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f, =0.55./f'. (N /mm?)
f'.=21(N/mm?) = f, =0.55v21=0.55x4.58 = 2.5(N /mm?)
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CORROSION INHIBITORS
L",SJJJi qu sy il

Commercially available corrosion inhibitors include:

calcium nitrite,

sodium nitrite,

dimethyl ethanolamine,

amines,

phosphates, and ester amines

Anodic inhibitors, such as nitrites, block the corrosion reaction of
the chloride- ions by chemically reinforcing and stabilizing the
passive protective film on the steel; this ferric oxide film is
created by the high pH environment in concrete. The

nitrite-ions cause the ferric oxide to become more stable.



Dampproofing admixtures
o b algleaing
 Retard moisture penetration into dry concrete
Soaps of calciumor -
ammonium stearate
Petroleum products -

They may, but generally do not, reduce the
permeability of concretes that have low cementing
material contents, high water-cementing materials
ratios, or a deficiency of fines in the aggregate. Their
use In well-proportioned mixes, may increase the
mixing water required and actually result in increased
rather than reduced permeability.



Permeability reducers

_ S 2580 oS (slein g Al
Decrease permeability (water under pressure)
L atex
Calcium stearate (powder)

Some supplementary cementing materials, especially

silica fume, reduce permeability through the hydration and
pozzolanic-reaction process. Other admixtures that act to
block the capillaries in concrete have been shown to be
effective

In reducing concrete corrosion in chemically aggressive
environments. Such admixtures, designed for use

In high-cementing materials content/low-water-cementing
materials ratio concretes, contain aliphatic fatty acid and an
agueous emulsion of polymeric and aromatic globules



Bonding admixtures or
Bonding agents
Db s (sleia 5 581 Ly (i e
Increase bond strength

Increase the bond strength between old and new concrete

Polyvinyl chloride,
polyvinyl acetate,
acrylics
epoxy resins (ASTM C 881)
latex (ASTM C 1059)
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High Strength Concrete

Committee 363 adopted the following definition of HSC:

In 1992,
concrete, high-strength—concrete that has a specified
compressive strength for design of (41 MPa) orgreater.

In 2001,
concrete, high-strength—concrete that has a specified
compressive strength for design of (55 MPa) or greater.
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SuperPlasticizer = 1%~3% C
Lignosulfonate —— Naphthalene Sulfonate — Melamine Sulfonate

RS 5 )l

W/C —— W/P+C — W/Binder 0.5——0.35—0.3—0.25

High-Range Water reducing <1% C



Flocculation of cement particles — Less water to lubricate the mix

SuperPlasticizer

f cement particles

ISPEISION O

neutralize electric charggs ——— D

PAAGY N AN A
S T

Cement paste particles in a flocculated structure
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6.18 Setting of Portland cement: (a) view of the beakers after 48 hours; (b)
detailed view of the volume occupied by the settled particles. W: in water; L: in
ater + water reducer; SUP: in water + superplasticizer.
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Figure 4-14. Compounds in cement

Cement Particle
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Supplementary cementitious materials

Si0,

Al 05

Al,O, —

Representation of the principal cementitious materials in a 5i0;—
Ca0—AlLO; ternary diagram.



Silica Fume

1952 — 1972 555 —— 1987 S xl

C W Admix. | Slump| F’c
1973-19751 430 175 41lit |12cm| 550
1980| 400 165 olit+ |[24cm| 790
10 kg
Silica Fume




Silica Fume Microsilica ol 9 S

::N 7N

QUARTZ sn.lcon

+ FERROSILICON
+
A + ELECTRICITY = + HEAT
COAL
+
oV
gggg IRON CONDENSED SILICA FUME

Principle of the manufacture of silicon or ferrosilicon.
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SiQ condensation zone

Carbids formation zone

Silicon production zane

Chernical reactions taking place in the reaction zone of a furnace.
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Typical chemical composition of some silica
fumes (after Aitcin, 1983}

n - —— -

Grey Grey White
silicon ferrosilicon ferrosilicon

Si0, 93.7 87.3 90.0
A1, O 0.6 1.0 1.0
CaO 0.2 0.4 0.1
Fe O, 0.3 44 2.9
MgO 0.2 0.3 0.2
N azO 0.2 0.2 0.9
K;O 0.5 0.6 1.3

Loss on ignition 259 0.6 1.2

et A e W
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(b) X50 000

g. 6,33 Electron microscope pictures of silica fume: (a) scanning electron
icroscope — naturally agglomerated silica fume particles in an as-produced
fume; (b) transmission electron microscope - dispersed individual
icles.
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Fly Ash - L
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Precipitators
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Bottom ash
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Fig. 6.44 Schematic representation of the formation of fly ash
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Schematic representation of the tormation of fly ashes.




Typical chemical composition of some fly ashes (Altcin ¢t al., 1986).
Reproduced by permission of ACI

Class F Class F Class C Sulfocalcic  Sulfocalcic

5i0Cn 59.4 47 .4 :36.2 24.0 135
Al,C; 22.4 21.3 17.4 18.5 5.3
Fe.O; 89 6.2 6.4 17.0 3.5
Ca0 2.6 16.6 26.5 24.0 55.0
MgO 13 47 6.6 1.0 1.8
Na.,O equivalent 2.2 0.4 2.2 0.8 -
50, 2.4 15 2.8 8.0 15.1
Loss on ignition 2.0 1.5 0.6 ~ -
Si02 + Ale; -+ FEzO:;. 907 74.9 60.0 593 22.5
Free lime - - - - 28.0

v ol



Fig. 6.47 Plerosphere containing cenospherical particles of fly ash.




Blast Furnace Slag

BLAST
FURNACE

L - oy

&! Liquid pig iron

Fig. 5.37 Schematic representation of a blast furnace.

SLAG




Typical chemical composition of some

blast-furnace slags (Aitcin, 1968)

French slag North American slag

Si0, 29 to 36 33 to 42
Al;O, 13 to 19 10 to 16
Ca0 40 to 43 36 to 45
Fe,O, < 4% 03 to 20
MgO < 6% 3 to 12

S < 1.5%




Fig. 6.39 Air-cooled or crystallized slag under polarized light in an optica
microscope. The white prismatic crystals are melilite.
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Committee 363 adopted the following definition of HSC:

In 1992,
concrete, high-strength—concrete that has a specified
compressive strength for design of (41 MPa) orgreater.

In 2001,
concrete, high-strength—concrete that has a specified
compressive strength for design of (55 MPa) or greater.
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Matrix 1-g

1-g B

e —
(a) Composite hard:

E=(1-g) xE, + g X E,

Modeis for: (a) composite hard, and (b) composite soft materials



Composite materials

for a composite hard material -
E=(1-g)E.+8E;
and for a composite soft material
-[18 g.]“
o

where E = modulus of elasticity of the composite material,
E,,, modulus of elasticity of the matrix phase,
= modulus of elasticity of the particle phase, and
g fractional volume of the particles.



Factors influencing the modulus of elasticity

-strength? —p EA
-moisture condition of the specimen

moisture A Eystrength\ but: E /

-properties of aggregates

-age of concrete: soft matrix = hard matrix

age ! —» strength/ but: E//

57,000 ".uf_ Ibfin” in USCS units

ATOONF, MPain Slunits  oloeme G 4mid) Jsoe



Relationship between compressive strength and modulus of elasticity of
High-Strength Concrete

. Table 1.
T. Noguchi
University of Tokvo, Japan
Aggregate k1
K. M. Nemati River Gravel 1.005
University of Washington, Seattle, Washington, USA
(Currently JSPS Fellow at the University of Tokvo, Japan) Crushed Graywacke 1.002
Crushed Quartzitic Aggregate 0.931
2 1/3 Crushed Limestone 1.207
E =kk,-335x10*(y/2.4)’ (55 /60) :
] ' ) Crushed Andesite 0.902
1S bqsed on 60 MPa, a typical compress%ve st.rength Crashed Basalt 0.022
of high-strength concrete, and uses a unit weight of T 0008
2.4, which leads to the compressive strength of 60  Crushed Clayslate .
MPa. Crushed Cobbel Stone 0.955
Blast—furnace Slag 0.987
Calcined Bauxite 1.163
Lightweight Coarse Aggregate 1.035
Table 2. Lightweight Fine and Coarse Aggregate  0.989
I.:1 Lithological Type of Crarse Aggregate
120 Crashed Limestone, Calcined Bauxite
095  Crashed Quanzic Aggregate, Crushed Andesite, Crushed Basalt, Crashed Clayshite, Crushed Cobbel Sione
1.00  Coearse Aggregate Other Than the Abowe




Table 3.

Coarse Aggregate Silica Fume E aﬂlﬂgﬁxe u--u'lllﬁellJ Fly Ash
<10%  10-20% 20-30% <30% 0%«
River Gravel 1045 0995 0818 1047 1.118 - 1110
Crushed Graywacke L5961 0949 0923 L9 TREE il nux7 -
Crushed CQuartzitic Aggregate 0.957 0956 - 0.942 0.961 - -
Crushed Limestoae 0.1358 %13 - - - - -
Crushed Andesite - L2 0959 - - - -
Crushed Basalt - - - - = = LORT
Culined Buuaiis - 0942 - - - - -
Lightweight Coarse Aggregate 1.026 - - - - - -
Lightweight Fine and Coarse Aggregate 1.143 - - = - - -
Table 4.
k, Type of Addition
0.95 Silica Fume , Ground Glinulated Blast-furnace Slag , Fly Ash Fume

1.10

Fly Ash

1.0}

Addinon Ctker Than the Above




STEP 1

STEP 2

STEF 3

STEP 4

W/B selection

Waler content

Superplasticizer
dosuge

Coarse aggregate

content

$

: 4

Binder content

t
!

F 3

L 2

Sand content

¥

Trial batch

F 3

Air content

Adjustments

Change the

Strength

Final
composition

W/B ratia

Flow chart of the proposed mix design method.
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Fig. 8.9 Proposed W/B vs compressive strength relationship.
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Marsh flow time test

- Flow time in seconds

Table 7.1 Different classes of high-performance concrete

Compressive strength (MPa) 50 75 100 125 150
High-performance concrete class I 1 I v v

it

. .. W/C =0.35
time after mixing
60 min T =22°C
170
150 -
: Saturation point: Any increase in the dosage
130 | of superplasticizer has no
] effect on the rheology of
110 : grout
g0 T
70
50 T T T T T T T ] T T + J . b

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

Superplasticizer dosage (as a percentage of cement mass)

Fig. 7.9 Flow time as a function of the superplasticizer dosage.



Saturation point 0.6 0.8 1.0 1.2 1.4  percent

| : | i
| 3 I !

120 to 125 10 135 to 145 to 15510 3
Waleridosupe 125 135 145 155 65 LM

Fig. 8.10 Determination of the minimum water dosage.



Coarse
aggregate  kg/m?®

dosage
950 1000 1050 1180 1150
ot AVERAGE CUBIC ROUNDED
Particle
shape

Fig. 8.11 Coarse aggregate content.



Proposed method
Sample calculation

100 MPa concrete

¢ a Type I Portland cement;
* a naphthalene-type superplasticizer

total solids content of 40%
specific gravity of 1.21

¢ a dolomitic limestone
D sz = 10 mm Gssp = 2.80 Waps = 0.8;/0 Weot

shape particles between average and cubic

0%,

¢ a siliceous natural sand

CSSD = 2.65 Waps = 1.2% Wi = 3.5%



¢ silica fume )
specific gravity is 2.20
10% replacement (of total cementitious material)

s the dosage of solids superplasticizer at the saturation point is 1.0%.

Calculations

Water/binder ratio
Figure 8.9 100 MPa water/binder between 0.25 and 0.30
let us write 0.27 in box 1

Water content
Figure 8.10 saturation point 1.0% water dosage between 135 and 1451/m’

Let us write 1401/m’ in box 2.



Binder content

140

B = 037~ 0185kg  Letus round that value to 520 kg/m’ (box 3)

10% silica fume, i.e. 52kg  50kg round numbers (box 4-2).
cement content 520 — 50 = 470 kg/m’ (box 4-1).
Figure 811 content of coarse aggregate 1075kg/m> box 5.

assume a 1.5% volume of entrapped air (box 6)



saturation point value dosage ot superplasticizer 1% (box 7)

Mz 520 X {1 /100) =52kg round 50 (boxE and 15)

Vig  52/[(40/100) X 1.21] = 10.741/m*> round 10.7 (box F and 24)

Vw 10.74 X 1.21 X (100 — 40)/100 = 7.8 I/m®> write 80 box G and 21

Vi 1074 —7.80=2941/m° round 3.01/m’ box H and 11



470

volume of the cement i 149.71/m®  write 150 in box 8-1
.. 50 p : :
volume of silica fume T 2271/m write 23 in box 8-2

volume of coarse aggregate % = 383.91/m> write 384 in box 9



volume of entrapped air 15X 10=151/m’  write 15 in box 10

volume of solids in the superplasticizer 3.0 box 11 already

~column 2
140 + 150+ 23+ 384 + 15+ 3 =715 in box 12

volume of the sand 1000 — 715 =2851/m°  box 13
SSD mass of the sand 285 X 2.65 = 755kg/m’  box 14

unit mass of concrete

140 + 470 + 50 + 1075 + 755 + 5 = 2495 kg/m>  box 16



—

aggregates
water corrections —

superplasticizer

—

coarse aggregate is dry M, = 1075[1 — (0.8/100)] = 1066 kg  (box 17).
water absorb 1075 — 1066 = 9 kg +9 box18
fine aggregate is wet  w; = 2.3%.

23
M;=755{1+—| =772k :
1 ( lm) bt ‘box 19

water bring 772 — 755 = 17 1/m° — 17 box 20



water content correction
column 4 +9 —17 - 8 = — 161/m’ — 16 .box 22

mixing water 140 — 16 = 1241/m>  (box 23}

specimens are needed:

e 3 100 X 200 mm cylinders for tests at 1, 7, 28 and 91 days in
compression;

e 3 150 X 300 mm cylinders for tests at 28 days in compression;

e 3 150 X 300 mm cylinders for tests for elastic modulus at 28 days;

e 3100 X 100 X 400 mm beams for tests for modulus of rupture at 7 and
28 days, plus one spare for a total of 7.

slump test air content test unit mass test



a 100 X 200 mm specimen weighs about 4 kg;

a 150 X 300 mm specimen weighs about 13 kg;

a 100 X 100 X 400 mm prism weighs about 10 kg;
an air test needs 15 kg;

10% extra materials to compensate for losses:

Specimen Air  Total
100 X 200 mm 150 X 300mm 100 X 100
X 400 mm
Number 12 6 7 1
Mass needed (kg) 48 78 70 15 21
loss of 10% mix 232 kg 232 /2495 = 0.093 of a cubic metre

0.093 multiplied by column 5



trial batch:

Mixing water 124 X 0.093 = 11.53 - 11.5 box 25
Cement 470 X 0.093 = 43.7 kg box 26-1
Silica fume 50 X 0.093 = 4.7 kg box 26-2

Coarse aggregate 1066 X 0.093 =99.1kg —» 99 kg box27
Fine aggregate 772 X 0.093 = 71.80 kg — 72 kg box 28
Superplasticizer  10.7 X 0.093 =0.9951 - 11 box 29

11.5 + 43.7 + 4.7 + 99 + 72 = 230.9 = 231 kg



Reference: Sample calculation MIX DESIGN SHEET
Comp. Strength: 100 MPa
%
Tabis A G, % Aggregate Gssp |  Wabe Wit Wh
Cement 314 90 Coarse 2.80 0.8 0.0 Y
SF. 2.2 10 Fine 2.85 12 35 2.3
Wiy = Wiot * Waps M:Msso (1+w)
SUPERPLASTICIZER _ g M, T o)V Ve
M= 100 Vi 10 (v Vi e (R {5 )
w " 100 ]
Spo(c. gravity | Solids dosage iy E 54 e E i G
s (%
?’:’ = ) g 10.7 8.0 3.0

Fig. 813 Sample mix calculation.




1 I 2 5 8
m
- Content Volume Composaion
TERIALS kg/m? m3 { me Trial batch
“I2 2 25
WATER 1 140 - 140 124 1.5
W
- Bt O a1 81 28-1
CEMENT i g N0 150 470 47
a2 22 262
SILICAFUME | s20 | 80 23 50 47
e 53 263
COARSE
AGGREGATE 304
FINE
AGGREGATE 286
AIR 15
7 1"
T Y
5'2 18 22
TOTAL 1 72s 2495 231




Other Mix design Methods

ACI 363 Committee on high-strength concrete:

Stepl)Slump and required strength selection

Step2)Selection of the maximum size of the coarse aggregate
(MSA)

Step3)Selection of coarse aggregate content
Step4)Estimation of free water and air content
Step5)Selection of W/B ratio

Step6)Cement content

Step7)First trial mixture with cement

Step8)Other trial mixture with partial cement replacements
Step9)Trial batches



De Larrard Method

~ Kg X R,
fe= - 3.1 X w/c ]2
1.4 — 0.4 exp( — 11 s/)

f. = the compressive strength of concrete cylinders at 28 days;
w, ¢, s = the mass of water, cement and silica fume for a unit volume of
fresh concrete, respectively;
K¢ = a parameter depending on the aggregate type (a value of 491
applies to common river gravels);
R, = the strength of cement at 28 days (e.g. the strength of IS0
mortar containing three parts of sand for each part of cement
and one-half part of water).



size d; > d; + 1

R e L e R ey
’? ??0 (D1+‘“(Dn+(bg (D2+“'(Dn+(bg (D,,"'(I)U

®; = the volume occupied by the i-class in a unit volume of mix;

@, = the volume of water;

#o = the viscosity of water;

H = a function representing the variation of the relative viscosity of
a monodispersed suspension as a function of its solid
concentration.




Mehta and Aitcin simplified method

Stepl)Strength determination
Step2)Water content

Step3)Selection of the binder
Step4)Selection of aggregate content
Step5)Bacth weight calculation
Step6)Superplasticizer content
Step7)Moisture adjustment
Step8)Adjustment of trial batch




