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Oplopog “AvBektikotntag”

Durability of hydraulic-cement concrete is defined as its ability to resist weathering action, chemical attack, abrasion, or any other process of

deterioration.

A durable concrete element is one that is designed and constructed to protect embedded metal from corrosion and to perform satisfactorily in the
working environment for the life-time of the structure.

Durability is the capability of maintaining the serviceability of a product, component, assembly, or construction over a specified time.

Durability is the ability to maintain required technical performance throughout the service life subject to specified maintenance under
the influence of the foreseeable actions

Mia KataoKeUn aVOEKTIK O€ SLAPKELA TIPETIEL VAL LKOLVOTIOLEL TLC ATTALLTI|OELG AELTOUPYLKOTNTOC, AVTOXAG KOl EVOTAOsLaC Ka B OAn TN SLAdpKELD TOU
ETUOLWKOUEVOU XPOVOU {wNC OXESLAOHOU, XWPLG ONUAVTIKEC OTIWAELEC XPNOTLKOTNTAG OUTE UTIEPBOALKA Kol ampOBAemnTn cuvtnpnon.

---------------------------- » IkovotnTto KataokeUAG Vol aVTIOTEKETAL O€ TIEPLBAAAOVTIKEG SPACELS, XWPLC EMUITEAECTIKOTNTA TNG VA
UTIOXWPEL KATW aTto EAAXLOTO ATIOSEKTO OpLO.

H AvBektikotnta dev ival anAd pia diotnta aAAd Lkavotnta n omoila mpoodideTal 0T KATAOKEUN
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MeptBaAovTikeC TuvBrkec ApaBLknig Xepoovrioou
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Guide to the design of
concrete structures in the
Arabian Peninsula

Aopnpevocg 2xedltaopoc ylo AvBektikotnta Kataokevwyv O

ATtoteAel avamoomaoTo TUAMA Tou apxLkoU (conceptual stage)
oxedlaopou

Alapkela {wnc KOTAOKEUNG TIOPAUETPOC OXESLATLLOU
(30 xpovia peon duapketa wnc )

Awaabuion EmiBetikov meptParlovioc avaloya e cUVONKEC
vypaociog kot akppn tomoBeoia dopukou otolxeiov (VPocg amo
eniupavela edadouc)

KUpleg BAaBec: StaBpwon omAlopou, dpdon Betikwv



Guide to the design of
concrete structures in the
Arabian Peninsula

“Deemed-to-satisfy” avaBewpnuévn pe Baon dLatepotnTeC
ApafLKnc Xepoovroou.

APKETA LEYAAEC ATTAULTOUEVEG ETILKAAU P ELG OKUPOSEUATOC

Xpnotpomnoinon tputAwv pypatwv OPC/FA/SF, OPC/GGBS/SF

EvBapuvon xpnong auto-cUUMUKVOULEVOU OKUPOOEUOTOC KOl
okupodepatwyv vPnAwv avtoxwv (C50/60 kot Tavw).

Xpnon avoéeidwtou douwkov xaAuPa (stainless steel), Galvanised
steel, fusion bonded epoxy coated steel,

Xpnon pepBpavwv (Bepeiia)

XapaKTNPLOUOC KATAOKEUWV «ELOLIKOU TUTIOU»
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Corrosion of reinforcement is the greatest risk to structures in the
Arabian Peninsula. A durability design approach which assigns
an exposure class and which pravides concrete properties and
cover to reinforcement which are appropriate to the exposure
class, is applicable to the majority of projects in the region (normal’
structures). There will be a number of situations (‘special’ struc-
tures) where either durability may not be provided by concrete
quality and cover to reinforcement alone or where the required
cover to reinforcement would lead to unacceptable calculated
crack widths. Such situations include:

322

NG ¢y desgnanon by condenaon of

Exposure classes related to reinforcement
corrosion

structures with long intended lives (> 30 years)

structures in or close to the sea

structures in contact with saline process water (e.g. pump
chambers in desalination plants)

complex structures

thin sections

highly critical elements

structures which contain or exclude saline water (e.q.
basements and tunnels below the water table).

In these cases additional durability enhancement techniques
will probably be required.




Table 6.1.
Exposure classes for reinforcement corrosion

Exposure Class Class description

Mo risk of corrosion or attack. Mon saline conditions. Blinding concrete,
non-reinforced concrete or slab on ground

Mild exposure — Mon saline conditions (dry or wet, rarely dry). External
concrete at least 3m above ground level, intemal concrete in dry
conditions, concrete permanently submerged in non-saline water or non-
agagressive groundwater (Class S51).

‘Hrto

«Meoalo» Moderate exposure — Mon saline conditions (cyclic wet and dry). External
reinforced concrete less than 3m above ground level, water-retaining
structures exposed to fluctuating water levels.

X3 Aggressive exposure — Permanently submerged or wet (rarely dry).
Concrete in contact with groundwater including capillary rise ZzZone,
concrete containing or permanently exposed to saline water.

ErtiBetiko

ApKETC’X ErilBetIko Severe exposure — Moderate humidity. External concrete within 1km from
the sea or in contact with high saline water table or sabkhas. Concrete not
affected by condensation, imigation or leakage, which are more than 3m

above ground level.

Extreme exposure — Cyclic wet and dry. External concrete within 1km from
the sea or in contact with high saline groundwater or sabkhas. Concrete
affected by condensation, irrigation or leakage, which are less than 3m
above ground level or within capillary zone. Concrete surfaces exposed to
sea water splash or in sea water tidal zone.

|I6laiitepa Evtova
ErBetiko




EvavBpakwon

Structure type for | Class designation Informative examples applicable in the Arabian Peninsula ;
intended life (Class description)

(years

<30 |30+ |

Corrosion induced by carbonation
Non-saline conditions - excludes structures within 1Tkm of the sea, structures in areas with high saline water tables and structures sited in sabkhas or
salinas.
Mild (i) External surfaces at least 3m above ground level | (>3m mavw ano smpavela edadouc)
(Dry or Wet, rarely dry) (i Surfaces inside building E nidity
(iif) Surfaces permanently submerged in non-saline water
(iv) Surfaces permanently below non-aggressive ground/groundwater

(Moderate humidity) Surfaces inside buildings or structures (excluding kitchens, laundries, bathrooms, washrooms and lavatories) with

Moderate (i) External surfaces less 1 (£ 3m nmavw arno snipavela edadouc)
(Cyclic wet and dry) i) Surfaces between high and low water level in water-retaining structures with fluc tuating water levels (nor

saline water)
(i) Surfaces e water level in enclosed er-retaining structures (condensation, non-satine water)
(iv) Surfaces in kitchens, laundries, bathrooms, washrooms and lavatories provided that any fluid which comes

contact is non-saline




Apaon XAwpLloviwv

Structure type for | Class designation Informative examples applicable in the Arabian Peninsula i
intended life (Class description)

(years)

< 30 30+

Corrosion induced by chlorides
Moderately Aggressive | Surfaces of under-sea structures which are permanently
(Permanently submerged)
Aggressive i) Surfaces underground in areas with saline groundwater including the capillary rise zone (but see also sulfate
(Wet, rarely dry) exposure classes)

Surfaces of structures containing saline water which are in permanent contact with the water

Severe
(Moderate humidity)

or
(b) [between 50m and 1km from the sea




ATtOLTOUEVEC ETIKOAUELS Yo Spaon evavBpakwong

Arabian Peninsula Compressive strength class'™, maximum w/c ratio and minimum cement or combination content for Cement/combination
exposure class" normal-weight reinforced concrete with 20mm maximum aggregate size for an intended life of 30 years. see Table 1

Corrosion induced by carbonation
Non saline conditions - excludes structures Ac: 15 mm (VEVLKC'l) tables and structures sited in sabkhas or

salinas. , , ,
Nominal cover to re 10 mm (KOLM oLoTNTa KAtaokev rIQ)

30 +Ac

Moderate

3.2.3 Du rability provisions - reinforcement in the region. A value of 10mm might be appropriate where
corrosion there is good quality control on site l-‘md for precas .""\':?!'HDU‘}
where there is ¢ olalige sinforcement placing. A value

' o be appropriate in the lower-risk ‘Mild' expc
‘Normal’ structures 50 be appropriate in the lower-risk 'Mild exp

fully checked after production and where non-compliant units
are rejected. Higher values may be required where a very long

design life is required. Where concrete is cast against the ground,
such as for bored piles or diaphragm walls, the tolerance on

ment are si 1 in Table 3. The suggestex

robust tanking has been provided to the foundations or that

altemnative measures have been taken to prevent salts and mois

ture rising from the ground through the foundations and into
o structure. The values for the nominal cover to the reinforce-

cover should not be less than 50mm. A similar value for

1ce On Cover sho
a pile cap. The value of Ac

RS i T A T T on the drawings or in the
ment (the figure shown on the drawings) are given in the form on the drawings b

25 + Ac, where Ac is a reinforcement fixing tolerance. It is recom-
mended that this should be taken as 15mm for in-situ construction

when as




ATtALTOUEVEG ETUKOAUPELC Yo Spaon XAwWPLOVTWV

Corrosion induced by chlorides

Nominal cover to reinforcement'© - mm

35+ Ac

40 + Ac

45 + Ac

50 + Ac

Moderately aggressive

Cs0
0.40
380
C40
0.45

360

Aggressive

N/A

Severe




w b U OO N 0 O
o O O O o o o

AnattoUpevn erukaAvyn (mm)
N
o

XC1 (X1) XC2 (X1) XC3 (X1) XC4 (X2) XS1 (X4) XS2 (X2')XS3 (X5) XD1 (X4)XD2 (X3)XD3 (X5)

=
o O

WEN1992 m(CS163-C40 mW(CS163-C50 mCS163-C60 mCS163-C75

- CS 163
| c(mm) [ c(mm)/C40 | c(mm)/(C50) | c(mm)/(C60) | c (mm)/(C75) |
| xci(xy) | 205 | 25 | 40 | 3 | 30 |
| xc3(x1) | 25/30 | 35 | 40 | 35 |
| xs3(xs) | 3037 | so | 8 | 75 | 70 | 65 |
| Xxpi(x4) | 3037 | 3 | 75 | 70 | 65 | 60 |
XD2(x3) | 35/45 | 40 | 70 | 65 | 60 | 55
| XD3(xs) | 3545 | >S50 | 8 | 75 | 70 | 65

30
30 | 00
T
65 | 60 |




‘EkBeon oe Oeuka

Sulfate Mild Moderate | Moderately | Aggressive | Severe Extreme

¢ C .2 c A agagressive (additional enhancement
! 5-1 > 3V e | 5-4 - .

agth

techniques required)

cement

Minimum stren
Minimum

l’l-"‘\'\
(ka/m
d

[EVIKOG KaVOVAC O€ TIEPUTTWON cUVUTIAPENG TWV TTOPOTIAVW TIOLPOYOVTIWVY £ival, Adyw tou uPnAdtepou
puBuoL dieicbuonc Cl- oto okupodepa (og oxeon He Ta Belkd), va Bewpeltal mo emBeTikn (WG TPOC TNV
gudavion dtafpwonc ormAlopou) n dpdon XAWPLOVIWV.



Mpoblaypadopeva TolpEvTa

Cement Percentages
of components
Portland
ASTM I\"‘ e |
A(\”'v" [‘,"
Ifate-resisting

ASTM Type 5

Tripte blend

s ash/sllica fume

Iriple blend

/ggbs/silica fume
Notes:

(D) In most cases BS EN 197-1 permits wider variations in perce

Standard or (former Standard) Reference for this quide European designation to
BS EN 197-1"

CEM |

BS 4027
ASTM C 150
CEM II/B-V

{a) Only materials that conform to the requirements of a recognised standard (e.g. British, European or American), as outlined in Chapter 5, should be used

of components than those shown, Combinations must conform to BS 8500-2:2006 Annex A,

ent that if the alumina content of the slag e»
od 10%, add '+5R 1o the abbreviation.
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QATAR INTEGRATED RAIL PROJECT

M006-GDB-STR-RPT-00016

Expert opinion on the durability
issues for structural concrete for
Doha Metro Gold Line




L O 1
Reference |Contract Requirement

Contract Document Volume &

The durability aspects of the Contractor's plans and the O&M manuals
shall demonstrate how the selected design, materials, construction,
operation and maintenance will meet the durability objectives
necessary to achieve the required Design Life of each asset as
specified. For each asset that comprises part of the Works, the
Contractor’s plans shall:

a) define the charactenstics of the environment;

Oplopog Enibetikou MeptBariovtog b) identify the potential deterioration mechanisms in that environment;
npOOGLOpLGHC')Q Kl'JpLOU unXOLVLGIJOl'J d)eopdq c) determine the likely rate of deterioration;
‘ : : d) assess the material life;
Ektipnon Alapkelag Zwng e) define the required material performance:;

f) assess the need for further protection;
g) if appropriate, develop procedures for replacement of asset tems
and asset sub-items at intervals consistent with the Design Life
specified;
h) determine inspection and monitoring requirements; and
, , i) if appropriate, outline possible remedial measures.
Apaotikotnta YT[ESCXCI)OUC The design shall consider the highly aggressive nature of the
geclogical units in Qatar with regards to soluble sulphate, chlonde and
salt concentrations. This shall be taken into account for durability
urposes when designing the underground structures.

The presence of highly aggressive groundwater requires careful
design of resistant concrete mixes, increased cover to reinforcing
steel, close control of flexural cracking and very careful detailing of

The Design shall address all physical or chemical factors such as
corrosion, chloride penetration, carbonation, sulphate cracking and
corrosion of the steel reinforcement, steel spacer, steel accessories,
embedded items and similar components that adversely affect the
durability of the Works shall be identified and taken into account in the
design to ensure the specified design life is achieved.

All foundations shall be provided with protection such as epoxy

rlpOOTOLO'LOL G)sus)\uboswv - MEqudVI’] : coatings or similar other accepted equivalents so that concrete is not
ST exposad to harmful effects of soil, chlorides, etc.




]
Mpoodloplopog Embetikotntag Ynedadoug

* 123 yewtpAoEeLg KOTA HUAKOG SLadpounC
e 72 beiypata (Gold Line) dapetpou (63 - 84 mm)

* [lpoocdloplopoc xnHLKNG cvotaong (Wolaitepa
TEPLEKTIKOTNTA Bellkwy Kot YAwptoviwv (mg/l)




Aggressively assessment of soil and rock
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Sample Location
WAC BHO01
WAC BHO02
WAC _BHO05
WAC BHO06

WAC_BHO7
WAC_BHO8
DSQ_03

Chloride (CI') mg/I Sulphate (S04”) mg/I
709 1661
674 1525
1134 2311
496 1259
319 1151
213 254
16645 3700
309,9 600

Sample Location

SAD_BHO4
SAS_BHO1
SAS_BHO2
SAS_BHO03
SAS_BHO5
SAS_BHO7
SAS_BHO8
SAS_BHO09

Apketd xopunAo pH

40000 4000
30000 3000
20000 2000
10000 1000
0 S=="ee —i @
ST LALLLLL
o v&;@v R RO
O

ADB_BHO8
SAC BHO4

SAC_BHO06
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Chloride (Cl-) mg/l =e=Sulphate (5042-) mg/I

20000

16000

12000

8000

4000

0

ACN_BH18

ACN_BHO04_S3

Chloride (CI') mg/|
199
4894
3191
1773
1277
1277
993
4113

Sulphate (S04”) mg/I

436
1038
4692
4960

921
4159
4720

944
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M.O. (24 high): 8.36 kg/m3

M.O. (72): 4.35 kg/m?3

Juykevipwon cl- ota umoyela

1 3 5 7 9 1113151719 21 23 2527 2931333537 394143454749 5153555759616365676971
APIOMOZ METPHZEQN

20
*  Inuavtikn Stakvuavon TULWV
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* Meéeooc Opoc petpnoswv 4.35 kg/m?3 solution
* [EWUETPLKOC HECOC O0po¢ 1.45 kg/m?3 solution.
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AoyaplBuikn katavoun Juykévtpwon cl- ota unoyeta Vdata (mg/l)



IKUPOSEUQ SOULKWY OTOLXELWV
o€ emadn He to £6adog

IKUPOSEUA SOULKWY OTOLXELWV
oxL o emadn He to £6adog

Ykupodepa uPnARG avtoxng,
ECWTEPLKEG KOAWVEG

(Opada A) (Oupada B) (Opada )
Katnyoptla avtoxng C40/50 C40/50 C60/75
TPUTAO piypa 25% OPC, 70% GGBS, 5% SF
min T (kg/m?3) 400 400 420
max N/T 0.35 0.35 0.33
d__ (mm) 20 20 20
NpooBeta pETPO AdLafBpoxn pepPpavn Koveva Koveva
Arattioelg AvOeKTIKOTNTOG (Opada A) (Opada B) (Opada )
Water Absorption (%) 1.6 3.5 1.6
Chloride Migration (m?/s, @56 days) 1.5 x 1012 5.0 x 1012 1,5 x 1012
Resistance to Chloride ion Penetration,
RCPT (coulombs) 1000 2000 800
Resistance to sulphate (expansion 0.5

mm/m, @ 91 days)

Ermupavela okupodEpatoc o enadn He TO KaAoUTIL A LE vePO | 75
Eowtepkn mpocon okupodépatog | 50
JKUPOSEUa eKTEDELUEVO O€ KALPLKEG ouvOnKeg < 3.0m amo €dadog | 70
2kUPOSepa eKTEBELUEVO O€ KALPLKEG ouvOnKeg > 3.0m amo €dadog | 50

Eowtepikeg MAAKeC, Sokol, KOAwveG, Toixol, KAlpakee | 50




Itoxaotikn Ektipnon Awdpkelag Zwng AvBektikotntag Méloug Kataokeung (towxio opadacg A raxoug 1.2m oe enadn pe umoyela vdata)

[ weurois || o [ | e
deviation

n|t|al no. of time steps

No.o cls -----_I

Groundwater
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Initial concentration in
r:oncrete lIth

Critical chloride
concentration Ce
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-_
___--I

Tntal Service life _ --m

F’resauna head

Structure temperature | degrees K ---- linear ‘

F{F-’rv ence temperature
ch tested dn grees K 2 3

Temperature regrassion
variable b dnrveq K rlD{] constant

Reference age at which
wee ks

Appa re ni diffusion
coefficient (app D} 1.5E-12 3E-13
me | e | ees | | [

Coefficient of
—m | | inear |

ermeability

B=1.37>1.3
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0] 20 40 60 80 100 120
Awdpkela Zwng (xpovia)

140

Mpodlaypadeg meAdtn
Yta 120 xpovia beiktng aflomiotiag B 1.3 yia O.K.A.

TeAKOG 2XeSLOOUOC
Baon mpotewvopevng LEAETNG oUVOEDNC Kal LETPWVY TIPOOTACLACG,
emutevxOnke B = 1.37




Extiunon Aldpkelag Zwng AvBektikotntag pe Quotkoxnuikad YrioAoylotika Epyaleia

EUCON Input EUCON Output
OpLoUOC TNG KATAOKEUNG Kol XOPAKTNPLOTIKA YALKWY EvavBpakwon
TuTog TolEvtou * Ektipunon BaBoug EvavOpdkwong (mm) o€ CUYKEKPLUEVO XPOVO
JUOTATIKA ZKUPOSEUATOG (years)
Aoyog N/T * Ektipnon Awdpkela Zwng (xpovia) yLa CUYKEKPLUEVN ETUKAAL YN
MpooBeta, MpoouLkTa okupodEpatog (mm)
Xnukn obotacn VALKWY
Maxog doptkoL oTolxeiou Kal erkaAun Apdon XAwpLovTwv
YuvOnkecg MeptBariovtikig EkBeong * JuvoAka Cl- (kg/m3 okup.) kata BaBog x (mm)
Zuykévipwon CO, otnv atpuoodapa (%), * EAeUBepa Cl- (kg/m3 sol.) katd Badog x (mm)
Ixetkn Yypaoia (%) * Aeopevpéva Cl- (kg/m3 okup.) kata BaBog x (mm)

Awapkela Lwng cuvaptroel UTTOAOYL{OUEVNG OTTOLTOUEVNG
ETUKAAU P NG TTPOKELUEVOU KaTaokeur va unv dtafpwBel Aoyw Cl-

Juykévipwon Cl- otnv e€wtepikn emipaveta (kg/m3 Stal.)

Apxkn T ocuykévipwong Cl- (kg/m3 Sial.)

Kplowun tiun ocuykévipwong Cl ywa évapén dtaBpwong (kg/ms3 ok.)
JUVTEAEOTN G AMOTEAECUATLIKOTNTAG WG 1Pog dieioduaon Cl-

Maxog otolxeiov (mm)

JUVTEAEOTEG ALOXUTOTNTOG
AnoteAeopatikog ouvteleotng Stelobuong CO, (x 108 m?/s)
Mopwdeg evavOpaKkoUEVOU OKUPOSEUATOG

AmnoteAeopatikog ocuvteleotrg duaxuong Cl- (x 1012 m?/s)
YuvteAeotng anodotikotntag IT, MM wg nmpog dieioduon Cl;, Mopwdeg
okupodépatog, Ztabepa Loopporiag déopevong Cl, Zuykévipwon
kKopeopou Cl otn oteped dpaon

Mapdyovteg Xpovou
Awapkela Iwng (xpovia)




Extipnon Awdpkelag Zwng AvBektikotntag pe Quotkoxnuika YmoAoylotika Epyaleia

[1] Oplopoc Kataokeung kot YALKWY

* TUmoc Towévtou: CEM III/B 42.5 R (Clinker 25%, SCM 75%, SCM = 70% GGBS + 5% SF)
* JuotaTikd Zkupodépatog: Totpévro 400 kg/ms3, Mukvotnta 2820 kg/m3, N/T 0.35, d .: 20 mm

* Xnuwrn ocvotaon VAkwv: Clinker (SiO, 21.2%, Al,O,; 5%, Fe,0, 3.1%, CaO 66.8%, SO, 0.5)
GGBS (SiO, 36.5%, Al,0, 13.8%, Fe,0; 0.33%, CaO 39%, SO, 0.7)
(Adyog dpaotikotntag nuptriag Sio,, S, ya = 90%)
(Aoyog dpaotikotntag aloupivag Al,O,, yo = 90%)

EmikaAuvpn okupodépatoc: 50 mm

[2] ZuvBnkec MeptBarlovtiknic EkBeonc (EvavBpakwaon)

* EmBetiko Nepifaiov: XC3 (moderate humidity)
* Xuykevipwon CO,: 0.08%
* RH: 70%, 75%, 80%

[3] ZuvBnkeg MeptBaAlovtiknc EkBeonc (XAwpLovta)

* EmBetiko NeptfaiAov: XD2 (wet, rarely dry)

* Juykévtpwon Cl otnv e€wteptkn emidpavela: 8.36 kg/m3 sol. / 4.35 kg/m?3 sol.

* BaBuoc ékBeonc oto emBetikd meptPaiAov: 1 (6xL mpootaoia) / 0.833 (mpootaocia)
* JuvteAeotng amodotikotntag SCM w¢ mpog Séopevon Cl: 2.2

* Apxwn CI: 0 kg/m3 conr.

* Kplowun ovykévtpwon Cl- yia évapén diaBpwonc: 1.48 kg/m3 conc.

[4] Napdyovteg Xpdvou

* Aldpketa {wng (xpovia) 120
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70% 75% 80%
YYETIKNA vypaoia, RH

e Aldpkela {wnNg apketd peyaAlutepn tne emBupntic (120 £€tn), eKTOC (opLakd) yLor SOULKA OTOLXELD TNG
opadag B yia 70% cuvBnKkeg oXETIKAG Lypaoiag.

e [0 TILO OVOLLEVOLEVN TLUN OXETIKNG vypaociag (75%), emkalupn 50 mm cVpdpwva pe oxedLaouo
€PYOU KPLVETOL QPKETH
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oPC25% /! 4T -
400 Kg/m3{ OPC 25% / OPC 25% /
| 380 Kg/m3 450 Kg/m3

MetaBoAn (1", ') Toluévtou oto apyLko TPLTAO
piypa 25% OPC/70% GGBS/5% SF

J OPC(%) PMOPC(%) 1TOPC/LT 1MPOPC/L T
OPC20%/ OPC30%/ OPC30%/ OPC35%/
400 Kg/m3 400 Kg/m3 380 Kg/m3 380 Kg/m3

AnattoVpevn EmukaAluvdn Zkupodépatog (mm)

Ixetkn Yypaoia (RH)
70% 75% 80%
Ouada B 50.9 45 32.9
Ouada I 45,3 37,2 29,1
Ouada B-Control (OPC 25% - T 400 Kg/m3) 50.9
J T (OPC 25% - T 380 Kg/m?3) 52.9
ANT (OPC 25% - T 450 Kg/m?3) 48.3
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OPC 25% / T N™T
400 Kg/m3 OPC 25% / OPC 25% /
380 Kg/m3 450 Kg/m3

* MetaBoAn (1T, 1) Noocdotwong OPC oto apyLko
TPUTAO piypa (20% kot 30% OPC)

. LOPC(%) TOPC(%) POPC/LT MOPC/L T
OPC20%/ OPC30%/: OPC30%/ OPC35%/
i 400 Kg/m3 400 Kg/m3! 380 Kg/m3 380 Kg/m3

>200

AnattoVpevn EmukaAluvdn Zkupodépatog (mm)

Ixetkn Yypaoia (RH)
70% 75% 80%
Ouada B 50.9 45 32.9
Ouada I 45,3 37,2 29,1
Ouada B-Control (OPC 25% - T 400 Kg/m3) 50.9
J OPC (OPC 20% - T 400 Kg/m?3) 64.6
‘MOPC (OPC 30% - T 400 Kg/m?3) 36.2
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' MetaBoAry OPC(%) & T
>200 | >200

73,9

OPC 25% / T N™T
400 Kg/m3 OPC 25% / OPC 25% /
380 Kg/m3 450 Kg/m3

MetafoAn ({1 ) Towévtou kat Mocodotwong OPC (1Y)
OTO OPXLKO TPUTAO piypa

LOPC(%) OPC(%) MOPC/LT MOPC/Y T
OPC20%/ OPC30%/ {OPC30%/ OPC35%/ :
400 Kg/m3 400 Kg/m3 {380 Kg/m3 380 Kg/m3 |

AnattoVpevn EmukaAluvdn Zkupodépatog (mm)

Ixetkn Yypaoia (RH)
70% 75% 80%
Ouada B 50.9 45 32.9
Ouada I 45,3 37,2 29,1
Ouada B-Control (OPC 25% - T 400 Kg/m3) 50.9
MOPC/Jd T (OPC 30% - T 380 Kg/m3) 40.1

TOPC/Jd T (OPC 35% - T 380 Kg/m3) 30.8
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MetaBoAr OPC(%) . | MetaBolj OPC(%) & T
' >200

>200

73,9

oPC25% /i LT -
400 Kg/m3| OPC25% / OPC 25% /

MetaBoAn (1, ¢ ) Tolpévtou oto apyLlko TPUTAO piypa 25%
OPC/70% GGBS/5% SF

MetapoAn (14, &) Noocdéotwong OPC oto apxLlkd TPUTAO
Hiypa (20% kat 30% OPC)

MetaBoAn (/) Towpuévtou kat Nocdotwong OPC (1) oto
OPXLKO TPLTAO Hiyua

-

JOPC(%) TOPC(%):

.  NOPC/LT ’I‘OPC/\I,TE
. | OPC20%/ OPC30% /i {OPC30%/ OPC35%/ |
| 380 Kg/m3 450 Kg/m3 | 400 Kg/m3 400 Kg/m3} {380 Kg/m3 380 Kg/m3 |

AnattoUpevn EmukaAludn Zkupodépatog (mm)

Yxetkn Yypaoia (RH)

70% 75% 80%
Ouada B 50.9 45 32.9
Ouada I 45,3 37,2 29,1
Ouada B-Control (OPC 25% - T 400 Kg/m3) 50.9
J T (OPC 25% - T 380 Kg/m?3) 52.9
ANT (OPC 25% - T 450 Kg/m3) 48.3
J OPC (OPC 20% - T 400 Kg/m?3) 64.6
MOPC (OPC 30% - T 400 Kg/m?3) 36.2
MOPC/Jd T (OPC 30% - T 380 Kg/m3) 40.1
MOPC/Jd T (OPC 35% - T 380 Kg/m3) 30.8

TputAd piypata 30% OPC/65% GGBS/5% SF, 35% OPC/60% GGBS/5% SF, Lo QITOTEAECUOTIKA OO QUTO TIOU ETUAEXONKE 0T UEAETN.
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JUYKEVTPWON OALKWYV YAWPLOVTWV
(kg/m3 okupodépatog)

* Babuoc €kBeong oto emLBeTLKO
neptBailov: 0.833 (mpootaocia)

Me ueuBpavn
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Babog amod efwtepikn empavela (mm)
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* Edoappoyn adaBpoxng
TIPOOTATEVUTLKAG LEUPPAVNG
(6Lapketa {wng 20 €tn)

JUYKEVTPWON OALKWV XAWPLOVTWV
(kg/m3 okupobépartog)

10 xpovia —e—25 xpovia —e-50 xpovia —e—75 xpovia —e—120 xpovia
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Opdda A - Control (OPC 25% - T 400 Kg/m?)
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*  MetafoAn (J/) Towwévrou kat Mooodotwong OPC
() oto apxkod TPLTAO Uiypa odnyel o€ OAU
KaAUTEPN cupmepldopad yla dtapketa {wng 120
ETWV)

Ouada A - Control (OPC 25% - T 400 Kg/m3) 35 55
4T (OPC 25% - T 380 Kg/m3) 35 -
M (OPC 25% - T 450 Kg/m3) 33 -
L OPC (OPC 20% - T 400 Kg/m?3) 77 -
MNOPC (OPC 30% - T 400 Kg/m?3) 11 -




Katnyopila avtoxng C40/50 C40/50 C60/75
25% OPC, 70% GGBS, 5% SF
TputAO piypa 35% OPC, 60% GGBS, 5% SF
400 400 420
min T (kg/m?3) 380 380 380
max N/T 0.35 0.35 0.33
d.., (mm) 20 20 20
AdLaBpoxn nepBpavn
MNpocbeta pETpa Xwpic MeuBpavn Kaveéva Kavéva




Ektipnon Awdpkelac Zwng 2TOTLOTLKY

kataokeuwv O.2. aBeBalotnta otnv
HEOW + EKTLUNON OXETLKWV
QuokoXNUKWV LSLotATwy Kal
YrioAoylotikwyv Epyaleiwyv dpacewv

* Autn n Stadikaoia €xel epapUoOTEL yia T Spaaon tng evavOpakwaong

* [pOKELTOL YLO VIETEPULVLOTLKN TIPOCEYYLON OTIOU OTOXAOTIKN dUOTN LOLOTATWV UALKOU,
doptiwv kot avtoxwv AapBavetal umtoYPn HECW OXETIKWY CUVTEAECTWV aodalelog

* Méow avaAluong ormoudaLdTNTAC TPOKUTITOUV OL CUVTEAEOTEG UE peyalUTtepn Baputnta
(emwaAun, RH, ouvteleotng dieiobuaong CO,)

* T 6edopévn duapketa Lwnc Kot cuvtedeotn) aflomiotiog (8) HEow oXETIKWY Sladilkaolwyv
(1SO 2394) npokUmtouv oL cuVTEAEOTEG AoPaAELaG (Y, Vry) YL TNV EKTLLNON SLAPKELOG
{wnc¢ otnv evavBpakwaon.

Hut - 2ToXooTikn
Ektipnon Awdpkelag Zwng
Kataokevwv O.2.

JTOXOG: eKTipunon dlapkelag Iwng
VO TIPOKUTITEL Ao Evav aAyopLOuo
XwpLc «SUoKOAEC» SLadIKaoleg
PO SLOPLOUOU OTATLOTLKAG
afeBaloTNTaC OXETIKWV
TLOPOAUETPWV.



JTOXOOTLKN EKTipnon Aldpkelog Zwng
%

Extipnon Aldpkelag Zwng pe
DuGoLKOXN LKA UTIOAOYLOTLKA EPYaAELa

Artoduyn AwaBpwong
(Avoidance of Deterioration)




Food for Thought

Yio8£tnon dopnpevwy Sladikaolwy yla 2xeSLaopo avOekTikoTnTaC Kataokevwyv 0.2, otoug olyxpovouc Eupwmaikoug
Kavoviopoug

e AldpKkela ZwNg KATAOKELNG, ALLEDCN TIOPAUETPOC OXESLOOUOU
* KoBoplopog kot oplopocg dpaotikotntag erbetikol neptBailovtoc og EOVIKO eminedo

e JUvdeon oxedlaopoU yLo aVOEKTIKOTNTO UE OPXLKO SOUOOTATIKO OXESLOOUO

Hut-otoxaotikn ektipnon dtapketac {wng: GuoLkoXNULKA UTTOAOYLOTIKA EPYOAELD EUTTAOUTIOUEVA LE CUVTEAEOTEC
aodaleiog



“H pavtaoia eival Lo onUavtikn amo ty yvwon. Nati evw n yvwon gival meEpPLOPLOUEVN N
pavtaoio aykaAtalet oAokAnpo tov koouo, cuuBaAdovtoc etot otn mpoodo kot otnv e€EAén”

Albert Einstein

Video
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