision of BS 8500-1, the recorrmendations for resisting
Kingdom | the XD and X& exposures are adsquats for resisting the associated

XC exposure
A a q
v Methads. for mini r damage by AAR
. i Table commendations and standards for reduce the risk of
v' Limiting values for concrete mixes / AAR EJ
Minimum cement content (kgim®) | Country | — '-"C"l':::“‘::":::' '.;:“'ﬂ';' — TR
. uidelines: Reconmmen ins for prevention image e
pred ...:,mnf&ﬁf':;iﬁ:—";?\"fc‘ Franee | aikaiaggregate reaction, LCPC, 1994
%0 o e 58 e AkalFSilica Reaction in Concrete, pubihed by The Instution of
300 i Ireland Emimars of Ireland and.The Irish Concrete Sociely, 2003. (EINCS
250 min
200 LNEC € 4672007 Melodology for avoding irfemal
pret Porugal | SHEC € odology. for avoiding intemal expansive
100 United | BS 8500-2 (566 Table 1). More detaled guidance is provided n BRE
5: Kingdom | Digest 330: Alkali-silica reaction in concrete.
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Part IV: Concrete Structures - Vol 1 - Durability factors and requirements
5. Examples of projects with performance limits for concrete durability

Tahie 1. Descrption of tesis used to 535855 If the performance lmits shown
inTabie 41 were met

i Description of
Pioject  Property ripte Results
0607x10 "
Wiater penn eabity
Channel uevvrr‘v'::;l & <qg | tesis measuing the ":";;: 250
Tunnel pivt aeptnatngeszof | 08000,
e anihs
0703x10°°
m2 between 23
Gas -
permeabiity <17 | Combureaumetnog | 37 9008ys
pey 28 days 001
107 mat 18
morths
Vascoda 14 0 msee
Gama. R i | Migriontestin | hetneen 28 and
g ifusic non-stesdy tate | 90days. 0.2-
Diftusion 28 days ys. 0.
Coeft(msec) coneltions 0810 msec
at 18 months
Quartity of 2‘;;"” * AASHTOtest
electricity  Z[AES | (ASTM Standard
(eodombs)  gg 7 c1202.

Mercary Inkrusion
Water <12(B54) | Owater porosty). 85-94

AFPC-AFREM
Romli g <1015, procedure 58-58
imercuary porosity)
Extension cas s
i ermeniity 107 @28 | AFPC-AFREM Test [ 554x10"10
ermegbilly  yays s00C procedure 1254 0%
Condamine m) drying
ﬁ:;:‘ Bpparent | <5x10 ™
ke Chioride (B54) | MNon-steady state
Diffusion <1x10°"2 (Tang Method)
Coeff(msec)  (B65)
Fig. 1. Millau Bridge in France Gusriity of ﬂzgguu AASHTOe®
electricity Lo | (ASTM Standar 377 -401
(coulombs) @54
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Part IV: Concrete Structures - Vol 2 - Deterioration

1 General considerations

2 Physical /mechanical deterioration processes

3 Chemical deterioration processes

5 Final considerations
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Part IV: Concrete Structures - Vol 2 - Deterioration

1. General considerations

Table 1. Deterioration processes for reinforced concrete structures
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-— Shrinkage

. Carbonation Abrasion Erosion
Chloride contamination Fire
Owerloading

Do ook V.

Concrete
PHYSICAL/ BIOLOGICAL/
CHEMICA MECHANICAL ORGANIC
Alkali aggreg ion (AAR) p
Ifate attack (ISA) Fregze iy Living organisms
e attack (ESA) and oy activity

Accumulation of dirt
or rubbish

Qil and
contamination

fat

Reinforcement and prestressing steel

Stress corrosion of prestressing steel
Stray current

Reinforcement steel uniform and pitting corrosion

N ATLANTIC AREA Investing in our common future -m

Eurogesn Uion

o ot
Dresipmer fud



7th TRANS-NATIONAL DURATINET Workshop
LNEC - Lisbon « Portugal « 30 May 2012

_DEP

Estradas do Portugal, 5.4

Part IV: Concrete Structures - Vol 2 - Deterioration

2. Physical /mechanical deterioration processes 3. Chemical deterioration processes
CONCRETE STRUCTURES 5,
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Part IV: Concrete Structures - Vol 2 - Deterioration
4. Classification of defects and deterioration symptoms

Classification Defects & Symptoms D eteriorati | Symptoms and Defects classification type
Discoloration or staining (leakage, oxides, deposit of oils),
Contamination (1) | incrustation, exudation, deposits of dirt or rubbish, vegetation Processes l () @) 3) 1G] 5) (6) |
rowth, fouling. GHEMICAL AND BIOLOGICAL PROCESSES
Deformation (2) | Deflection, ilting, buckling, setting, volume chan Comosion In_reirforcernent
Concrete delamination with |o: Chlaride, Carbonation, Stray " ] ] [l
compressive  strength al con currents
Deterioration (3) digintegration due cesses, steel strength Corrosion in prestressing steel N .
reduction and properties change due 1o || (siress comosion cracking )
environmel i ion, chloride inati Alkali egate  reaction
and le: (BAR) S . " " . "
Internal  Suffate  Attack
. (Delayed Eftringite Formation - - . .
: cracking, (| . DEF; Thaumasite sulfate
ure of steel reinforcement, fracture of prestressing) aftack- TSA)
Wertical and horizontal movement with translation of element || External  Sulfate  Attack
or structure, bearing distartion or element ratation. (seawater, soils salts. ) . . .
Concrete spalling, pop-puts, et anc} other forms of || acid attack N . .
crete disintegration t loss of concrete
dior joint sealants t —ELeémn - - = =
clure or loss forced concrete elements. L:I‘j'i“ a”;r?;:Ter;\g'my . . . .
Table 2. Defects and symptoms due to ioration p! and { Oils, din, oher types of
faults in concrete structures dep osition .

Table 3. Relationship between the deterioration processes and the classification of
symptoms and defects observed in reinforced concrete structures
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Part IV: Concrete Structures - Vol 2 - Deterioration
5. Classification of defects and deterioration symptoms

v Contamlnatlon

e, 5K MortiRs B_IM; Conci = RACRIVGRR, PR PUSs, o0d DURIT; DCCTROH]
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Part IV: Concrete Structures - Vol 2 - Deterioration
6. Final considerations

v’ Concrete durability characterises its resistance to weathering action, chemical
attack and other deterioration processes;

v ~Many of the fact IeMe initiation and development of most defects
in concrete on;

of material parameters and influential parameters

/ erial or environmental) required for a quantified diagnostic;
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Part IV: Concrete Structures - Vol 3 - Deterioration

1 General considerations port inf
TECHNICAL GUIDE
2 Non-destructive testing methods (NDT)

3 Destructive testing methods (DT)

4 Consideration on testing selection
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Part IV: Concrete Structures - Vol 3 — Inspection Techniques

1. General considerations

» Determination of the performance of the structure by

¥ investigating the current condition of the structure
v diagnowdefects or deterioration
% an appropriate solution to the problem

v check the quality and the efficiency of the solution

& e
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Fig. 2.Sclerometric test on concrete structure
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Part IV: Concrete Structures - Vol 3 — Inspection Techniques
2. Non-destructive testing methods
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2

Fig. 59. Chloride penetration depth by
colourimetry - Typical test result
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4. Consideration on testing selection
Phases of Level of Skills Possible
stiueture inspection Frequency Puipose {Duration) actions
11 per fermance
~Calibration of ol
paraim eters
Onee, betore in servca life modsis (Er:"“:“a’ i S lcions
Acceptance General fge” (elrabilty design ) et
condtion arlels); e o
- Certification of proledive
[peciizagce measures are
recpired.
Detection of obwicus
defects; especially
importart for the = Short term
tection re
of unexpectedd i’ o ron-
Routine and defects due structural
General 1103 years 1o ireguiarties Jl=r) defects;
during
fabrication,
unreported inspection
acciderts or misuse
of & structure.
‘ Set dete for
In-use '
-Determinatio
Flesdble,
N - according10 ”"’?““‘"‘" cauhr !
deveopmentof - S8
condtion state Insends |h Jodel:
Auusmm‘
Call for
. Assessment of rengl
2;:;:"”‘ On demand m“{:m e [Er.armn repair
y (tati
sssessment calcuiations, ‘weeks) ~Temporery
FEM analysis)
restriction
~Adaptationof T
e adtionsl
During and after C;\‘n'mlonw Engineer actons, if
Repair General repair ;em‘nam (days) performance
adtion bt recpirements
- Certification of T
Table 17.Summary and ir it types Perbrmance. g~ [ ——
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1 General considerations

TECHNICAL GUIDE

2 Concrete surface preparation prior to repair

3 Methods for protection and repair of reinforced corn

4 Selection of repair v
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Part IV: Concrete Structures - Vol 4 - Repair Methods
1. General Considerations

Activity Post-Construction Post-Intervention
Service Life Service Life

Assessment —
Design

—_—>
Select Option ::‘:; \

— }
Intervention

=

Monitoring [ I e I E——

|__identityindicators |

[ choose Option |

[ choose Principle | [ efine

Fig. 1. Strategy to select repair method.

Table 17.Summary and inspections types Turopean Union
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5 cf‘h’q‘ . repair related to defects in concrete
- concrete structures 7.2 Replacing contam inated or carbonated
1St bmdaghgotemdte [ - : EN15043
ermae wmis according EN 1504 -9:2008 concrele
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Erro! Aorigem P7. Presenving or dareferéncia
dareteréncia i ivil 74 Re by nio foi
el diffusion encontrada.
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T TrYrr—— Eno! A origem
22 mprgiamy LT 75 Adract darefer
Tacang -— ohcontrada
' oMok R conger | 4 EHCROHTIIRINNE EN 1592441 -
. Errot Aorigan 81 Hydrophoticimpregnation
el PB.Increasing 82 i
residtiviy
25 ERCUOCHM LA tratne it 8.3 Couling EN15042
3.1 Hardoppie dmor 91 Limiting oxyen content (at the cathode) by
P9. Cathodic control -
(SRR 32 Pacasthg Wi corcm® ormotar saturation or surface coating
rreaE) 33 Sprag g eovemte otm orm |SODIS 12696
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Part IV: Concrete Structures - Vol 4 — Repair Methods
3. Methods for protection and repair of reinforced-concrete CONCRETE STRUCTURES

P CONCRETE STRUCTURES
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Part IV: Concrete Structures - Vol 4 — Repair Methods
4. Selection of repair methods

Damage/Deterioralion

Defeds Repair method or sysem Table 22. Relauonshlp between the repair
Cihodk el :jneflhods pl and the
N . Cracks Chioride exkr action or re- efects
Chioride contamination Spaling S
Last section af ardinary Gonerete replacement ==
reintorcement Injection
Corosion of prestressed  Surtace protection systems
Cabonation e Control of anodic are 2 using

inhibitors
N . Fracture of prestressing Sirengthening - External past-
Shress commosion cracking 7 e ‘
Freeze tham attack

Abizshn. ereciofR Soaling
Eroded surface.

Ty e protection systems

by Chase i s
e o

e P
d FRP
gaﬁhﬁeh ofshength and Concrete replacement

(DEF)

cohesion Demolishing / R eplacement
Insuficient structural
stabilityl
Sul mseamater | Popouls Conciete replacement
e n

Cracks. <
DEsslution of paste in
by pure of natur; sudon]
i cracks

Drying and -m-ms and | o
rermal shrinkag Surface protection systems
Concrets replacement with

Anchorage rupire i Surtace protection systems
Bending frasture. G Strengihening- Sleel plates
S N Fracture of concrete, 1055 e
Faligue fracture. B o Conorete. los5  Stengihening- Extiemally
Compressive fiadure. Tapue bondad FRP
Strangthening - Extamal post
tensioning
Efforesoance.
oak > wegetation removal
graming and Salogie Surase pmtemmr\sysfems
deposlia
. [
Concretesegregation and | Honeycombing
Concrete replacement
od steel Defects an concrete joints 2% TR

N ATLANTIC AREA Investing in our common future

Eurogman flagens
Dresipmer fud
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5. Web Manual Example

http://durati.Inec.pt/techguide/index.html
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