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Abstract: The influence of different curing conditions on the
compressive strength of Self compacting concretein combination
of Slag and Manufactured sand (MSand) is only little known,
especially when subjected to steam accelerated curing
processWater immersion curing, Sealed curing, Curing
compounds, Air Curing, Curing at site conditions and curing
with steam were considered for the present study on the
compressive strength of Self compacting concrete (SCC).The
specimens were tested for 3,7,28&90 days. Out of the various
curing methods, the highest compressive strength achieved is for
Water immersion curing followed by Sealed curing (95%), curing
compounds (93%), curing at site conditions (89%) and air curing
(75%).Curing using steam was introduced to optimize the steam
curing cycle for SCC. 36 different steam curing cycles were
considered with varying temperatures of 50, 60 and 70°C.The
treatment period considered for the study were 8, 10, 12 &14
hours. From the experimental investigation, it is observed that
increase in temperature and total cycle time led to higher
immediate compressive strength. Out of the 36 curing cycles, the
optimum cycle is having a temperature of 60°, delay period of 5
hours and a treatment period of 12 hrs.

Keywords : Compressive strength Slag, Manufactured sand
(Msand), Self compacting Concrete (SCC); Steam curing

. INTRODUCTION

Self Compacting Concrete (SCC) is defined as the concrete
which is capable of flowing in its own weight, completely
filling the formwork even in the presence of congested
reinforcement without any mechanical
vibration[15].Introducing randomly oriented Short discrete
fibres can enhance the ductile property of SCC[2].The
selection of ingredients for making SCC plays a vital role in
attaining the required fresh and hardened properties. The
Shape and texture of fine aggregates will have more influence
on the resulting SCC , than coarse aggregate.An effective
aternative to river sand is Manufactured sand (M-sand),
obtained by crushing rocks to the required grain size
distribution. The quantity of fines content in M-sand are more
and consists of very less silt and clay, which makes it more
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user friendly[3].The duration and type of curing provided
will affect the hardened properties of SCC.Proper curing will
enhance Strength, durability, Abrasion resistance, resistance
to freezing and thawing and Volume stability [15].The
augmented usage of High performance concrete has led to the
investigation of different curing methods. The category of
curing method selected will depends on the size, shape, age of
concrete, production materials and curing materials [8]. The
different curing methods available are ponding,
Foggingandsprinkling,wetcoverings,polythenecuring, Curing
at site conditions, curing compounds, Infrared curing, Steam
curing. Curing at site conditions achieved a compressive
strength of 89% and curing with chemical compounds
achieved 93% as compared to ponding [16]. Immersion
curing gave the best outcomes, and the weakest curing is Air
curing.In order to speed up the production efficiency, steam
curing is increasingly adopted in precast concrete el ements.
Steam curing allowsincreased production by afaster removal
of formworks and shorter curing periods before delivery or
pre-stressing, and less damage during handling The major
parameters deciding the efficiency of steam curing are curing
temperature, delay period and duration a maximum
temperature [10].The range of temperature in steam curing is
restricted between 60 — 90°c[1].Based on the facts pointed
abovethis paper reports the results of experimental
investigation undertaken to evaluate the effect of different
curing regimes on the compressive strength of SCC, with
special emphasis on steam curing. Results were compared
with normal mode of curing and finally proposed the optimum
steam curing cycle for SCC.

[I. EXPERIMENTAL METHODS

Compressive Strength tests were conducted on two different
mixtures, one with fibres and one without fibres. The mix
design methodology, mix proportions, mixing sequene, fresh
properties of SCC mixtures used for this investigation is
explained in the work carried out by the author [3].The
concrete mix compositionisgivenin Tablel.

A. Materials

Cement

53 grade of OPC confirming to | S specificationswere used for
all the mix. The fineness of the cement was 320 m2/kg with a
specific gravity of 3.15.

Ground granulated blast furnace sag (GGBYS)

GGBS used for the present study is having specific gravity of
2.9 and afineness of 450 m?/kg.
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Coar se aggr egates

The sizes of coarse aggregate used were 12.5 and 20mm,
confirming to IS specifications. The specific gravities of 12.5
and 20mm aggregates are 2.8 and 2.78 respectively.

M anufactured sand (M -sand)

Locally available well graded M-sand falling under Zone-11
category as per Indian specifications was used for the study.
The specific gravity and bulk density were found to be 2.6 and
14.95 kN/m3.

Chemical Admixture

A polycarboxylic ether based high range water reducer with a
solid content of 40% was used. The specific gravity is
between 1.09 - 1.11.

Stedl Fibre

Glued sted fibres conforming to ASTM — 820 & EN-14889
standards were used. The strength of the fibre in tension is
1100 MPa and aspect ratio is 65.

Water

Potable water free from chlorides and sulphates were used for
the study.

Curing compounds

The curing compound used for the study is Paraffin dispersion
based liquid.

B. Curing M ethods

Water Immersion Curing

Potable water was used in water curing .Immediately after de
molding, specimens are placed in ashallow pond until tested..
Temperature of 27° + 2°C was maintained and the water in
which the specimens were submerged was changed every 7
days.

Sealed Curing

Specimens used for sealed curing were removed after 24hrs
from the mould. Specimens were wrapped in 3 layers with
poly-film of thickness 0.01mm and were kept undisturbed
until the age of testing.

Curing Compounds

The curing compound used is Paraffin dispersion based
liquid, and is applied after the complete evaporation of
surface water from the specimen. The specimens were kept
undisturbed until the age of testing.

Table| Composition of Concrete mixtures

MixID | (vf) Vol: Vol: Vol: Vol: wip Vol: Vol: Vol:
of of of of of CA of CA of
cement GGBS water paste (12.5mm) (20mm) M-sand
M2+0% 0.75% 120 80 180 380 09 120 180 300
M2+0.75% 0.75% 120 80 180 380 0.9 120 180 300

Curing at Site Conditions
Specimenswere removed from the mould after 24hrsand kept
outside the laboratory. Cured with water for 7days and
covered with gunny bags to keep the moist condition. The
specimenswere cured by sprinkling water from 7-28 days and
no curing was done from 28-90 days.
Air Curing.
Specimenswere removed from the mould after 24hrs and kept
outside the laboratory. No water
was supplied to the specimen. The specimens were kept
undisturbed until the age of testing.
Steam Curing
Steam curing is advantageous where early strength gain in
concrete is important or where additional heat is required to
accomplish hydration, as in cold weather. In order to assess
the effect of different steam curing cycles on compressive
strength, the variables selected are;

a) Curing temperature

b) Delay Period

¢) Treatment Period
In order to achieve maximum early strength, adelay period of
3-5 hrs prior to steaming was introduced. In order to achieve
lower production cost and higher productivity,the maximum
allowable treatment period islimited to 14hrs.Steam curing at
atmospheric pressure is considered for the study.36 different
steam curing cycles(Table 1) were considered with varying
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temperatures of 50, 60 and 70°C.The treatment period
considered for the study are 8, 10, 12 & 14 hours.

C. Test Procedures

For determining the compressive strength, uniaxial
compression test were carried on concrete cubes of
size100* 100* 100mm using a 2000kN capacity compression
testing machine.

[1l. RESULTS& DISCUSSION

A. Water Immersion curing

Table 111 gives the results of water cured specimens. The

compressive strength was marginally improved with the

addition of fibres..The average increase in cube compressive

strength with the addition of steel fibresislessthan 10%.
Tablelll Compressive strength results of water cured

specimens
Mix ID 3day 7day 28day 90day
(MPa) (MPa) (MPa) (MPa)
M2+0% 40.20 49.80 55.00 62.30
M2+0.75% 43.40 54.50 58.60 66.00
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Table 2 Steam curing cycle

Curing Delay Controlled heating Period Treatment Controlled cooling Period Total
Temp
(°c) Period period cycletime
(h:min)
Temp Time Temp Time Temp Time Temp Time
() (h) (c) (h:min) () (h) () (h:min)

1 50 25 3 25-50 1:00 50 8 50-25 1:00 13:00
2 50 25 3 25-50 1:.00 50 10 50-25 1:00 15:00
3 50 25 3 25-50 1:00 50 12 50-25 1:00 17:00
4 50 25 3 25-50 1:.00 50 14 50-25 1:00 19:00
5 50 25 4 25-50 1:00 50 8 50-25 1:00 14:00
6 50 25 4 25-50 1:.00 50 10 50-25 1:00 16:00
7 50 25 4 25-50 1:00 50 12 50-25 1:00 18:00
8 50 25 4 25-50 1:.00 50 14 50-25 1:00 20:00
9 50 25 5 25-50 1:.00 50 8 50-25 1:00 15:00
10 50 25 5 25-50 1:.00 50 10 50-25 1:.00 17:00
11 50 25 5 25-50 1:.00 50 12 50-25 1:00 19:00
12 50 25 5 25-50 1:.00 50 14 50-25 1:00 21:00
13 60 25 3 25-60 1:25 50 8 60-25 1:25 13:50
14 60 25 3 25-60 1:25 50 10 60-25 1:25 15:50
15 60 25 3 25-60 1:25 50 12 60-25 1:25 17:50
16 60 25 3 25-60 1:25 50 14 60-25 1:25 19:50
17 60 25 4 25-60 1:25 50 8 60-25 1:25 14:50
18 60 25 4 25-60 1:25 50 10 60-25 1:25 16:50
19 60 25 4 25-60 1:25 50 12 60-25 1:25 18:50
20 60 25 4 25-60 1:25 50 14 60-25 1:25 20:50
21 60 25 5 25-60 1:25 50 8 60-25 1:25 15:50
22 60 25 5 25-60 1:25 50 10 60-25 1:25 17:50
23 60 25 5 25-60 1:25 50 12 60-25 1:25 19:50
24 60 25 5 25-60 1:25 50 14 60-25 1:25 21:50
25 70 25 3 25-70 1:50 50 8 70-25 1:50 14:40
26 70 25 3 25-70 1:50 50 10 70-25 1:50 16:40
27 70 25 3 25-70 1:50 50 12 70-25 1:50 18:40
28 70 25 3 25-70 1:50 50 14 70-25 1:50 20:40
29 70 25 4 25-70 1:50 50 8 70-25 1:50 15:40
30 70 25 4 25-70 1:50 50 10 70-25 1:50 17:40
31 70 25 4 25-70 1:50 50 12 70-25 1:50 19:40
32 70 25 4 25-70 1:50 50 14 70-25 1:50 21:40
33 70 25 5 25-70 1:50 50 8 70-25 1:50 16:40
34 70 25 5 25-70 1:50 50 10 70-25 1:50 18:40
35 70 25 5 25-70 1:50 50 12 70-25 1:50 20:40
36 70 25 5 25-70 1:50 50 14 70-25 1:50 22:40

loss is prevented by the the polythene film , thereby
B. Sealed Curing maintaining adequate vapor pressure and moisture for the
The specimens were tested for 3, 7, 28&90 days. The cement to hydrate.Early age strength (3 day) of sealed cured
compressive strength achieved for sealed curing specimensis  specimen exhibited 12% more
given in Table IV.As compared to immersion curing, sealed  strength as compared to
curing gave 28 day strength of 96%. (figure 1)). Themoisture  immersion curing.
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70.00
Table 1V Compressive strength results of sealed cured & 6000
specimens =
Mix ID 3day 7day 28day 90day g o
(MPa) | MPa) | (MPa) | (MPg) 3P0
M2+0% 45.1 45.8 52.2 59.8 g 20.00
M2+0.75 | 47.2 51 56.3 64.8 £ 000
% 3
&}
10.00
Comparison of Cube Compressive Strength for Sealed Curing 00 3day Tday 28day 90day
- and Immersion Curing ™ Curing
g TO.00 compound(M2+0%) 36.58 45.82 5115 58.25
60.00 u Curing .
E 50.00 compound(M2+.7505)| 1036 50.85 55.73 63.10
2 a000 Immersion :
E 2000 curing(M2+0%) 40.20 49.80 55.00 62.30
g 20,00 B TImmersion
E 000 curing(M2+.75%) 43.40 54.50 58.60 66.00
v aw e o o Figure 4 Comparison of cube compressive strength with
e curing compounds and |mmersion curing
ey 51.00 5450 D. Curing at site conditions
e saom Average strength of above 90% was achieved with curing at
T ste conditions as compared to immersion curing. As
e e e e compared with 28" day strength, strength gain at 3" & 7" day

Figure 1. Comparison of compressive strength for sealed
curing and immersion Curing.

C. Curing Compounds

Application of curing compounds resulted in a mean
compressive strength of 93% as compared to immersion
curing (figure3&4). An impervious layer was formed by the
application of curing compounds which detained the loss of
moisture from the concrete surface.This ensures the
availability of sufficient water for the proper hydration of
cement.

TableV Compressive strength results of curing using
curing compounds

Mix ID 3day Tday 28day 90day
(MPa) | (MPa) | (MPa) | (MPa)
M2+0% 36.58 45.82 51.15 58.25
M2+0.75% 40.36 50.85 55.73 63.10
Relationship between Compressive Strength and Age of Curing
with Curing Compounds
70
= y=7.31x+34.235
& 50 R*=0.9791
=
)
g 50
s ¥ = 7.034x + 30.365
@ R?=0.989
g 40
(=%
E
8
30
3 days 7 days 28 days 90 days
=+-Cube Compresive
Strength(MPa) 36.58 45.82 51.15 58.25
[without fibres)
-#-Cube Compressive
Strength(MPa) 40,36 50,85 55,73 63.1
[with fibres)

Figure 3 Compressive strength and age of curing with
curing compounds
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was higher. Thisstrength gain at initial stageswas contributed
by the water curing & the use of gunny bags. From 7" -28"
day, no standard curing methods (except sprinkling water)
were adopted which reduced the strength gain during this
period. Even though no curing in any manner was performed
between 28" -90" day, a strength of 95% was achieved which
indicates the prolonged strength gain of SCC.

TableVl Compressive strength resultsfor specimens
cured at site conditions

Mix ID 3day 7day 28day 90day

(MPa) (MPa) (MPa) (MPa)
M2+0% 39.00 46.10 49.10 59.00
M2+0.75 41.80 51.50 53.00 63.20
%

Relationship between Compressive Strength and Age of Curing
for Curing at Site Conditions
70.00

60.00 y=6.57x +35.95 -

RZ= 0.97
50.00 -~
y=6.3x +32.55
R2=0.9612
40.00 =

Cube Compresive Strength(MPa)

30.00

3 days 7 days 28 days 90 days
=e=Cube Compresive
Strength(MPa) 39.00 46.10 49.10 59.00
[withoutfibres]
~#-Cube Compresive
Strength(MPa) 41.80 51.50 53.00 63.20
[with fibres]

Figure 5 Compressive strength and age of curing for
curing at site conditions
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3day 28day 90day
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'mrill'l';’a;;i“,‘;% 5 43.40 54.50 58.60 66.00

Figure 6 Comparison of cube compressive strength for
curing at site conditions & immersion curing

E. Air Curing

Compressive strength results of Air cured specimens are
givenintable 7. In comparison with immersion curing for 28
days, average strength reduction of more than 25% was
observed in air curing. But the strength reduction was found
to be lesser (18%) with prolonged curing for 90days which
indicate the possibility of SCC achieving adequate strength
without curing also. Due to the non availability of sufficient
water, proper hydration of cement was not achieved which
inturn resulted in lower strength. For proper hydration of
cement, it is important to prevent the loss of moisture. Major
contributor to the reduction in strength is mainly due to the
decline of relative humidity below 80% which inturn arrested
the formation of C-S-H gel and the formation of continuous
pore structure. For proper hydration to continue, 80%RH

must be maintained inside the concrete.
Table VIl Compressive strength results of Air cured

specimens
Mix ID 3day 7day 28day 90day
(MPa) (MPa) (MPa) (MPa)
M2+0% 29.2 38.1 414 52.5
M2+0.75 324 42.6 46.3 56.2
%

Relationship between compressive strength and age of curing

for Air curing
60.00
o 5500 y=7.51x+25.6
) RE=0972 2
£ 5000 o
anﬁ o~
A 45.00
25
g5 000 V=73+22
£ 3500 et
8
g 30.00
3
Y2500
20.00
3days 7days 28 days 90 days
=+=Cube Compresive
Strength(MPa) 29.20 38.10 41.40 52.50
(Without Fibres)
<#-Cube Compresive Strength
[MPa) 32.40 42.60 46.30 56.20
(With Fibres)

Figure 7 Compressive strength and age of curing for air
curing
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70.00

60.00

50.00

40.00

30.00

20.00

Compressive strength(MPa)

10.00

0.00

3day Tday 28day 90day
" i 0‘(;::"('1:%2 0y | 3658 45.82 SL1S 58.25
.mmpo“f:::'('l\h,}g sy 4036 50.85 55,73 63.10
"“Il‘:‘g'g‘l‘;f;",o) 40.20 49.80 55.00 62.30
.clll‘il;llgl(tlz;;f?;Q«'b) 540 54.50 58.60 66.00

Figure 8 Comparison of cube compressive strength for air
curing & immersion curing

F. STEAM CURING

It is observed from figures 9-11, decline in immediate
compressive strength was observed due to the increase in
delay period. For example, increasein delay period from 3 to
4 hrs has |ead to a decrease in compressive strength of 3MPa,
for 50°C.Increase in temperature and total cycle time led to
higher immediate compressive strength, due to the
accelerated kinetics of hydration reactions and rapid
formation of CSH gel. A reduction in the final strength is
observed when compared to conventional curing. Out of the
36 curing cycles, the optimum cycle is having a temperature
of 60%, delay period of 5 hours and a treatment period of 12
hrs

Clompressive Strenzih (MFP:a)

NIMMEDATESTRENGTH 18 2 2 ¥ 15 8 2 4 1 18 % B
13D STRENGTH 6|0 | AU | W | B | M| RN B|H|B|B
F7DAY STRENGTH FINE R I A (A AN R R S S S )
R28DAY STRENGTH #0088 N 6 B 2 N 6 N

Figure 9 Effect of Compressive strength values of the
cycleswith 50°%
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o Studies from steam curing indicate that, increase in delay

Compressive Strength (MPa)
n
'

AMMBRTSTINGIH) 8- || B | % |3 | M | M | B |8 | B BIB B
13041 STRENGTH BRI E RN E RS

£7DAY STRENGTH LI | S S U BT A B L 2
H26DAY STRENGTH # | 8 7 8|6 8 8|85 N|8 N A
FigurelO Effect of Compressive strength values of the 3.
cycleswith 60%
“ 4,
5 5.
g 0 .- —4 44 &
iPow L7
' 0 - i 8.
9.
10 RisisIg I& IR EiIsIg I8 I8
! 038 70310 7031270314 7048 70410 70412 70414 T0SS 70510 0512 '051; 10.
SIMMEDIATESTRENGTH 24 | 29 38 3 | 23 29 |31 3 18 26 30 | 31
H3DAY STRENGTH 32| 35 | 42 | 3% | 35|39 |3 | 3% | 3|36 4| 3
#7DAY STRENGTH £ 045 R 46 £ 8 H 64 s N
H25DAY STRENGTH B8 08 | 2| 8| M| RN B |6 0| N0 11
Figure 11 Effect of Compressive strength values of the
cycleswith 70°%c b
13,
IV. CONCLUSION

The current study focused on the influence of compressive 14

strength of SCC for different curing conditions. The major

conclusions are as follows;

e The compressive strength of SCC is highly influenced by 1>
the mode of Curing techniques.

e Air curing gave the lowest compressive strength,while the
highest compressive strength is achieved for Water
immersion curing 16.

e Curing compounds can be used with confidence, in areas
with shortage of water.

e For horizontal surfaces and structural concrete of
reasonably simple shapes, sealed curing is an efficient
method of curing.

¢ With prolonged curing for 90days, the reduction in strength
for Air curingwasfoundto beonly 18% which exhibitsthe
opportunity of SCC achieving sufficient strength without
curing also.
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period has led to the decrease in immediate compressive
strength.

o Accelerated kinetics of hydration reactions and rapid

formation of CSH gel was achieved with the increase in
temperature and total cycle, ultimately leading to higher
immediate compressive strength.

e Considering the compressive strength, 60-5-12 is found to

be an optimum steam curing cycle.

REFERENCES

1

A.A. Ramezanianpour, M.H. Khazali , P. Vosoughi,2013. “Effect of
steam curing cycles on strength and durability of SCC: A casestudy in
precast concrete”. Construction and Building Materials, 49, 2013,
pp.807-813.

Abbas AL-Ameeri, 2013. “The Effect of Steel Fiber on Some
Mechanical Properties of Self Compacting Concrete”. American
Journal of Civil Engineering, 01, 2013, pp.102-110.

Abibasheer Basheerudeen and Sivakumar Anandan, 2015. “Simplified
Mix Design Procedures for Steel Fibre Reinforced Self Compacting
Concrete”. Engineering Journal, 19, 2015, pp. 21-36.

Al-Gahtani AS, 2010, “Effect of curing methods on the properties of
plain and blendedcement concretes”. Construction and Building
Materials, 3, 2010, pp. 308-14.

A.S. Al-Gahtani, 2010. “Effect of curing methods on the properties of
plain and blended cement concretes”, Construction and Building
Materias, 24, 2010,pp.308-314.

Bushlaibi AH, A Alshamsi M,2002, “Efficiency of curing on partially
exposed highstrength concrete in hot climate”. Cement and Concrete
Research, 6, 2002,pp. 949-95.

Hwang SD, Khatib R, Lee HK, Khayat K,2012. “Optimization of
steam-curing regime for high-strength, self-consolidating concrete for
precast, prestressed concrete applications”. PCIJ 2012;57:48-61
Kumbhar P.D., Rajaramnagar, and Murna P., 2011, “Effect of
Humidity and Temperature on Properties of High Performance
Concrete”, NBM Construction Information, 2011, New Delhi, India.
M. Ibrahim a M. Shameem a M. Al-Mehthd b, M.
Maslehuddin,2013, “Effect of curing methods on strength and
durability of concrete under hot weather conditions”,Cement &
Concrete Composites,41,2013,pp.60-69.

Ming-fang Ba, Chun-xiang Qianb, Xin-jun Guo, Xiang-yang Han,
2011, “Effects of steam curing on strength and porous structure of
concrete with low water/binder ratio”, Construction and Building
Materials, 25, 2011, pp.113-128.

Mehmet Gesoglu, Erhan Guneyisi , Barham Ali, Kasim
Mermerdas,2013. “Strength and transport properties of steam cured nd
water curedlightweight aggregate concretes”, Construction and
Building Materials, 49, 2013, pp.417-424.

Methods of Tests for Strength of Concrete, 1959, 1S 516.

Method of Making, Curing and determining compressive strength of
accelerated-cured concrete test specimens, 1978, 1S 9013.

N. Fonseca a, J. de Brito a, L. Evangelista, 2011, “The influence of
curing conditions on the mechanical performance of concrete made
with  recycled concrete  waste”, Cement &  Concrete
Composites,33,2011,pp.637-643.

Pamnani Nanak J., Dr. Verma A.K., Dr. Bhatt Darshana R, 2013.
“Compressive Strength of Medium Strength M30 Grade Sdf
Compacting Concrete  Using Water  Retaining  Curing
Techniques”,International Journal of Engineering
Inventions,3,2013,pp.60-67.

Qureshi L. A., Bukhari I. A, M.J. Munir, 2007, “Effect of Different
Curing Techniques on Compressive Strength of High Strength Self
Compacting Concrete”, 2007.Proc. Int. Conf: Sustainable construction
materials  and  technologies,11-13June 2007  Coventry,
Supplementary proceedings., Pub. UW Milwaukee CBU, p p.134-138.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Expioring Innovation



International Journal of Recent Technology and Engineering (IJRTE)
el O Lot I SSN: 2277-3878, Volume-8 | ssue-4, November 2019

AUTHORSPROFILE

ABIBASHEER B,did hisBTechin Civil Engineering
from Kerala University in the year 2000.Obtained his
Masters degree from VTU in Industria structures in
the year 2003.Currently doing PhD at
VIT,VdlorelIndia He has published 7 journas in
National and International Journals.His area of
interest includes Mix design of Concrete,Repair and
Rehabilitation and Retrofitting of structures.

Dr SK SEKAR currently works at School of Civil
Engineering, VIT University, Vellore, Tamilnadu,
India. Hedid hisBTechin Civil Engineering from
Thiagargjar College of Engineering, Madurai and
Masters degree from pondichery Engineering
college in Advanced Concrete Technology.Took
his PhD from College of Engineering,Anna
University,Chennai.He has published more than
30 journas, both National and International. His
research interests are High Performance Concrete
with waste materials, Heritage Buildings, Non- Destructive Evaluation of
Structures and Cold Formed Steel Column Sections

Retrieval Number: C4650098319/2019©BEIESP

DOI:10.35940/ijrte.C4650.118419 Published By:
Journal Website: www.ijrte.org Blue Eyes Intelligence Engineering

4760 & Sciences Publication

Exploring Innovation'



