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Aim of Structural Design

i. Fitness for purpose
ii. Safety and reliability
iii. Economy

iv. Durability

v. Maintainability
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What is Reinforced Concrete?

- Reinforced concrete is concrete strengthened with steel bars
or reinforcements

- Concrete is a mix of cement, sand, aggregate and water. High
compression strength but lower in tension.

- Steel reinforcement has high tension strength

Concrete Steel

Higher Higher Reinforced
compressive tensile concrete

strength strength
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The Eurocode Family (58 all together)

EN 1990 Eurocode Basis of structural design

EN 1991 Eurocode 1 Actions on structures

EN 1992 Eurocode 2 Design of concrete structures

EN 1993 Eurocode 3 Design of steel structures

EN 1994 Eurocode 4 Design of composite steel and concrete structures
EN 1995 Eurocode 5 Design of timber structures

EN 1996 Eurocode 6 Design of masonry structures

EN 1997 Eurocode 7 Geotechnical design

EN 1998 Eurocode 8 Design of structures for earthquake resistance
EN 1999 Eurocode 9 Design of aluminium alloy structures
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Eurocode 2: BS EN 1992

EUROCODE 2 : DESIGN OF CONCRETE STRUCTURES

EN 1992-1-1 General rules and rules for buildings

EN 1992-1-2 General rules - Structural fire design
EN 1992-2 Concrete bridges — design and detailing rules
EN 1992-3 Liquid retaining and containment structures
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MWV Eurocode vs British Standard

Eurocodes Title Superseded standards
EN 1991-2 Traffic loads on bridges BD 37/88
EN 1991-3 Actions induced by crane and -
machinery
EN 1991-4 Silos and tanks -
EN 1992-1-1 General rules for buildings BS 8110: Parts 1, 2 and 3
EN 1992-1-2 Fire resistance of concrete BS 8110: Part 1 Table 3.2
structures BS 8110: Part 2 Sect. 4
EN 1992-2 Bridges BS 5400: Part 4
EN 1992-3 Liquid-retaining and BS 8007
containment structures
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Different Terminology in EC2

Eurocode British Standard

Action Force or imposed displacement
Verification Check

Resistance Capacity

Execution Construction

Permanent action Dead load

Variable action

Live load or imposed load

[sostatic

Primary
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BRITISH STANDARD

BRITISH STANDARD

Eurocode 2: Design of
concrete structures —

Part 1-1: General rules and rules for
buildings

Structural use of
concrete —

Part 1: Code of practice for design and

construction

BS 3110-1:
1997
Incorporafing

Amendment No. 1
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2.3 Design working life

Table 2.1 - Indicative design working life

Design working Indicative design Examples
life category working life
(vears)
1 10 Temporary structures &
2 10 to 25 Replaceable structural parts., e.g. gantry girders.
bearings
3 15 to 30 Agricultural and similar structures
4 50 Building structures and other comumon structures
5 100 Monumental building structures. bridges. and other
civil engineering structures
(1) Structures or parts of structures that can be dismantled with a view to being re-used should
not be considered as temporary.
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Detailing & Durability
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(J Detailing and durability requirements are to ensure that a
structure has satisfactory durability and serviceability
performance under normal environments throughout its
lifetime.

(d These requirements will involve aspects of design, such as
concrete mix selection and determination of cover to
reinforcing bars, as well as selection of suitable materials for
the exposure conditions which are expected.
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Cover Design- EC2

The nominal cover can be assessed as follows:

C..=C,. +AC,,

nom min

where C_;, shall be provided in order to ensure:
eThe safe transmission of bond forces
*The protection of steel against corrosion (durability)
*An adequate fire resistance

And AC,,,is an allowance which should be made in the design
for deviation from the minimum cover. It should be taken as
10 mm. It is permitted to reduce to 5 mm if the fabrication
subjected to a quality assurance system.
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Concrete Cover

44 Methods of verification
44.1 Concrete cover

4.4_1.1 General

(1)P The concrete cover is the distance between the surface of the reinforcement closest to the
nearest concrete surface (including links and stirrups and surface reinforcement where
relevant) and the nearest concrete surface.

(2)P The nominal cover shall be specified on the drawings. It i1s defined as a minimum cover,
Cmin (522 4.4.1.2), plus an allowance in design for deviation, ACgey (5ee 4.4.1.3):

Criorm = Crrin + ACdey (4-1)
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Concrete Cover

4.4.1.2 Minimum cover, Cmin

(1)P Minimum concrete cover, ¢y, shall be provided in order to ensure:
the safe transmission of bond forces (see also Sections 7 and 8)
the protection of the steel against corrosion (durability)
an adequate fire resistance (see EN 1992-1-2)

* Bond
* Durability
* Fire Resistance
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Minimum cover for bond, C,;, , (EN 1992-1-1)

Table 4.2: Minimum cover, Cninp, requirements with regard to bond

Bond Requirement

Arrangement of bars Minimum cover Cint"
Separated Diameter of bar
Bundled Equivalent diameter {4)(5ee 8.9.1)

*. If the nominal maximum aggregate size is greater than 32 mm, ¢, Should be increased by 5 mm.

Note: The values of ¢, ;, for post-tensioned circular and rectangular ducts for bonded tendons, and pre-
tensioned tendons for use in a Country may be found in its National Annex. The recommended values for post-
tensioned ducts are:

circular ducts: diameter
rectangular ducts: greater of the smaller dimension or half the greater dimension

There 15 no requirement for more than 80 mm for either circular or rectangular ducts.

The recommended values for pre-tensioned tendon:
1.5 x diameter of strand or plain wire
2,5 x diameter of indented wire.
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& UTM Concrete Cover

Minimum cover for bond, C,;, , (EN 1992-1-1)

Arrangement of Minimum cover C_; *
bars
Separated Diameter of bar
Bundle Equivalent diameter

¢, = ¢ Yn, <55 mm

where n, is the number of bars in the bundle, which
is limited to

n, < 4 for vertical bars in compression

n, < 3 for all other cases

* If the nominal maximum aggregate size is > 32 mm, c;,, should be
increased by 5 mm
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Minimum cover for durability, C (EN 1992-1-1)

min, dur

Table 4.4N: VValues of minimum cover, Cyinqur- Fequirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for cyindur (Mm)
Structural Exposure Class according to Table 4.1
Class X0 XC1 XC2 { XC3 XC4 XD1 fXS1 | XD2 /X522 | XD3 / X53
S 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55

Recommended structural class

innovative e entrepreneurial e global
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Table 4.4N: Values of minimum cover, cyin dur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for €pyin 4y, (MM)
Structural Exposure Class according to Table 4.1
Class X0 XC1 | XC2/XC3 XC4 XD1/XS1 | XD2/XS2 | XD3/XS3
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55

Table 4.5N: Values of minimum cover, ¢y dur, requirements with regard to durability for
prestressing steel

Environmental Requirement for ¢, gur (Mmm)

Structural Exposure Class according to Table 4.1

Class X0 XC1 XC2/XC3 XC4 XD1/XS1 | XD2/XS2 | XD3/XS3
S1 10 15 20 25 30 35 40
S2 10 15 25 30 35 40 45

| S3 10 20 30 35 40 45 50

S4 10 25 35 40 45 50 55
S5 15 30 40 45 50 55 60
S6 20 35 45 50 55 60 65
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Concrete Cover

(5) The minimum cover values for reinforcement and prestressing tendons in normal weight
concrete taking account of the exposure classes and the structural classes 1S given by Crin.dur.

Note: Structural classification and values of egip.au fOr use in a Country may be found in its National Annex.
The recommended Structural Class (design working life of 50 years) is S4 for the indicative concrete strengths
given in Annex E and the recommended modifications to the structural classis given in Table 4.3N. The
recommended mimmum Structural Class i1s S71.

The recommended values of cyinaur are given in Table 4.4N (reinforcing steel) and Table 4.5N (prestressing

steel).

Table 4.3N: Recommended structural classification

Structural Class

Exposure Class according to Table 4.1

production ensured

Criterion X0 XC1 | XC2/XC3 | XC4 XD1 | XD2/ XST[XD3 7 XS2/ XS3

Design Working Life of | increase | Increase | Iincrease | Increase | Increase | Increase | Increase class

100 years class by 2 | classby 2 | classby?2 | class by 2 | class by 2 | class by 2 by 2

Strength Class "2 = C30/37 | = C30/37 | =C35/45 | =C40/50 | = C40/50 | = C40/50 = C45/55

reduce reduce reduce reduce reduce reduce |reduce class by

class by 1 | classby1 | classby1 | classby 1| classby 1 | class by 1 [

Member with slab reduce reduce reduce reduce reduce reduce |reduce class by

geometry classby1 | classby1 | classby1 | classby 1 | class by 1 | class by 1 1

(position of reinforcement

nat affected by construction

process)

Special Quality reduce reduce reduce reduce reduce reduce |reduce class by

Control of the concrete | classby 1 | classby 1 | classby1 | classby 1| class by 1 | class by 1 1
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4.0 DURABILITY, FIRE AND BOND REQUIREMENTS
(Ref. Secmon 4: MY EN [992-1-1- 2010)

Exposare Class

Table 4.1: Exposure class related to environmental conditions in accordance with EN 206-1
(Rg” M5 EN 1902-1-1: 2010}

Bond

Concrete Cover

Durability

Fire Resistance

Class Exposure-
Marine Structure

Class Diescription of the emvironment Informative examples where exposure classes
designation mA¥ ooour
1 No risk of corrosion attack
3NCh For coocrete withont reinforcement or | Concrete inside buildings with very low air
embedded metal: all exposure except where | homidity
there iz freeze'thaw, sbrasion or chemical
attack
For concrete with reinforcement or
embedded mel: very dry
2 Corrosion induced by carbonation
X1 Diry or permanently wet Concrete inside building with low air bumidity
Concrets permanently submergad in water
2 Wet, rarely dry Concrete  surfaces subject to long-term  water
comtact
Many foundations
M3 Moderate homidity Concrete inside buildings with moderate or high
air humidity
External concrete sheltered from rain
M4 Cryclic wet and dry Concrete surfaces subject to water coafact, not
within the exposure class 32
3 Corrosion indwced by chlorides
D1 Moderate humidity Concrets surfaces exposed to airbome chlondes
XDz Wet, rarely dry Swinmming pools
Concrets components exposad to indusmisl watars
containine chlordes
XD3 Cryclic wet and dry Parts of bridges exposed to spray comtzining
chlorides
Pavaments
(Car park slabs
4 Corrosion indwced by chlorides from sea water
5] Exposed to sirbome salt but not in direct | Struchores near to or on the coast
COMECT 10 583 Water
H52 Permanently submerzed Parts of marine strucures
53 Tidal splach snd spray zones Parts of marine struchires
—_— T TEETE TINT NI
IF1 Moderate water szturation, without de-icing | Vertical concrete surfaces exposed to rain and
agent freezing
XF2 Moderate water sanration, with de-icing | Vertical coocrete surfaces of road smocnmes
agent exposed o freezing and air-bome de-icing asents
XF3 High water samration, without de-icing | Herizontal concrete surfaces exposed fo rain and
et freszing
XF4 High water saturation with de-icing agents | Foad and bridze decks exposed to de-icing agents
Or 5ea water Concrets  surfaces exposed o direct  spray
containing de-icing agents and freezing
Splash =zome of marne stucmres exposed to
freezing
1] Chemical attack
Al Slightly agegressive chemical enviremroent | Manral soils and ground water
according to E 206-1, Table 2
HA2 Moderately Aggrassive chemical | Wanaral sodls and ground water
environment according to EMN 206-1, Table 2
3A3 Highly aggressive chemical environroent | Mamral soils and ground water
according to EF 206-1, Table 2
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Class Exposure- Marine Structure

4 Corrosion induced by chlorides from sea water
X51 Exposed to awrborne salt but not in direct | Structures near to or on the coast
contact to sea water
X52 Permanently submerged Parts of marine structures
X53 Tidal, splash and sprav zones Parts of marine structures
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MUY Concrete Cover (Fire Resist.)

Minimum cover for fire resistance, C,,

in, fire

Rather than giving a minimum cover, the tubular method based on nominal
axis distance is used. This is the distance from the centre of the main
reinforcement bar to the top or bottom surface of the member.

Section through structural member,
showing nominal axis distancesa and agy

t a > Cnom + ¢link + ¢bar/ 2

hzb
ay = a+10 mm

[y
- } “ L From Table 5.5 and

5.6 BSEN 1992-1-2:
2004

I
v
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Table 5.5: Minimum dimensions and axis distances for simply supported beams made with reinforced a

prestressed concrete

Concrete Cover

Standard Minimum Dimensions (mm)
Fire Possible combinations of a and by, where Web thickness, by, (mm)
Resistance a is the average axis distance and by, in Class WA | Class WB | Class WC
the width of beam (mm)
1 2 3 4 5 § 7 8
R30 | bpn= 80 120 160 200 80 20 80
a= 25 20 15* 15*
R 60 in = 120 160 200 300 100 80 100
a= 40 35 30 25
RO90 | byn= 150 200 300 400 110 100 100
a= 55 45 40 35
R120 | by = 200 240 300 500 130 120 120
a= 65 60 55 50
R180 | byyp= 240 300 400 600 150 150 140
a= 80 70 65 60
R240 | by = 280 350 500 700 170 170 160
a= 20 80 75 70
a4 = a + 10 mm (see note below)
For prestressed beams the increase of axis distance according to 5.2(3) should be noted.
@4 15 the distance to the side of beam for the corner bars (or tendon or wire) of beams with only one layer
of reinforcement. For values of by, greater than that given in Column 4 no increase of a.; 15 requared
* Normally the cover required by EN 1992-1-1 will control
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Table 5.6: Mimmum dimensions and axis distances for contimuous beams made with remnforced and prestressed

concrete
Standard Fire Minimum Dimensions (mm)
Resistance Possible combinations of a and b, where Web thickness, b, (mm)
@ 1s the average axis distance and by in | Class WA | Class WB | Class WC
the width of beam (mm)
1 2 3 4 5 6 7 8
B30 | bpn= 80 160 80 80 80
a= 15* 12*
R 60 n = 120 200 100 80 100
a= 25 12*
R 20 in = 150 250 110 100 100
a= 35 25
R 120 in = 200 300 450 500 130 120 120
a= 45 35 35 30
R 180 in = 240 400 550 600 150 150 140
a= 60 50 50 40
R 240 in = 280 500 650 700 170 170 160
a= 75 60 60 50
a3 = a + 10 mm (see note below)
For prestressed beams the increase of axis distance according to 5 2(3) should be noted.
{4 15 the distance to the side of beam for the corner bars (or tendon or wire) of beams with only one laver
of reinforcement. For values of by, greater than that given in Column 3 no increase of a3 15 required
* Normally the cover required by EN 1992-1-1 will control

innovative e entrepreneurial e global
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Table 5.8: Minimum dimensions and axis distances for simply supported one-way and two-way solid slabs

Standard Fire Minimum Dimensions (mm)
Resistance Slab One-wav Two-way spanning
thickness, /. spanning L, L,
(mm) :51.5 1.5 {Ezlﬂ
1 2 3 4 3
REI 30 G0 10# 10* 10*
REI 60 80 20 10* 15*
REI 20 100 30 15% 20
REI 120 120 40 20 23
REI 180 130 33 30 40
REI 240 175 63 40 50

[, and [ are shorter and longer span of the two-way slab
» For prestressed slabs the increase of axis distance according to 5.2(5) should be noted

The axis distance g i Column 4 and 5 for two-way slabs relate to slabs supported at all four
edges. Otherwise, they should be freated as one-way spanning slab.

* Normally the cover required by EN 1992-1-1 will control
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Example Cover Design- EC2

* Min cover regard to Bond, C,;, ;. =20 mm
* Min cover regard to Durability, C ;. p..=45 mm

* Min cover regard to Fire Resist, C;, ki
a4~ 30+10 =40 mm
Cmin= ay4-B;,-Brar /2

=40-6-(20/2)

=24 mm
* . Nominal Cover, Cnom= C_. + AC,,,
*Chnom= 45+10
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Table 3.2 — Classification of exposure conditions

Environment Exposure conditions
Mild Concrete surfaces protected against weather or aggressive conditions
Moderate Exposed concrete surfaces but sheltered from severe rain or freezing whilst wet

Concrete surfaces continuously under non-aggressive water

Concrete in contact with non-aggressive soil (see sulfate class 1 of Table 7a in
BS 5328-1:1997)

Concrete subject to condensation

Severe Concrete surfaces exposed to severe rain, alternate wetting and drying or occasional
freezing or severe condensation

Very severe | Concrete surfaces occasionally exposed to sea water spray or de-icing salts (directly or
indirectly)
Concrete surfaces exposed to corrosive fumes or severe freezing conditions whilst wet

Most severe | Concrete surfaces frequently exposed to sea water spray or de-icing salts (directly or
indirectly)
Concrete in sea water tidal zone down to 1 m below lowest low water

Abrasive® Concrete surfaces exposed to abrasive action, e.g. machinery, metal tyred vehicles or
water carrying solids

NOTE 1 For aggressive soil and water conditions see 5.3.4 of BS 5328-1:1997.
NOTE 2 For marine conditions see also BS 6349,

% For flooring see BS 8204.
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OLUNBY Concrete Cover (Durability)

Table 3.3 — Nominal cover to all reinforcement (including links) to meet durability
requirements (see NOTE 1)

o 3 P os e Dimensions in milimetres
Mild 25 20 202 202 20#
Moderate — 35 30 25 20
Severe — — 40 30 25
Very severe — — 50P 40P 30
Most severe — — — — 50
Abrasive — — — See NOTE 3 | 5ee NOTE 3
Maximum free water/cement ratio |[0.65 0.60 0.55 0.50 0.45
Minimum cement content (kg/mB) 275 300 325 350 400
Lowest grade of concrete C30 C35 C40 C45 C50

NOTE 1 This table relates to normal-weight aggregate of 20 mm nominal size. Adjustments to minimum cement contents for
ageregates other than 20 mm nominal maximum size are detailed in Table 8 of BS 5328-1:1997.

NOTE 2 Use of sulfate resisting cement conforming to BS 4027. These cements have lower resistance to chloride ion migration. If
they are used in reinforced concrete in very severe or most severe exposure conditions, the covers in Table 3.3 should be increased
by 10 mm.

NOTE 3 Cover should be not less than the nominal value corresponding to the relevant environmental category plus any allowance
for loss of cover due to abrasion.

& These covers may be reduced to 15 mm provided that the nominal maximum size of aggregate does not exceed 15 mm.

b Where concrete is subject to freezing whilst wet, air-entrainment should be used (see 5.3.3 of BS 5328-1:1997) and the strength
grade may be reduced by 5.
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UUV'SY Concrete Cover (Fire Resist.)

Table 3.4 — Nominal cover to all reinforcement (including links) to meet specified periods of
fire resistance (see NOTES 1 and 2)

Fire resistance Nominal cover
Beams® Floors Ribs Columns®
Simply Continuous Simply Continuous Simply Continuous o
supported mm supported mm supported mm
mm mm mm

0.5 20° 20P 20P 200 20P 20° 20P

1 20P 20P 20 20 20 20P 20®

1.5 20 20P 25 20 35 20 20

2 40 30 35 25 45 35 25

3 60 40 45 35 55 45 25

4 70 50 55 45 65 55 25

NOTE 1 The nominal covers given relate specifically to the minimum member dimensions given in Figure 3.2. Guidance on
increased covers necessary if smaller members are used is given in section 4 of BS 8110-2:1985.

NOTE 2 Cases that lie below the bold line require attention to the additional measures necessary to reduce the risks of spalling
(see section 4 of BS 8110-2:1985).

& For the purposes of assessing a nominal cover for beams and columns, the cover to main bars which would have been obtained
from Tables 4.2 and 4.3 of BS 8110-2:1985 has been reduced by a notional allowance for stirrups of 10 mm to cover the range 8 mm
to 12 mm (see also 3.3.6).

P These covers may be reduced to 15 mm provided that the nominal maximum size of aggregate does not exceed 15 mm

(see 3.3.1.3).
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Example Cover Design- BS8110

* Min cover regard to Durability, C ;, 4,.= 40 mm
* Min cover regard to Fire Resist, C;; gi.= 20 mm

e . Nominal Cover, Cnom= 40
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©UIM Concrete Mix Design - BRE

Designing a concrete mix consists of selecting the correct proportions of
cement, fine and coarse aggregate and water to produce concrete having
the specified properties. Sometimes additional ingredients such as ground
granulated blastfurnace slag (ggbs), pulverised-fuel ash (pfa), or admixtures,
are used. There are many properties of concrete that can be specified, eg
workability, strength, density, thermal characteristics, elastic modulus and
durability requirements. The properties most usually specified are:

* The workability of the fresh concrete
* The compressive strength at a specified age

* The durability, by means of specifying the minimum cement content and/or
the maximum free-water/

* cement ratio and, in some cases, requiring the use of selected types of
materials
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5 Flow chart of procedwres 11

Table 1 Concrete mix design form

Jobtile e

5 Stages of Design

Reference
Stage Item or calculation Values
1 1.1 Characteristic strength Specified N/mm” at .. days
Propostion defective L E 1_ Strength —_ W/C
1.2 Standard deviation g et veeee e eaeen e eensseeeeee. WP OF 0 G302 W/mm?
1.3 Margin o [T TS S - N/ Y.
e «w 2. Workability — Free water content
1.4 Targat mean strength E[E-E_E .................. H eeriiaaneen - N/mnr
1.5 Camentstrength class Spacified 42 5/52.5 3 C
1.6 Apgregate type: coarse Crushed/uncrushed " ement Content
Angregate type: fine Crushed/uncrushed
1.7 Freewates/cement ratio BE R
o Mairumios! oo jmwmeees [ 4, Total aggregate content
cement ratio
1 Shump or Vb t Spacified SR Vebe & : 1
TE S e " e e 5. Fine & coarse Aggregates
2.2 Magmum agoregate size Specified weece MM
2.3 Freewater content "Takis 31 kg
3 3.1 Comentcoment s .. - . kg
1.2 Maximumcement conlent Specified kg/m’
1.3 Minimum cement content Specified SUUNURRRURIRORN 1l i
e 3132
wsa 331> 3.9 ka/mi
3.4 Modfied free-water/cement ratio
4 4.1 Redative density of - kmowmy assumed
aggragats (55
1.2 Concrets density ki e kg
4.3 Total appregate content ] - e kg
5 5.1 Grading of fine aggregata Parcentage passing 600 Um sieve L%
5.2 Proportion of fine aggregate EF:IiE_—' %
5.3 Fine aggregate contant P T T higdm?
5.4 Coarssaggregatecontent | b e T s hgdm?
Cement Water Fine aggregate Coarse aggregate (kg)
Quantities ikl (kgorlitresy  (kg) omm T 20mm somm
L L
BT = O OSSOSO OO S U O Trlal Mlx
PEr bl OF L I e i e ooes e oo eaeees e

e i i e optioned limiing alucs Sl may b spociiod (soe Socgon 7).

CONCTT S & apresd I8 e Lks KAmeF. | MATTF = | MM m¥ = 1 MPR. (N = nostos: Pa = pescal)

‘Thee inicameracrally known fom ‘rolstse deschy Lo o i synonymaoes with pocific gravity’ and i the: ratio of tha mass of 2 grves wolume of subedance i the mass of as-couesl volume of wator.
S50 = et on i LAt ST ATy CoeCRion.
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Reference

Stage ltem or calculaticn Valuas
1 1.1 Charactesistic strength Specified 3[] M/ mm* at EB days
Proportion defective : 25 %
1.2 Standard deviation Fig 3 e NimmPornodata S NWmnr
1.3 Mamgin C1 ik - 195 j 195 : S B = 1'5 N/mnr
o
Spacified el T
1.4 Tanget mean strength cz L 3 D ..... L0160 45‘ N/ minr
1.5 Cament strength class Spacified w2552t + Fly Ash
1.6 Apgregate type: coarse Suncrushed
Apgregate bype: fine Suncrushed
1.7 Freswater/cament ratio Tabde 2, Fig 4 Gd?
sathe o alue -
1.8 Maximum freewater/ Specified L0555 were 0O-47
cement ratio
2 2.1 Slump or Vebs time Specified Shmp ... 1D_3D ........ rmim ar Vede Bme _..-"""r 5
2.2  Mammum agoregats sine Specified ED mm
2.3 Freswater content Table 3 1680 kgint®
3 3.1 Cementcoment C3 e . 047 L 340 wyw
3.2 Maximum cement content Specified ‘-r‘"f kg'm?
1.3 Mnmum cement content Specified 2 ko'm?
e E1if=3.2
usa 330 = 3.1 340 kg

1.4 Modbed frecwater/cement rato

-
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4 a1 Relstive density of anﬁﬂm
aggragate [

12 Concrete density Figs 2400
13 Towl aggregate coment Ca 2400 _ 340 _ 160 1900,

5 5.1 Grading of fime aggregate Percentage passing 600 pm sieve ?D %
5.2 Proportion of fine apgregate  Fig 6 2510 30, say 27
5.3 Fine aggregate contant { ...... 1900 ......... S 027 -| 515 kg

L5

5.4 Coarseaggregatecontent | L ... 1900 . - 515 ............. -1385 kym
Cement Water Fine aggregate Coarse aggregate [kg)

Quantities &) (kgorlires) (k) e S TR

perm’ torearestSky 00 LSS I EG .............. 5 15 .............. 4E'G Q 25 ..... ..r“""r
pertrialmizaf . O O05 m _f17:0) 18:0 25:0 . .. 23.462 _—

IaTes i i e ool I miting walues TR may b ool (o Socson 1.

Concmte Sty i cxpeessad i the units Kemer 1 AT = 1 W8 e = 1 NP2 (N = nesston: Pa = pescl )

The inlormerdonally kaown temn molstwe desshy” Leod Sorm & synormEmoe; with “pecific gravity’ aac i The ratio of Te mes of 2 grass wolume of sutedancs o the mess of asoqual volum of watar.
S50 = bersor on The: saturabod surfeco Ory cosdiion.
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R N What to consider?

)

o

Wi @™

3
§
£
.
<
2
9

%,

C30/37 & .

Moist-cured entire time

50

cylinder's strength  cube’s strength
f,=30 MPa f,=37 MPa

40 - In air after 7 days moist curing”}

55 In laboratory air entire time

20

Compressive strength, MPa
Compressive strength, 1000 psi

Age at test, days
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UM Type of Cement and
Replacement of Cement

3.2 Type and strength class of cement * Which cement to use?

Different types and strength classes of cement produce e 425 0r52.5?
concretes having different rates of strength development.
In class 52.5 Portland cements the chemical reaction
initially proceeds at a faster rate than in class 42.5

Portland cements; the effect of this on typical concretes Sulphate Resistance

_l_]_q\_/_ing_a free-water/cement ratio of 0.5 is shown in Cement:
:Table 2;If there is more appropriate information available OPC+ Fly Ash
related to local materials, this can be used instead of the
values given in Table 2. A class 42.5 sulfate-resisting OPC+ GGBS
Portland cement is assumed to have the same rate of
strength development as a class 42.5 Portland cement. OPC+ PFA
Secondary reaction in case of blended cement:

|. Portland Pozzolana cement (PPC) What happen if

~+Wate " S.H el + Ca(OH) )

(Primary gel) -
Ca(OH);.8i02 ——  C-S-H gel OPC?
(Fly ash) (Secondary gel)
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Starting line

e strength (N/mm?2)
o

What happen
if add more
water 1n
concrete mix?




© UM oisture Condition of Aggregate

MOISTURE CONDITION OF Design based SSD condition

AGGREGATES

State

) Saturated, Damp
Ovendry Air dry surface dry or wel

O © O

None Less than Equal to Greater
otential tential than
absorption  absorption  absorption

Total moisture
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5 Flow chart of procedures

11

Table 1 Concrete mix design form

Concrete Mix Design - BRE

Jobtitle
Reference
Stage ltem or calculation Values
1 1.1 Characiesistic strength Spacified .. N/mm? at
Proportion defectie -k
1.2 Standarddewiation  GFO3] 0 e, WM Or R0 e Wemnr
1.3 Mamgin
.
------------ o Good understand 1d
. ood understanding cou
1.4 Tamgetmeanstrength L0 e e N/mnr
.
S design durable concrete
1.6 Angregate type: coarse Crushed/uncrushed
Apgregate type: fine Crushed uncrushed = h- 15 =
1.7 Freswater/cament ratio hE i Wlt ln mlnutes
. i I Usa the lower value
1.6 Mazimum free-water Specified
cement ratio
2 2.1 Shump or Vebea time Specified Shmp o mm or Vebe Gme - 5
2.2 Mammumagoregate size Specified - mm
23 Freawsler content iTabis 31 . . kg/mr®
3 1.1 Cement content ity e F e = oo eeeee. R
3.2 Mazimumcement content Specified . .. kg/m?
1.3 Minimum cement content Specified - .. kg/m®
wse 3132
wse 3.3 = 3.1 kg/m?
1.4  Modfied free-water/cement ratio u
aggragate (55 =
4.2 Concrets density TH'S - hgsm?
4.3 Total aggregate conlent o rteeennrraeranns = aaaaeeeesneee = eeemeeeeseseens R . Tl o
5 5.1 Grading of fine agoregats Parcentage passng GO0 UM SIBYE oo e e oo e seenee s eeeennaeeenees T
5.2 Proportion of fine aggregate  TFiQe* OSSOSO UOUVSSOT TR PO PRI | <
5.3 Fime aggregate content I B B - kg/m?
54 Coarseapgregatecontent | b s m eeeeeeem e - hgdm? —
Cement Water Fine aggregate Coarse aggregate (ko)
Quantities {ka) {kgorlitres) (k) iomm T Emm 40mm
Ll o=
pertrial i of I e i e e e

T i i e ool imiting walues hat may ba specilod (soe: Saclion 7).

Concmie siengh & opred o the uits Rme. 1 mme = 1 BH = 1 P2 N = nostos: Pa - pescal

The enown e ‘bt deesty” s Bor: i synomymous with “specific gravity' anc is She ratio of Se mess of 2 ghes volume of subedance o e mass of asogusl volume of st
I S50 = bersod on e saburabed surisce.dry condiion.
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Factor Affecting Durability of Concrete

* Cover Design

* Concrete Mix Design

* Correct Selection of Materials
* Compaction

* Curing Process

* Quality of workmanship
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