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-CEMENT + H,0 --> CSH + Ca(OH),
-Si0, + Ca(OH), --> CSH udjAsendaauiadaiu

Q/ Q/

aaa'lsidasy avgniufnduiaa CSH Avinduanndfssen lawnstu/daal
TAR U
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-9 a <
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Friedel’s Salt (3Ca0.Al,05.CaCl,.10H,0)
Calcium Chloroferrite (3CaO.Fe204.CaCl,.10H,0)
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n1snasau Rapid Chloride Permeability Test
a1 ASTM C 1202
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Permeability Classification
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Chloride Permeability

CONCRETE CLASSIFICATION ACCORDING TO CHARGE PASSED

Total Charge Passed Permeability Water Permeability (2) Concrete
(Coulombs) Classification (1) {(mm/s x 10 12] Quality (3)
= 4000 High =115 poor
2000 - 4000 Moderate 65 - 115 reasonable
1000 - 2000 Low 25 - B5 good
100 - 1000 Very Low = 25 very good
= 100 Megligicle | —-—- excellent

(1) ASTM C1202, AASHTO T-227
(2) Transportation Research Record No. 1335, National Research Council

Mational Research Council. Washington, D.C., 1292 pp 63-68

(3) CSIRO Research Report ERE 031, Australia

Ep “cm COPYRIGHT 2010 CPAC




Chloride Ion Penetrability of Concrete based om Charge Passed ( Coulomb)

Rapid Chloride Permeability Tester (ASTM C1Z202)

Permeabilily Classificakion

oo
Hi-gh
=000 Type ¥ Coocrete
.é Type 1 Cuoocrete
.a 4000 - —
E.- Iiode rake
F’g 2000
Eﬂ 2000
L Low
1000
CPAC Marioe Coocrete okt
0 | | | | T
130 200 240 ‘300 Sa0 400 4350

Compressive Strengoth , ksc

. B p n GQ COPYRIGHT 2010 CPAC
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FeS, + H,0 + O, -> Fe,O_ + Fe(OH), + H,SO,
H,SO, + CAH/Ca(OH), + H,0 -> 3Ca0.Al,0,.3CaS0,.32H,0
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A A1SAAN3IIUIINTALNG

Method of Annlysis : Wet Chemicnl

l[.nh. Sample No, 1BC184
Code Sumple No. (ITRBRONGT
Type of Sample
110 C Dried Sample
Sulfae 10,98
Chiloride 0.19
Lab. Sample No. IBCI83
Code Sample No. 07BBBO166

11y Concrete

Type of Sample AOUNTA
110.C Dried Sa
Sulfate (SO,) % wiw .18

[I Chloride (Ch % wiw 0.73
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_______ ﬂﬂlﬂﬂ?ﬂﬂtﬁﬂﬁﬂﬂﬂﬂﬂﬁ’ﬁtwﬂ

~ (%
*  lwpeudamla (Na,SO,)
TRendamavinlfnionny Aadouloason o, Ca(OH), 1oy CAH nnlamsadmua mldnagdsuuas

Ettringite G'Ié%deummqmmmimmﬂ@‘i”aclusé]auﬂ%

Na,SO,.10H,0 + Ca(OH), = CaSO,.2H,0 + 2NaOH + 8H,0 ---(1)

2(3Ca0.Al1,0,.12H,0) + 3(Na,S0,.10H,0) > 3Ca0.Al,0,.3CaS0,.32H,0 + 2A1(OH), + 6NaOH
+17H,0 -—(2)

* Aaweudama (CaSO,)
famoudanlahlinndudamouezgiiualamsa nareiu Brringite iWuaunauesnmsvenssn
CaSO +CAH+H,0 = 3Ca0.AL0,.3CaS0,.32H,0

*  unpilimendama (MgSO,)

wasesmlszneu Tanssunnaaluaeunia 1dun dadeudana lanse dadouozgiima lamsa tazdaidon
laasonlas

3Ca0.28i0,.aq + 3MgSO,.7H O - 3CaSO,.2H O + 3Mg(OH) +28i0,.aq + xH O
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Y sanuuudiunanAaunIas unIuTa LW

o dnsdminsaiagUszamliiin 0.45 Wainanafiuintasiudamauas
ANFwaIa el Aaunge

o Bunalasananadszani 1 naunumeiaguaglzaruundan laun
L0808 40%

ZAN1NN 10-15%

GGBS >60%

[aandasinsiidaiiiaaiuuazanusan ca(oH), luaawnsn

* BunusUasauausaiian 5 sawnudaaUaglaain (Aunsdifisasdudaunnindes
AaLNG)

* fu v wemaNia waznseflifnisuwmlaveasdas

* AasaasIx1snanwuUlEYnNi1a9an (amﬂuﬂ’ﬁlaﬁ%aﬂﬁ’uﬁﬂé’aé’m)

* nsaenefzasAannInandamliin 0.05% flargraunin 6 Lias
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Expansions due to sulphate attack of type I concrete, type V concrete,

Sulfate Resisting Concrete

2.5

15 Type 1l /

S
:E | / ,/Type v //
0.5 et //
—" __—Sulfate Resisting Concrete

_— —

0 !f

0 100 200 300 400 500 600 700 800 900

Exposed Time (days)

. Bpncw Internal Use Only — Do Not Distribute



A N1528NULUUABUNS A LANUTALNG

1 1 <3 = = ~ Y gy 1
!,mf’)fﬂ\‘lhlﬁﬂ@l13Jﬂ'3§3JﬂTﬁf’)f’)ﬂl!ﬂJ‘Uﬁ"lfJaglf’)fJﬂﬂlﬂiJ"lgﬁﬂJﬂﬂfJ llﬂ!,!,ﬂ

Y < =
. ﬁgﬂgﬂlﬂﬁﬂﬂlﬁﬂ\l

A A w

9 I~ Y Y v 9
- o lunsanganialanuiluniageenszaesiaqaaen Iasading
Usznounu (pH<4)

.m Internal Use Only — Do Not Distribute




N1AIFIHNITDANLUUADBAIARIATUIIUNIILNE
lviRo1gn19ld91e19%7% (Specification )

.m Internal Use Only — Do Not Distribute



A NIRIFIUNTANLUUABUNSA LR BI85 Ldarue1Iuy

« BS 8500 (2006) “Concrete Complementary British Standard to BS EN 206-1"

- IATTIUMTOONUUUADUNTANTY ToFITMTUAZAUNDI

* ACI 318M-08 and ACI 201.2R Guide to Durable Concrete

» Other

BS 8500-1:2006

BERITISH STANDARD

Concrete —
Complementary
British Standard to
BS EN 206-1 —

Part 1: Method of specifying and
guidance for the specifier

BTE 81 10030

——
—
-
ritish Standards

MO COFFRNS WITHOUT BEI FEEMITEINN EXCEPT AS FERMITTED EY OOFTEIRET LA

Udw. 1332-50

mosTuvuAaunsn
IDoWISnnNAJIUAYNuUna-agmsisoiu

nsufgaamsua-civiiav
ns=nsumaoing
w.A. 2550




Y hsa9nuuUABRAS AIIUNIG LN TR ATINNUNIY (BS 8500)

Input

* JA%n2a9lATIFT1 Type of structure - Pavement

* S9UIREDNTANE Exposure class — Fawln Aaalss Asuanlaeanlas
* SzESHNLAANLETH Covering

* $18I8MAWAT Compressive strength

* szgLIa1N5 L ulag ligan Service life

Output

*U%mm%mw‘fﬁ%ai’a@ﬂizamﬁguﬁ"l
*aHnrasanALaE N INAUNUYBIINwAME TARUS AU Ldw Liaae
'é’mﬂdmﬁﬂﬁia%m%ﬁﬁ%aﬁ’aaﬂizamgoqmﬁaaﬂﬁ’ (Max W/B)

RIS AAE

'thuéﬁﬁmmzau (Slump)

W CPAC



- Table A 135

Cmiddance on the selection of designated and standardized
prescribed comcrete in homsing amnd other applications

Applicatiom & B3

Dresignated Standardized Recommended

concrete presceribed consistence class
concrete

Cnreinforced forundations B and associated corks reguiring
DC-T comcrete
Blindng and mass concrets il =EN1 ST2 sS3Cr
Stmip footings =EN1 ST= S3cl
Mass concrete foundations CEMN1 sST= 53 <0
Trench fill foundations =EN1 i SL
Drainage works to give mnmmediate suapport CENI1 ST= S
Criher drainage works =EMN1 s5T= 53 <
Orversite below suspended slahs CEN1 ST= S3
Crnreingforced foundations reguiring DC-28 to DWO - concrede B3
-2 FNI:Z NiA 53 Ck. I
HC-2= FND2E MAA 53 TrL I
-3 FNDS NiA 53 ChIN
DC-3= FND3=Z MAC 53 Ck DD
-2 FINL- NAA 53 Ch B
DC-4= FNDaZ MNiA 53 Ck DD
CHT -3 FIND-AM N A 53 Ch B
eneral applications
EHerb bedding amd backomg =END 5Tl S1
Floors
Hounse ficors with o embeddsd metal {see Note 2 to 4.2.2)
= Permanent finish to be added. e.g. a screed or floating floor SEN1 ST2 S
- No permanent finish to be added. e g carpeted CEN3 ST3 -l
CDarage floors with no embedded metal CENS ST4 532
Wearing smrface: light fool and trolley traffic ROCZ530 5T4 52
"Wearing surface: general indostrial RC3IZ2/40 MNA 532
Wearing surface: heawvy mdnsirial T RiC30y50 MNA 53
FPooing
House drives and domestac parking PANTL MA s5=21Th
Heavy-dhiaty external paving with rubber tyre vehicles EF BPANT o SZ2CLFl

21 Concrete contaming eanbedded metal shounld be treated as remmforced.

B} See Table A 3 for designarted concreres for reinforced foundarons and reinforced comcrers.
L This is the defaulr shomp class for this designared concrete.

2} For mench fill, the recommmended consistence class is 54

E} For exmremse applicadons, e g foundry floors and bhusy public roads. specialist advice should be sougihc.
Fl  Depends on method of placing

|




Table A3 Typical reinforced concrete applications in buildings (intended
working life at least 50 years) for designated concretes

Use Exposure class  Nominal cover®' Mimmumm
designated
mi concrete 3

Reinforced and prestressed concrete mside enclosed
buildings except poorly ventilated rooms with high XC1 {13 + Ac) RC20/23
humidity

(20 + Ac) RC40/320
External reinforced and prestressed vertical elements of

: + 25 4 | a2y
buildings sheltered from, or exposed to, rain® ZIROL T2 -+ 0c) 410
(30 + Ac) RC28/35
(20 + Ac) RC40/230XF
Horzontal elements with high saturation without de-icmg
XC4+XTF3 30 + 4 PAVI
agent and subject to freezng while wet © ( ‘)
(33 + Ac) PAV]
Remnforced or prestressed buned foundation in AC-1 T SR
where the hydraulic gradient is not greater than 5 R TaE R
- : : — o
C23/30 reinforced or Presiressed h{med foundation in AC.7 to AC.5m E{_] See )
AC-2 or more aggressive ground conditions 758

. Bpncw Internal Use Only — Do Not Distribute




- Table A 14 Summary of reguirements for designated concretes Al

Concrete AIim. Diefanlt Alax. Min. cement or Cement and combidnation types
designation strength sl wie ratio combination comntent
class class (gm?)y for 20 pam
max. aggregate size

CENOG CoE 53 —_— 120 CEMI. TIA IIB-5. IIEN, IOLA. INB-W
EEN1 810 S35 _ 180 CEMI, ITAa IIBE-S, ITE-V, OlA IVEB-W
ZENZ2 132715 53 —_— 200 CEM I ILA ITE-S, ITESA. IILA, IVE-W
ZENS C16/20 53 —_— =3 CEM I, ILA . ITB-5, IIEA, [ILA, INB-W
RC2002Z5 C202D 53 .70 240 CEM I. ILA ITE-S, IIE-A. IILA, IVE-WV
RC25/30 2530 53 063 260 CEM I, I1A_ ITE-5, ITB-W, [ILA, TVB-W B
RC28/35 C28/35 53 O o 2820 CEM I, IIA ITBE-S2 ITE-V OLA IVB-W B
RC30/37T CINET 53 025 00 CEM I, IIa ITE-S, [IB-V, OILa ITVB-W B
RIC33 /900 232,740 53 055 SO0 CEM I, IIA ITE-S. IIB-V, OLA, IVB-W B
RC35/45 C35/45 53 O S0 320 CEM I, 1A ITE-S, [ITBW [IIa TVB W B
BCA0/30 CA0/50 53 045 Fa0 CEM I, TEA_ IIE-S, IB-V OIA IVE-W B
RCOAQMSORE  C40/50 53 045 340 CEM I, Il IIE-5, OB IITA
PAVY C25/20 < S O o 280 CEM I TLA ITE-S, [IE-W IMLA
PAVE C2g/35 < S 025 00 CEMI, ITa IIE-5, DB, ITLA

.25 320 IB-V+5SR, ILA+SR, OIB+ SR, IVB-Y
S 25/30 - Q.50 320 CEM I SREPC. II-5. II-V. ITIA. TS

O.4£3 300 IIA-Lior Lds. = class 432 5

O 20 I80 IIAa-Loor LL: class 325
FNDZ2E 23S0 53 O35 320 ATl i Table A G

.50 340 0
FND3 25,30 53 045 60 IVB-V

O Z0 380 ITBE-V+5hR. ILA+SR. SREPC
FND3E 2530 53 O Sy =40 ANl in Table A G

o.£5 S5 InE -+ SR
EFND4 C25/30 53 [ 380 IVE-V

o33 380 IV +5R, A+ SR, SEPC
FND4E 2530 53 [ 260 ANl o Table A G
FND-AM 23,30 53 O_£5 360 IIME + Sk

Al Zee BS 3500-2-2006, Clanse 6 for the full set of regquirements for designated concretes.

B!  Omly if specifically permitted mnder 4.2_3a).

T} The concrets is required by BS S5600-2 to contain an air-enmiraining admisture oo give a minimum air content by volnne
of 3.0%. 3 _b% or b b% with aggregare of 40 mmnm. 20 oy and 10 mm masimmem aggregate size respectvely at delivery

NV




e N1998NLUUABNIAIIHNTIGLNE LHHATNNWNI (BS 8500)

PAV(number) designation used for a series of designated
concretes that are used in paving applications

Table A.1 Exposure classes

Class designation Class description Informative examples applicable in the United
Kingdom

No risk of corrasion or attack (X0 class)

X0 For cancrete without reinforcement or Unreinforced concrete surfaces inside structures

embedded metal: all exposures except {preinforced conerete completely buried in soil classed as

where there is freeze-thaw. abrasion or  AC_] and with a hydraulic gradient not greater than 5
chemical attack ’ .
Unreinforced concrete permanently submerged m

For concrete with reimforcement or non aggressive water

bedded metal: d ; x ;
SRS wery dry Unreinforced concrete surfaces m cyclic wet and dry

conditions not subject to abrasion. freezing or chemical
attack

Reinforced conerete surfaces exposed to very dry
conditions

Corrosion induced by carbonation (XC classes)®
(where concrete containing veinforcement or other embedded metal is exposed to air and moisture)

XC1 Diry or permanently wet Remmforced and prestressed concrete surfaces inside
enclosed structures except areas of structures with hugh
hummidity
Reinforced and prestressed concrete surfaces permanently
submerged in non-aggressive water

Xc2 Wet. rarely dry Remforced and prestressed concrete completely buried
soil classed as AC-1 and with a hydraulic gradient not
greater than 58)

.



Table A 1

Exposure classes (continuwed)

Class designatiomn Class description

Informative examples applicable im the T'nited
Kingdoim

KC3 and XC4 Moderate huwmiddity or cyclhic wet and

dry

External reinforced and prestressed concrete surfaces
sheltered from. or exposed to, direct rain

FReinforced and prestressed concrete sarfaces subject to
high hwmidity (e.g. poorly ventilated bathrooms. kitchens)
Reimnforced and prestressed concrete surfaces exposed to
alternate wetting and drying

Interior concrete suwrfaces of pedestrian subwasys not
subject to de-icing salts. voided superstructures or cellular
abumments

Remforced or prestressed concrete heneath waterproofing

Corrosion induaced by chlorides other than from sea water ( XD classes) &)
(where concrete containing yeimnforcerment or other embedded mefal is subject to contact with water contairning
chiorides, tncluding de-icing salts, Ffrom sowwrces other than firont sea voaterr)

XKD1 Moderate homidity
XD2 Wet. rarely dry
HKIvs Cryrelic wet and dry

Concrete surfaces exposed to airborne chlorides

Reinforced and prestressed concrete wall and structure
supports more than 10 m horizontally from a carriageway

Bridge deck soffits more than 5 m vertically above the
carriageway

Parts of structures exposed to occasional or shight chloride
conditions

Reinforced and prestressed concrete surfaces totally-
mmmersed in water containing chlorides ©7

Buried highway structures more than 1 m below adjacent
carriageway

Feinforced and prestressed concrete walls and structure
supports within 10 m of a carriageway

Bridge parapet edge beams

Bumed highway sttuctures less than 1 m below
carriageway level

Reinforced pavements and car park slabs

Corrosion induced by chilorides from sea water (XS classes) ) D)
(rehere concrete containing religorocerment or other embedded ymetel is subject to contfact with chiliorides_frowm sec

ater or iy carrying salt originating frowme sea seater)}

HsS1 Exposed to airborne salt but ot in

direct contact with sea water

XSz Permanently submerged
XS3 Tidal. splash and spray zones

Extternal remforced and prestressed concrete surfaces
coastal areas

Reinforced and prestressed concrete surfaces completely
submerged and remaining saturated. e.g. concrete below
micl-tide level ©F

Reinforced and prestressed concrete surfaces in the upper
tidal zones and the splash and spray zones B

Freeze-thoaw attaclk (XF classes )

(wwhere corncrete s exposed to significant attack from fireese-thaww cycles whilst wet)

XF1 Moderate water sataration withourt
de-icing agent
XF2 Moderate water samration with

de-icing agent

Vertical concrete surfaces such as facades and colummns
exposed to rain and freezing

Non-vertical concrete surfaces not highly saturared. but
exposed to freezing and to rain or water

Concrete surfaces such as parts of bridges, which would

otherwise be classified as XF 1. but which are exposed to
de-icing salts either directly or as spray or run-off




Table A 2 Classification of ground conditions

Sulfate and magnesium Design | Natural soil Browvwnfield &2 ACEC-
sulfate class
2:1 water/soil Groundwater Total ot Static MMobile Static Mobile (design
extract potential water water water water sulfate
sulfate B class)
S0, Mg <> SO, Mg <0 SO,
R | gl S RAT=gu | mgl iy rH rH pH D) Pl 2
=25 - =25 AC 1=
— =5.B =8 =G5 Ad-1 B
= SO0 _ =400 _— =i 24 Ds-1 — 2. Sto 5.5 | — 5.6 to 6.5 | AC-2=
— — R 4.5 to 5.5 | AC 3=
— — — 2.5 to 4.5 [ AC-4=
=3.5 — —_— AC 1=
— =>50.2 — =>6.D5 A2
500 to —= 400 to = 0.24 to TP 251035 — I L e
1 500 1 100 0.6 - — 2.5 to 5.5 |— 5.6 to 6.5 | AC3=
— — — 4.5 to 5.5 [ AC A=
—_ _ _ 2.5 to 4.5 |.AC-5=
=>3.5 — =5.5 — AT 2
- =5.5 — =G.5 AC-3
1 600 to 1 500 to 7 = i P s i T y
= 000 _ 3 000 _ 0.7 to 1.2 | DS-3 2.0 to3.59 — 2.5 to 5.5 — A -SBs
— 2.5 to 5.5 | — 5.6 to 6.5 | AC-4
- SEE = 2 5 o 5D | ACD
=>3.5 =5.D — AC - 3=
3 100 to 3 100 to — =b.5 — =6.5 A -1
=1 200 =1 000 1.3t 2.4 DS--4
6 000 6 000 2.5 to 3.5 —— 2.5 to 5.5 — AC-As
— Z.S5to 5.9 |— 25 to 6.5 | AC D
=5.5 A -Ss
3 100 to . oy | 3 100 ta - ) o . Not founed in TTK =6.5 A -
& 000 =1 200 & 000 =1 D 1.3 to 2.4 (DSdm ol e v e B R o )
2.9 to 6.9 | AC-Dn
3.5 _ =>5.5 _ AC s
=6 000 =1 200 =6 OO0 =1 100 =2 A4 Ds-5 _ _ _ _ o _ o
2: 5t 3.5 =2.5 2.5 to 5.5 =25 A S
i T =5.5 —_— AT dins
=6 000 =1 200 ) | =6 000 =1 100 < | =2 4 e Lot To; T
natural growumnd 25 o BB =25 AC-5m
Al “Brownfield” sites are those that might contain chemical residues remaining fromm previouwns industrial vuse or from

Imported wastes,

B Applies only to sites where concrete will be exposed to sulfate 1oms (S0, ), which can result fromm the oxidation of
sulfides such as pyrite, following ground disturbance.

<) Thee Iimit on water-solulble magnesinm does not apply to braclkdsh groumndwater (chloride content between 12 g1 and
18 =21). This allows these sites to be classified in the row above. This table does not cover sea water and stronger brines.

o Aan additional account is taken of hydrochloric and nitric acids by adjustiment to sulfate content (see BRE Special
Diigest 1 [1]).

E}) For flowing water that 1s porentially aggsressive To concrete owing to high punity or an aggressive carbon diozxade levwel
greater than 15 mgd, increase the ACEC class to AC-2z (see BRE Special Digest 1 [1]).




Table A4 Durability # recommendations for reinforced or prestressed elements with an intended worldng life of at
least 50 years

Nominal | Compressive strength class where recommended, maximum water-cement ratio and minimum cement or combination | Cement combination
cover 2! |comtent for normal-weight concrete © with 20 mm maximnm aggregate size Trpes
T 15 + Ac 20 + Ao 25+ Ac 30 + Ac 353+ Ac 40 + Ao 43 + Ac 30 + Ac
Corrosion induced by carbonation (XC exposure classes)
" CZ025 C2025 C20/25 L2025 C20/25 2025 C20/23 C20/25 i1 Tabi
2 (.70 240 0.70 240 0.70 220 0.70 240 0.70 240 0.70 240 0.70 240 0.70 240 all s A
I — 25/30 C25/30 C25/30 C25/30 ©25/30 C25/30 ,
e Tabl
b 0.65 260 0.65 260 0.65 260 0.63 260 0.63 260 0.65 260 Al 2ol
—_ C40/50 C3037 C28/35 €25/30 C25/30 C25/30 C25/30 All m Table A 6 except IVB-V
i) .45 340 0.55 300 0.60 280 0.65 260 0.65 260 0.65 260 0.65 260
= = C40/50 C30/37 C28/35 C25/30 C25/30 C25/30 VBV
045 340 0.553 300 0.60 280 065 260 0.65 260 0.65 260
Carrosion induced by chlorides (XS from sea water XD other than sea water)
Also adeguate for any associated carbonation induced coryosion (XC)
—_ — C40/50 C32/40 C328/356 C28/35 C28/35 C28/35 Tahbi
Al 045 360 0.535 320 .60 300 0.60 300 0.60 300 0.60 300 silin e AR
_ — —_ C45/555) C35/45E) C32/40E C32/40E 327408 CEMI 1A TB-5 SRPC
0.35F 380 045 360 050 340 030 340 0.50 340
L — — C40/50E! C32/408) C28/35 C25/30 C25/30 OBV MIA
o 0.35 320 0435 360 0.50 340 0.95 320 0.53 320
= — = C32/40%) C25/30 C25/30 C25/30 2530 s
0.40 380 .50 340 0.50 340 .55 320 .55 320
_ — —_ C32/40E) C28/35 C25/30 C25/30 23,30 B
0.40 320 0.50 340 0.50 340 0.35 320 0.25 320
— — . C40/50% C32/405) C28/35 €28/35 2835 CEM L, [I4, IIB-S, SRPC
0.0 380 030 340 0.55 320 0.35 320 0.23 320
2or |— — e C35/45%) C28/35 C235/30 C25/30 2530 OEV Ma
X582 0.40 380 .50 340 0.55 320 .35 320 0.55 320
= — =5 C32/40%) 25/30 C20/25 C20/25 C20/25 1IIE, IVEV
0.40 320 .50 340 0.55 320 0.55 320 0.55 320

o
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Table A4 Durability *' recommendations for reinforced or prestressed elements with an intended working life of at
least 50 years (continusd )

Nominal |Compressive strength class where recommended. maximum water-cement ratio and minimum cement oF combination | Cement/combination
cover 8 |comtent for normal-weight concrete ¥ with 20 mm maxinmnn agsregate size T types
T 13 + Ac 20 + Ac 23 + Ac 30+ Ae 35 + Ac 40 + Ao 43 + Ac 30 + Ac
= = = — = C45/55E CL0/508! C35/45E CEMI, IIA, IE-5, SREPC
0357 380 020 380 045 360
D3 s — == == == C35/45%) C32/40F C28/35 OB-V IIIA
0.40 320 0.45 360 0.50 340
—t = = = = C33/4pE) cagms C25/30 B, IVB-V
040 380 045 360 0.50 340
- — —= = — = C45/5358! C 40,505 CEMI, A, TB-5, SEPC
0335 380 040 380
s - = = — — C35/45%5 C32/40%) C28/35 OBV 114
0.40 320 0.45 360 0.50 340
—t = = = = C33/4pE) cagms C25/30 B, IVB-V
040 380 045 360 0.50 340

A dash (—) mudicates that greater cover s recommended.

A Where appropriate, account should be taken of the recommendations to resist freeze-thaw damage
{see A.4.3, Table A §), aggressive chemucals (see A.4.4 Table A 11} and abrasion (no gmndance provided).

B Expressed as the mininmom cover to Teinforcement phis an allowance in design for deviation, ¢ e g o allow
for workmanship. Check the appropriate design code to see whether it is recomumended that the minimuom
COVET [0 presiessing steel is a.djusb&dhy;f:a.cmrﬁcmr

Z1 Also applies to heavyweight concrete. For ightweight concrete the masimum w/c ratio and mininmm cement
or combinadon content applies, i the compressive strength class needs 1o be changed o a Hghtwelght
comprezsive sirength ciass (see BS EN 206-12000, Table A 8 and A.4.1, Note Z) on the basis of egual
cylinder srength if designing to BS EN 1992

Tl For adjustments to cement content for different mastnmmm size of aggregare, see Tahle AT

E}  If the concrete is specified as being air entrained in accordance with the XF2 or XF4 recommendations in
Tahle A 3, the minimum compressive soength class for corrosion induced hy chlondes may be reduced
o C2E8E6.

Fi  In some parts of the UK it is not possible to produce a practical concrete with a maximmm w/'c rago of 036

&

9 GPAC Nele




Table A5 Durability 4! recommendations for reinforeed or prestressed elements with an intended worldng life of at
least 100 years

Nominal | Compressive strength class where recommended, maximnm water-cement ratio and minimum cement or combination | Cement/combination
cover B |comtent for normal-welght concrete = with 20 mm maximum aggregate size D) types

Tm 13 + Ac 23 + Ae 30 + Ac 33 + Ac 40 + Ae 43 + Ae 30+ Ae 33 + Ac 60 + Ac 63 + Ac

Corrasion induced by carbonation (XC exposiure classes})

s C20/25 C20/25 C20/25 C20/25 C20/25 C20/25 C20/25 C20/25 C20/25 C20/25 e A
070240 070240 070240 070240 070240 070240 070240 0.70240 070240 070240 |° B
= 2530 23,30 2530 C25/30 25/30 C25/30 25/30 C25/30 25/30 _
Lt 065260 065260 065260 065260 065260 065260 065260 065260 065260 |LmTableao
== = C40/50 C35/45 C30/37 c28/35 C25/30 ©25/30 C25/30 C25/30 All in Table A 6 except
S 0.45340 050320 055300 060280 065260 065260 065260 065260 |IVBV
— — — C40/50 C35/45 C30/37 C28/35 C25/30 C25/30 C25/30 VBV

.45 340 0.50 320 0.55 300 .60 280 0.65 260 D.ﬁﬁl 260 0.65 260

Corrosion induced by chlorides (X5 from sea water, XD other than sea water)
Also adeguate for any associafad carbomation nduced corrasion (XC})

— — C43/55 C40/50 C35/43 C3L/40 C28/35 C28/35 C28/35 C28/35

D1 040380 045360 050340 055320 060300 060300 060300 060300 | NnTableAo
— — _ — — C45/358 C40/50F' (35455 C3545E 35458 |CEMI, IIA TIB-S, SEPC
0357380 040380 045360 045360 0.45360
= . — C35/45 C32/408) (28735 C25/30 C25/30 C25/30 C25/30 IE-V M4
o 040380 045360 050340 055320 055320 055320 0.55320
Ex = = C35/45 C3037TE (2835 C23/30 C25/30 C25/30 C25/30 B
0.45360 050340 055320 055320 055320 055320 0.55320
— — — C40/50 C35/45 C30/37 C28/35 C25/30 C25/30 '25/30 IVBY
045360 050340 055320 055320 055320 055320 055320
= — = = C35/458 (32408 (2835 C28/35 C28/35 C28/35 CEM L IIA IIE-S, SRPC
045360 030340 0355320 055320 055320 0.55320
XD2 or |— == = - C32/408  C28/35 C25/30 C25/30 C25/30 C25/30 B IMA
X527 045360 030340 0535320 0535320 055320 0.55320

— — — — C28/35 25,30 C20/25 C20/25 C20/25 C20/25 IIE, IVE-V
045 360 0.50 340 0.55 320 033 320 0.55 320 0.55 320

o[ N
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Table A6 Cement and combination types &)
Broad designation® Composition Comprises cement amd
combination types
(see BS 830:0-2:20105, Table 1)
CEMI Portland cement CEMI
SHPC Sulfate-resisting Portland cement SRPC
A Portland cement with 6% to 204 fiy ash. ground CEM II/A-T., CEM ILA-TI. CITA I.,
gramulated blasifurnace slag. Imestone, or 0% to CITA-LL., CEM II/A-S, CTIA-S,
1094 silica fume™ CEM IL/A-V, CILAN, CEM ILA-D
oE-5 Portland cement with 21% to 35% groumd granualated CEM ILE-5. CIIE-S
blastfurnace slag
OE-v Portland cement with 21% to 35% fiy ash CEM I/B-¥, CIIB-V
IE+5R Portland cement with 25% to 35% fiy ash CEM IB-V+5R, CIIBE-V+5R
AT EJ Portland cement with 35% to 65% ground granulated CEM IT/A, CIIEA
hlastfurnace slag
MIA+SRE Portland cement with 36% to 65% ground granulated CEM II/A+SR F), CIIIA+ SR F!
hlastfurmace slag with additional requirements that
enhance suifate resistance
OIBEY %) Portland cement with 66%0 to 208 ground grannlated CEM OI'E, CIIEB
hlastfurnace slag
nIE+5RE Portland cement with 66% to 204 ground granulated CEM IIL'B+ SR T, CIIB+5SR P
blastfurmace slag with additional requirements that
enhance sulfate resistance
VBV Portland cement with 35% to 55% fiy ash CEM IV/B({V), CIVB

A} There are a number of cements and combinatons not Hsted m this table thart may be specified for cemain specialist
applicaiions. See BRE Special Digest 1 [1] for the sulfate-resisting characteristics of other cements and combinations.
See IP 1706 [7] for the use of high gebs comternt cements and combinaons in secant piling applicadons.

Bl The use of these broad designadons is sufficient for most applicatdons. Where a more limited range of cement or
combinatnons ypes 1s required, select from the notanons given i BS S500-2 2006, Table 1.

CF When 1A or [1A-D is specified. CEM [ and silica fume may be combined in the concrete mixer using the L-valus
concept; see BS EN 206-1-2000, 5.2.5.2.3.

Dl Where ITIA is specified, IIA+ SR may be used.

E Inclnsive of low early stength option (see BS EN 197-4 and the “T classes in BS 3500-2:2006, Table A 1).

Ft “+5R" indicares additonal resmictions related to sulfare resistance. See BS 5500-2:2006, Table 1, foomote D

5 Where IIIE is specified, MIB+5R may be nsed.

L ———————————————————




A.5 Selection of consistence

The consistence of fresh concrete should be suitable for the conditions
of handling and placing so that after compaction, concrete sumrrounds
all reinforcement, tendons and ducts and completely fills the
formwork. Table A 16 provides guidance on the consistence expressed
as slump [S{number}] and flow [F{nnmber)] classes appropriate to
different uses. Where the concrete is laid on a slope. a lower slhimp class
than that given in Table A 16 might be necessary.

Table A 16 Consistence suitable for different nses of in-sitn coneorete

Use of concrete Formi of compaction Consistence class
Normal-weight Lightweight
concrete concrete

Eerb bedding and backng Tampmg 51 —

Floors and hand placed pavemems Poker or beam vibration B2 =2

Sirip footings 53 ==

Mas== concrete foundafions 53 —

Blinding =3 —

Normal reinforced concrete in slabs, beams,  Poker or beam vibration 53 53

walls and columns and/or tamping

Sliding formmwork consouction 52 52

Pumped concrete 53 Fa

Vacuum processed concrete a3 53

Trench fill 5 2 54 —=

— Self-weight compaciion &4 N

" CPAC



Specified sluoup Requirement

ﬂlm 1 n - » u
For composite =amples taken in For spot samples taken from mitial
accordance with BS EN 12330-1 discharge
Not less than Not more than Not less than Not more than

3 | 0 &0 0 70

=22 40 110 30 120

53 o0 170 20 180

54 150 230 140 240

5D 210 — 200 —

Table B.2 Identity criteria for slump specified as a target valne
Dimensions in milimetres

Specified target slump Tolerance

For composite samples taken in For spot samples taken from initial
accordance with BS EN 12350-1 discharge

<40 20, +30 -30, +40
50 to 00 -30, +40 —40, 430
=100 —40, 450 50, +60

W CPAC



ACI 318M-08 and ACI 201.2R-08

ACl201.2R-08

ACl 318M-08

Building Code Requirements for
Structural Concrete (ACI 318M-08)
and Commentary
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Maximum water—cementitious material
ratios

(w/cm) of 0.40 to 0.50 that may be
required for concretes exposed to freezing
and thawing, sulfate soils or waters, or for
corrosion protection of reinforcement will
typically be equivalent to requiring an fc'

of 35 to 28 MPa, respectively.

ACl 318M-08

TABLE 4.2.1 — EXPOSURE CATEGORIES AND

CLASSES
Category | Severity |Class Condition
Mot Fo Concrete not exposed to freezing-
applicable and-thawing cycles
Concrete osed to freezing-and-
Moderate| F1 |thawing cycles and occasional
exposure to moisture
F :
Freazin Concrete exposed to freezing-and-
and thawing| Severe F2 [|thawing cycles and in continuous
contact with moisture
Concrete exposed to freezing-and-
Very Fz [thawing and in continuous contact
severe with moisture and exposed to deicing
chemicals
Water-soluble
sulfate (SOy4) in Dissolved
soil, percent by | sulfate (SOy) in
weight water, ppm
Mot
Sulfate 150 < SO, <1500
Moderate| S1 |0.10=50,<0.20 S amatitor
1500 < S0, <
Severe | 52 (0.20=S5S0,=2.00 10,000
W
ey | B3 S0, > 2.00 SO, > 10,000
P Mot Po In contact with water where low
Requiring |applicable permeability is not required
oW : In contact with water where low
permeability| Required | P10 oo bility is required.
Mot co Concrete dry or protected from
applicable moisture
C Concrete exposed to moisture but
Corrosion Modembs G not to external sources of chlorides
D?rrgliﬁ%'g;h Concrete exposed to moisture and
friand an external source of chlorides from
Savere G2z |deicing chemicals, sait, brackish
water, seawater, or spray from these
sources

. e — A S




TABLE 4.3.1 — REQUIREMENTS FOR CONCRETE ACI 3 1 8 M - O 8

BY EXPOSURE CLASS

Expo[ TMin. TABLE 4.4.2 — REQUIREMENTS FOR CONCRETE
Class |wifem” M'i’a Additional minimum requiremt?::ﬁs — SUBJECT Tﬂ EXPOSUHE CLASS Fa
Catmenty Maximum percent of
Air content materials total cementitious ,
FO [ NA | 17 N/A N/A Cementitious materials materials by weight
Fl | 945 | 3t - 4. ¥ dnks Flg ash or other pozzolans conforming to o8
Fz 0.45 [ 31 Table 4.4 1 ;\L;TL ASTM CB18
2 amie
B9 | sa | & - 4.4.2 Slag conforming to ASTM C989 50
iti jalsT— = Z
C:;‘f’:m"’“s;";:‘:ﬂ"ah A‘;_;'T: Calcium | |Silica fume conforming to ASTM C1240 10
c1s0 C595 C1157 |admixture| (Total of fly ash or other pozzolans, slag, and sof
se | wa | 17 | Nolype | NoType | Nholype No silica fume
restriction restriction | restriction | restriction
IP(MS), P Total of fly ash or other pozzolans and a5t
S1 | 050 | 28 i IS{ HS?}::} MS | Latriction | |silica fume
IP (HS) "The total cementitious material also includes ASTM C150, C595, C845, and
S2 | 0.45 | 31 V8 IS {<70) HS Not 4| |C1157 cement. _
{HS) i The maximum percentages above shall include:
pf {HLEE: _; ) E.-%Tw é?i;a?; other pozzolans in Type IR blended cement, ASTM C595, or
V+ Sli;i!sﬁ or IS HS : Mot {b'.)STS!E% used in the manufacture of an IS blended cement, ASTM €585, of
S3 045 | 31 pozzoleTp ar <70) pozzolan permitted A M 1157
g po_;zﬁ;; & RFag #el.:)l Silica fume, ASTM C1240, present in a blended cement.
slag [y‘r ash or other pozzolans and silica fume shall constitute no more than 25
and 10 percent, respectively, of the total weight of the cementitious materials.
PO MeA | 17 Mone
P1 0.50 | 28 MNone

Maximum water-soluble
chloride ion (CI7)
content in concrete,
percent by we;'ght of
cemeant

Reinforced |Prestressed
concrete concrete Related provisions

co MNAA 17 1.00 0.06

Mona
CA1 MNYA 17 0.30 0.06
c2 0.40 35 .15 0.06 .G, 18.16

o [ e — A VI
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ACl 201.20R-08

Table 6.3—Requirements to protect against damage to concrete by sulfate attack from external sources
of sulfate

Sty oF Water-soluble sulfate |Sulfate (S0,)" in
potential exposure |(50y) in soil, % by mass | waler, ppm wiem by mass, max. Cementitious material requirements
Class U exposure 000 e 0.10 0 to 150 No special requirements for sulfate resistance| No special requirements for sulfate resistance
Class | exposure =010and <020  [> |50and < [ 500 {0.50° C150 Type I or f:quivalcnl*
Class 2 exposure 0.20t0<20 1500 10 < 10,000 .45 C150 Type V or equiva lent®
Class 3 exposure 2.0 or greater 10,000 or greater 0.40° C150 Type V plus pozzolan or slugi
Seawaler gxposure - — See Section 6.4 See Seclion 6.4

“Sulfate expressed as SOy is related 1o sulfate expressed as S0y, as given in reports of chemical analysis of portland cements as follows: S0:% x 12=50%.
'ACI 318, Chapter 4, includes requirements for special exposure conditions such as steel-reinforced concrete that may be exposed (o chlorides. For concrete likely to be subjected to

lhcse exposure conditions, the muximum wiem should be that specified in ACE 318, Chapter 4. if it is lower than that stated in Table 6.3 of 201.2R.
"Walues applicable to normalweight concrete. They are also applicable to structural lightweight concrete except that the maximum wiem ratios 0,50, 0.45. and 0.40 should be replaced

by specified 28-day compressive strenpths of 26, 29, and 33 MPa (3750, 4250, and 4750 psi), respectively
YFor Class | exposure, equivalents are deseribed in Sections 6.2.5, 6.6, and .24, For Class 2 exposure, equivalents are described mn Sections 6.2.5, 6.2.7, and £1.2 Y, For Class 3

exposure, pozzolan and slag recommendations are described in Sections 6,25, 6.2.8, and 6.2.9,
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.. Concrete Recommendation for Pavement Use

46.028
Cernenit and Concrete Assnoiaton

Minimum cement content 350 kg/m3

Maximum free water/cement
ratio (by weight) 05

IN SITU GONGRETE FOR Maximum aggregate size 20 mm
INDUSTRIAI. PAV'NG Fine aggregate content (by

D. P. Maynard BSciEng). CEng, MICE, FIHT, MBIM welght of total aggregate) 35—40%
Air content (by volume) S5+1%%
Workability (target) S0 mm slump

This Guide is for engineers, architects and contractors concerned with the
design, supervision and construction of concrete paving for external
industrial uses. It offers guidance on the specification of the concrete and on
the design and construction of the complete pavement.

from the finished pavement. Straight crosstalls and
INTRODUCTION

longitudinal falls should be used, the minimum

The inherent durakility of conerets makes if the mest crogslalls being 1.5% where practicable. The extent of
suilable material for surfacing pavements to withstand the paving may well necessitate the adoption of a
the rigours of all forms of traffic, and especially the series of valleys rather than one plane surdace. The
heavy and frequently applied loads experienced in thickness of its various layers should be constant
(RSP UIRS P NN, [, [ PRI N I —— threuvhont tha eita and thandars tha farmaton abhaold
&
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NZS 31017 sets out requirements for the minimum f'¢
depending on member and type of traffic. These are summa-

rised in Table 1.4. It must be emphasised that these are New Zealand Standard

minimum strengths and serve as a guide only.

TABLE 1.4

Minimum concrete strength for abrasion resistance

Minimum compressive

strength for tyred traffic

Minimum characteristic
Member and type of traffic strength, f'c (MPa)
Floors in commercial areas subject only
to pedestrian and/or light trolley traffic 23
Floors subject only to light pneumatic-tyred
traffic (vehicles < 3t gross) 25
Floors in warehouses and factories
subject to medium or heavy:
« pneumatic-tyred traffic (> 3t gross) 30
* non-pneumatic-tyred traffic 40
= steel-wheeled traffic =40 (to be assessed)

. Bpnc Internal Use Only — Do Not Distribute
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4 Designation for environment (BS 8500-1, 2006)

o ! a Y y
Rk W?@ﬁ7\7ﬂ75@@ﬂ!!ﬂﬂﬂ@‘Llﬂ?ﬁ@ﬂllll'lﬁj'lu BS 8500 (ﬁ'\?!!?@ﬁ@ﬂfb’?ﬂﬂ\ﬁ/l&’!ﬁ)
| |

Most severe zone of concrete
structure

e — i — —"

Steps:

*Define exposure class/ Workability class

*Design working life (100 years)

*Select covering

«Cement combination types

&
. Bpnc Internal Use Only — Do Not Distribute



- Design working life 100 years (BS 8500, 2006)

Corrosion induced by chlorides from sea water (XS classes) 4).D)
(where concrete containing veinforcement or other embedded metal is subject to contact with chlorides from sea
water o air carrying sall originating from sea water)

X51 Exposed to airborne salt but not in External reinforced and prestressed conerete surfaces in
direct contact with sea water coastal areas
X52 Permanently submergead Reinforced and prestressed concrete surfaces completely

submerged and remaining saturated. e.g. concrete below
mid-tide leve] &

r———-—_—_—_——_—_—_——_——_—_—_—_—_—_—_—_—_——_ e e —_—_— e — ———— — —
| X553 Tidal, splash and spray zones Remforced and prestressed concrete surfaces in the upper I
L tidal zones and the splash and spray zones £? |
—
Table A.5 Durability + recommendations for reinforced or prestressed elements with an intended working life of at
least 100 years (continued)
Nominal | Compressive strength class where recommended, maximum water-cement ratio and minimum cement or combination |Cement/combination
cover B! [content for normal-weight concrete ©! with 20 mm maximum aggregate size &) r————— -I types
mm 13 + Ae 23 + Ae 30 + Ae 33 + Ac 40 + Ae 43 + Ac 30 + Ae 33 + Ae Iﬁ[|+i'u3 65+Ac|
— — — — — — — C45,558)  C40/B508 C3545E)  |CEMI, II4, IIB-S, SEPC
0.35%) 380 0.40 380 0.45 360
XD3 — — — — — C40/50E! C35/45E) C32/40E) C28/35 C25/30 [IE-V, 1A
0.35F1 380 (.40 380 0.45 360 0.50 340 0.55 320
— — — — — C32/40E) C28/35 C25/30 C25/30 C25/30 [IE, IVB-V
040380 045360 050340 055320 055320 | — — — — —
— — — — — — — — | C45/558) C40/50E ! [CEM I IIA, IIB-S, SRPC |
—_— — — — | 0357380 040380 |
X3 — — — — — C40/508 '35/45E) C32/408) CZ28/35 C25/30 [IB-V, II1A
I ' I 0.35F1 380 .40 380 0.45 360 I 0.50 340 0.55 320 L J
I B — — — — C32/40%)  C28/35 C25/30 C25/30 C25/30 B, VBV
0.40 380 0.45 360 0.50 340 0.50 340 0.50 340

A dash (—) indicates that greater cover is recommended.

&
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Combination types from BS 8500 (2006)

Table A6 Cement and combination types &}
Broad designation ¥l Composition Comprises cement and
combination types
(see BS 8300-2:2006, Table 1)
CEMI Portland cement CEMI
SEPC Sulfate-resisting Portland cement SRPC
IIa Portland cement with 6% to 20% fly ash, ground CEM IT/A-L, CEM ILA-LL, CIIA-L,
granulated blastfurnace slag, imestone, or 6% to CITA-LL, CEM II/A-5, CIIA-S,
10%0 silica fume =} CEM II/A-V, CIIANY, CEM ILA-D
IIB-5 Portland cement with 21% to 35% ground granulated CEM II/E-S, CIIE-S
blastfurnace slag
BV Portland cement with 21% to 35% fly ash CEM II/B-V, CIIB-V
IIE+5R Portland cement with 25% to 35% fly ash CEM II/B-V+5R, CIIB-V+5R
IITATL E) Portland cement with 36% to 65% ground granulated CEM III/A, CIMIA
blastfurnace slag
[I[A+5SRE Portland cement with 36% to 65% ground granulated CEM II[/A+SE T, CIIIA+SE )
blastfurnace slag with additional requirements that
enhance sulfate resistance
IIIBEN. &) Portland cement with 66% to 80% ground granulated CEM IIIVE, CIIIE
blastfurnace slag
IIIE+5RE) Portland cement with 66% to 80% ground granulated CEM IIL'B+5SE T, CIIIB+SE )
blastfurnace slag with additional requirements that
enhance sulfate resistance
VBV Portland cement with 36% to 55% fly ash CEM IV/B(V), CIVE

&
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- Designation for marine concrete (BS 8500, 2006)

Working life Working life 100
50 years years

Exposure class XS$3 XS3

Strength class C 40/50 C 40/50

Min. covering 50 mm 65 mm

Min. cement 380 kg/m°® 380 kg/m°

Max W/B 0.40 0.40

Combinations CEM |, lIA, 1IIB-S, | CEM |, lIA, IIB-S,
SRPC SRPC

. Epnc Internal Use Only — Do Not Distribute




-Example of High Performance Concrete Structure Designation

4 d
Co, Co, G@ K
g d
C 02 g.‘mm:c (L mﬂam,}mz (L m"‘l‘:ﬁ.‘g
E g g 450mm deep x 400 wide RC
External 3 Internal g g floor slab cast onto ground.
exposure . exposure 4 « Internal and external
i ok A58 exposure.

* Near to the coast (10 km)

» Soil conditions: Groundwater sulfate = 4200 mg/l SO,

» Brownfield site, mobile groundwater pH = 3.1

« Max Agg size =20mm

 Nominal cover = 50mm, Margin = 25mm (cast against ground)
« Structural requirement = C25/30

« Designed Life 50 years
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