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Alites Belites Gypsum _
(C,S) (C,S) (sulfate)(CS)

Aluminate

(C,A)

Ferrite
(C,AF)

Figure 4-14. Compounds in cement

Cement Particle




Early Stage of Hydration



Hydration Stages (25 2C)

Time

Heat

Lasts ahout
15 minutes

Early sawing

v §)« Check for
conventional sawing

Final set -+ CY« Check for early sawing

Initial set

l ---------- Strength/Stress development - - ->

- — - Hydration acceleration - ->|

Stage 2 Stage 3 Stage 4
Dormancy Hardening Cooling
Lasts about 2-4 hours Lasts about 2-4 hours

Hydration deceleration - - - - - -

Stage 5

Densification

Continues for years
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9.5mm  (3/8in.) 0
475mm  (No.4) 2
236 mm  (No.8) 13
1.18mm  (No. 16) 20
600 um  (No. 30) 20
300 um  (No. 50) 24
150 pum  (No. 100) 18
Pan Z)

Total | 100

o Jyae 283+100=2.83
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CORROSION INHIBITORS
L",SJJJi qu o 1 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 2yl gleniag Kl
* Retard moisture penetration into dry concrete

* Soaps of calcium or
e 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

ngqm JJSJ 6214 S LS\.@AJJ})S‘

(water under pressure) Decrease permeability
Latex

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
Dl g (sleia g 38 L iy s
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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SuperPlasticizer - 1%~3%c
Lignosulfonate Naphthalene Sulfonate Melamine Sulfopate

GASAS 5 ol ) s

W/C W/P+C W/Bindef 05 035 03 0.25

High-Range Water reducing <1% C



Less water to lubricate the mix

Flocculation of cement particles

SuperPlasticizer

Dispersion of cement particles

neutralize electric charges

A et T S e s
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Cement paste particles in a flocculated structure
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618 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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Supplementary cementitious materials

Si0,

AlyO4

CaQ

Alzo‘, —

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



Silica Fume

1952 — 51972 55 2 ——1987 Kl

C W Admix. | Slump| F’c
1973-1975 | 430 175 41lit |12cm| 550
1980| 400 165 olit+ [(24cm | 790
10 kg
Silica Fume




Silica Fume Microsilica ol g e

::N 7N

QUARTZ SILICON
+ OR
FERROSILICON
-+
A + ELECTRICITY = + HEAT
COAL
/
WOOD IRON CONDENSED SILICA FUME
CHIFS

Principle of the manufacture of silicon or ferrosilicon.



Raw malterials
§i0, +2C
Electrodas
Gas flow
§ B , B /

Combustion L Hood

o » Co,
5K > $i0, &
4 Al
/ : I : 4
NS0 e 8i0 condensation zone
t """""‘ | Si 'k. - -
P Lo 2+ 0% Carbide formation zone

Silicon production zane

PV O 9.9.v
0767070 % % e %! si
OOSENREESNY
SESARCS55

......... KARICICHKHX,

..........

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) -

e e ———— can_aa ]

Grey Grey White
silicon ferrosilicon ferrosilicon

Si0, 93.7 87.3 90.0
A1 O 0.6 1.0 1.0
Ca0O 0.2 0.4 0.1
Fe,O, 0.3 44 2.9
MgO 0.2 0.3 0.2
Na,O 0.2 0.2 0.9
K;O 0.5 0.6 1.3

Loss on ignition 29 0.6 1.2




&3 (o pada e 200,000, cm2/gr = b s Sae O3 e geada o
| 20,000. cm?/gr = »_ b isSla

3,000. cm?/gr = (Jsere Pl Gl Y (o geadia o

(b) %50 000

6.33 Electron microscope pictures of silica fume: (a) scanning electron
cope - naturally agglomerated silica fume particles in an as-produced
fume; (b) transmission electron microscope - dispersed individual
articles.
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Filler effect of silica fume according to H. Bache.
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g 6.36 Dense C-5-H in a silica fume concrete around an aggregate. The
gence of a transition zone between the aggregate and the paste can be
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Schematic representation of a blast furnace.

Schematic representation of the formation of fly ashe:




AIR

CARBON
COAL — *
—ee [mtguTities

——— 0,

» HEAT

» Fly ash

———— Bottom ash

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

S0 59.4 47 4 :36.2 24.0 135
Al,G; 22.4 213 17.4 18.5 5.0
FeiO; 89 6.2 6.4 17.0 3.5
Ca0 2.6 16.6 26.5 24.0 58.0
MgO 13 47 6.6 1.0 1.8
Na,C 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

- o



Plerosphere containing cenospherical particles of fly a




Typical chemical composition of some
blast-furnace slags {(Aitcin, 1968)

French slag North American slag

Si0; 29 to 36 33 to 42
A1203 13 to 19 10 to 16
Ca0O 40 to 43 36 to 45
Fe, O, < 4% 0.3 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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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
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Concrete pumping setup

Boom

Pump truck

Uses high air pressure
to force concrete ‘
through pipes and

hoses to the pour site. %

Hose man

Directs the flow
of concrete.

Pump truck operator

Responsible for the I}l .
position of the truck, = —|§= \

boom, hose and the - l | '
flow of concrete. : ‘ =

\\\ \\ : :
""" \\\ Operator uses a remote control

Ready mix truck
Supplies the pump truck
with pre-mixed
concrete.

[

box to position the boom and

—_—
Wl 5 . ———
- r| \ 4, L. ) \_
< | v control the flow of concrete.

_ ‘ Ij, & LS — Jl‘







Static Concrete Pumping



Static Concrete Pumping
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Static Concrete Pumping
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Effect of Voids in Concrete on Modulus of
Elasticity, Compressive Strength, and Flexural

Strength.
~ A © T | T | 1
3
'g 0 Flexural strength il
8 Modulus of
= s
o 40f K~ elasticity |l
o
(@)
=
8 60} —
£
S
.§ 80 |- | /
= Compressive strength
CGCJ 100 I | l | 1

0 5 10 15 20 25 30
Voids, %
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Vibrator & Engine Set
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Boan type

i Rotary Shaft

Mead Cap

Qil Seal
Universal Bearing -

Counter Spring
Oring

Case

Maca taie

The simple type without a spring
inthe vibrator head

I—Head cap

Oil seal

Bearing
Counter shaft

Countersprin

Flex.shaft

Shaft Joint

Outliner

Hose Joint(H) PLesION ShaFE

Counter Shaft Flexible Hoe

Oil Seal

Bearing
Oring






1 1/2 radius of
vibrator action

vibrator -

- formwork

\\\"‘g,‘ plastic
280 —— ‘spacers

Radius Of Vibrator Action.....

Area Of Influence

No Vibrations

_ i

hmm TOO SMALL PROPER SIZE

Correct Spacing Incorrect Spacing
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Preparation Before Placing Includes:

 Trimming the subgrade




Preparation Before Placing Includes:

* Moistening the subgrade




Preparation Before Placing Includes:

e Compacting the subgrade
















Screeding (Strikeoff)

The process of cutting off excess concrete to bring
the top surface of a slab to proper grade
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Vibratory Screeds
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4 | B Bullfloating

/ﬁ/ = To eliminate high
& and low spots and
to embed large
aggregate particles







Edging

Edging densifies and compacts concrete
next to forms where floating is less effective

Required along all edge forms,
isolation and construction joints
in floors and exterior slabs

Cut concrete away from forms
to a depth of 25 mm with a
pointed mason or margin trowel

Edging may be required after
each subsequent finishing
operation for interior slabs




Highway Straightedges
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Floating (Power or Hand)

 To embed aggregate
particles just beneath the
surface

* To remove slight
imperfections, humps, and
voids

* To compact the mortar at

the surface in preparation
for additional finishing
operations.






\
30~
hS
.




1)

by
UEEN







». |
ty
11 -
AN ten HE
-... -c.l.nA A ah_
,.“ R - |
] P CTIN 1 e T e N -
“Hupagupagopege
ufs il ‘ ~
; iHH :
o 3
-
-
ol b}
I Al.l. W———v e
THHARHE &
-1 e o
HHAHHHE




Troweling

* Creates smooth,
hard,dense surface

e Exterior concrete should
not be troweled
because:

— it can lead to a loss of
entrained air caused by

overworking the surface

— troweled surfaces can be
slippery when wet.



Brooming
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Curing and Protection

= Curing should begin immediately after
finishing — F/T exposure 7d @ 10°C min.






CUring curing requires adequate —
= Moisture
= Temperature

[= Time

N If any of these factors are
Rl e | neglected, the desired
' properties will not develop




Compressive strength, MPa
D
o

.0'
=

CiaglBa g 5 9) Jas il

Moist-cured entire time

In air after 28 days moist curing |

In air after 7 days moist curing

In laboratory air entire time

07 28

91
Age at test, days

365
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Curing Methods

1. Supply Additional Water
for Evaporation hy:

= Ponding or immersion

= Spraying or fogging

= Saturated wet coverings




Curing of Concrete by Supplying Water
for Evaporation
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Curing Methods

2. Seal in Mixing Water
.55-!,‘-‘ 033)
= Plastic sheets

S "= Membrane-forming
curing compounds




Membrane Curing of
Concrete
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Deformation

Deformation

Coantraction

Extension ()

Contraction

Stored in water

—— Stored in air

Extension )

— StOTed in water

—-— Stored in air

o Reversible
S shrinkage
7 {moisture
e /6rying movement)
2 »° shrinkage
// Irreversibie
/ shrinkage
\ Swelling
' >
‘O
Age
(a)

.
/
- ’\’/k s
”
> / /
rd

Reversible
shrinkage
{moisture
movement)

Age
(b)



Temperature within steam enclosure, "C

o)
o

N
o

N
o

o

Steam Curing

Initial concrete temp.=21°C

Steam temp. in enclosure held to 60°C,
until desired concrete strength is developed
Temp. reduced at :
20°C/hr until !
within 10°C
. : of outside air |
|
Outside air : |
at10°C Steam applied to |
| enclosure at rate of '
i l@) @ | 10t020°Clhr o
I I I
f I @ I @ I
' N I T N T T I T T N T T T T N NN N
0 5 10 15 20

Time after placing, hours



Relationship Between Strength
and Steam Curing

80

80°C max steam temperature

D
o
|

65°C

- 52°C

N
(&
|

28-day moist-cured strength

ComT;Jressive strength at 18 hours,
0

52 20 Note: Steam temperature increased
22°C/hr up to maximum
_ Type | cement
0 ] ] ] ] ] ] ]
1 3 5 7 9 11 13 15

Delay period prior to steaming, hours

17 15 13 11 9 7 5 3
Steaming period, hours
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Popouts
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Specimens subjected to 150 Cycles of

ing

Freezing and Thaw

150

':‘ C THAWING

o
[
-
W
-
w
ks
-
(v o)
o)
L% ]

CIMENS

SPEC

Non-air-entrained

N

}:‘:LL.L' N

4
o

Fs
LA

CYQ{

-cement ratio

High water

m Air-entrained

Low water-cement ratio




Cement

Without Air content With Air

5 years exposure to sulphate soil



Effect of Air Content

Cumulative mass loss, kg/m?2

on Scaling
Air content
- 29,
ASTMCe72 —* 4%

deicer scaling test

—*- 6%

OO0 - = b aa N
OO ®O

© 00
oihdhs

10

20 30
Number of cycles

40 50
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Self-Compacting Concrete

SCC
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Self-consolidating concrete can flow between and around
reinforcement without requiring vibration.
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Uses of SCC

Akashi-Kaikyo (Pearl) bridge in |
Kobe is the first large scale

construction to use SCC.
(Source: http://en.wikipedia.org/wiki)

* SCC has been successfully utilized in almost all sectors that
utilized conventional concrete: like dam, bridge, tunnel,
culverts, walls, ordinary and high rise buildings

* Proved highly beneficial for precast concrete industry

e As of 2006, SCC makes up about 5% of the Japanese
coherete-marketand-around-15%-of the-Danish-and-Swedish

markets. (Source: www.cementindustry.co.uk)
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Casting Problems with Conventional
Drilled-Shaft Concrete

y Turnpike, miscellaneous
/7 drill-shaft structure




Casting Problems with Conventional Drilled-
Shaft Concrete
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Self-Consolidating Concrete







—

Concrete

Air

Air

Air

aggregate

Mortar

Paste

aggregate

Powder

~ Coarse
aggregate

Cement

Filler

Water

Water

SP

SP

Schematic composition of SCC
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gate

2 or 3x 12 ¢ smooth bars
Gaps between bars 59 or 41mm

r = .T_“-/Relnforc1ngBars

hy L T e o _ 1
= _ T 150mm
l =i - "‘-x. hZ l
[}
200mm

Schematic of L-box
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Concrete Beams After Seven Years of Exposure
to Sulphate-Rich Wet Soil




Alkall-Silica Reaction:
“The Cancer of Concrete”










Alkali-Aggregate Reactions (AAR):

(a) Alkali-carbonate reaction (ACR)

(b) Alkali-silica reaction (ASR)




ASR
Pyramid of ASR




Alkalis
Malin cations :
Sodium (Na*)
Potassium (K*)

common sources.

Alkalis from cement
Alkalis from de-icing salts
Supplementary cementing materials
Aggregates
Others
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Molisture

Found in pore spaces in concrete

Sources:
Addition of water to concrete mixture
Molist environment/permeable concrete



Creation of alkali-silica gel



1. Siliceous aggregate in solution

H+
H,O H.O0
Caz2+
OH.-
K+
Kot hE
Caz2+
PORE Na+ iy
SOLUTION @- @i @_
0 ¢ o / o
oros 3 ) 071
e
< @/ i
~SO0—8©)
N o \@ﬁ

Na+

OH-
H.O
ALKALI
— IONS
\,\—\'

AGGREGATE




2. Surface of aggregate is attacked by OH

H+

H,0 no OH-
Ca2+
OH.
K+ 5
H
K Gt
Ca2+ ALKALI
N IONS
OH-
PORE Na+ wx
SOLUTION = @‘ OH- OH-
e 93 \ /
NE)— OB — O Y SILANOL
AMORPHOUS? ? ?\@/? @/® GROUP
SILICA -
e—9--© O/ @
IR e \
\@\ —/l_ = \ 9 @~
AGGREGATE © o © A




3. Si1lanol groups (S51-OH) on surface are broken

down by OH" into 510 molecules

Ca?+
f.0 H+ OH-
K+ HJD
ALKALI
Ca2+ \)\’\' /|ONS
PORE a+
SOLUTION B H,O
5 HO oy
i0- Ho
SiO- ‘\ ) /® ) f Sio. (
i e
\@—@—@\ 0 o ®
Y O o7 | ~
OH- ot _ @ SILANOL
“"'@*@’@ @_\ @ 5 GROUP
(0} / /Qlaf@_@ /@AMORPHOUS

Na+ \Q\@ @

OH-

AGGREGATE

SILICA




4. Released SIO- molecules attract alkali
cations in pore solution, forming an alkali-
silica gel around the aggregate.

PORE i
H+

SOLUTION Ho OH-

A ALKALI
K+ Ca?+ K+ — IONS

Na+
OH

ALKALI-SILICA = =TS OH- HO

oH. Si-0-Na \ | [
+
@/@‘@’@ 2 HO h -
ol [
Nay () /109 9 ()
@\@ @_ \ / o
OH- (o) oH- \
AMORPHOUS ()]
AGGREGATE SILICA TR A




5. Alkali-silica gel takes in water, expanding and
exerting an osmotic pressure against the
surrounding paste or aggregate.

PORE Ca2+ ALKALI
o SOLUTION K+ IONS
/
FORCE Na+
Na+ FORCE

ALKALI-SILICA
GEL

- ; I ﬁ
~ — -
Na @ @ Nl
2 @ @ AMORPHOUS
SILICA OH-

AGGREGATE




Images of ASR damage




f AGGREGATE










W 23 UEIAD 3VeI  eS53,00

wias L s 3 s Law

witliced edoucd Lol 55 (ewbl a3 Sl w 650 bulgo



(A2 pl e

éJwéﬂAJm



o S oy 3080 a5 v g0 Jolsc

aly Jaldingg slen Caley U 1y Of Spsigiesi b o Gl Sy -

anrlin Olowas jl galas .l -

Ulogw jlac Sjlu aig, -

o BAE Slde e s e lio g pusrs D] -

e jlanled ol slgo 004205 Olgy il | pulioa i Sl puang 8l Gl oalis .l -

(silowwr 9 3lgo 5 OVaje 8 Olosaw) silowws 3lgn @ ol Caswsi 03805 390720 5 SadlS -

aawlin Sl gy 5 bulerg b 0515 3358l a0l -

ki Slg gy b 2918 5 5285 Sjal Joc -



MPB:,-_:;_;UJ onglda

42

35

28

21

14

Ologw 44 o ol g Cngliie 1y i)

~ e
\\%\ \‘x
~. R
]
josa
0.4 0% 0.6 Qr

Ol & DT G5y

oLa 3&_
W/C

e‘ ==

Sl 3l ¢y g0

W/C/Ebstrength \



Typical Relationships of
Strength to W/C-Ratio

80

70 28-day strength

Moist cured cylinders

on
o

=

40

Compressive strength, MPa

I ] ] I
0.25 0.35 0.45 0.85 0.65 0.75 0.85

Water-cement ratio
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