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Self-Compacting Concrete
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Table A.1 — Slump-Flow classes

Class Slump-flow in mm
SF1 550 to 650
SF2 660 to 750
SF3 760 to 850
Table A.2 —Viscosity classes
Class Tso0, S VAfunnel time in s
VS1/ VF1 <=2 =8
VS52/ VF2 =2 Sto 25

Table A.3 — Passing ability classes (L-box)

Class Passing ability
PA1 = 0,80 with 2 rebars
PA2 = 0,80 with 3 rebars




Typical Mixture Proportioning Values Suggested by EFNARC (2001)

Parameter Typical Values
Water/powder (volume) 0.80-1.10
Total powder content 160-240 I/'m’
Coarse aggregate volume 28-35%
Water content <200 I'm’

Limited Gravel Comem|

Appropriate Mortar

— Limited Sand Content  ——— 40% of mortar volume |

— Proper Deformability
1 higher dosage of S
e Proper Viscosity lower W/P

Rational mix Design Proposed by Okamura and Ozawa

Empirical mixture proportioning methods for SCC

. . | MaxCA Maximum proportion of |Paste composition ;
Proposed by | o 3 i i i Remarks
volume ratio| sand in mortar, percent (w/p ratio)
Okamura and 40 Mortar flow and V-[  Originally developed using
0.5 e o 5
Ozawa (empirical) funnel tests moderate heat or belite rich cement
Derﬁt'um1ed bY X_i-ﬁnmel.test Mortar flow and V-[ Enables determination of stress
Edamatsu et al. 0.5 using standardised coarse 20, S )
= funnel tests transferability of mortar
aggregate
EENARC 05—0.6 40— 50_ percent Mortar flow and V-[ Allows 1no‘re freedom in coarse
(empirical) funnel tests aggregate content

Typical Powder Contents of SCC Tapes Based on JSCE Recommendations (1999)

Parameter Powder Content | Mass™ {kgfma} Mass™ {Ibe’}'ﬂ’]
Powder-Type 16-19% 500-600 850-1000
VMA-Type 9.5-16% 300-500 500-850
Combination-Tvpe >13% =410 =690

*Based on portland cement only

Limiting coarse Adding super- Reducing water-powder
aggregates plasticiser ratio

Deformability Flowability

T Segregation resistance

ation resistance Liquid limit

o
=

Deformability

Passing ability ‘ Segregation resistance

Mechanisms of achieving self—compactability.f increases, *decreases



S.C.C oo b7 pllae polin o iy,

b 33 LB qele
Falil Sl led -y 3 LY
max min
800 650 NS g CuliB mm Vsl O3 2> 1
5 2 TN g CulB sec TS0cm ;o bl 2
10 0 J9s CauliB mm J al- 3
12 6 SN CubB sec JesV g 4
3 0 S 41 Sl sec TSmin ;o 1V i3 5
30 0 198 Sl mm (h2-h1) 15U wax 6
100 80 I3 CuliB (h2/h1) sl anx 7

Ingredients (For 1 m? of concrete) mm

Water, kg

Portland cement, kg

Fly ash, kg

Ground granulated blast

furnace slag, kg

Silica fume, kg

Limestone powder, kg

Fine aggregate, kg

Coarse aggregate, kg

Superplasticizer, kg

Viscosity modifying admixture, kg

Total weight, kg

Slump flow test, dia (mm)

Other
cementitious
and filler
materials

175
530
70

751
789
9

0
2324
625

Testing methods and limiting test values for SCC

190
280
0
0

0

245

865

750

4.2

0

2334
600-750

Property Test method Material Recommended values
Flowability / Slump flow Concrete 650 — 800 mm
Filling ability Average flow diameter
V — funnel Concrete 6—12 sec
Time for emptying of funnel
Passing ability L —box Concrete 08-1.0
Ratio of heights at the beginning and end of flow
J - ring Concrete 0— 10 mm
Difference in heights at beginning and end of flow




Proportioning for SCC Workability

Property Aggregate Paste Volume Paste Composition
Improve shape and angularity |Ensure sufficient minimum
Filli to reduce interparticle friction. |paste volume to fill voids Ensure viscosity is not too high (sticky)
Albijllilri use finer grading to reducle berweelll aggregates allldl or too low (instabilirly): increase
harshness or coarser grading |reduce interparticle friction HRWRA dosage to increase slump flow
to reduce viscosity between aggregates
Reduce amount of larger
particles by reducing Increase paste volume to
Passing |coarseness of grading or reduce aggregate volume and |Reduce paste viscosity or increase
Ability  |maximum aggregate size. interparticle friction between |HRWRA dosage to increase slump flow
improve shape and angularity |aggregates
to reduce interparticle friction
Use more uniform grading Ensure paste viscosity not too high or
e . |(avoid gap gradings). reduce too low. reduce slump flow (lower
Segregation i i oo
Résis}allce coar.‘lseness of aggregate Increase paste volume HRWBA dosage). optimize workability
grading or maximum retention (accelerate loss of slump flow
aggregate size in formwork), use VMA

Suggested Target Properties and Specification for SCC Workability for Precast Concrete

General Guidelines Specification Requirements
(ot for Specifications) Mixture Qualification Production QC
Appropniate for members with light or no
21-24 |reinforcement, short lateral flow distances. ||24-30 in_ at the expected | 24-30 i at the time of
or high placement energy time of placement placement
Slump Flow| 24-27 [Ideal for most applications (lower slump flows (lower slump flows
(in.) Appropriate for members with highly pernussible in lightly permissible in lightly
27-30 |congested reinforcement, long lateral flow reinforced or reinforced or
distances, or low placement energy unremforced members) | unreinforced members)
30-33 [Possible, but a high nisk of segregation
<2 |Poor stability
2.7 Acceptable, should not vary over range of T A —_— o feenned tone
Tsp (3) 3 5 between batches ? : ; :
- Possible if needed due to limits on hardened gracxitaion) orenfation)
' properties; may reduce placeability
0.5 Appropriate for members with highly <0.5 for highly
. " |congested remforcement congested reinforcement
J-Ring 3 ; b
i 0.5- |Appropriate for members with moderately <1.0 for moderately
Ahesght 1.0 |congested reinfi t ted reinfi t Hone
; ¢ gested reinforcemen congested reinforcemen
(in) 1.0 Appropriate for unremnforced or lightly None for unreinforced
" |reinforced members or light reinforcement
e P.::: 5 ]—lIighl}* segre galt_iou resistant
T 5-10 |Segregation resistant <150, N
Segr[?}%;hon 10-15 |Borderline segregation resistant Lok S
i =15 |Not segregation resistant
Target Workability Properties
Property Test Method Requirement
Filling Achieve a slump ﬂo_w of 28_-30 inches with V. SIE’}.O and
Abili 6 Slump Flow 3 !?*::ITmﬂi. 7 s: maintain a 23-inch slump flow 20 minutes after
MIXIg.
Passing IR For an AASHTO Type IV beam. strands ~1.5-inch clear spacing.
Ability ne J-Ring AH<0.50 inches
Segregation s . |Exhibit minimal segregation and top bar effect. Static
; Column Segregation et 2
Resistance i segregation=15%.
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The Role of Superplasticizer

Segregation resistance
Adding

1 h____sﬂ:erplastlclzer
®

Deformability

Al

Viscosity

Adding Water

Flowability

Superplasticizer can increase flowability
B2 with slight decrease of viscosity.

High viscosity, ine Tow viscosity,

in viscasity

Flow time through tapered outlet of V-funncl

Jimited deformability segregation and blockage
>

Slump flow (increase in W/CM, fixed HRWR dosage)

Combination of the most Suitable WI/C, and
Superplasticizer-Powder Ratio (Sp/P)

Effects of superplasticizer. (Okamura)

Amount of Fine Aggregate

Concrate

Ranking
Self-compactability

50% of Solid Voluma 40% of mortar volume.

Water-Powder Ratio W/C

Superplasticizer-Powder Ratio Sp/P

Proper fine aggregate content for SCC
as recommended by Okamura.

Optimum combination of superplasticizer
and w/c ratio. (Okamura)

(VSI) 5 mll gl by
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Visual Stability Index Ratings (ASTM C 1611)

VSI

Criteria

0 = Highly Stable

No evidence of segregation or bleeding.

1 = Stable

No evidence of segregation and slight bleeding observed as a sheen on
the concrete mass.

2 = Unstable

A slight mortar halo <0.5 in. (€10 mm) and/or aggregate pile in the
center of the conerete mass.

3 = Highly Unstable

Clearly segregating by evidence of a large mortar halo =0.5 in. (=10
mm) and/or a large aggregate pile in the center of the concrete mass.




Visual Block Index Ratings (Daczko

2003)

VBI

Description

No evidence of blocking resulting in a pile of coarse aggregate in the middle of
the patty and no evidence of bleed streaking behind the rebar obstacles.

bleed streaking behind the rebar obstacles.

A slight pile of coarse aggregate in the middle of the patty and slight evidence of

[ B

streaking.

A clear pile of coarse aggregate in the middle of the patty and significant bleed

a significant decrease in flow value.

Significant blocking of aggregate behind the rebar obstacles, will usually result in

Factors affecting requiremeats of paste for SCC

Agg. volume || - Size distribution & shape of Surface Density
(or paste aggregates property of paste
volume, V) - Ratio between fine and coarse of agg. & agg.

Void content of Average aggregate

aggregates (Vo) | | diameter (Dy)

Aggregate Spacing (D) = RVy, Vaids Duv, Vo)
{based on void-surface area theories)
l 2 4

Paste rheology models as functions of D & D,y
for individual round/crushed sggregate

Cement (e
Water
Cement O-\
Water

Binder O
Water

Powder O

Fine Aggregate O

Powder

oarse Aggregate O

Powder

Fly ash O ]

Binder
MS

Binder O d

SP

SP = Super Plasticizer
VMA = Viscosity Modilying Admixture
MS = Micro Silica

Powder

Input layer

(S1iast o Bl 2 b 055 kg 1y s S5 )

Neural network structure for SCC and HPC



Maximum surface settlement < 0.5%
Static stability | Column segregation index (Iseg) < 5%
Percent static segregation (S) < 15

vane device)

Plastic viscosity < 0.073 psi.s (500 Pa.s)
Viscosity (Modified Tattersall two-point rheometer with

Mechanical

properties (similar curing conditions)

Core-to-cylinder compressive strength > 90%

Bond strength modification factor < 1.4

u.iaﬂ.lﬂ}bmd.))j.\'c_«ﬂubé‘j

SR Bl a4 o 48 D)3 02 28-32%
O o sk e (Paste) .= = 34-40%
R s ame s (Mortar) ool pams 68-72%
wi/C 0.32-0.45
(5l 350 llde 385-475 kg/m?3
b wiged A%
Suas] ol oHEY 22,
BNC Soems &l 55 )
RNC s (& perd o Y
sp 25 b S reses v
SL oY L S enss ¥
SM_12 ks Sen IV L oS | fades o 0
SLM_8 kg Sen TA 5 SV L oS meses 4
SLM_12 ks S TNY 5 WSOV L o5 ene 5 v
SLMP s ok Sl g ks See 1A 5 LSSV L oS feas A
] Mixture Proportions (Ib/yd”) HRWRA Slump . Ain
D Notes c ¢ | Fme s | ‘o Fi Water - Flow |Content
emen v As oarse ine ater (oz/cwt) (inches) (%)
1 | Cement only 710.0 00| 1776.1| 1266.8| 248.5 13.0 26.5 2.0
2 [30% treated fly ash 490.0| 2100 1751.1| 1249.0| 245.0 9.5 27.5 8.0
3 |30% untreated fly ash 490.0|  210.0 1751.1| 1249.0| 245.0 10 29.0 1.9
30% sh:
4. |SooRimated Dy 4705 201.7| 1681.5| 1199.4| 3024 = = 27
higher w/cm

HR-C used in mixtures 1-3

Comparison of Effects of Fly Ash on Air Content
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— Low coarse aggregate (CA) content.

— High cement content (typically).

— Cement replacement with fly ash or slag cement.
— High range water reducer and plasticizers.

— Viscosity Modifying Admixture (VMA)

Mechanical properties

[ Shear strength ]

[ Interlock - d_ ] [ ITZ quality ] [ Bond ]

Influence limited Influence significant Influence limited

= 23% Around 8% +2%

Estimated energy saving

Current production
method

Mixing Energy 0.4 GWh 0.6 GWh
Transport Energy 0.2 GWh 0.042 GWh
Compaction Energy 1.0 GWh 0.0 GWh
Finishing Energy Neglected Neglected
Total Energy 1.6 GWh 0.642 GWh

Energy saving: about 60% of actual energy consumption
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1.8

1.6 4 B Compaction energy
i.4 = Transport energy
= g 4 Mixing energy
3
= 4
e
T 0.8
w
0.6 = | bI=—--——1
0.4 -
0.2 1
(o] T )
Current production method Pumping SCC

Energy demand for producing and placing concrete

Cenglie p o
Yield strass
.
Normal
concrete
High-strength
concrete
& Flowing
concrete
(5)1" L."*"‘*' Self-compacting
rete
d‘-‘-j"‘bl'-; @_}35_.44.13 Rheology of several types of concrete Fionse:vincouly
Concrete Rheology
3" slump ! Less paste
ST o Conventional full flow concrete Yield stress

w [[4 - /

i i \ Less water

i | o

o 1

g i i T N \\‘Mm paste

o, [ * =) Self Compacting More o

- I T Caoncrete water o
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Water-like Viscnsiiy {Pa 5} Haney-like General effects of concrete constituents on the Bingham parameters
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Limiting values for SCC

Gas (Oxygen) permeability

RCPT (Charge passed)
RCMT

Water absorption
Sorptivity

Water Penetration (depth)

Accelerated Carbonation Test

ol ples Ay tny®
) e ke A

o b Ay

g5 gles amijafnny®

algs gl gl e
LR R e
A dghe®

2liy ot Aatenny®
ej e gyl A
I_’!'_l_'u agda®

[ L

“fA 3 a5

A3 s

sl il
T50 oiid sl

) ails

L apas

Vs

0.3t00.6 x 10 12m?
100 to1000 coulombs
5tol5 x 10 2 m?¥/s
4106 %

0.06 to 0.12 mm/min®3

5to 10 mm

The Role of Superplasticizer

Adding
l---..‘_ﬁﬁ_lipsrpinllchar

Adding Water

Flowabllity

5to 10 mm

Effect of superplasticizer on viscosity (Okamura, 1997)

| Bleeding

7~ without VMA </ with YMA
\_ = segregation = homogeneity

VMA
molecules

Effects of the Viscosity Modifying Admixture on the

Stability and Homogeneity of the concrete

Examples of Water-Soluble Polymers Used as VMA (Khayat 1998)

Natural Semi-Svnthetic Synthetic
® starches ® decomposed starch and its ® polymers based on ethylene
& guar gum derivatives o polyethylene oxide
* locust bean gum o cellulose-ether derivatives o polyacrylamide
e alginates o hydroxypropyl methyl o polyacrylate
® agar cellulose (HPMC) * polymers based on vinyl
* gum arabic o hydroxyethyl cellulose o polyvinyl alcohol
* welan gum (HEC)
e xanthan gum o carboxy methyl cellulose
* rhamsan gum (CMC)
* gellan gum * eleclro.lytes 2
® plant protein o sucenleiinge .

* propyleneglycol alginate




fixed sand volume method <ol auls o> g, -V 5l Conl & le o LMWS = )b sl
Parametric  _lole acwl=e g, — Y  Full calculation method  JolS aculxe oy, -V

ovg, —0 aggregate surface area method goi ails daw cluws o9, Y calculation method

factorial 35,56 ,56 wlalp >l b9, -# simple mix design cslw >l,b LYW ~,b
orthogonal test jisle;l g, -V design method

Selection of materials
Mix design

Filling of formwork
Hydration process

™\ Durability

Mechanical behaviour

Mechanism for achieving Self compactability

Reduction of o o Addition of Usage of
water to binder coarse agg. mineral Super
i content & max. Soabalegt plasticizer &
size VMA*

| L

| Lo

High segregation : _
resistance of mortar & +————— Hfuz?f;lmhﬂﬂr of
concrete crete
| |
!
Self compactability

Viscosity Modifying Agent (VMA)



(a) Fine Limestone powder
Additives used in the mixture.

A <

(¢) Silica fume ' (d) Raw ri'ce husi{ ash |

e Limited aggregate content (coarse aggregate 50% of the
concrete volume and sand
40% of the mortar volume
Low water/powder ratio and
Use of higher dosage of super-plasticizer

High Deformabilty of the
maortar and the concrete

' Self Compactability

High Segregation Resistance
of the mortar and the concrete

Limitation of the coarse
aggregate content Vg

Usage of
Supermplasticizer

Reduction of the Water-
Powder-Ratio {(wip)

Basic Principles for the Production of SCC

Limited Gravel Content

Appropriate Mortar J

A rational mix-proportioning method



tana=n / /

T

Bingham model

T=T+7xm

Scherspannung/shear stress T [Pa)]

Schergeschwindigkeit ¥ [s7']
rate of shear y[s7']

Bingham model for describing the deformation behaviour
of suspensions with the parameters of yield value t, and viscosity n

7 O

J DFRCC
HPFRCC
Ductal
I ECC

SIFCON SIMCON
-
Concrete,
Mortar,
IK FRC. FRM ’/ Coemert
\ — FRCC

It

Classification of cement Composites

Cementitious Material

silica + aggregates CEMENT CEMENT PASTE
N ‘ / SN O Correr PASTE WITH SUPERPLASTICIZER RERPASIR
=
coment | gy DSP | (. steel fibers) .“ ‘ |
.a 2 [ Tiber-reinforced DSP
=] " [ PASTE J¢ WIS o
L4 ey ®

t S - »e ®

superplasticizer Reactive Powdar Concrate
+ fibers (also fiber-reinforced)
CEMENT ULTRA-FINE
s . | T s PARTICLES
Principle of UHPFRC Mechanism of DSP (SILICA FUME]

Cament pasticles

Method of deflocculation and water liberation with use of Super-plasticiser,



T -Shear resistance
of Mortar

Coarse @
aggregate

geregate @ & @
Forces acting on the coarse aggregate

B t)
‘;' ., &

Obstructions

Aggregate arch blocking the passing ability in SCC

Prooerties of concrete
= Strength

Elasticity

Cracking

Shrinkage cracking

Tension cracking

Special Concretes

« High Strength or High Performance Concrete
 Fibre Reinforced Concrete

« Lightweight Concrete

« Shotcrete

« Self Compacting Concrete

Deterioration due to Physical Effects

» Frost (Freeze-Thaw) Attack
» Fire Damage
« Thermal Cycles

» Shrinkage Stresses



Increasing the Durability of Concrete
« Proper mix design

- Reduction of cracking

« Optimum cover thickness
- Adequate compaction and curing
« Quality of construction
- Correct maintenance

Chemical composition of the pozzolanic additions (%)

Composition Silica fume (SF) | Ground Fly ash (FA) Clinoptilolite
(%) granulated type zeolite
blast furnace (CZ)
slag (GGBFS)
S10, 95.24 41.24 52.15 71.42
Fe,0; 1.95 0.28 7.69 2.73
ALOs 0.34 36.37 22.60 12.61
CaO 0.58 1.30 7.02 2.73
MgO 0.56 9.83 1.89 0.67
Na,O 0.37 0.41 1.05 0.53
K,0 1.64 0.79 3.24 4.13
Preparing the mix composition of the reference mortar
Mix composition: Reference More robust Concrete Concrete
concrete mix concrete mix equivalent equivalent
(conl) (con2) mortar of mortar of
(eqml) (eqm2)
Sand 0/5 [kg/m?*] 910 853 1313 1221
Gravel 2/8 [kg/m?] 280 263 0 0
Gravel 8/16 [kg/m?] 462 434 0 0
CEM I52.5 N [kg/m?] 300 300 416 413
Limestone filler [kg/m?] 225 300 312 413
Water [kg/m’] 165 165 229 227
PCE superplasticizer [ml/m?] | 2.5 3.5 3.47 4.81
The mix composition of the mixes with pozzolanic materials
Mix composition: Silica fume Ground Fly ash (FA) Clinoptilolite
(SF) granulated type zeolite
blast furnace (CE)
slag (GGBES)
Sand 0/5 [kg/m?] 1310 1311 1310 1311
CEMI52.5N [kg/m’] 415 415 415 415
Limestone filler [kg/m’] 311 312 311 312
Addition 4.15 4.15 4.15 4.15
Water [kg/m’] 228 228 228 228
PCE superplasticizer [ml/m’] 3.46 3.46 3.46 3.46




The mix composition of the mixes with purified clays

Mix composition: Purified Kaolimte clay | Metakaolin
attapulgite clay | (KC) [21] clay (MC) [22]
(A [21]

Sand 0/5 [kg/m’] 1312 1311 1311

CEMI52.5N [kg/m’] 416 415 415

Limestone filler [kg/m?] 312 312 311

Addition 0.832 4.15 4.15

Water [kg/m’] 229 228 228

PCE superplasticizer [ml/m*] | 3.47 3.46 346

0-Highly Stable 1-Stable

Bicad
Concsniralion

2-Unstable 3-Highly Unstable

Visual Stability Index (VSI)
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|
v ¥ ¥ v
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Water content Density Test age
Cement content Air content Specimen sizes
Cement type Slump flow Specimen type
Filler type V-funnel Curing conditions
Filler content L-box L
VMA content U-box ':q!
5P type Sieve segregafion Ex
SP content |
Type Air entrainment Tetep
Content & Aggregaty Tetn
Maximum grain size
Crushed / uncrushed
[ |
Structure of the database [ Derived properties ]
Binder content
WIC ratio
WIF ratio
WIB ratio
SIA ratio
T cunfTe oy Fatio
. development




For 15 % Neutralized Red Mud and 30% Fly Ash
Table 7.Fresh Property of Concrete
Slump Flow (mm)
T-50 Sec
Slum Flow (mm)
J-Ring Test Ht. Inside J-Ring (mm)
Ht. Outside J-Ring (mm)
T-20 Sec.
L-Box Test T-40 Sec.
2/H1
U-Box Test HI-H2 (mum)
T0 Sec.

T5 mun. Sec.

SLUMP TEST

V-Funnel Test

For 15 % Neutralized Red Mud and 35% Fly Ash

Table 6.Fresh Property of Concrete
Slump Flow (mm)
T-50 Sec
Slump Flow (mm)
J-Ring Test Ht. Inside J-Ring(mm)
Ht. Outside J-Ring (mm)
T-20 Sec.
L-Box Test T-40 Sec.
H2/H1
U-Box Test H1-H2 (mm)
TO Sec.

TS min. Sec.

SLUMP TEST

o]
=

()

r
o |2 ws

oo~ |t

V-Funnel Test

= |0

For 15 % Neutralized Red Muod and 40% Fly Ash

Tahile & Fresd Praofusiy of © o vebe

M. Ot J-Ring {muiy
i P
U=Bnx Tesl HI-HI {imm)
VeFunnsl Tewt
Mixture: [kg/m?] Tests: Results
CEMIII/A 42.5 LA 363 Shamp flow [mm] 800
Limestone filler 260 T50 [s] 159
0/5 River sand 831 Funnel time [s] 7.30
4/7 Crushed limestone 209 Funnel time + 5' [s] 2.75
7/10 Crushed limestone 203 J-Ring step [mm)] 55
10/14 Crushed limestone 316 J-Ring flow [mm] 760
Water 177 Density [kg/m?] (28d) 2378
SP1 4 Compressive strength [N/mm?] (28d) 67.70

Welan Gum 0.06
Total: 2361




Mix Proportion

Sr. No [Material Mass
1  [Cementitious Material 556 Kg/m’
Ordinary Portland Cement (85 % of
2 IcM) 472.6 Kg/m’
3 Silica fume (2.5 % of CM) 13.75 Kg/my’
4 Metakaolin (2.5 %) 13.75 Ke/mr’
5  [Fly Ash (10 % of CM) 55.6Kg/m’
6 [Fine Aggregate 702K g/’
7  [Coarse Aggregate 1042 Ke/m’
§ [Water 162 Keg/nr’
18 ml per kg of
9  PBuperplasticizer Cement
10 [Water Binder Ratio 0.29
Curing conditions.
Curing Method  Stage Detail
I Ambient temperature for 2 h after water-cement contact
IT Temperature raised for 2 h
Steam-curing m Concrete temperature maintained for 10 h
v Temperature decreases over 2 h to ambient temperature
V Air-curing until age of testing at 18 h
e I 18 h in molds with wet burlap at 23 + 2 °C
Motst-eummg IT Moist-cured at 23 = 2 °C until testing age
' . I 18 h in molds with wet burlap at 23 £2 °C
Air-curing : ; y : )
IT Air-dried at 23 + 2 °C until testing age

(Self _ Placeable) o2 ¢ (A3 3 6& - (Highly _ Fluidised) YL 3 )3 odigd (s yla -

-

.

st G

Static Yield Stress
n Thixotropy ‘— of SCC During
o Placement
o Conorata iz in formwork:
F a-res tructure rebuilds
and static yisld stress
2 incrasses i
o Dynamic Vield Stress
> Full Breakdonn,
No Thixotropy
Concretl npartally Time from Mixing

agitated dwing transit
preventing full buildup
of at-rest strueture

With suy

Flow value F (mm)
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Durability of concrete -
l Diffusion
Service Environment & Transport properties< Absorption
l Permeation
Microstructure =

!

Mixture composition & Construction process

Durability test methods for SCC
* Gas (Oxygen) permeability
» Rapid Chloride Penetration Test (RCPT)
+ Rapid Chloride Migration Test (RCMT)
+ Water absorption
« Sorptivity
» Water permeability

Durability

Strength
Cement content
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Full-flow f
i Slump = 200-230 mm i
|
= 120 | }
&‘, I Powder |
- .
wn
= 80 [&55
e
wn
-= -
2
~ 40 Paste volume
- 3 650 miy
0 m
0 30 60 90 120

Plastic viscosity (Pa s)

Basic actions to transform a conventional concrete to SCC.

Chemical analysis of Furnace Slag, Expanded Clay, Expanded Shale

Furnace Expanded | Expanded
Chemical Name i ; 3
Slag Clay - Shale
%) ) %)
Silica (S103) 37.1 64.6 67.6
Alumina (ALO;3) 88 20.6 15.1
Iron Oxide (Fe,03) 1.9 6.5 4.1
Titanium Oxide (T10;) - 0.8 0.6
Caleium Oxide (Ca0) 40.0 ES 22
Magnesium Oxide (MgO) 11.5 29 35
Alkalies 0.8 - 3.7
Sulphur Trioxide (SOs3) - 0.5 p.24
Manganese Oxide (MnO) 0.6 0.1 0.07
Loss on Ignition 1.99 0.3 3.06
Air Vg Air Ve
Gravel (fixed Gravel (fixed
amount) amount})
Ve Ve
scc
Viee
I\-l.o—ﬂar Powder Cement Vg Reactive fillers Vairem
Va Paste Vi Filler Vg {
Veasee SP Ve SPVe Non-reactive fillers Ve
Water Vg Water Vi




Testing methods and limiting test values for SCC

Property Test method Material Recommended values
Flowability / Slump flow Concrete 650 — 800 mm
Filling ability Average flow diameter
V — funnel Concrete 6—12 sec
Time for emptying of funnel
Passing ability L —box Concrete 08-1.0
Ratio of heights at the beginning and end of flow
T -ring Concrete 0— 10 mm
Difference in heights at beginning and end of flow
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Flowing Concrete

————p Workability =—
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Piezo
Actustor
Hn"“.‘
Bander
Elemen
‘Washer LS
A/ Foey Epary
Blasiic
Plastic
Backet, Sacke:
Coacrete
Conmate
\. | Mtme \ Ddixnre
|— Cytinder Blashr
/ / e
|- Mame | some
Washer \ Washer
Accelerometer
Accelemumeter
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Limited Gravel Content

Appropriate Mortar

Limited Sand Content 40% of mortar volume

50% of solid volume
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Higher dosage of SP
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Moderate Viscosity
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superplasticizer aggregate content V] W/P ratio
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SELF-COMPACTABILITY w

General Japanese mix design approach for achieving self-compactability.
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Slump cone

Slump flow test
Shmp flow = {'DL—DJU'Q

Flow table 1000 x 1000
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Schemaric of filling capacity appararus.
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Table A.1 — Slump-Flow classes -
-4
Class | Slump-flow in mm gty o
SF1 55010 650 EFNARC
SF2 660to 750
SF3 760 to 850

Table A.2 —Viscosity classes

Class Tso0, S V-funnel time ins
VS1/ VF1 s2 =8
VS2/ VF2 =2 9to 25

Table A.3 — Passing ability classes (L-box)

Class Passing ability
PA1 = 0,80 with 2 rebars
PA2 = 0,80 with 3 rebars




S.C.C oo b7 pllae polin o iy,

b 33 LB wals
Falily Sl Ay o Y
max min
800 650 SN 3 CuliB mm el Ol 2> 1
5 2 TN g CulB sec TS0cm ;o bl 2
10 0 J9s CauliB mm J a- 3
12 6 SN CubB sec JesV g 4
3 0 R O RE S sec TSmin ;o 1V i3 5
30 0 138 CubB mm (h2-h1) 12U o> 6
100 80 338 CuliB (h2h1) ol any 7

Ingredients (For 1 m? of concrete) m

Water, kg

Portland cement, kg

Fly ash, kg

Ground granulated blast Other

furnace slag, kg cementitious
= and filler

Silica fume, kg ater e

Limestone powder, kg
Fine aggregate, kg
Coarse aggregate, kg
Superplasticizer, kg

Viscosity modifying admixture, kg

175
530
70

751
789
9
0

Total weight, kg 2324

Slump flow test, dia (mm)

625

190
280
0
0

0

245

865

750

4.2

0

2334
600-750
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Flow time through tapered outlet of V-funnel

Segregation resistance
Deformability

Al

Flow time

B2

High viscosity, ihcrease low viscosity,

limited deformability in viscosity segregation and blockage

Slump flow (increase in W/CM, fixed HRWR dosage)

The Role of Superplasticizer

i
Adding

g -H_______g_tiperplastlcizer
7] e

o

[+

[

A Adding Water
-
Flowability

Superplasticizer can increase flowability
with slight decrease of viscosity.

Effects of superplasticizer. (Okamura)

»



Combination of the most Suitable W/C, and
Superplasticizer-Powder Ratio (Sp/P)

Ranking
Self-compactability

-

Superplasticizer-Powder Ratio Sp/P

Water-Powder Ratio W/C

Optimum combination of superplasticizer
and w/c ratio. (Okamura)

Amount of Fine Aggregate

Concrate

Monar

50°% of Solid Volume 40% of mortar volume.

Proper fine aggregate content for SCC
as recommended by Okamura.
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l—- Factors a2ffecting requirements of paste for SCC _l

Agg.volume || - Size distnbution & shape of Surface Density
(or paste aggregates property of paste
volume, V) - Ratio between fine and coarse of agg. & agg.

s S

Void content of Average aggregate
aggregates (Vo) | | diameter (D)

. : '

Aggregate Spaciag (Dy) = KV, Vo, Day, Vo)
{based on void-surface area theories)

i 4 4
Paste rheology models as functions of Dy, & D,
for individual round/crushed aggregate

Maximum surface settlement < 0.5%
Static stability | Column segregation index (Iseg) < 5%
Percent static segregation (S) < 15

Plastic viscosity < 0.073 psi.s (500 Pa.s)
Viscosity (Modified Tattersall two-point rheometer with
vane device)

Core-to-cylinder compressive strength = 90%
(similar curing conditions)
Bond strength modification factor < 1.4

Mechanical
properties

‘MEJ&QJJJTM.\,\ (5“)51

P bslin o 4 i dils Sy e 28-32%
S bl 2 4 o (Paste) s e 34-40%
P sl a2 4 o (Mortar) oo e 68-72%

WiC 0.32-0.45

(o 3o e 385-475 kg/m?
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— Low coarse aggregate (CA) content.

— High cement content (typically).

— Cement replacement with fly ash or slag
cement.

— High range water reducer and plasticizers.
— Viscosity Modifying Admixture (VMA)

Mixing process
* Conventional Concrete, SCC, UHPC
» Pore structure / Air void system
* Rheology
* Mechanical properties
* Durability



Mechanical properties

[ Shear strength ]
L
Interlock - dmu ITE qua].ity Bond
Influence limited Influence signiﬁcant Influence limited
+ 2-3% Around 8% + 2%

Estimated energy saving

Current production |Pumping SCC
method

Mixing Energy 0.4 GWh 0.6 GWh
Transport Energy 0.2 GWh 0.042 GWh
Compaction Energy 1.0 GWh 0.0 GWh
Finishing Energy Neglected Neglected
Total Energy 1.6 GWh 0.642 GWh

Energy saving: about 60% of actual energy consumption



Selection of materials and mix design

Effect of limestone filler on cement hydration

Increasing Possiole
Imestone
files content hydration peak

Chemical effect
Isothemal heat production rate

Filler effect

..F

Selection of materials
Mix design

Filling of formwork
Hydration process

Pumping

™\ Durability

L~ Mechanical behaviour

Cementitious Materials

108))9 |eaishAud

108440 UONN|IQ



Cement

Type |, 11, 1l

Particle size; ~ 25 to 40 microns

Pozzolans,

Fly ash, Class Fand C

Ground glass

Rice hull ash

Sugar Cane Ash

Highly reactive pozzolans

Particle size, ~ 0.1 to 50 microns
Slag

GGBFS, grade 100 or 120

Particle size, ~ 20 to 40 microns

Regular Concrete

Cement, Aggregate, and water

Geopolymer (Green concrete)

Fly Ash and Regular

Concrete

High Strength Concrete ~<0.35%

Silica Fume

Strong Aggregates

Ultra High Performance Concrete (UHPC)

Cement

Coarse/Fine Aggregate

Air

Silica Fume

Polypropylene Fibers



Factors affecting:

1. Water Content

2.Size of Aggregates
3.Shape of Aggregates

4.Mix proportions

5.Grading of Aggregates

6.Surface Texture of Aggregates

Plastic Shrinkage
Drying Shrinkage
Autogeneous Shrinkage

Carbonation Shrinkage

Types of concrete

Regular concrete
High-strength concrete
Stamped concrete
High-performance concrete
Self-consolidating concretes
Vacuum concretes
Shotcrete

Pervious concrete

Cellular concrete,
Cork-cement composites
Roller-compacted concrete

Glass concrete

Asphalt concrete

Rapid strength concrete
Rubberized concrete
Polymer concrete
Geopolymer or green concrete
Limecrete

Refractory Cement
Concrete cloth
Innovative mixtures
Gypsum concrete



Physical Properties of Portland Cements

Fineness,

Soundness
Consistency

Setting time
Compressive strength
Heat of hydration
Loss of ignition

Properties of concrete

Strength

Elasticity

Cracking
Shrinkage cracking
Tension cracking

General test methods
Compaction Factor Test (Compacting Factor Test, Glanville)

Compaction Test
Free Orifice Test (Orimet Test)
K-Slump Tester

Free Flow Test Methods = Cone Penetration Test

Slump Test = Moving Sphere Viscometer
Modified Slump Test = Flow Trough Test

Slump Rate Machine = Delivery-Chute Torque Meter
Kelly Ball Test = Delivery-Chute Depth Meter

Ring Penetration Test = Surface Settlement Test



Common Concrete Problems

Discoloration

Dusting

Cracking

Plastic shrinkage cracking
Crazing

Scaling

Curling

Blisters

Delamination

Pop Outs

Special Concretes

- High Strength or High Performance Concrete
 Fibre Reinforced Concrete

- Lightweight Concrete

« Shotcrete

« Self Compacting Concrete

Deterioration due to Physical Effects
» Frost (Freeze-Thaw) Attack

- Fire Damage

« Thermal Cycles

« Shrinkage Stresses



Increasing the Durability of Concrete
* Proper mix design

- Reduction of cracking

« Optimum cover thickness

- Adequate compaction and curing

« Quality of construction

- Correct maintenance

Durability

Strength \

Cement content

Water/cement ratio

Static Yield Stress of

Non-Agitated SCC
No Breabdonm, Full,
Thixatropy

Static Yield Stress
+— of SCC During

0

w Placement

@ Concrete 1= in formweork;

g at-rest structure rebuilds

o and static viald stressz

E e Dynamic Yield Stress

- Fulfl Breakdown,
No Thixotrapy

omeret tevarliily Time from Mixing
agitated during transit,
prevanting full buildup
of at-rest structure

Comerate 13 discharged into forms
resultmg shearing canzes full
breakdown of at-rest strudmre



«b
T=7,+a
Herschel-Bulkley 0 7/
é Bingham v = TO + IL”/
7 Power Law b
= (Shear Thickening) T=ay
7 Newtonian
—— _— PowerLaw T=ny
(Shear Thinning) b
T =ay
Shear Rate
L
E
= With superplasticizer
=
—
=
=
= \'Wiﬂmut superplasticizer
W/C ratio (-)
Chemical composition of the pozzolanic additions (%)
Composition Silica fume (SF) | Ground Fly ash (FA) Clinoptilolite
(%) granulated type zeolite
blast furnace (CZ)
slag (GGBFS)
S10, 95.24 41.24 52.75 71.42
Fe,0, 1.95 0.28 7.69 2:73
ALOs 0.34 36.37 22.60 12.61
CaO 0.58 1.30 7.02 2.73
MgO 0.56 9.83 1.89 0.67
Na,O 0.37 0.41 1.05 0.53
KO 1.64 0.79 3.24 4.13




Preparing the mix composition of the reference mortar

Mix composition: Reference More robust Concrete Concrete
concrete mix concrete mix equivalent equivalent
(conl) (con2) mortar of mortar of
(eqml) (eqm2)
Sand 0/5 [ke/m’] 910 853 1313 1221
Gravel 2/8 [kg/m?] 280 263 0 0
Gravel 8/16 [kg/m?] 462 434 0 0
CEM 1152 5N [kg/m?] 300 300 416 413
Limestone filler [kg/m?] 225 300 312 413
Water [kg/m’] 165 165 229 227
PCE superplasticizer [ml/m?] | 2.5 3.5 3.47 4.81
The mix composition of the mixes with pozzolanic materials
Mix composition: Silica fume Ground Fly ash (FA) Clinoptilolite
(SF) granulated type zeolite
blast furnace (CZ)
slag (GGBFS)
Sand 0/5 [kg/m?] 1310 1311 1310 1311
CEMI52.5 N [kg/m?] 415 415 415 415
Limestone filler [kg/m’] 311 312 311 312
Addition 4.15 4.15 4.15 4.15
Water [kg/m’] 228 228 228 228
PCE superplasticizer [ml/m?*] | 3.46 3.46 3.46 3.46
The mix composition of the mixes with purified clays
Mix composition: Puritied Kaolinite clay | Metakaolin
attapulgite clay | (KC) [21] clay (MC) [22]
(AC) [21]
Sand 0/5 [kg/m’] 1312 1311 1311
CEM I52.5 N [kg/m?] 416 415 415
Limestone filler [kg/m’] 312 312 311
Addition 0.832 4.15 4.15
Water [kg/m?] 229 228 228
PCE superplasticizer [ml/'m®] | 3.47 3.46 3.46
Addmg SP a

Camant pasticles

Method of deflocculation and water liberation with use of Super-plasticiser,
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[ Record ]
v _ v !_ v v

= k! - 1
| Bibliography ][ Composition [ Fresh properties “ Hardened pmperties]

;

Water content Density Test age
Cement content Air content Specimen sizes
Cement type Slump flow Specimen type
Filler type V-funnel Curing conditions
Filler content L-box Tecon
VMA content U-box femn
5P type Sieve segregation E:
SP content fa

Type Air entrainment fetap

Content 3 Aggregates Teim

Maximum grain size

Crushed | uncrushed

L

Structure of the database [ Derived properties ]

Binder content
WIC ratio
WIP ratio
WI'B ratio
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Microsilica

Yield
stress,

Flyash

Reference
concrete

Fes'ace faluig
wilh enished sgg
Incregse cament

Increase 89CA
fume
Ineraase VMA

NEreaga Coarae s

Decremge cement Inerease fine g

Ineresse pazzoEn repacemant

Yield Stress (Pa)

Plastic viscosity, 4

A B.

’ Uphill
casting

——

Pumping
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fereane wabar
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g Haor
Viscosity (Pa s)
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0-Highly Stable

2-Unstable

1-Stable

Aggregats Pie

Significant Blead

3-Highly Unstable

I Visual Stability Index (VSI) I

Concrete

Air Alr Alr Alr
Coarse Coarse Coarse Coarse
aggregate aggregate aggregate aggregate
Mortar Powder Cement
Paste Filler

Water \Water
SP SP

Schematic Composition of SCC



Volume ratio
Matrix/particle
I

\
f\Malerial |
Flowable

concrete \
o [ Production \ Structure
Properties of the Properties of the |\
particle matrix \ _

— —

Workability

For 15 % Neutralized Red Mud and 30% Fly Ash
Table 7.Fresh Propertv of Concrete
Slump Flow (mm)
T-50 Sec
Slum Flow (mm)
J-Ring Test Ht. Inside J-Ring (mm)
Ht. Outside J-Ring (mm)
T-20 Sec.
L-Box Test T-40 Sec.
H2/H1
U-Box Test H1-H2 (mm)
TO Sec.

T5 min. Sec.

SLUMP TEST

V-Fumnel Test

For 15 % Neutralized Red Mud and 35% Fly Ash

Table 6.Fresh Property of Concrete
Slump Flow (mm)
T-50 Sec
Slump Flow (mm)
J-Ring Test Ht. Inside J-Ring(mm)
Ht. Outside J-Ring (mm)
T-20 Sec.
L-Box Test T-40 Sec.
H2/H1
U-Box Test HI-H2 (mm)
TO Sec.

T5 min. Sec.

SLUMP TEST

V-Funnel Test




For 15 %5 Neutralized Red Mud and 40% Fly Ash

HeatFlow (mW/g)
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Mixture: [kg/m’] Tests: Results

CEMIIVA4251LA 363 Slump flow [mm] 800
Limestone filler 260 TS50 [s] 1.59
0/5 River sand 831 Funnel time [s] 7.30
4/7 Crushed limestone 209 Funnel time + 5' [s] 2.75
7/10 Crushed limestone 203 J-Ring step [mm)] 55
10/14 Crushed limestone 316 J-Ring flow [mm] 760
Water 177 Density [kg/m?] (28d) 2378
SP1 4 Compressive strength [N/mm?] (28d) 67.70
Welan Gum 0.06

Total: 2361

Mix Proportion

Sr. No [Material Mass
1 [Cementitious Material 556 Kg/m’
)rdinary Portland Cement (85 % of
2 EM) 472.6 Kg/m’
3 [ilica fume (2.5 % of CM) 13.75 Kg/m’
4 Metakaolin (2.5 %) 13.75 Kg/m’
5 [Fly Ash (10 % of CM) 55.6Kg/m’
6 [Fine Aggregate 702K g/m’
7 [Coarse Aggregate 1042 Kg/m’
8§ [Water 162 Kg/m’
18 ml per kg of

9  PBuperplasticizer Cement
10 [Water Binder Ratio 0.29




debonded length

L

—» e

single fiber
puilout load
(N}

L]

e

ship hardening. p=0

P,

constant friction, =0

slip softening

(8) displacement

debonding

R (mm)
whole fiber slippage

L embedment length

General profile of a single fiber pullout curve (Redon ef a/.. 2001)

0 0:30 1:00 1:30 2:00 4:00
Sand + Coarse 1, water Binder » water + Mixin
aggregate ; HRWRA R
= 0:30 e 0:30 ; 0:30 ole 0:30 J‘ 2:00 .
Standard mixing sequence.
Curing condifions.
Curing Method  Stage Detail
1 Ambient temperature for 2 h after water-cement contact
IT Temperature raised for 2 h
Steam-curing I Concrete temperature maintained for 10 h
v Temperature decreases over 2 h to ambient temperature
A% Air-curing until age of testing at 18 h
T I 18 h in molds with wet burlap at 23 +2 °C
loist-curin . i .
g IT Moist-cured at 23 + 2 °C until testing age
' : 1 18 h n molds with wet burlap at 23 £2 °C
Air-curing I

Air-dried at 23 + 2 °C until testing age




The Role of Superplasticizer

f Adding

g B - El:_p:l‘pi asticizer
&

>

Adding Water

Sk Fo

Flowabllity

Effect of superplasticizer on viscosity (Okamura, 1997)

Technology Peak of Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity

Technology Acceptance

Time




Normal Concrete

Self-Compacting Concrete

Environmental Environmental
temperature temperature
Concrete Concrete
temperature temperature
Hydration Hydration Adsorption of
velocity velocity PCE molecules
Low Delayed Enduring flow Delayed Slight/slow Pooryield
temperature hydration retention hydration adsorption stress reduction|
High Accelerated Strong Accelerated High/quick Yield stress
temperature hydration stiffening hydration adsorption reduction
. Difference between normal concrete and SCC at exposure to varying temperatures.
60 V Power Supply
+ "
|
Data logger
(records charge
passed)
Printer
03 M NaOH —| 4 T
reservoir 3 % NaCl
reservoir

Stainless steel

cathode

/

Concrete sample 50 mm long,
100 mm diameter, with top
surface facing NaCl solution

Rapid chloride permeability test setup.

Stainless steel
anode

(Highly _ Fluidised) YL 2 jooxi5d (s ls -

( Self _ Placeable) sxisd (i s -

Gl Glagle ES a ale (554158
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(Static Yield Stress) Saili! s jla (i
Gl ful Alla ) gl g 98 6l 5 A8 JBlaa
(Dynamic Yield Stress) <l s jla (Al
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( Plastic Viscosity) <Sfiuwdly 4% 5 g5 9
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Durability of concrete -
l Diffusion
Service Environment & Transport properties< Absorption
l Permeation
Microstructure =

!

Mixture composition & Construction process



Durability test methods for SCC
* Gas (Oxygen) permeability

* Rapid Chloride Penetration Test (RCPT)

* Rapid Chloride Migration Test (RCMT)
» Water absorption

* Sorptivity
» Water permeability
» Carbonation



Limiting values for SCC

Tests Range of values

Gas (Oxygen) permeability 03t00.6x1012m?
RCPT (Charge passed) 100 to1000 coulombs
RCMT 5tol5 x 10 12 m?/s
Water absorption 4106 %

Sorptivity 0.06 to 0.12 mm/min%>
Water Penetration (depth) 5to 10 mm
Accelerated Carbonation Test 5to 10 mm

Gas (Oxygen) permeability

rubber sealing

tire, inflated to 6 bar _
specimen

cover

gas inlet

and outlet '\

contact plates ensuring
uniform gas flow




Ssilagon pubder

Rapid Chloride Penetration Test (RCPT)

Tivithe beoddmig maschune

................

Rapid Chloride Migration Test
“_U (RCMT)

Chioride \{
NacCl
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RILEM TC 116-PCD, 1999 Test Specimens Steel rods Water
Tray

Sorptivity
Capillary Water absorption
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— Sureening i

| Stockpling |

!

R

| R

1. Select Materal

(1) Resowres and Production
(2} Quality and Quality Contral
(3] Dias of LWA

\ 4

2. Measure the Mimmum Vod

Blend Procedure
{1} slag'cement
(2) fly Ashfnormal weight sand
(3) Fixed fly Ash/normal weight sand
(4) My Ashfnormal weight sand/LWA

(50 the least void, Vy

3. Design Lubricating Paste and Volume of
Aggrepate

(1} Cement Paste Vp=n* Vy
(2} Volume of agpregate V.= 1-Vp

¥

4, Design Workability, Strength and Durabiliny I

é;a_éﬁng *__: Crushing
e 3 1

i Ovarsize
' Material

‘ Stacl@mnu

'

Shipping

Pracess flow diagram for lightweight
aggregate manufacturing

Fly ash+Sand )
fill in LWA

v

5. Determine the amount of SP and amount
of water

(1) Select wiom ratio by strength and durability
(2 Calculate the amount of cement, slag and
mixing water

Y

6. Trial Batch I

(1) Adjust water cont cnt
(2} Adjust Mizture Proportion



160

Full-flow f
i Slump = 200-230 mm i
!
= 120 F {
a | Powder i
- _
S
£ 80 & 550 mm
wn
"s -
2
~ 40 Paste volume
= 3 650 my
0 m
0 30 60 90 120

Plastic viscosity (Pas)

Basic actions to transform a conventional concrete to SCC.

Excess paste

Thickness of excess paste

Excess paste

¥

Aggregate
Add more paste

l Add paste

Filled paste
Filled paste

(a)
(h)
{c)



10mm Coarse furnace slag (CES) Fine furnace slag (FF5)

10mm Coarse expanded clay (CEC) Fine expanded clay (FEC)

10mm Coarse expanded shale (CES) Fine expanded shale (FES)
Coarse and fine lishtweight agorezates used in the studyv



Chemical analvsis of Furnace Slag, Expanded Clay, Expanded Shale

sl prvepeoreos, | Vehamee T4

sa b

Furnace Expanded | Expanded
Chemical Name 1 3 3
Slag Clay Shale
%) D) %)
Silica (S103) 37.1 64.6 67.6
Alumina (Al,03) 8.8 20.6 15:1
Iron Oxide (Fe,03) 1.9 6.5 4.1
Titanium Oxide (T10;) - 0.8 0.6
Caleium Oxide (CaO) 40.0 | 22
Magnesum Oxide (MgO) 11:5 29 3N
Alkalies 0.8 - 3.9
Sulphur Trioxide (SO3) - 0.5 p.24
Manganese Oxide (MnO) 0.6 0.1 0.07
Loss on Ignition 1.99 0.3 3.06
T m M i e =T
b N— ke — Agpeopriaie Moty
. o o E:T:Eﬁ: Hﬁmucm —

Air Ve Air Ve Air Vg Air Ve
Gravel (fixed Gravel (fixed Gravel (fixed Gravel (fixed
amount) amount) amount) amount)
Ve Ve Ve Ve
sSCcC
Viot
3"[{3_1131' Powder Cement Vg Reactive fillers Vi e
= Paste Vp Filler Va J\i
Vst SP Ve SP Ve Non-reactive fillers Ve
Water Vg Water Vi




Skilled Labors

Proper Compaction T Durahle Con rete

Else

Bbsence of
Skilled
Labors

www.iosrjournals.org

Small-sized and
limited coarse »/ PReduction of internal
tresses causing blockags
aggregates
HRWRs —*{ Increase paste flow Coupled
with low
| water o
Viscosity powder
modifying _, /Ingease paste viscosity ratio
To prevent segregation
agents
Mineral www.iosrjournals.org
; Lower heat of hydration
- o e : ;
admixtures Enhance stability Principles of Producing SCC
(fillers)
Testing methods and limiting test values for SCC
Property Test method Material Recommended values
Flowability / Slump flow Concrete 650 — 800 mm
Filling ability Average flow diameter
V — funnel Concrete 6—12sec
Time for emptying of funnel
Passing ability L —box Concrete 08-1.0
Ratio of heights at the beginning and end of flow
J -ring Concrete 0—-10 mm
Difference in heights at beginning and end of flow
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Flowing Concrete
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