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Abstract

Self-Compacting concrete is a concrete that is able to flow and consolidate
under its own weight, completely fill the formwork even in the presence of
dense reinforcement, whilst maintaining homogeneity and without the need
for any additional compaction. Self-Compacting concrete is achieved by using
high proportions of powder content and super plasticizers. Due to this, pro-
nounced thermal cracking is anticipated. Thermal cracking in concrete struc-
tures is of great concern. The objective of this research is to carry out experi-
ments and investigate fresh and hardened properties of SCC developed using
a blend of ordinary Portland cement and ground granulated blast furnace slag
(GGBFS), to evaluate the applicability of Japan Concrete Institute (JCI) model
equations and to find out any similarities and differences between Self-
Compacting concrete and normal vibrated concrete—Portland blast furnace
slag concrete class B. Thermal stress analysis of the proposed Self-Compacting
concrete and normal vibrated concretes were investigated by simulation using
3D FEM analysis. To carry out these objectives, concrete properties such as
autogenous shrinkage, adiabatic temperature rise, drying shrinkage, modulus
of elasticity, splitting tensile strength and compressive strength were deter-
mined through experiments. From experimental results, it was observed that
except for the fresh properties, the hardened properties of Self-Compacting
exhibit similar characteristics to those of normal vibrated concrete at almost
similar water to binder ratios. It was also established that Self-Compacting
concrete at W/B of 32% with a 50% replacement of ground granulated blast
furnace slag has better thermal cracking resistance than SCC with 30%
GGBEFS replacement. It is also found that provided the relevant constants are
derived from experimental data, JCI model equations can be applied success-
fully to evaluate hardened properties of Self-Compacting concrete.
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Stress Analysis

1. Introduction

The concept of Self-Compacting concrete was proposed by Professor Hajime
Okamura of Kochi University of Technology, Japan, in 1986 as a solution to the
growing durability concerns of concrete by the Japanese government. During his
research, Okamura found that the main cause of the poor durability perfor-
mances of Japanese concrete in structures was the inadequate consolidation of
concrete during the casting operations [1]. Self-Compacting concrete is a kind of
a paradox concrete which requires that it must be highly flowable and yet it must
not segregate during placement. Its development therefore must ensure a good
balance between deformability and stability [2]. Due to this, Self-Compacting
concrete therefore depends on the material characteristics, their mix proportions
and the addition of superplasticizers and/or viscosity modifying agents. One of
the most important material differences between Self-Compacting concrete and
normal vibrated concrete is the incorporation of high amount of fines, low water
binder ratio and superplasticizer usage to achieve its high deformability and sta-
bility [3]. It is important to note that the required high amount of fines (powder)
has a direct influence on the cost. This can be mitigated by introducing supple-
mentary cementitious materials as mineral admixtures. SCM are industrial
by-products treated as wastes such as fly-ash, ground granulated blast furnace
slag, silica fumes etc. Due to the abundance of silica content in them, they are
used to acts as fillers in production of concrete with a general intention to cut on
the cost. The reuse also helps solve environmental CO, emission problem by re-
ducing on the usage of OPC which is the greatest direct global contributor in the
construction sector. Mineral admixtures have the advantage that they help to
improve particle packing and improve lubrication of aggregates, they decrease
permeability and increase the workability and durability of concrete. It is also
good to note that high amount of binder (cement) has a direct correlation with
heat of cement hydration which is the reason of occurrence of many thermal
cracks at early age in concrete. Thermal cracking in concrete structures is caused
by volume change resulting from heat of cement hydration and autogenous
shrinkage [4]. The main focus of this research is to produce powder type
self-Compacting concrete using a blend of OPC and GGBFS. This will ensure
that the amount of OPC used is reduced as compared to the use of OPC alone.
Ground granulated blast furnace slag used as a mineral admixture is an industri-
al waste. By using it in the production of SCC does not only reduce use of OPC
but also come as a solution to industrial waste disposal challenges. GGBEFS is also
a supplementary cementitious material. Another objective of the research is to
analyze thermal cracking resistance of the produced blended SCC so as to assess

its suitability for use in mass concrete structures. Being a powder type SCC, large
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content of powder is used and thus a possibility of pronounced early age crack-
ing due to the combined effect of heat of cement hydration and shrinkage. The
hardened self-compacting concrete is dense, homogeneous and past research in-
dicates that it has the same engineering properties and durability as normal vi-
brated concrete. Based on this finding, the other objective of this research is to
evaluate the applicability of JCI model equations in analyzing hardened proper-
ties of SCC.

2. Materials and Mix Proportions

Materials used to carry out the study conformed to the quality and standard spe-
cifications of JSCE 2012 [5] and EFNARC [6]. Ground Granulated Blast furnace
slag according to JIS A 6206:2013 [7] was used as an additive mineral admixture
in both self-compacting concrete and normal vibrated concrete—Portland blast
furnace slag concrete class B mix. Air entraining agent and polycarboxylicacid
compound superplasticizer was also used to improve workability. Japanese me-
thod of mix proportioning was adopted in the design of SCC as stipulated in
JSCE 2012 guideline [5]. Fine aggregate and coarse aggregate used to make con-
crete specimens were river sand and crushed hard sandstone respectively. The
river sand used had Specific gravity of 2.59 g/cm®, % water absorption of 2.55%
and fineness modulus of 2.83. Maximum size of coarse aggregates used was 20
mm with specific gravity of 2.64 g/cm’. Refer to Table 1 for the properties of the
binder used.

Three types of SCC with GGBFS replacement ratios of 30%, 50% and 70% and
a normal vibrated concrete—Portland blast furnace slag concrete class B with
50% replacement ratio of GGBFS were prepared. GGBFS with Blaine fineness of
3000cm’/g was used where the replacement ratio of blast furnace slag is low
(30%) while GGBFS with fineness of 4000 cm®/g was used where the replacement
ratio was 50% and 70%. This was in order to modify concrete workability and
the 28 day compressive strength to be comparable with the proportions with
high slag replacement ratio. The gypsum content quantities were also varied
from one proportion to another in order to modify their strength development.
This is because gypsum (SO,) controls the rate at which cement hardens. Refer
to Table 2 and Table 3 for the material mix proportions of self-compacting
concrete and normal vibrated concrete—Portland blast furnace slag concrete

class B respectively.

Table 1. Physical and chemical properties of binders used.

Cementitious  Density fineness Chemical Composition (%)
material (g/cm’) (cm%/g) ig-loss SiO, ALO; Fe,0; CaO MgO SO; Na,0 K,0
OPC (N) 3.16 3200 0.94 20.84 549 3.07 63.89 197 240 040 0.32
BS4000A 2.90 4430 0.16 3331 14.20 0.30 43.38 6.21 - 0.21 0.29
BS4000B 2.90 4590 0.16 3230 1393 042 4297 5.68 206 0.17 0.29
BS3000 2.90 3400 0.31 31.30 13.58 0.40 42.84 5.55 3.51 0.17 0.30
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Table 2. Material mix proportions for self-compacting concrete.

. . Max
Mix ID  Proportion Rank
agg. (mm)
SCC30 N-BS30 20 2
SCC50 N-BS50 20 2
SCC70 N-BS70 20 2

Unit Contents (kg/m?) ., HRWRAE
‘E\;i]; V(V(V)/{:)]P ;g%;:) Gy, (m*/m?) Water  Binder (B) Aggregates Al G0 Cx%
w C BS S G AE-4  SF500H
33.5 103.0 0.28 175 366 157 855 739  0.009 0.97
32.0 97.0 4.5 0.28 175 273 273 828 739  0.012 0.73
32.5 97.0 0.28 175 161 376 828 739  0.012 0.66

Table 3. Material mix proportions for normal vibrated concrete—Portland blast furnace slag concrete class B.

Unit Contents (kg/m?)

s/a AECx% HRWRAE Cx%
Mix ID Proportion W/B (%) %) Water Binder (B) Aggregates
0
C BS4000 S C.A AE-4 SF500H
NVC50 N-BS50 36.0 42.0 165 229 229 695 978 0.002 0.60

3. Experiment Procedure

Trial mixing and tests were carried out to establish the appropriate proportions
for self-compacting concrete. Standard tests for fresh properties of self-compacting
concrete were carried out to verify self compactability as per JSCE recommenda-
tion and actual specimen sample was cast. For the measurement of temperature
rise due to hydration heat of cement and autogenous shrinkage under
semi-adiabatic condition, sample specimen was casted in a cubic mold with in-
ternal dimensions of 400 mm made of foamed polystyrene with 200 mm as its
thickness on all concrete faces (see Figure 1 and Figure 2). Temperature rise
was measured at the central portion of specimens and autogenous shrinkage of
the specimen was also measured by using embedded strain gauge. For compres-
sive strength test, modulus of elasticity and splitting tensile strength, cylindrical
specimens of diameter 100 mm and depth 200 mm were made, cured under wa-
ter at 20°C and test measurements done at 3, 7, 28 and 91 days. For drying
shrinkage test, 400 x 100 x 100 mm beam specimen was used. After demolding
and the specimen cured under water at 20°C for 7 days, the specimen was wiped
dry and two contact cells paste centrally along the 400 mm length face at ap-
proximately 300 mm apart and 50 mm from the edge. The same was repeated on
the opposite face. Two specimens were prepared for each sample. Drying shrin-
kage was measured at 0, 1, 7, 14, 28, 56, 91 and 180 days using the invar contact
gauge. A numerical analysis of the test results was also carried out by 3-D FEM

in order to evaluate thermal cracking resistance of the SCC concrete samples.

4. Results and Discussions

4.1. Fresh Properties of Concrete

Test results of the fresh properties of self-compacting concrete are shown in

Figures 3-6. A series of trial mixes were carried out to establish appropriate
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Figure 1. Shape and dimensions of section view of the 400 mm cubic mold.

Figure 2. Casting of concrete sample in 400 mm cubic mold.

proportions for actual sample casting. Fresh properties of Self-Compacting con-

crete is a very important factor of consideration because it determines the ease

with which concrete can be handled immediately after casting, during placing

and finishing without any vibration. The main properties of self-compacting

concrete that were tested include; slump flow test, V-funnel flow time test and

U-Box test. From the results it is observed that most criteria set for assessing
fresh properties according to JSCE 2012 guideline [5] and EFNARC [6] were sa-

tisfied for rank 2 mix proportion.
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Figure 3. Slump flow test results of concrete samples.
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Figure 4. V-funnel test results for concrete samples.

4.2. Hardened Properties of Concrete
4.2.1. Compressive Strength and Strength Development of Concrete
Samples

Figure 7 and Figure 8 show compressive strength and compressive strength de-
velopment properties of self-compacting concrete and normal vibrated concrete—
Portland blast furnace slag concrete class B. Compressive strengths at 3, 7, 28
and 91 days were experimentally obtained. Self-compacting concrete with 30%
and 70% replacement ratio of GGBFS showed a high early age strength which

reduced gradually after 7 days. Self-compacting concrete with 50% replacement
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Figure 5. Rank 2 U-Box filling height of SCC samples.
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Figure 6. Relationship between superplasticizer dosage and % replacement of GGBFS

ratio of GGBEFS and normal vibrated concrete despite low early age strength ex-
hibited a steady strength development to reach a high of 86.9 N/mm? and 87.5
N/mm?” respectively at 91 days. This may be due to the variation in the SO, con-
tent contained in the GGBFS samples.

Compressive strength development as depicted by the curves in Figure 8,
were derived using JCI guideline 2016 [8] model Equation (1) and the experi-
mental data.

’ _ e f '
fC(te)_a‘f‘b'(le—Sf)fC(tn) (1)

where ¢, is temperature adjusted age (days), z, is Strength control age of concrete
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Figure 7. Compressive strength of concrete samples.

90
— Predicted using JCI model
g 80 equation and exeriment data
% 70
=
s, 60
= .
g 50 - : :
N Predicted using only JCI
2 40 model equation
2 30 ® SCC30
5 0 SCC50
g 20 & SCC70
S 1o A NVC50

— — JCI2016(BB-W/B(36%)
0
0 4 8 12 16 20 24 28

Temperature adjusted Age-te (Days)

Figure 8. Compressive strength and predicted strength development of the concrete
samples.

cured under water at 20°C (day), f/(#,) Compressive strength of concrete at ¢,
(N/mm?®), a, b are parameters that represent strength development, depending
on type of cement and strength control age, S,
corresponding to initiation of hardening depending on the type of cement (days)

is temperature adjusted age

and f!(¢,) Compressive strength of concrete at , (N/mm®). Temperature ad-
justed age (£,) is calculated using Equation (2) of the JCI guideline 2016.

4000

=>" At 1365———M
Le Zf:‘ fyxexp 273+ T (At,)/T,

(2)

where A¢, is Period of constant temperature continuing in concrete (day);
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T(At;) is concrete temperature for Az, ("C) and 7; is 1°C. In the absence of
experimental data, compressive strength of concrete at specified strength control
age f.(t,) may be calculated as a factor of cement to water ratio (C/W) using
Equation (3) of JCI guideline 2016.

()= p+p, (C/W) (3)

where p, and p, are constants obtained from JCI guideline 2016 depending on
the type of cement and the strength control age chosen 7e. 28, 56 or 91 days. The
results in Figure 8 indicate that if the constants a and b are obtained from the
experimental data, Equation (1) of the JCI guideline 2016 can be used to obtain
strength development of both self-compacting concrete and normal vibrated

concrete.

4.2.2. Splitting Tensile Strength of the Concrete Samples

Past research indicate that concrete’s mechanical behavior is governed by its
compressive strength. Tensile strength of concrete is an important property that
influences the safety, durability and service life of reinforced concrete. Studies on
tensile strength of Self-Compacting concrete are limited and often do not agree
[9]. According to Japan concrete institute guidelines 2016 [8], the relationship
between compressive strength and splitting tensile strength of normal concrete is
obtained using Equation (4). This means that provided that we have compressive
strength of concrete, Equation (4) can be used to calculate its splitting tensile
strength.

£(t)=Cx (1) (4)

where, f,(¢,) is Splitting tensile strength of concrete at ¢, (N/mm?), f{(z,) is

Compressive strength of concrete at ¢ (N/mm?®), C, & C, are Constants.

6
%‘ 5
z
= 4
a0
=]
8
@ 3
2 2
é «:0+-SCC30 - [+ SCC50
1
-=¢==SCC70  —X—NVC50
0
0 5 10 15 20 25 30
Concrete age (Days)

Figure 9. Experimental results of splitting tensile strength of concrete samples.
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According to JCI guidelines 2016 [8], the constants C, and C, in Equation (4)
shall be determined experimentally and if there is no experimental data, then
they should be taken as 0.13 and 0.85 respectively. Results of the splitting tensile
strength of the concrete samples tested are shown in Figure 9 and Figure 10.
From the results shown in Figure 9, splitting tensile strength seems to develop
in a trend similar to that of the compressive strength development. The devel-
opment is rapid at early ages and gradually reduces as concrete approaches
strength control age. In this case, there is no significant difference in splitting
tensile strength between self-compacting concrete and normal vibrated concrete.
From Figure 10, it is observed that there exists slight disparity from the experi-
mental and predicted splitting tensile/compressive strength relationship. Expe-
rimental relationship trend values are higher than predicted relationship trend
values. From the relationship results in Figure 10, the constants C, and C, were
established to be an average of 0.299 and 0.672 respectively for all the tested
concrete samples. The similarity in both trends indicates that the proposed Ja-
pan concrete institute relationship function shown in Equation (4) can be used
to analyze splitting tensile strength in self-compacting concrete to obtain satis-

factory results.

4.2.3. Modulus of Elasticity of the Concrete Samples

Figure 11 shows the experimental results of the modulus of elasticity of
self-compacting concrete and normal vibrated concrete. The values lies between
15 x 10° N/mm?® and 35 x 10> N/mm?’ up to 28 day strength control age. Modulus
of elasticity of concrete affects the maximum allowable stress and influences the

6 O SCC30

O SCC50
5 & SCC70 .

A NVC50 <] X

----- Exp. Average N
4 || ——JCI2016 Model e

2
ol
270

Predicted relationship using
only JCI model Eqn.

Splitting tens. Strength (N/mm?)
(98]

Plotted using JCI model
Equation and experiment data

0 20 40 60 80

Compressive strength (N/mm?)

Figure 10. Relationship between splitting tensile and compressive strengths of concrete
samples.
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Figure 11. Experimental results of Modulus of elasticity of concrete samples.

rigidity of the design [10]. Figure 12 shows the predicted and experimental rela-
tionship between modulus of elasticity and compressive strength of the concrete
samples. There is an observed similar relationship in both the experimental and
predicted trends. Experimental modulus of elasticity of the concrete samples is
lower compared to the predicted values.

JCI guideline 2016 [8] model Equation (5) was applied to predict the modulus
of elasticity of the concrete samples.

E.(1,)=Cyx f2(1,)" (5)

where E_(1,) is Modulus of elasticity of concrete at £, (N/mm?), f¢(z,) is
Compressive strength of concrete at ¢, (N/mm?), C,,C, are Constants. Ac-
cording to JCI guidelines 2016 [8] in the absence of experimental data, constants
C, and C, in Equation (5) may be taken as 6300 and 0.45 respectively. From this
study however, the constants C, and C, was established to be an average of
3524.3 and 0.533 respectively. This means that in the absence of modulus of
elasticity experimental data, compressive strength data and JCI guideline 2016

[8] model equation can be used to calculate modulus of elasticity and satisfactory
results obtained.

4.2.4. Heat of Cement Hydration of the Concrete Samples

Temperature increase in cast concrete is as a result of the heat evolved through
the heat of cement hydration. This characteristic property is responsible for
thermal cracking in concrete structures. Figure 13 shows the semi-adiabatic/
adiabatic temperature rise of the concrete samples. Adiabatic temperature rise
was calculated from semi-adiabatic temperature rise data using the JCI guideline
2016 model Equation (6). Results shows that rate of adiabatic temperature rise in

SCC30 is high compared to the other concrete mix proportions. This is due to
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Figure 13. Semi-adiabatic/adiabatic temperature rise of the concrete samples.

low replacement ratio of the blast furnace slag cement. The high replacement ra-
tio of ordinary Portland cement means more tri-calcium aluminate (C,A) was
available for rapid early age strength development [11]. SCC50 shows a high ul-
timate adiabatic temperature rise which is due to the large amount of binder

content (546 kg/m?) available for the reaction as compared to the other samples.
Sar
0(t)=0, [l—exp{—rﬂ (t—tO!Q) H (6)

where ¢is age in days, ((?) the adiabatic temperature rise (*C), Q, the ultimate

adiabatic temperature rise (°C), r,;,S,, parameters representing rate of adia-
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batic temperature rise and ¢,, the age at starting of temperature rise.

4.2.5. Autogenous and Drying Shrinkage of the Concrete Samples
Autogenous shrinkage strain was measured at the center of the 400 mm cubic
specimen alongside the semi-adiabatic temperature rise. Drying shrinkage was
measured on specimens stored at a 20°C + 1°C temperature and 60% * 5% hu-
midity conditions. This is important so as to accurately access the actual auto-
genous shrinkage in large member size mass concrete structures as well as the
effects of drying shrinkage on exposed thin member sections. Figure 14 and
Figure 15 shows autogenous shrinkage and drying shrinkage respectively of the
concrete samples. Based on the two case scenarios of thick and thin members,
the magnitude of drying shrinkage is large compared to autogenous shrinkage.
This indicates that self-compacting concrete undergoes high drying shrinkage
which is due to large proportions of powder used to provide high flow-ability.
SCC30 exhibits a lower autogenous shrinkage than SCC50, SCC70 and normal

vibrated concrete. This indicates that the low specific surface area of blast

100
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Figure 14. Autogenous shrinkage results of concrete samples under semi-adiabatic con-

dition.
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Figure 15. Drying shrinkage results of concrete samples.
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furnace slag used as a mineral admixture was effective in reducing its autogen-
ous shrinkage. SCC50 has the largest autogenous shrinkage. This is attributed to
large amount of binder content. According to ASTM C157 “standard test me-
thod of length change of hardened hydraulic cement mortar and concrete” [12],
shrinkage of 500 micro-strain and lower is specified at 28 days of drying. In this
results, at 28 days, all the samples conformed to the standard requirement. The
variations in the magnitude of the autogenous and drying shrinkage is attributed
to low water to binder ratio and variation in the unit amount of binder content

used in each mix proportion.

5. Thermal Stress and Cracking Index Analysis by 3-D FEM
Method

Temperature rise in concrete causes stress in the entire matrix. Stress increase
with restraint boundary conditions in place, leads to early age crack develop-
ment [8]. Depending on the intended use of the structure, cracks can be ma-
naged within acceptable limits. This is achieved by predicting the cracking
probability by evaluating thermal cracking index which is a function of thermal

cracking probability. See Equation (7).
1 —4.29
P(l)=1-exp|—-| =& x100 7
(Ter) p{ (oe) } ?

where P(I.) is thermal cracking probability and /. is the thermal cracking
index. Target probability depends on use of structure [13]. In order to predict
early age thermal cracks in the concrete samples, the methodology described in
JCI guideline 2016 was used. 3-D FEM analysis method quantitatively computes
thermal stress and thermal cracking index by considering various conditions of
the cast concrete such as structural dimensions, construction procedures, tem-
perature histories, mechanical properties etc. [14]. In this research, a model mass
structure shown in Figure 16 of 1 m concrete wall construction on a concrete
slab was used. In order to input computational parameters for analysis, first ini-
tial temperature conditions of both the ground and concrete were set. Then the
physical properties for both the ground and concrete were set. These includes;
coefficient of thermal expansion, specific heat of conductivity and density. These
values were obtained from JCI guideline 2016 except for density of concrete with
was experimentally obtained. Thereafter, stress properties of concrete were set
which include; adiabatic temperature rise, mechanical properties such as com-
pressive strength, modulus of elasticity and splitting tensile strength, autogenous
shrinkage and drying shrinkage. Experimentally obtained values were used re-
spectively. Casting schedule, formwork type (in this case wooden formwork) and
the restraint conditions were also set [8]. By 3-D FEM analysis method, a region
with high cracking tendency (Maximum principle stress and low thermal crack-
ing index) for SCC and normal vibrated concrete—Portland blast furnace slag

concrete class B was evaluated. Figures 16-19 indicates the thermal stress
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Figure 16. Simulated high cracking tendency region.
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Figure 17. Simulated temperature rise at high cracking tendency region.

analysis results of the concrete samples. Their minimum thermal cracking in-
dices (Z,) are used as a measure of their degree of thermal cracking resistance.
The higher the minimum thermal cracking index indicates lower cracking
probability (high cracking resistance). Thermal cracking index (Z,), which is de-
fined as the ratio of splitting tensile strength to the maximum principle stress is

expressed as shown in Equation (8), indicates probability of cracking in mass
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concrete structures.
, L) ®

cr
o-max

where 7, is thermal cracking index; £(%,) is the splitting tensile strength (N/mm?)
and o, the maximum principle stress (N/mm?). Results from Figure 18 indi-
cate that SCC50 and SCC70 have low maximum principle stresses than SCC30
and NVC50. This is reflected by the results in Figure 19 where the minimum
thermal cracking index is high for SCC50 and SCC70. In this case, SCC50 and
SCC70 have a better thermal cracking resistance than SCC30 and NVC50.

6. Conclusions

1) Self-compacting concrete with 50% and 70% replacement ratio of blast
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furnace slag (GGBFS) exhibited a good thermal cracking resistance than
SCC30-N-BS30 and normal vibrated concrete—Portland blast furnace slag con-
crete class B (NVC50).

2) The effect of high rate of temperature rise in SCC30-N-BS30 has a large
impact in reducing its thermal cracking resistance despite it experiencing a low
autogenous shrinkage.

3) If the relevant constants are obtained from the experimental data, JCI mod-
el equations can be applied successfully in analyzing hardened properties of
Self-Compacting concrete such as strength development, splitting tensile
strength, modulus of elasticity and adiabatic temperature rise. It should however
be noted that the value of constants varies greatly from those given in the JCI
2016 guideline.

4) In order to improve a wide use of self-compacting concrete in future for
both general and special use, research has to be undertaken to come up with low
binder (powder) usage similar to normal concrete yet with flow ability and no
segregation. This should consider balancing of the desired SCC fresh properties
and use of low powder content. The future of self-compacting concrete should

also consider use of greener materials for enhanced environmental preservation.
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Nomenclature

ASTM—American Society for Testing and Materials

3D-FEM—3 Dimensional Finite Element Method

BS3000—Ground granulated blast furnace slag with specific surface area of 3000
g/cm?

BS4000—Ground granulated blast furnace slag with specific surface area of 4000
g/cm?

B—Binder is a mixture of Cement (N)& GGBES (BS)

CO,—Carbon dioxide

EFNARC—European Federation of National Associations Representing for
Concrete

GGBFS—Ground granulated blast furnace slag

OPC—Normal type Ordinary Portland cement (N)

JCI—Japan Concrete Institute

JIS—Japan Industrial Standards

JSCE—TJapan Society of Civil Engineers

SCC—Self Compacting Concrete

SCC30—Self Compacting Concrete with 30% binder content of GGBFS
SCC50—Self Compacting Concrete with 50% binder content of GGBFS
SCC70—Self Compacting Concrete with 70% binder content of GGBFS
SCM—Supplemental Cementitious Materials

BS30, BS50, BS70—Numbers indicate % content of GGBFS

TRn-x—Trial Mix numbern batch numberx

TR1-1—Trial Mix numberl batch numberl

NVC50—Normal Vibrated Concrete with 50% binder content of GGBES also
defined as Portland blast furnace slag concrete class B by the JIS, JCI and JSCE

standards.
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