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Abstract-In this research a correlation between simple
and easily obtained common mix parameters have been
developed to estimate the strength of the pozzolanic
concrete containing Fly Ash. Experimental data from
nine sources was obtained and then analyzed using
multiple regressions. The parameters selected for the
model development include concrete age, water to
binder ratio (W/B), Fly Ash replacement, Fineness of
Fly Ash, Tricalcium Silicate (C,S) and Dicalcium
Silicate (C,S) content.The derived model was designed
to predict the compressive strength f, of Fly Ash
concrete up to +30% precision. The model isdeveloped
for individual ages of 7,28, 90/91 days.
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[. INTRODUCTION

Fly ash doesn't have cementitious properties like
cement have but due to the fineness of'its particles and a
greater surface area it can be used as a percentage
replacement material of binder i.e. cement. When in
contact with water it chemically reacts with calcium
hydroxide so the amount of calcium silicate gel is
increased in concrete which imparts better mechanical
properties to concrete [i]. Therefore it can be said that
fly ash is a valuable raw material because of its
pozzolanic characteristics. Fly ash in concrete has
known healthy effects on many properties of concrete
that include but not limited to compressive strength,
plasticity, permeability, sulphate resistance and
durability [i].

Compressive strength being one of the most
important property need careful estimates while
performing mix designs. Different models are available
to predict the strength of concrete with or without Fly
Ash. Many parameters are required for reliable mix
design. Compressive strength prediction models for
pozzolanic concrete differs from ordinary Portland
cement concrete in the sense that they need the

inclusion of physical and chemical properties of
one parameter i.e. water cement ratio for concrete
compressive strength estimation. Reference [iv] in his
model in addition to water cement ratio incorporated
effect of unit weight of concrete and its age. Reference
[v] Model was complicated as they incorporated type
and quantity of glassy phase for strength estimation.
Reference [vi] proposed a model containing some
complicated parameters like gas constant R, curing
temperature and initial apparent activation energy
E,etc.

In this research a correlation between simple and
easily obtained common mix parameters have been
developed to estimate the strength of the pozzolanic
concrete. Pozzolanic concrete (containing Fly Ash)
experimental data from nine sources [vii-xv] was
obtained and then analyzed using multiple regressions.
The parameters selected for the model development
include concrete age, W/B ratio, FA replacement,
Fineness of FAand bogue compounds (C,S and C,S).

II. STRENGTH PREDICTION MODELS

Reference [ii] proposed the simplest model for the
strength estimation of concrete. He proposed that water
cement ratio controls the strength development for a
given concrete, as long as the cement type,
conventional aggregates, placement conditions, curing
conditions, and test conditions remained constant. He
proposed equation 1, based on the concept that there is
an inverse relation between the water to cement ratio
and the strength of the concrete.

f, = (%) (1)
Bc

In above equation A, B = empirical constants for a
mix and w/c = water to cement ratio.

Reference [iii] model for the strength estimation
was also based on w/c ratio. He presented following
equation
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Where: a, B, A and n =the empirical constants, w/c
=water to cement ratio

Reference [iv] used historical concrete mix design
and strength test data in lowa and developed statistical
model to predict strength and other concrete properties.
In their study researchers considered w/c ratio, unit
weight of concrete and time as the strength prediction
model parameters.

f. =

fe -
=A+Bx(5)+Cuw+DxCMF+ExLog(t)
F w
x(b)xuw (3)
—Gxuwx CMF

Where: A, B, C, D, E, F, G are Empirical constants,
w/b = w/c ratio, uw= Unit weight of concrete, CMF =
Cementitious materials factor and ¢ = Time after
hydration or age in days.

Reference [vi] considered the simplest possible
geometrical and mechanical model of the structure of
hardened concrete. He assumed that the strength's' of
the cement paste is proportional to the cross-sectional
area of the solid matrix matter (i.e. cement gel), in a
plane through the center of the pore, perpendicular to
the direction of the applied uniaxial compressive load.
Herelated the strength with w/c ratio, degree of
hydration of cement 'm', where 0<m<l, and the
strength of Hydrated Portland Cement gel s,. The

model proposed by Hansen is presented in Equation 4.

s=[1—1.22((¥2_ﬂ). ]xso 4)

(H)-032

Above equation was then converted into more
simplified form in equation 5.

s:Ax(i)wLE (5)

Where: s = strength of concrete (MPa), ¢ = cement
constant of concrete (kg/m’), w = free water content of
concrete (kg/m’), and A, E = constants for given
materials, age and curing conditions of concrete.

Reference [xvi] derived an estimation equation
that can express coefficient o, which indicates the
activity of FA as a binder, in the form of a function of
age, FA content, and Blaine specific surface area of FA.
He found that addition of FA as fine aggregate
replacement increases early strength, however when
replaced as cement it reduced the early strength of
concrete. Proposed equation 6 is presented below.

o (i) (5

Where f' (t) = compressive strength at t days

(6)
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(N/mm’), t = age (days), a and b = experiment
constants, a, = function of FA/C, o, = function of
specific surface area by Blaine, FA= fly ash content
(kg/m’), C = cement content (kg/m’), W= unit water
content (kg/m’), and B =constant.

Reference [xvii] proposed prediction model
shown in equation 7 using apparent activation energy to
estimate the variation of compressive strength of fly
ash concrete with aging.

S _ 1
S28

"o

_ﬂe—ar aty
\/1+A[e RT +e RT (t— tg)

(M

Where S = compressive strength, S,;= 28-day £,
R,= limiting relative f.', A & a = constant, R = gas
constant, T = curing temperature (K), E;= initial
apparent activation energy (J/mol), t = age (days), and
t,= age (days) when the strength development is

assumed to begin.

Reference [v] proposed a model based on type
and quantity of glassy phase and chemical
composition of FA. They prepared the model for
10% to 50% of FA replacement and for ages of 28, 91
and 365 days.

cs = ¢ (¥x 10)” + ¢ (Ca0)* + c5 (LOD® +
c, (Fineness)cB (8)

1000

Where CS = compressive strength and c,-c,=
coefficients determined by the least square technique.

Reference [xi] used chemical composition like
glass content and the fineness of fly ash and lime mortar
and related them to the compressive strength.

Reference [viii] proposed a model that
incorporated the fineness and loss on ignition (LOI) of
Ordinary Portland Cement or the fly ash concrete. He
discovered that the fineness and loss on ignition have a
good correlation with concrete compressive strength.

Reference [xxiv] did a statistical analysis and
found the compressive strength of concrete mixes at
any age with the help of rate of strength gain constant
(A4) and grade of strength constant (B).

f,= Aln(t) + B
B = 0.005 (f,)*%° ©
A = 1.4035In(B) + 2.9956

Where, (ft) is the compressive strength at age (t)
days and (A) and (B) are constants.

Reference [xxv] found the compressive strength
with his model using regression analysis

RC = b1X1 + b2X2 + b3X3 (10)

Where R, compressive strength of concrete, X, is age of
specimen, X, is the fly ash and X, is the unit weight of
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the samples. The coefficients b,, b, and b, are obtained
from multiple linear regression analysis

Reference [xxvi] measured compressive strength
of concrete using Support Vector Machines (SVM),
they found that the influence of FA characteristic
parameters in the compressive strength of concrete was
trivial. Also the Blaine reveals little influence.

A. Advantages of the Proposed Model Over Existing

Ones

Model presented in this work not only complies
with the essential strength parameters but also
incorporate simple parameters that can be obtained
with specified mix proportions of concrete and the
chemical composition of the FA and cement. In this
research a correlation between simple and easily
obtained common mix parameters has been developed
to estimate the strength of the pozzolanic concrete.

III. MODEL DEVELOPMENT

In this research pozzolanic concrete (here Fly Ash)
data is obtained from different research works and
journals and then analyzed using multiple regressions.
The parameters selected for the model development
include age, W/B ratio, FAreplacement, Fineness of FA
and bogue compounds (C,S and C,S). The bogue
compounds were calculated using simple equations as
follows.

CsS = 4.071 X Ca0 — 7.6 X Si0, — 6.718 x
Al,05 — 1.43 x Fe,03 — 2.852 x SO4 (11)

C,S = 2.867 x Si0, — 0.7544 x C3S (12)

The parameters are ought to be the same for each
data. Furthermore the statistical models developed in
the present research have been checked, using
individual data from other studies, for its validation.
The data used for checking ought to have same
limitations for the data parameters.

A. Limitation of Parameters Used

As the data used in the present study is obtained
from different sources, so it has been taken into account
that the data should not differ too much. Hence certain
criteria wereset, so that the range of parameters used for
the design of model remains closely correlated.
Following are the limitations that are followed for the
strength prediction model.

. Age 3-90 days

II. W/B 0.28-0.70

III. FAreplacement 5-55%

IV. Fineness of FA 240-500 m*/kg

V. Concretef' NSC

B.  Model Development Methodology
The statistical analysis is an iterative process and
need special considerations for the model
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development. The process involves several stages in
which the impact of several parameters, their
correlations with each other and with concrete strength,
was evaluated. So for the model development data has
to be assembled carefully.

The process was completed in two stages. In first
stage the data was assembled form different work of
authors from References [vii-xv] and all the anomalies
were reviewed and the discrepancies were removed, if
any. All the missing data was calculated or assumed
when required, and the outliers were eliminated. The
data used for the analysis is provided in appendix A-1
for the interest of readers. In second step the parameters
that appeared to relate significantly with the strength of
concrete were selected.

The variables selected for the model designing
were tested to formulate an appropriate prediction
model form. Only those variables were kept that
significantly affect the ' of concrete. The compressive
strength was found to correlate well with the power
relationships.

The iteration process was done for the preparation
of a better prediction model. This was done by
considering several power relationships between the
responses i.e. f, and the variables. Only the best
correlations were kept and implied. As it was an
iteration process so it requires multiple revisions for the
formation of ultimate model. Software MINITAB was
used for analysis of data.

C. Final Equation for Strength Estimation

The model was developed for separate ages of 7,
28, 90/91 days. The coefficients are presented in
appendix A-2.

Several models were attempted for the input
parameters in MINITAB software as described earlier.
Separate Model developed for the measurement of
compressive strength of FA concrete at specified age 7,
28,90 1s given below.

, 1 1 2
f, (age) = [a2 5033 + 0B + q D + as ef

P o112
+ aﬁe[ﬂ]] (13)

In above equation, B = W/B ratio, C=C,S %, D =
C,S %, E = % FA replacement and F= FA Blaine's
fineness inm’/kg

Coefficients of variables a1, a2, a3, o4, as and 06
were obtained through the software Minitab with the
iteration process. They are presented in appendix A-2

D. Parameters Affecting the Proposed Model

The factors that affect significantly the proposed
model were found to be Age in days, W/B ratio, C,S %,
C,S % and FA Blaine's fineness. So they only these
parameters were used for the formation of the final
model.
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E.  Model Examination
Accuracy of developed equation was checked by
employing following technique.

In

first step graph was prepared for the

experimental and model values of the compressive
strength of concrete.

In

second step deviation of results from mean

value was calculated. Total four graphs were prepared.
Graphs shown in Fig. 1-3 were drawn to check the
accuracy of equation 13. Fig. 1 was drawn for 7days
age whereas graphs shown in Figures 2 and 3 were
drawn for 28 days and 90days concrete strength.

60
50
40
30
20

fc' model (MPa)

10

Fig.1.

o =
S & o

fc' model (MPa)

— W B W
o o O (aw]

Fig. 2.

---- =£30 % deviation
a 0 % deviation i

0 10 20 30 40
fe' experimental (MPa)

Exp. & Mod. Values for Final Separate Model
(for 7 days)[A-1]

----  £30 % deviation s
0 %0 deviation P

+30%

0 10 20 30 40 50
fc' experimental (MPa)

Exp. & Mod. Values for Final Separate Model
(for 28 days)[A-1]

11

80 1~

70 1 ---- £30 % deviation P
= 60 A 0 % deviation i

. ” .
% 30 N (' -
: +30% ,’..' R
s 40 - o I
g P o - -
= 30 1 ’, . iz ek -
}-" 20 A 2 ” e - 230%

-
0 T : r : ,

0 10 20 30 40 50
fc' experimental (MPa)

Fig. 3. Exp. & Mod. values for Final Separate Model
(for 90/91 days) [A-1]

It was observed that in all figures data is confined
within the allowable limits of £30 %.

IV. VALIDATION OF THE DEVELOPED
MODEL

Developed model was verified by selecting
data other than that used for development of model.
The data for wvalidation is taken from
References [xx-xxiii]. The data used for the
validation of the proposed model is provided in
appendix A-3.

For validation of model graphs were drawn
between experimental and model values. Figures 4 -8
were drawn to validate separate model developed
for specified strengths. After the validation of models
it was observed that the data from the other researchers
used in the model given in equation 13 fits within the
limits of £25%. This shows that the proposed models
work effectively.
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Fig. 4. Exp. & Mod. Values data for validation of
Separate Model for 7 days [A-5] Source: Reference
[xxii]
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Model for 90/91 days [A-5] References [xvii], [xx],
[xxii]

V. CONCLUSIONS

1. The final model proposed for the prediction of f,
includes simple parameters that can be obtained
easily from concrete mix proportions and chemical
and physical properties of the concrete mix and FA
content.

2. The coefficients of key parameters used in the
formulation of model show similar trends as
observed in the literature.

3. Thederived model was designed to predict the f,of
Fly Ash concrete upto +30% precision. But
through the validation of the model it was observed
that the model behaves well for validation data.
The graphs for validation show that the model fits
within£25% precision level nicely.

4. The proposed model is based on multivariable
regression analysis so for the development of
model ANN (artificial neural network) is

recommended.
Notations
NSC - Normal Strength Concrete

£ Concrete Compressive Strength
FA - Fly Ash
w/c - Water to Cement Ratio
B - Binder Content
v Water Content in concrete
W/B - Water to Binder Ratio
CS - Tricalcium Silicate
CS - Dicalcium Silicate
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WHOLE DATA USED FOR THE MODEL FORMULATION

A-1

£ mwww 4/< iy ash Coment OoBWMN:BMm Wmm.ﬁ“ewupwa w_www
(MPa) 9 B SiO | 4. o, Fe, Ca S Sio Ai; Fe, Ca S CsS C.S 100 mikg
2 : (o} o) (o} 2 (o} 0; o (o} % %
Source Data From Reference [xii]
325 3 5 %. 0 0 0 0 0 Hwo. 510 351 Nww. m,w. wro 8.82 0.00 0
35.5 3 s %. %% : Ww o e 3;. 3& Hwo. 510 | 351 Nww. ww. mg 8.82 0.05 2351
292 3 5 %. wwm : Ww.m 491 mwm. SH. wa. 510 | 351 Nww. SN. wro 8.82 0.10 235.1
27 3 m%. wwm. Ww.m 491 awm. 3& wa. 510 | 351 qu. mw. wro 8.82 0.15 235.1
30.8 3 s %. hwm : Ww.m 491 aww. SH. Hwo. 510 | 351 Nww. mww. weo 8.82 0.05 384.9
29 3 s %. M% : Ww.m 491 owm. tH. Hwo. 510 | 351 Nww. ww. weo 8.82 0.10 3849
2738 3 5 %. owm : N%.m 491 owm. te wa. 510| 351 Nww. mw. wro 8.82 0.15 3849
36.7 3 5 %. wwm : Ww.m 491 oww. te wa. 510| 351 Nww. mw. wro 8.82 0.05 523.9
35.6 3 5 %. owm ‘ wwm 491 oww. tH. Hwo. 510 351 Nww. mw. M&o 8.82 0.10 5239
342 3 s %. owm : Ww.m 491 aww. ﬁe Hwo. 510 | 3.1 Nww m,w. wro 8.82 0.15 5239
34.20 7 5 %. 0 0 0 0 0 wa. 510 | 351 Nww. &N wro 8.82 0.00 0
30.80 7 5 %. owm : Ww.m 491 mwm. tH. Hwo. 510 | 351 Nww. mw. weo 8.82 0.05 235.1
29.60 7 s %. wwm : ww.m 491 mwm. 3& Hwo. 510 | 351 Nww. w.m. weo 8.82 0.10 235.1

*The standard cement chemical composition was used as per ASTM C 150 where found missing in researcher's data.
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. Bogue o
5 Age W Fly Ash Cement Compounds %FA _A FA
MPa) (day B _ _ _ Replacement/ | Blaine
(MPa, ‘ S10 . Fe, Ca S S10 Aij Fe, Ca S GC;S C,S 2k
5) Aiy 03 100 m*kg
2 03 o) O3 2 03 0; 0 0; % %
0. 45. 235 18. 1. 19. 63. 2. 61.0
28.70 7 50 98 5 491 o 47 13 5.10 351 o9 83 0 882 0.15 2351
0. 45. 235 18. 1 15. 63. 2. 610
32.40 7 50 o8 5 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.05 384.9
0. 45. 235 18. 1 19. 63. 2 61.0
30.60 7 50 o8 5 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.10 384.9
0. 45. 235 18. 1. 19. 63. 2. 61.0
29.30 7 50 98 5 491 oo 47 13 5.10 351 5 83 0 882 0.15 3849
0. 45. 235 18. 1. 19. 63. 2. 61.0
38.20 7 50 98 p 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.05 523.9
0. 45. 2335 18. 1 15. 63. 2. 61.0
37.40 7 50 o8 5 491 67 47 13 5.10 3.51 29 83 0 8.82 0.10 5239
0. 45. 235 18. 1 15. 63. 2. 610
36.00 7 50 o8 5 4.91 67 47 13 5.10 351 29 83 0 8.82 0.15 523.9
0. 15. 63. 2. 61.0
43.10 28 50 0 0 0 0 0 13 5.10 3.51 29 83 0 8.82 0.00 0
0. 45. 235 18. 1. 19. 63. 2. 61.0
39.70 28 50 98 p 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.05 2351
0. 45. 2335 18. 1 19. 63. 2. 61.0
38.10 28 50 o8 5 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.10 2351
0. 45. 2335 18. 1 19. 63. 2. 610
36.80 28 50 o8 5 491 47 13 5.10 351 49 83 0 8.82 0.15 2351
0. 45. 235 18. 1. 19. 63. 2. 61.0
41.30 28 50 98 s 491 67 47 13 5.10 3.51 29 83 0 8.82 0.05 384.9
0. 45. 2335 18. 1. 15. 63. 2. 61.0
39.40 28 50 98 5 491 47 13 5.10 351 59 83 0 8.82 0.10 384.9
0. 45. 235 18. 1. 19. 63. 2. 61.0
38.80 28 50 o8 p 4.91 67 47 13 5.10 3.51 29 83 0 8.82 0.15 384.9
0. 45. 235 18. 1. 19. 63. 2. 61.0
49.70 28 50 o8 5 491 67 47 13 5.10 3.51 29 83 0 8.82 0.05 5239
0. 45. 235 18. 1. 19. 63. 2. 61.0
46.90 28 50 98 5 491 67 47 13 5.10 3.51 29 83 0 882 0.10 5239
44.30 28 0. 45. 2335 4.91 18. 1 15. 5.10 3.51 63. 2. 610 8.82 0.15 523.9
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. Bogue
e Age | Fly Ash Cement Componmds %FA FA
(day /B _ _ _ Replacement/ | Blaine
(MPa) | SO 0, | F2| Ca| S| SO| An| Fa| Ca| S| GCS| Gs 100 m?/kg
2 03 0 05 2 O3 03 O 03 % %
50 98 5 67 47 13 29 83 0
0. 19. 63. 2. 61.0
46.70 90 50 0 0 0 0 0 13 5.10 351 29 83 0 8.82 0.00 0
0. 45. 235 18. 1. 19. 63. 2. 61.0
43.10 90 50 98 5 491 67 47 13 5.10 3.51 29 83 0 8.82 0.05 235.1
0. 45. 235 18. 1. 19. 63. 2. 610
41.40 90 50 98 5 491 67 47 13 5.10 3.51 29 83 0 8.82 0.10 235.1
0. 45. 235 18. 1. 19. 63. 2 61.0
40.50 90 50 o8 5 491 67 47 13 5.10 3.51 29 83 0 8.82 0.15 235.1
0. 45. 235 18. 1. 19. 63. 2. 61.0
44.30 90 50 98 5 4.91 67 47 13 510 3.51 29 83 0 8.82 0.05 384.9
0. 45. 235 18. 1. 19. 63. 2. 61.0
42.60 90 50 98 5 491 67 47 13 510 3.51 29 83 0 8.82 0.10 384.9
0. 45. 235 18. 1. 19. 63. 2. 61.0
41.70 90 50 98 5 4.91 67 47 13 510 351 29 83 0 8.82 0.15 3849
0. 45, 235 18. 1. 19. 63. 2. 61.0
52.60 90 50 98 5 4.91 67 47 13 5.10 351 29 83 0 8.82 0.05 5239
0. 45. 235 18. 1. 19. 63. 2. 61.0
43.80 920 50 98 5 491 67 47 13 5.10 351 29 83 0 8.82 0.10 5239
0. 45. 235 18. 1. 19. 63. 2. 61.0
4690 90 50 98 5 491 67 47 13 5.10 351 29 83 0 882 0.15 5239
Source Data From Reference [xiv]
0. 61. 1.4 0. 20. : 64. 2. 55.0 19.0
30.70 7 37 4 255 4.2 4 16 9 52 2.3 4 9 0 0 0.14 270
0. 61. 14 0. 20. 64. 2. 55.0 19.0
29.10 7 39 4 25.5 4.2 4 16 9 52 2.3 4 9 0 0 0.26 270
0. 61. 1.4 0. 20. 64. 2. 55.0 19.0
17.10 7 39 4 255 4.2 4 16 9 52 . 23 4 9 0 0 0.40 270
0. 20. . 64. 2. 55.0 19.0
30.20 7 44 0 0 0 0 0 9 5.2 . 23 4 9 0 0 0.00 0
0. 61. 14 0. 20. . 64. 2. 55.0 19.0
26.30 7 44 4 255 42 4 16 9 52 23 4 9 0 0 0.14 270
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, Age Fly Ash Cement’ Bogue %FA FA
A w Compounds ) .
MPa) (day [ _ _ _ Replacement; | Blaine
( k Si0 . Fe, Ca S Sio Al Fe, Ca S CsS C,S 0 2k
5) Aiz0; 100 m>kg
2 - 0; 0 0; 2 0; (o]} [8) 03 % %
0. 61. 1.4 0. 20. 64. 2. 55.0 19.0
19.60 7 50 4 25.5 42 4 16 9 5.2 23 4 9 0 0 0.26 270
0. 61. 1.4 0. 20. < 64. 2. 55.0 15.0
14.80 7 48 4 255 4.2 4 16 9 5.2 2.3 4 9 0 0 0.40 270
0. 20. < 64. 2. 55.0 19.0
25.60 7 47 0 0 0 0 0 9 5.2 23 4 9 0 0 0.00 0
0. 61. 1.4 0. 20. < 64. 2. 55.0 19.0
18.60 7 53 4 255 4.2 4 16 9 5.2 23 4 9 0 0 0.14 270
0. 20. - 64. 2. 55.0 19.0
46.80 28 33 0 0 0 0 0 9 5.2 2.3 4 5 0 0 0.00 0
0. 61. 1.4 0. 20. < 64. 2. 55.0 19.0
37.40 28 37 4 255 42 4 16 9 5.2 23 4 9 0 0 0.14 270
0. 61. 1.4 0. 20. < 64. 2. 55.0 19.0
33.10 28 39 4 255 4.2 4 16 9 5.2 2:3 4 9 0 0 0.26 270
0. 61. 1.4 0. 20. < 64. 2. 55.0 19.0
23.10 28 39 4 255 4.2 4 16 9 5.2 23 4 9 0 0 0.40 270
0. 20. < 64. 2. 55.0 19.0
36.30 28 44 0 0 0 0 0 9 5.2 23 4 9 0 0 0.00 0
0. 61. 14 0. 20. 64. 2. 55.0 15.0
33.60 28 44 4 255 42 4 16 9 5.2 2.3 4 9 0 0 0.14 270
0. 61. 1.4 0. 20. : 64. 2. 55.0 19.0
25.90 28 | 5 4 25.5 4.2 4 16 9 5.2 2.3 4 9 0 0 0.26 270
0. 61. 1.4 0. 20. < 64. 2. 55.0 19.0
20.50 28 48 4 255 4.2 4 16 9 5.2 ,m.w 4 9 0 0 0.40 270
0. 20. R ; 64. 2. 55.0 19.0
32.60 28 47 0 0 0 0 0 9 5.2 2.3 4 9 0 0 0.00 0
0. 61. 1.4 0. 20. - - 64. 2. 55.0 19.0
22.70 28 53 4 255 4.2 4 16 9 5.2 2.3 4 9 0 0 0.14 270
0. 20. < 64. 2. 55.0 19.0
49.70 21 33 0 0 0 0 0 9 5.2 2.3 4 9 0 0 0.00 0
0. 61. 14 0. 20. . : 64. 2. 55.0 19.0
39.80 91 37 4 255 4.2 4 16 9 5.2 23 4 9 0 0 0.14 270
37.70 91 0. 61. 25.5 4.2 14 0. 20. 5.2 2.3 64. 2. 55.0 19.0 0.26 270
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. Bogue

£ Age w Fly Ash Cement Com: 1 %FA FA

(day /B : _ _ Replacement/ | Blaine

MPa) | S0 [ .o Fe; | Ca| S| SIO| A, | Fe;| Ca| S| CS]| GCS 100 m¥kg
2 31 0 ) 03 2 03 0; 0 03 % %
39 4 r 16 9 r 9 0 0
0. 20. 64. | 2.| 550 19.0

38.70 9 | L4 0 0 0 0 0| o 53 23| 4 o o 0 0.00 0
0. | 6l. 14| 0.| 20 64. | 2.| 550 19.0

38.40 9N | L4 4 255 42| 16 5 52 23| , 5 o 0 0.14 270
0. ol. 14 0.| 20 64. | 2.| 550 19.0

2920 91 | 4 255 42| , 16 9 52 23 , N o 0 0.26 270
0. 20. 64. | 2.| 550 19.0

34.20 9 [ o 0 0 0 0 of 4 52 23| 9 o o 0.00 0

Source Data From Reference [ix]

0.] 4s. 15.] 0.] 20. 62.| 3.] 599 139

16.70 3| 48 9 239 34 4 3 33 436 299 o7 | ,3 o 0 0.33 314
0. | 6l. 14| o0.| 20 62.| 3.| 599 13.9

30.70 3| 5 4 5.5 2| , 6 | 33 436 299 o5 | 3 o o 0.14 270
0. | 6l 14| 0.| 20 62.| 3.| 599 139

29.10 3 | 49 4 5.5 a2 , 6 | 23 436| 299 7| ,3 o o 0.26 270
0. | ol. 14| o0.| 20 62.| 3.| 599 13.9

17.20 3| 59 4 5.5 a2 | , 16 | 33 436 299 % o2 o o 0.40 270
0. 20. 62. | 3. 599 13.9

30.20 3| 45 0 0 0 0 0 53 436| 299 o5 2 o 0 0.00 0
0. | el. 14| 0. 20 62. | 3.| 599 139

26.40 3| 4 4 5.5 a2 , 6 | 33 436 299 o7 [ o3 o 0 0.14 270
0. | 6l. 14| 0.| 20 62.| 3.| 599 139

19.70 3| 4 4 5.5 az | 16 | 33 436| 299 o= 2 o 0 0.26 270
0. ol. 14 0. 20. 62. | 3.| 599 13.9

14.80 3 | 48 4 5.5 a2 , 16 | 33 436 299 o7 [ o3 o o 0.40 270
0. 20. 62. | 3.| 599 139

25.60 3 [ 49 0 0 0 0 0| 3 436| 299 o5 2 o 0 0.00 0
0. | 6l. 14| o0.| 20 62.| 3. | 599 139

18.70 3| o4 4 5.5 2| , w6 | 33 436 299 o5 | 3 o o 0.14 270
0. | 4s. 15.| o.| 20 , 62.| 3. 599 13.9

41.30 91 | Lo 9 239 34| 3 33 436| 299| 7| 7 o 0 0.33 314
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£ Age W Fly Ash Cement’ OoENMNMMm %FA n H...>

ore) | W B 5T Fol G S| S0 A Fa| G| S| G5 o | " Priment/ | Blane
& , A% o, | 0 |0 | . 0 | o5 | o |o| % % 100 e
43.10 ot | ao | o | 23| 3a| 3| | | ess| 29| S| L| Y|P 0.40 314
27.60 o | uo. wm. 29| 34 w:. wo. S| aas| 29| SH| 2 m%.o How.o 0.40 314
30.80 91 Aw. wm. 239 34 w:. wo. %mo. 436 299 wm%. u.w : .h%.o %.o 0.43 314
24.00 ot | 3| g 2s| zal | 0| S| ese| 28| S, V0| VP 0.43 314
49.70 91 w%. 0 0 0 0 0 wm%. 436 299 www Nw : m%.w How.w 0.00 0
39.90 or | | SU ss | oax| AL 2| 2| ass| 2e9| SEL| Y| YT 0.14 270
37.70 91 w%. M_. 55| a2 AI _M. wwO, 436 299 www uw : m%.o _ou.o 0.26 270
38.70 ot | ] o 0 0 o | of 2| a3s| 209 S| V7| VP 0.00 0
38.40 91 Am. M_. 55| a2 AI :m. wwo, 436| 299 oww 5 w , mow.w _owo 0.14 270
29.30 91 mw. M_. 55| 42 h.k_ _M. wm%. 436 299 mww Nw : m%.o How.o 0.26 270
3420 | o1 | | o 0 0 o | of SX| 43| 20| S| P U 0.00 0
Source Data From Reference [x]

17.80 7 e | T | 204 [P 2| S| e | 20| | F| VOB 0.56 289
19.50 7 w%. ”_ [ 23| 204 __.N aw. %NN. 39 | 299 _M.w. %. w: Now.m 0.56 289
19.40 7 .ao. ”:. 23 | 204 __.N %. %Nu. 3.9 | 299 _w.w %. w.I wm.w 0.56 289
16.80 7 % N 1 23| 204 __.N %. %NN. 39 | 299 _M.w. %, w.I wm.m 0.56 289
23.90 7 e | V| 2| 24| [P | B ose| 28| P S| V] OPE 0.56 289
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£ Age W Fly Ash Cement’ noﬂwwm:bnn_m %FA . FA
(MPa) m&, B[S0 1o F: | Ca| S| SO| A:| Fea| Ca] S| CS| Cs w%ﬁ... o wmem
: Mo o |o | - 0s 0; 0o |0 | % % _
2730 2 ISl DLl T ] BTN B Il B 0 B N - S Il B 0.31 370
28.20 7 ﬁm. M_. 255 42 h.& _M. S| sa| 2| B 7 m%.o _%.o 0.31 370
16.80 7 A%. M_. 55| 42 h.& _M. MO. s2 | 23 “ﬁ. %. m%.o H%.o 0.55 370
23.60 7 ww. M_. 55| 42 “.A . M. S osa| 2| S| S mowo _%.o 0.50 370
25.80 28 %. 0 0 0 0 0 mo. sa| 23| & %. mowo _%.o 0.00 0
20.30 2 [ L0 S ass| oax| | S| s2| o2 M S| Y0V 0.31 370
38.50 2 | %. M_‘ 255 42 “.A _M. ool I T - T A mowo _%.o 0.31 370
4130 28 AM. M_. 55| 42 h.a . %. SO s 23| LS mom.o _oo.o 0.31 370
29.20 28 &o. SLl ass| 42| M _%. mo. 52| 23| 8 %. mom,o _%.o 0.55 370
34.20 28 ww. M_. 55| 42 h.» _%. MO. 52| 23 Mu. %, m%.o _%.o 0.50 370
Source Data From Reference [xv]
20.00 3| 0| o 0 0 0 o | s20| 3s0| OS+f 2| 0 194 0.00 0
25.00 3| 4| 39| 208 1ws| | | | s20| 3so| SOt | 0 P 0.40 930
31.50 7| %, 0 0 0 0 0 wwp 520| 3.80 uwp. o%. m_q.o _qa._ 0.00 0
20.50 7 am. ”6. 21 | 118 .ww. 5 m wwp 5.20| 3.80 mwa, o%. m_g wﬁ 0.40 300
31.00 7| | o3| 208 | | | e | s20| sso| SH| o 0| W 0.40 930
48.50 28 m%. 0 0 0 o | o mwp 520| 3.80 wwa. o% m_sa Lol 0.00 0
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y Age | Fly Ash Cement noawwm:umm %FA FA

(MPa) m& ‘B Si0 [ 4o Fe; Ca 3 SiO| Al Fe; Ca S CsS CS wa._»_n mw_ e m__nwwmm
) 30, 0 0; ) 0; 0; 0 0; % %
30.50 28 am. ”5. 2| ns| J* " M mﬂo. 520| 3.80 wwa. o%. m_so _uo.ﬁ 0.40 300
52.00 90 m%. 0 0 0 0 0 mwo. 5.20| 3.80 ww_. ow. m_so tol 0.00 0
41.50 90 Am. wo. 21 | 118 qs. Nm. mﬁo. 520 3.80 wwa. o% m_sa _qa._ 0.40 300
Source Data From Reference [xxiii]

21.73 28 q%. 0 0 0 0 0 MO. 52| 23| O %. 55.0 _%.o 0.00 0
26.37 28 | | 0 0 0 o | of S| sa| 2| S| S| ssof| {0 0.00 0
28.51 28 | M. 0 0 0 0 0 MO. s2 | 23| O %. 55.0 _%.o 0.00 0
33.99 2 | | o 0 0 o | of | s2f 23| $H[ | ssof| ¥ 0.00 0
22.04 28 m.m. 43 | 199| 23.7| 57 m. mO. s2| 23| O %. 55.0 _%.o 0.33 393
24.08 28 m%. 43 | 199| 23.7| 57 m. mb. 52| 23| O %, 55.0 _%.o 0.27 393
26.16 28 »w. a3 | 199| 237| 57 m, SO sa| 2| S S| sso _%.o 0.23 393
28.23 28 a.w. a3 | 199| 237| 5.7 m. MO. sa | 23| O %. 55.0 _%.o 0.18 393
2946 | 28 | | a3 | wes| w7 sz| | GO sa| 2| S S| sso| (0 0.15 393
21.76 28 %. 0 0 0 0 0 mo. sa| 23| O %. 55.0 _%.o 0.00 0
22.92 28 aw. 0 0 0 0 0 MO. sa | 23| O %. 55.0 _%.o 0.00 0
28.93 2 | | o 0 0 o | of S| saf 23| S| S| so| {0 0.00 0
32.13 28 | | o 0 0 o | of | saf| 23| S| | sso| Y° 0.00 0
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' Age w Fly Ash Cement Compounds %FA . H...>
MP (day B _ _ _ Replacement/ | Blaine
(MPa) 5) ‘ Si0 AiO Fe: Ca S Si0 Al Fex Ca S CsS C.S 100 m¥kg
203 ,
2 0; (o} 05 2 0; 03 (o} 0; % %
0. 20. . 64. 2. 15.0
34.73 28 | 46 0 0 0 0 0 9 5.2 23 4 9 55.0 0 0.00 0
0. 2. 20. < 64. 2. 19.0
2 ) o)
23.17 28 54 43 19.9 237 5.7 7 9 5.2 23 3 9 55.0 0 0.30 393
0. 2. 20. . " 64. 2 19.0
25.14 28 50 43 19.9 23.7 5.7 7 5 5.2 23 4 9 55.0 0 0.25 393
0. 2. 20. < 64, 2. 19.0
26.75 28 47 43 19.9 237 5.7 7 9 5.2 23 3 9 550 0 0.21 393
0. 2. 20. < 64. 2. 19.0
b ) o) L)
29.14 28 44 43 199 23.7 5.7 7 9 5.2 23 4 9 55.0 0 0.17 393
0. 2. 20. <A 64. 2 19.0
31.36 28 | 4 43 19.9 237 571 4 9 5.2 23 4 9 55.0 0 0.14 393
0. 20. < 64. 2. 19.0
b pi o} )
20.88 28 33 0 0 0 0 0 9 5.2 23 4 9 55.0 0 0.00 0
0. 20. c 64. 2. 19.0
23.03 28 78 0 0 0 0 0 5 5.2 23 4 9 55.0 0 0.00 0
0. 20. < 64. 2. 19.0
2 ) 7
28.90 28 70 0 0 0 0 0 5 5.2 23 4 9 55.0 0 0.00 0
0. 20. . A 64. 2. 15.0
31.04 28 63 0 0 0 0 0 9 5.2 23 4 9 55.0 0 0.00 0
0. 20. c A 64. 2. 19.0
37.05 28 58 0 0 0 0 0 9 5.2 23 3 9 55.0 0 0.00 0
0. 2. 20. - 64. 2. 19.0
pJ pd ] o] o]
20.46 28 64 43 19.9 237 5.7 7 9 5.2 23 4 9 550 0 0.36 393
0. 2. 20. c 64. 2 19.0
23.48 28 60 43 19.9 23.7 5.7 7 9 5.2 23 3 9 55.0 0 0.30 393
0. 2. 20. < 64. 2. 19.0
2 ) )
26.96 28 57 43 19.9 237 5.7 7 9 5.2 23 3 9 55.0 0 0.25 393
0. 2. 20. A N 64. 2 19.0
29.67 28 53 43 19.9 23.7 5.7 7 5 5.2 23 3 9 55.0 0 0.20 393
0. 2| 20 ., N 6% | 2. 19.0
33.85 28 51 43 19.9 237 57 4 9 5.2 23 4 9 55.0 0 0.16 393
21.73 28 0. 0 0 0 0 0 20. 5.2 23 64. 2. 55.0 19.0 0.00 0

Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

23




Vol. 20 No. 1I-2015

Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

: . Bogue .
S0 ol Fly Aok Cement Compounds | oy ob e | Blaine
MPa) ) .B : ; : P .
( 50| L. F, | Ca| S| S0 AL Fal| Gl S| s s 00 ™
# AlOs 0 o 0 0 0 0 (s} % o : e
2 3 3 2 3 3 3 S o
31 5 3 5 0
3 . 3
25.49 28 u%. 0 0 0 0 0 mo, sa| 23 Mr. o | sso H%.o 0.00 0
2939 28 m%. 0 Q 0 0 0 m.wn., 52 23 .__.Q.a. wm 550 u“uw.n_ 0.00 0
b il
31.29 28 m%. 0 4] 0 0 0 mo_ 52 23 .._.Qu__, Wt 550 u“uw..o 0.00 0
% a2
36.46 28 ww, 0 0 0 0 0 mo‘ 52| 23 “z, s | ss0 H%,o 0.00 0
3 7 3
22.85 28 aw, | 19s| n7| 57| 2 mo, s2 | 23 “z, 2| 550 H%,o 0.33 393
3 b 1
24.96 2 | | a3 09| 2:a| sa| G| %) saf 23| S| | sso| PO 0.27 393
30.55 28 m%. 43| 199 237 57 uu. wo, 5.2 23 .mh. % 55.0 _%.c 0.23 393
0} 1T 20 . T ) - 150
32.66 28 | 4 a3 | 199 27| s7| - sio| 23| 7 i 55.0 | 0.19 303
37.93 28 %. a3 | 199] 237| s qu. wp 52| 23 ._._r. % 55.0 H%.c 0.16 193

A-2

TABLE FOR COEFFICIENTS OF INDEPENDENT VARIABLES OF FINAL MODEL USING SOFTWARE ANALY SIS

Coefficients for Final Model using Control & FA mixes

Predictor b 4 d
o
Non-constant Separate model for specific ages
7 Days 28 Days 9091 Day
1
o @4 474 448 533
03793 -
3 (C;5(%)) 0.588 0.075 -0.361
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1
04 _=monm?\$u 1.05 2.28 2.06
as By 467 214 -1.79
_._u>w§noﬁﬂlu»,=
as = 0.68 -0.285 0.597
e
A-3
WHOLE DATA FOR THE VALIDATION OF THE PROPOSED MODELS
' ; Bogue o
fc >mn. W Fly Ash Cement Compounds % FA FA
(MPa (day | . . . . . Replacement . | Blaine
B Si0 Al Fe» Ca S S10 Al Fe» Ca SO C;S C.S 2k
) s) 100 mkg
2 0; O; (o] 0; 2 03 3 (o] 3 % %
Data Source from Reference [xx]
0. 50. 28.6 0. 20. 63. 3.0 53.7 310.0
16.34 3 29 20 0 13.2 2.6 6 30 4.90 3.10 30 0 1 19.12 0.70 0
0. 50. 28.6 " 0. 20. 63. 3.0 53.7 " 310.0
16.64 3 29 20 0 13.2 2.6 6 30 4.90 3.10 30 0 1 19.12 0.70 0
0. 50. 286 0. 20. 63. 30 537 5 3100
3185 3 30 20 0 13.2 26 6 80 490 3.10 30 0 1 19.12 0.50 0
0. 44, 252 2.4 0. 20. 63. 3.0 53.7 287.0
10.90 3 40 9 0 7.50 0 28 80 4.90 3.10 30 0 1 19.12 0.70 0
0. 44, 252 24 0. 20. 63. 3.0 53.7 287.0
M 22 i
2022 3 39 9 0 7.50 0 28 80 4.90 3.10 30 0 1 19.12 0.50 0
0. 44, 25.2 2.4 0. 20. 63. 3.0 53.7 287.0
26.14 3 39 9 0 7.50 0 28 80 4.90 3.10 30 0 1 19.12 0.50 0
0. 50. 286 0. 20. 63. 3.0 53.7 310.0
) b b
2401 7 29 20 0 13.2 2.6 6 80 4.90 3.10 30 0 1 19.12 0.70 0
0. 50. 28.6 0. 20. 63. 3.0 53.7 " 310.0
18.60 7 29 20 0 13.2 2.6 6 30 4.90 3.10 30 0 1 19.12 0.70 0
0. 50. 28.6 0. 20. 63. 3.0 53.7 310.0
38.00 7 30 20 0 13.2 2.6 6 80 4.90 3.10 30 0 1 19.12 0.50 0
0. 44, 25.2 24 0. 20. 63. 3.0 53.7 287.0
14 40 7 40 9 0 7.50 0 28 80 4.90 3.10 30 0 1 19.12 0.70 0
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fc' Age | o | FyAsh Cement c Bogue q % FA| FA
(MPa (day B _ _ _ _ ompoancs Replacement /| Blaine
5) S10 Al» Fe, Ca S Si0 Als Fes Ca SO C;8 C.S 100 mkg
2 o, |o, J|o o; | o, |o 0 ; % %
2536 7 |2 Lo o 22| 730|020 | a2 | 450] 310].0 |4 20|, 7| 1a2| o0 70
s3] 7 L0 |, [ B2] 730 20 L0 [ | 490] 30|, [ 0], 7| 12| oso B0
1325| 28 | L% |00 |6 220 12| 26 (% | | 40| 10|, P[0, P 2| oo o 10
3055 28 | ,07 a0 o 0| 132 26 [¢ % | gt | 40| 30|, |, 70,7 1912] om0 o 100
5700| 28 woo. N%o. 6 2861 132 26 ] 0. wowo. 490 | 3.0 88. 6 3.0 . 371 1912|050 0 310.0
26| 28 |00 (o™ 477 1505t hg lso | 40| 310|570 |, 02T | 12| o0 o 70
3660|280 o™ |0 2| 750|420 |, | g | 40| 310 |, |40, 7| waz| oso [T
asss| 28 [0 [ Mo P 1s0| Pt e e | 40| 30| [P0 T 12| o0 o o0
40.75| 90 Noo. N%o 6 86| 132| 26 ] 0. 88. 490 | 3.10 uoa. 6 3.0 . 371 1902 070 0 310.0
a110| 90 moo. N%o. 6 86| 132| 26 ] 0. wowo. 490 | 3.10 88. 6 3.0 . 371 92| 070 0 310.0
02| 50 |0 |0 [ 28] 2] 26 |0 o2 | 490] 30|, | 20|, 57| 12| os0 3100
2801| 90 .80. o 0 321 750 o 2.4 Nwo. mouo. 490 | 3.10 88. 6 3.0 . BT 1012 070 0 287.0
a26s| 90 |07 |9 M o PP 70| Pt o |eo | 40| 30|52 |, 0, T | 192] o0 o o7
5455| 90 wwo. o 1, 23521 750 o 2.4 Nwo. 88. 490 | 3.10 woa. 6 3.0 . 371 1912|050 0 287.0
Source Data from Reference [xxi]
1457 3 &o. 0 0 0 0 o |, O sa |23 | %% 29| ss0| 1900|000 0.00
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fc' Age | | Hyash Cement nowwmw_mu i % FA| FA
(MPa (day | . P Replacement Blaine
B - : : -
5) : Si10 Al Fe; Ca S S10 Al Fe, Ca SO CsS C:S | 100 m2kg
5 2 0; 0; O (o]} 2 " 0; [0 3 o . % %
7ot 3 || o 0 0 0 o [o% | s2 | 23 |,% | 29| ss50| 1900 0.00 0.00
N 0. S P 6 | -
01| 7| 0 0 0 0 o |, s2 | 23 |, 29| 550| 19.00] o0.00 0.00
0. S P 61 | .
u1| 7|, 0 0 0 0 o |, s2 |23 |, 20| sso| 19.00| 0.00 0.00
2
2851| 28 ao. 0 0 0 0 o | 201 52| 23 s 641 29| ssol| 1900] o0.00 0.00
3243| 28 Zo. 0 0 0 0 o |, 0.1 52| 23 A 64. 1 29| s550| 19.00| o0.00 0.00
\,v A
3482| o1 &o. 0 0 0 0 o |, 0.1 55| 23 s 6 | 29| ssol| 1900] o0.00 0.00
3691 | o1 30. 0 0 0 0 o |, 0.1 52| 23 s 6. 1 29| s550| 19.00| o0.00 0.00
Source Data from Reference [xxii]
.
2436| 7 .so. . 55. o L1 59 6 6.7 moo. 21 | 460 3.00 8%. 270 sgs | 1611] o020 o 362.0
2600| 7 éo. . 33. o 220 439 6 6.8 moo. 21 460| 3.00 82. 271 585 | 1611] o020 o 319.0
3 o bl
2550 | 7 .Go. o 50. o 331 g40 o 24 woo. 21 | a60| 3.00 82. 271 sgs | 1611|020 o 290.0
2566 7T |a 167 Lo 0 52006 %0 | | 2t | 460 300 | S| 3| sss | eu| o020 o 0
3 3 3
2468 7 A%. L% o 214 g9 o 44 .ao. 21 | 460| 3.00 _o%. 271 sgs | 1611 o020 o 3510
501| 7 .Go. . 30. o 89| 540 6 1.4 So. 21 460 | 3.00 83. 271 sgs| 1611| 020 o 377.0
0. | 46 | 313 18| o0 6. | 27 337.0
) o)
Bas| 7|0, o 8.50 | s 21 | 460 300 . 585 | 16.11] 0.0 o
0. 38 | 130 206 13 | 3. 63 | 27 353.0
) 3 ) o)
872 7 |00 |, o 0 o |30 21 | a60| 3.00 |4 585 | 16.11] 0.0 o
0. | 39| 195 % | 1 64 | 27 3770
w27 7 | s o 570 | 1077 | g0 21 | 460| 300, 585 | 16.11] o020 o
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m.wﬁ_um .Mwmw wﬁ, J«. e : n.nEnE : nom%%whn% wnw.,_mnngnnw A m_M.Mn
5) : Si10 Al Fe: Ca S Si0 Ai; Fea Ca SO GCsS C:S | 100 mkg
2 0s 0; o 05 03 0; 0 3 % %
2000 7 [0 | 36 [P s00| 7 s | 2 | aso| 300 | Ot [ %] sss| 16| 020 o L0
2823 7 [0 570 [0 ] 59060 oo | 2t | 40| 300 | O* [, %7| s8s| 16a1| o020 o 00
nas| 7 |G| o 0 0 0 o | 20| 460| 300|, % |, > s85| 1611] o000 0.00
3sss| 28 |00 |00 [ PN 520 |08 s | 2t | weo| 300 | Ot |, %[ sss | wem| o020 o 0
sago| 28 [0 |, 2% [ 2P0 630 0% [ | a1 | 40| 00| O | %7| s8s| 1611 o020 o 0
3350 28 [0 [0 |27 840, Pt |5 | 2t | aso| 300 | Ot [, %7 | sss| 1em| o2 o 200
63| 28 [0 [T P s20| %P [ | 2t | 4s0| soo| O | %7| s8s| 16a| o020 o 10
3473 28 [0 |, 00 [ T s | ML 2t | aso| s00| Ot [ %] sss| 16| o2 ot
3937 28 [0 [0 [ 2®0] sao| M| 2t | 40| soo| O [ %] s8s| 1611|020 00
soeo| 28 [0 [, P sso| PR 2t | 4e0| soo| O | %7| s8s| 61| o020 0 20
2008 28 |07 (47 16 2% 0 leo 36 | 20 | as0| 300, [,%7| s85| 16| o020 0 00
2wl 28 | O P s, (e | 2t | 46| 30| O | 27| sss | s o020 00
a2 28 |00 | 36 [P s00 |0 [ | 2 | aso| 300 | |, %7 sss| 1ean| 020 o OL0
3037 28 [0 [0 [0 590 g oo | 2t | 460| 300 | S* [ %7| s8s| 16a| o020 o 000
TIRCH I T P 0 0 0 o | 20| 460| 300|, % | *7| s8s5| 1611 000 0.00
saar| s0 |0 2 AP s20| 0T [ | a1 | ae0| 300 | O | %7| s8s | 1611 020 o 520
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M.M_“wm .Mnr_mww. ,.mdq Jw. At _ O.nBQ: . Oowmvm”“umm Nn.%wnngnuw. y w_w...m.”n
9 : SO| A | Fa | Ca | S| SO| A: | Fe: | Ca | SO| Gs | C5 | 100 m kg
: o |os |o o5 |; o, |os Jo |5 |% %
a693 90 |0 1,77 0] 630 0% [ | 2 | aso| 300 |, |, tT| s8s| 16| o020 o 20
asaz| oo | O 00 [ PR mao| B[O 2t | 40| 300 |, |, FT| s8s | 16| o020 o 200
agst| oo |0 TP s20] 0 L0 | 2t | 4s0| 00| St | 7| sss| 161|020 o 1
agss| o0 |0, 70 o] sz, LY | 2| aso| 00|, 5t |, sss| 1em| o020 o e
sogo| 90 |0 2% [ 282 sa0 | MALL O a0 | as0| 300 |, |, P sss | 1em| o020 e
2289 90 |0 |, o] sso | MB| 2t | aeo| 300 St | HT| sss | 1em| o020 o 270
5090 90 | |47 [P0 6™ 6o lae | 2t | #60| 300|, || s8s| 16m| 020 o 020
20| 90 |0 |52 [0 7| 570 L8 (e | 2t | ae0| 300 |, >t %] s8s| 16| 020 o0
avoa| o0 | O 36 [ PR soeo| BTl 2| 21 | 40| 300, |, 7| s8s| 1611] o020 , fore
soro| o |0 2% M2 se0 Bl L 21 | ae0| 300 | O | P sss | o1sa| o020 o 000
w22 0 || o 0 0 0 o | 21| as0| 300, |, s&s| 1611] o000 0.00
Source Data from Reference [xvii]
15 300 [ 60" (10 Lo 0| 370|670 a0 |5 | 390| 299 | |, 7% | 475 | 2875 0.0 , S
13 300 [ o |10 102t 370070 (o |57 | 390 299 ||, PY| 4rs| 2875| o0n0 o 8
19 300 | O [0 162 3700070 | |5 | 30| 299 | P |, Pt #7s | 2875] oo0 , e
16 300 [ o0 [0 Lo ™ ] 370670 [ae |5 | 30| 299 | |, 7Y 475 | 2875 o0 o e
s 500 | 0 | 105 |0 70| 370|400 |, | | 390] 299 | o |, 2% | 75| 2875| oz B

29



Vol. 20 No. 1I-2015

Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

fc' Age - Fly Ash Cement c Bogue 4 % Fal Fa
(MPa (day /B : : : - ompounds Replacement . | Blaine
5) Si0 Ai, Fes Ca S Sio Ai; Fe; Ca SO C;S C:S | 100 mkg
2 o5 |o, |o  |o; |: 0; s o |5 % %
13 300 [ O |10 1o 0] 3700070 |0 |50 | 39| 299 | 2|, PP ars| 2835| 030 o Lt
34 300 [ o0 [0 162 370007 |0 |50 | 390| 299 | |, %% 475| 2875 o000 o 8
22| 300 |2 1070 [ PP 370 020 e |5 | 3so | 2ee | |, 2P| 47| 28| oo o 18
29 300 | o |10 1020 370070 |0 | 520 | 390 299 |, 2|, | 475 | 2875 o020 o L8
24 300 [, 1107 162" 3700070 |5 | 570 | 390 299 |, 2 |, 2% 475 | 2875 o030 o 8
40 300 [0 [ 10> 1620 37000 7° |0 |55 | 390| 299 |0 |, %% 475 | 2875 o0 o 18
" 500 |0 [ 55 [, 30| 30|, 3% |0 [ 2| ss0| 29| O | 2F| 45| 27| o T
27 300 [0 |10 1020 37000 °° |00 | 570 | 390 299 |, || ars| 2875 o030 o 1t
43 300 [0 [ 1077 162 3700070 | |50 | 390 299 | |, %% 475 | 2875 oxo o e
a0 | 300 [0 07 o7 370070 o | s | 390 299 | |, PP 4rs| 2875| o020 o 8
29 300 [ 5,0 [ 107 162" ] 3700070 |0 |50 | 390| 29| 2 |, %% 475 | 2875 o030 o LS
24 700 | % 110 1o 20| 3700420 [0 |50 | 390 299, |, 475 | 2875 o000 o 8
22 700 [ oo |10 o | 3700070 |0 |50 | 390| 298| P |o %% 475 | 2875 o0 0 08
18 700 | o |10 o] 3700 7° |00 | 5570 | 390| 299 | % |, %% 475| 2875 o020 o 48
27 700 | O [0 62| 3700070 |0 |50 | 30| 299 | |, Y| 47s| 2875) o0 0 8
” 700 | | 5[] 30| 30 |0 [ 2| so0| 298] 0 |, 2F| 45| 27| oo R

30



Vol. 20 No. 1I-2015

Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

M.Hn(._“m.w MMMM Awﬁ J% A _ O.nEnE _ nowuv%wn“unm Nn”.—wnnEnuw. J w_MWMn
5) : Si0 Aiy Fe» Ca S Si0 Ais Fe» Ca SO CsS C,S 100 m¥kg
) oo |o, |o o | o, |o 0 % %
23 700 | O |07 o2 3700070 | o0 s | 3s0| 299 | O [ 2P| ans| 2875) o020 0 7
18 700 | O |07 62| 3700070 | L0 |50 | 390 299 | O [ 2P| 4rs | 2875) 030 o 8
35 | B0 O [ [ a0 | 30 L0 [ | sso| 299 | O | 2F| 45| 2875 oo 793
34 |, 28.0 80. S&. o 3431 390 o 3.6 Noo. &8., 390 299 |, ma. 281 475 | 2875 o010 o 340.8
3 |, 28.0 80. 8&. o 343 390 o 3.6 Noo. &S. 390 | 299 Ga. 281 475 | 2875 020 o 341.8
5 | B0 O[5 [ 50|y 30 |, [ | ss0| 299,05 |, 2%| 45| 2875] 030 REE
36 |, 28.0 5 mo. 5&. o 3431 379 o 3.6 Noo. &3. 390 299, m&. 28| 475| 2875 o0.00 o 343.8
w |, 280 &o. 8&. . EZE) I— . 36 Noo. mmwu. 90| 299 a&. 28] 275 | 2875] oo . 3348
4, 28.0 S mo. S&. o 34591 379 o 3.6 Noo. &B. 390 299 |, m&. 28 475 | 2875 020 o 3458
3|, 28.0 5 mo. _o.&. o 3431 390 o 3.6 Noo. ws. 390 | 2.99 Ga. 28| 475 | 2875 o030 o 346.8
50 o2 a0 Lo 162 3700070 |00 | 5570 | 390| 299 | % |, %% 475 | 2875 o000 e
50 |, 28.0 So. _o&, o 3431 370 6 3.6 Noo. %.B. 390 299 | m&. 28| 475| 2875 o010 o 348.8
w | B0 [ [ 50|, 30 L0 [ | ss0| 29|, |, 2F| 45| 2875] oo e
13 1o X Lo 162 370 20 [ |70 | 390 299, 2| 28| 4715 | 2875| o030 o 08
s | 00| O [ 5[ 5[ 50| 38| O [ ss0| 209 & | 25| a75| 287] ooo R
2 |, 20.0 aoo. 8&. o 343 3790 o 3.6 Noo. SNN. 390 299 | m&. 28| 475| 2875 0.0 o 3528
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fc' Age w Fly Ash Cement Oow._u%%_wb ds % FA m.>
(MPa {day Replacement / | Blaine
5) B 8i0 Aiy Fe; Ca s 8i0 Ai, Fe; Ca S0 C;8 C;8 100 m2/kg
2 0; 0O, 0 O3 P O, O 0 % %
37 o 90.0 moo. —ouu. . 34.9 370 o 3.6 Noo. uNNN. 3.90 .99 —maw. 2.8 475 2875 0.20 o 353.8
36 o 90.0 moo. —omu. . 349 370 | 36 moc. ummm. 3.90 599 _mmw. 2.8 475 28.75 030 o 354.8
40 o 90.0 uuo. ~oum. . 349 3.70 o 36 Nco. uNNN. 3.90 2.99 ;mw. 2.8 475 28.75 0.00 o 3558
16 o 90.0 umo. Suu. . 349 370 o 3.6 Noo. ummm. 3.90 2.99 _mmw. 2.8 475 28.75 0.10 o 356.8
m o 90.0 uuo. Suu. 6 349 370 | o 36 moc. MNNN 3.90 299 _maw. 2.8 475 28.75 0.20 o 357.8
39 o 90.0 muo. Suu. . 349 3.70 o 3.6 Noo. ummm‘ 390 299 —mow. 2.8 475 28.75 030 o 358.8
56 o 90.0 boo. ~ouu. . 349 3.70 o 36 Noo. umum. 390 2.99 Gmw. 2.8 475 28.75 0.00 . 359.8
58 o 90.0 h—oo. ﬁcuu. 6 349 3.70 o 3.6 Noo. uNNN. 3.00 2.99 Gow. 2.8 475 2875 0.10 o 360.8
57 o 90.0 hco. _ouu. . 349 170 o 3.6 Moo. ummm. 3.90 2.99 —maw. 2.8 475 28.75 0.20 o 361.8
54 o 90.0 .uoo. —ouu. . 349 370 o 36 moo. uNNN. 3.90 .99 ~m0w. 2.8 475 2875 030 o 362.8
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A-5
EXPERIMENTAL VS MODEL VALUES OF SEPARATED MODEL FOR VALIDATION

VALIDATION DATA FOR SEPERATE MODELS

7 DAYS DATA

28 DAYS DATA

9091 DAYS DATA

Mehta Han et al. Atis Mehta Han et al. Mehta Han et al. Atis
(1985) (2003) (2005) (1985) (2003) (1985) (2003) (2005)
».n~ ».as p‘ m.ﬂ. m-h‘ p\ WA. »-ns p\ Hc~ m-n‘ H-n. p‘ Wn~ Mns M.ns
exp. mod. exp. mod. exp. mod. exp. mod. exp. mod. exp. mod. exp. mod. exp. mod

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

432
2436 25.79 23.6 28.74 33.25 2843 38.85 30.92 32.90 35.84 3221 37.40 38.6 41.71 4075 6

424
26.09 25.00 2138 2291 30.55 27.60 34.80 30.13 33.80 27.59 4693 36.52 40.3 3433 41.10 3

35.0
23.59 2440 18 20.38 22.60 19.77 33.50 2948 28.00 25.12 43.17 35.83 372 32.44 2801 4

369
2566 2451 26.6 30.73 36.60 27.20 3463 29,52 25.00 2319 48.51 35.92 36 3138 42 65 4
2468 2547 254 24.70 45.85 27.55 34.73 30.52 36.10 3797 48.58 37.00 402 4336 - -
2591 2597 22.6 22.06 - - 39.37 30.99 38.30 2946 50.80 37.54 458 35.83 - -
2345 23.50 18.3 19.41 - - 30.69 28.52 33.80 26.90 4289 34.78 435 33.89 - -
2872 27.42 - - - - 40.08 32.76 30.90 2491 50.90 39.30 393 32.81 - -
29.71 27.20 - - - - 42.99 3261 49.70 46.88 52.03 39.09 56.3 50.12 - -
29.00 2798 - - - - 4324 3349 50.30 37.36 49.04 40.00 575 42.00 - -
2823 25.03 - - - - 39.37 30.31 48.00 3447 50.10 36.63 56.5 39.90 - -
3245 30.36 - - - - 41.13 34.83 42.80 3221 49.22 40.40 53.5 38.72 - -
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