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Light Transmitting Concrete by using Optical
Fiber

A. B. Sawant, R. V. Jugdar, S. G. Sawant

Abstract - Small buildings are replaced by high ribaildings and
sky scrapers. This arises one of the problem inidieg natural
light in building, due to obstruction of nearby sictures. Due to
this problem use of artificial sources for illumirtéon of building
is increased by great amount. So it is very ess@rit reduce the
artificial light consumption in structure. It is casidered to be one
of the best sensor materials available and has besed widely
since 1990. Hungarian architect, Aron Losonczi, firsmtroduced
the idea of light transmitting concrete in 2001 anthen
successfully produced the first transparent conaétock in 2003,
named LiTraCon. Since concrete is strong in compiessand
weak in tension and flexure.

Index Terms—OFRC, Transparent Concrete, Lux, LITCON

[. INTRODUCTION

A. General

Concrete has a key role in development of infrastme
and housing. Due to great economic growth, popndati
growth and space utilization worldwide, there isagic
change in construction technology. Small buildings
replaced by high rise buildings and sky scrapehss arises
one of the problem in deriving natural light in loling, due to
obstruction of nearby structures. Due to this probuse of
artificial sources for illumination of building iscreased by
great amount. So it is very essential to reduceattiicial
light consumption in structure.

It is considered to be one of the best sensor raier
available and has been used widely since 1990. &tiarg
architect, Aron Losonczi, first introduced the idefalight
transmitting concrete in 2001 and then successfubiguced
the first transparent concrete block in 2003, naliédaCon.
Since concrete is strong in compression and weadnision
and flexure.

B. Power Consumption

In total domestic usage of electricity; 30% of déliedty is
used for lightening purpose only, so it is necessautilize
natural light for illuminating interior of building

1) Optical Fiber

The idea of using light to send messages has be

developed since the eighth century B.C., when theeks
used fire signals for sending alarms or calls felphlt was
only in the mid 1960s did Charles K. Kao determitiealt
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glass had a loss of 20db/km, which spurred reseesdhto

exploring methods for making glass more pure. This

discovery sparked a revolution in the telecommuiioca
industry as a new industry of processing optichlerfs
becomes commercially important. These optical Shmave
great light transmission capability.

The typical fibers today are made out of glass lastic
since it is possible to make them thin and longoAioth glass
and plastic are transparent at particular Wavelengthich
allow the fiber to guide light efficiently. The fip is
constructed with a core with high index surrountgé layer
of cladding at lower index. The core and claddiang be
made out of both plastic and glass. For plastiws,cbre can
be polystyrene or polymethyl methacrylate and thdding is
generally silicone or Teflon for glasses bothdlalding and
the core are made out of Silica with small amoohtiopants
such as Boron, Germanium to change its Index.

Major differences exist between the two materidiemvit
comes to making the optical fiber. In plastic ctibers they
are more flexible and inexpensive compared to diasss.
They are easier to install and can withstand gresitesses
and weigh 60% less than glass fibre. But lossefmgihem
very limited use in communication applications. i$ptastic
fibers are practical for short run such as withinldings.
Therefore, due to their restrictive nature glage dibers are
much more widely used because they are capable
transmitting light effectively over large distances

2) Common and Recommended Indoor Light Levels

The outdoor light level is approximately 10,000 lox a
clear day. In the building, in the area closeswtitadows, the
light level may be reduced to approximately 1,020 In the
middle area its may be as low as levels. Earli@ag common
with light levels in the range 100 - 300 lux forrmal
activities. Today the light level is more commortlie range
of 500 - 1000 lux - depending on activity. For psean and
detailed works, the light level may even approae®dl- 2000
lux.

C. Objectives of Present Investigation (Paper)

of

Traditionally concrete members are considered as a

sfructural member only, but in recent days thiscept is
changed and use of concrete as a decorative naferia
structure has come up. It is observed that higfopaance
concrete using optical fibers can also be utilizzsl a
decorative material to improve elegance of strigctby
making it partly transparent. Hence this projeataéined for
achieving objectives like;

* To make concrete partly transparent by using oldfiizers

in it to impart good appearance to structure.

e To study improvement in performance of concrethgint
transmission by using optical fiber and
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performance of structure to derive natural light.

1) Optical Fiber Types

* To study Energy saving for illumination by using There are 3 basic types of optical fibers: multimod

transparent block for building.

graded-index fiber, multimode step-index fiber and

» To study cost effectiveness of this high perforneancsingle-mode step-index fibers. A multimode fibernca

concrete.

D. Light Theory

The effectiveness of the wire depends on its ghidiguide
the light ray far distances with little scatterimgabsorption of
the light as possible. Doing so means that thecabfiber
must exhibit total internal reflection within theire; Thus
when considering the propagation of light for aticg fiber
the refractive index of the dielectric medium needsbe
accounted for. As light rays become incident oinéerface
between two dielectrics with different index of reftions,
refraction occurs between the two mediums. ThisheEahbest
described by using Snell's Law of Refraction whithtes,

propagate hundreds of light modes at one time while
single-mode fibers only propagate one mode as sliofig.

B S—————— {

Snglemaca stap-index foer

Mtmode Step-indet fioer “TWiimode Graded-ndex foar

Fig. 3: Optical Fibre
The difference between graded-index and step-ifidexs
is that in a graded-index fiber it has a core whafective

N,sin@,= Nosing, This equation shows that at certain angleg,jex varies with the distance from the fiber axifjle the

partial internal reflection will arise, as well ather angles
total internal reflection will occur as shown inlléaving
figure.

Exit Ray

Low Index N1 i
(Ain
Hé]‘h\ﬂdexNQ '\ Partal Intemal
(Glass) . Reflection
| \
\ Total Internal Reflection

Incicent Ray

Fig. 1: Light Ray Diagram

step-index has core with the same refractive indeughout
the fiber.

Single-mode fibers propagate light in one cleasyirted
path, intermodal dispersion effects is not presdtawing the
fiber to operate at larger bandwidths than multimfilder. On
the other hand, multimode fibers have large intet@ho
dispersion effects due to the many light modes of
propagations it handles at one time. In this p#peintensity
of light passing through concrete blocks providétth wptical
fiber is measured in lux unit for measurement gifitl

I. CONCRETE DESIGN MIX (M 30)

Table 1: Final M 30 Grade mix design
Final Mix Proportion

2.562 4.167 0.42

1 4 it

Thisrelationshipcan then be used to find the critical angle @A. Casting of Cubes

which serves as the limiting case of refraction tiedangle of
incidence By launching the light ray at agngle @ > @
within the optical fiber, A typical optical fiber ith total
internal reflection as seen in figure 2, it iseefed at the same
angle to the normal, leadirgjelectric mediums is shown in
figure 2, with the silica core having the indexraetionof n,
and the silica cladding with a lower index of refian of n,
With this setup it is possible to send packetsnédrimation
through light rays which can propagate through ptical
fiber with very little loss or distortion.

Refracted
Hay

Cladding

Retlected Hay

IncadentAngle |

ol

n2 Cladding

Fig. 2: Total internal reflection between 2 dieleaic
mediums
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The specimens were prepared by compaction the
concrete in three layers. Table vibrator was used f
compaction of concrete. After completion of comjatt
excess material was removed and the mould waselé\s}
using a travel.

B. De-Moulding and Curing of Cube Specimens

The casted mould was kept undisturbed on thedevel
platform. Then it was de-moulded carefully after t83urs,
from casting immediately after de-moulding, the eub
specimens were marked by their respective ideatibo
mark/numbers (ID). Carefully transferred these ctdbéhe
curing tank for water curing.

Ill. TESTING OF SPECIMENS

A. Compressive strength

Testing of cubes was carried out in Compressionifiges
Machine of 2000 KN capacity to determine the coraegian
strength of design mix.

1) Testing of specimen for light reflection

» Stage 1-Prepare the 5 plywood boxes of size 0.6rm x
0.75m. Place 4 cubes of each percentage in sefmrate
to check the intensity of reflected light throudhmet
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concrete block from different percentage of fibers.

» Stage 2-Prepare the 8 plywood boxes of depthn®with
different surface areas , for checking the osite of
light intensity through the concrete block for difént
surface areas with constant percentage of fiber4%
& 5% of fibers only)

IV. RESULT ANALYSIS

Theresultsobtained from testing of conventional concrete

and Optical Fiber concrete is tabulate. Two testscarried

out on the harden concrete such as Compressivagiire

Reflections of light through the concrete blockkeToptical
fibers are used
percentages, ranges from 1% to 5% of the surfazz dhis
concrete blocks are then tested for compressieegtn after
3 days, 7 days. Reflection of light through coneitgibcks of
each percentage was checked before the 28 daysessiye
testing.

A. Compressive Strength Results:

Concrete cubes were tested in Compression testi

machine of 2000 KN capacity after curing periodafays, 7

days and 28ays The obtained results are tabulated in tabl

2.

B. Reflection of Light through blocks (for different
Percentage of Fiber):

After 28 days curing before testing the cubes fo

compressive strength, the reflection of light tlglou4
concrete blocks (surface area 0.09 sgm) of each éptaal

fiber was tested. The resufibtainedare tabulated in table 3.

C. Reflection of Light through blocks (From different
block area):

Then after, reflection of light was checked throupke
concrete blocks with 4 % and 5 % of optical fibleus for the
different surface areas. Results of the same @datizd in
table 4 & 5.

Table 2: Average Compressive Strength of Cubes

in the concrete block in 5 differen

% Difference in Comp. Strenght

Avg. Compressive Strength in N/sqmm

2%
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13 Days Average Compressive Strength in N/sqmm

17 Days Average Compressive Strength in N/sqmm

50 - P 28 Days Average Compressive Strength in N/sqmm
45 | - -
A
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Cube ID Marks

Graph 1: Avarage Compressive Strength (In Mpa)
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a1 =4-Target Strength 4% Decrease in 28 Days Strength
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A2-1%

Cube ID Mark

Graph 2: % Difference in Compressive Strength

Avg. Compressive Strength in N/mrh Table 3: Re_flect_ion of light throu_gh 4_concrete bloks(
Cube ID with different % of optical fibers)
Mark : :
3 Days 7 Days 28 Days External Reflected L|ght||3r|1ct)irll:|ty (In %) From
Time Radiation
Intensity 1 2 3 4 5
Al1-0% 25.176 34.956 47.208 In LUX. % % % % %
10 At Box Face
A2-1% 22991 32.289 43.752 =90 1 5 o 0 5 5
8:00 80.5 3.1 3.7 4.7 5.6 7.5
A3-2% 21.783 31.275 42.731 9:00 276.8 25| 35| 48] 61 6.2
10:00 456.5 2.5 3.1 4.8 6.7 5.7
Ad-3% 19.208 29.23 40.701 11:00 558.8 3 3.6 5.7 7.5 6.9
12:00 649.5 3.4 3.7 5.8 7.7 6.9
13:00 758.5 3.7 4.2 6.2 8.3 7.1
AS-4% 17.417 28.012 38.894 14:00 683.3 2.8 3.5 5.2 7.9 6.1
15:00 527.8 2.8 3.3 5.1 7.4 6.4
AB-5% 16.165 26.378 38.161 16:00 413.8 2.5 3.3 5.1 6.9 5.3
17:00 231.8 2.7 2.9 3.6 5.6 5.9
18:00 104.8 1.2 1.4 1.9 2.4 2.6
19:00 0 0 0 0 0 0
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REFLECTED LIGHT INTENSITY THROUGH BLOCKS OF DIFFERENT % OF
OPTICAL FIBERS (AT BOX FACE)

©

41%Block #2%Block 43%Block 4%Block 5% Block

% Reflextion through block
[X) e ~ o o - o

—_

(=3

: :
7:.00 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00
Time

Graph 3: Reflection of light through 4 concrete blak, at
Box Face

Table 4: Reflection of light through Different Surface
areas with 5 % optical fibers

Internal Radiation Intensity Near Cube
Face In %
At Box Face
0.450 | 0.360 | 0.270 | 0.203 | 0.090
Sgm Sgm Sgm Sgm Sgm

Intensity In
Lux

Time
External
Radiation

6.0 0.00 0.00 0.00 0.00 0.0( 0.00

7.0 15.00 33.33] 26.61 26.6 20.00  13.83
8:0 161.00 39.13]  36.65 27.9 27.33  18.01
9:0 489.00 43.97| 38.85 34.7 30.47  20.B6
10:0 749.00 47.00 42.14 33.3 28.17 24.83
11:0 910.00 50.22] 45.271 39.6] 32.4 26.48
12:0 1092.00 53.66  48.2¢ 42.2 36.9 3205
13:0 1193.00 56.24 50.21 44.3 38. 3143

HIOTOO[W[A[N[N[GO[O|OTY

~a[o|w[JR[S[N]o
N
o

14:.0 1075.00 50.98  45.8¢ 38.2 35. £33
15:0 861.00 45.41 40.6% 34.9 31.] 23.84
16:0 768.00 39.19]  35.2¢ 30.8 26.4 20.18
17:0 453.00 34.66) 31.13 27.1 23.9 17.p2
18:0 201.00 18.41] 16.97 12.4 12.9 9.95

19:0 54.00 3.70 3.52 3.33 2.9¢ 2.2p
20:0 0.00 0.00 0.00 0.00 0.0( 0.0p

60.00 - +04505QM  #0.360 SQM 0270SQM  +«0.203SQM  +0.090 SQM

50.00 -

40.00 -

Reflection of Light in %
Iy @
=3 S
=3 =)
S S

10.00 -

0.00 —H# %
6:00 7:00 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00

TIME

Graph 4: Reflection of light through Different Surface
areas with 5% optical fibers
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Table 5: Reflection of light through Different Surface
areas with 4 % optical fibers

Internal Radiation Intensity Near Cube
s 5= Face In %
o =2y
-E *;-"2 5 23 At Box Face
W& £ [0450] 0.360] 0.270 0.203 | 0.090
B Sgm | Sgm | Sgm | Sgm | Sgm
6.0 0.00 0.00 0.00 0.0d 0.00 0.00
7.0 15.00 26.67 21.33 20.00 16.00 6.67
8:0 161.00 31.0§ 26.09 2236 21.74 9.32
9:.0 489.00 35.17 31.70 27.81 24.34 1616
10:0 749.00 3765 3418 32.04 2590 19{49
11:0 910.00 40.22 34.18 31.16 27.80 2088
12:0 | 1092.00| 42.95 38.64 33.19 31.14 22|16
13:0 | 1193.00| 45.01 40.49 3521 31.p1 23(30
14:0 | 1075.00| 40.74 36.6b 32.09 28.p09 21|02
15:0 861.00 36.3 3252 2846 24.16 19]16
16:0 768.00 31.38 28.26 24.74 1953 15/63
17:0 453.00 27.81 2494 21.3 19.65 11)04
18:0 201.00 14.93 13.43 9.45 10.45 4.98
19:0 54.00 0.00 0.00 0.0( 0.00 0.70
20:0 0.00 0.00 0.00 0.0Q 0.00 0.00
50.00 -
+0450SQM  #03605QM  +0270SQM  +0.203SQM  0.090SQM

45.00

40.00

@
o
=Y
=1

@
o
=)
S

Reflection of light in %
IS I
S &
=Y k=Y
=3 =

15.00 -

10.00 -

5.00

0.00 &

6:00 7:00 800 900 10:00 1L:00 1200 13:00 1400 1500 16:00 17:00 18:00 19:00 20:00
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Graph 5: Reflection of light through Different Surface
areas with 4 % optical fibers

V. COSTANALYSIS

Table 6: Cost Analysis of M30 Grade Concrete
(Conventional and OFRC) for 1 cum

Aggre .
Optica
Mater | Cemen | o4 | gate+ | TOTAL
ial t Chemi .
Fibers
cal
Cube 2005 1024 1170 4199
1% 1982 1014 1166 19769 23927.66
2% 1961 1004 1157 32026 36146.09
3% 1925 994 1150 46259 50349.29
4% 1925 982 1144 53376 57427.36
5% 1905 972 1138 71168 75183.35
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Table 7: Comparison of Cost

Sr. |Number of{Volume in - Cost -
No | Cubes CUM Conventional Optical
Blocks Concrete Blocks
1 20 0.068 285.50 3876.35
2 16 0.054 226.72 3101.08
3 12 0.041 172.14 2325.81
4 09 0.030 125.96 1744.36
VI. EFFECTIVENESS OF LIGHT TRANSMITTING

CONCRETE BLOCKS:

A. Power Consumption By Artificial Lighting :

» Power consumption when one 60 Watt light bulb is tds
illumination for 30 days for 8 hours =60 X 30&
14400 14.4 Units

Table 8: Tariff/charges for power supply to Residetial
and Public building

Residential Public

Rs.4.85 Rs.7.92

B. Pay Back Period:

1) For 0.45 sgmarea (20 Blocks)

With reference to comparison of cost table; Differe in
Initial Cost for 20 No. of Cubes

= Rs. 3876.35 - Rs. 285.50 = Rs. 3590.85 /-

Energy saving in residential room in one year
=14.4X4.85 X 12 =838.08 /- Rs

transparent block

= 359085 _ 4 285 Years 4.3 Years
g3g.08
Energy saving in commercial/Industrial room in gear =
144X 7.9 X 12 = 1368.58/- Rs
Period require to recover extra amount for OFR@Gclbl
= 339085 =2.624 Years ~ 2.7 Years
1368.58
From above cost analysis and payback period caicnld
was confirmed that, the recovery period for lighhtmitting
block is 4.3 years for residential use and it is Years for
commercial use. This payback period is too lesxagpared
to benefits of light transmitting concrete. SimijaPayback
period for other areas are tabulated below

Table 9: Payback Period

Area No. of | Payback for | Payback for
in Sgm | blocks | Residential | commercial
0.45 20 4.3 2.7
0.36 16 3.5 2.1
0.27 12 2..6 1.6
0.20 09 2.0 1.2

27
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VIl. DISCUSSIONON RESULT

A. Compressive Strength

As per the experimental work the result shows ghdays
compressive strength of concrete block decrease 25176
N/mnt to 16.125 N/mrhy compressive strength is decreased
because of the increased percentage of optibar.fi

Similarly, for 7 days compressive strength decrdesm
34.956N/mm to 26.378N/mrh & for 28 days compressive
strength decrease from 47.208 N/ftm38.167N/mr

B. Reflection of Light

From table no 3 to 5, the external radiation ofligiat is
maximum at afternoon session than the morning &niexe
sessioni.e.1092, 1193 & 1075 in lux at 12pm, 1pom resp.

The intensity of light passing through the conciigtieck
with 1% of fiber (1% of surface area of concreteck) At
box face is 125.5, 149.8 & 108.8 in lux. (11.5,612.10.1 in
percentage)

The intensity of light passing through the conciigtieck
with 2% of fiber (2% of surface area of concretechk) At
box face is 186,219& 161 in lux.(17,18.4 & 15 inrgentage)
The intensity of light passing through the conctdek with
3% of fiber (3% of surface area of concrete bla&kihox face
is215.3,247 & 201.8 in lux. (19.7, 20.7 & 18.8iercentage)

The intensity of light passing through the conciieligck
with 4% of fiber (4% of surface area of concretech) At
box face is 217.3, 250.5 &203 in lux. (19.9, 21 &8n
percentage)

The intensity of light passing through the conciietigck
with 5% of fiber (5% of surface area of concretech) At
box face is 242,278 &226 in lux. (22.2, 23.3 & 29 i

Period require to recover extra amount for OFR%ercentage)

C. Combine Discussion on Compressive Strength and

Reflection of Light

From above tabulated results and graph drawn aicgpial
the tables, it can be seen that the compressieagitr of
concrete block reduces with the increase the ptagenof
fibers.(i.e. percentage of surface area of condretek)used
in concrete block.

With reference to graph no 6 it can be seen that
» The intersection of 28 days compressive strength dind

percentage of fiber used line. It gives the optimum
percentage of fiber used in concrete block.

» It also shows to be that the intersection pointasfjet
compressive strength line and 28 days compressive
strength line.

From this observation it can be observed that tligre
difference in the intersection points which allowsreasing
the percentage of fibers without dropping 28days
compressive strength of concrete block than tasgength.

As per observation and comments discuss in previous
points further project work was carried out on 484 &% of
fibers.(i.e percentage of surface area of concrete
block),because for 5% fiber the compressive strerigt
slightly reduced than target strength and for 496 glightly
higher than target strength.
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VIIl. CONCLUSION

A. General

With reference to previous discussions on manufajuwf
Light Transmitting Concrete,
capability of light transmission through it,
effectiveness of cost the following conclusions barmade.

B. Conclusions Regarding Compressive Strength

As per discussion in result analysis it is concludeat for
same design of M 30, the compressive strength ghtLi
Transmitting Concrete (4%) is reduced by 30%, 20986
for 3days,7days and 28days respectively that ofeational
concrete. For achieving golden mean between comsigees
strength and percentage of optical fibers laid ubeg; trial
cubes with different percentage of fibers ( 1 %b%) are
casted. These trial results give following graphjol gives
optimum % of optical fibers to be used. According§6
fibers are used for further study.

Table No. 9: Optical Fiber Percentage Wise Comprebg
Strength Result :

Optical Fiber laid in % of| ¢ S N ° < <
surface area =} — N ™ < o)

[ee] o - - < -

. Slele|lel8]|s

Comp. Strength in N/mfn| ¥ e X d o »
< < < < (92] (92]

Radiation through block| S @ 10 N 10
in Lux N N N ™ )

C. Conclusions Regarding Transmission of Light
Through Light Transmitting Block :

The transmission of light through light transmigtiplock is
depend on percentage of optical fiber used of soaface
area. The transmission of light is increases wittraase in
percentage of optical fiber. The intensity of lighdssing
through the block is maximum at 13P.M. The maximu
intensity of light passing through the block for B¥fiber is
149.8 lux at box face similarly, for 2% of fiberd49 lux , for
3% of fiber 247 lux, 4% of fiber 250.5 lux, for 586 fiber is
278 lux. Earlier it was common with light levelsthe range
100 - 300 lux for normal activities. Today the ligavel is
more common in the range 500 - 1000 lux - dependimg
activity. For precision and detailed works, thétigevel may
even approach 1500 - 2000 lux. From Table 3, 4it&c&n be
concluded that, the condition of outdoor light earifrom
overcast day and full day light, but for maximumei during
experimental analysis it is overcast outdoor lighutdoor
light intensity ranges from 0 lux to 1193 lux day time
between 7:00 A.M to 7:00 P.M. From Table No. 4 & &
cleared that this average value of transmissidiglatfthrough
block is sufficient for daily activities such asngeal visits,
Normal Office Work , PC Work, Detailed Drawing Work
Very Detailed Mechanical Works, Performance of alsu
tasks of low contrast and very small size for pngled

periods of time and at location such as Supermsrket

Mechanical Workshops, Office Landscapes, Studydrigr
Groceries, Show Rooms, Laboratories, Warehousesedp
Theaters, Archives, Classes. This diffused lighveis/ useful
for the place where mainly computer work is done.

D. Conclusions Regarding Cost:
Even if initial cost of the light transmitting carete is more

28

than conventional concrete by 12 time, but dueotttinuous
increase in tariff and pay back calculation domemf the
payback analysis it can be concluded that a walléoblock
(0.360 sgm area) constructed then the saving ofr&ity bill

Compressive  Strengthis 838.03/-Rs. So the payback period for excessuatmo
andinvested for light transmitting block will be recered in 3.5

years for domestic consumption and 2.1 years fomeercial
and industrial consumption. It will also reduce tterbon
emission which is dangerous for the environmenhdeéehis
can be treated as one of the high performance etncrhe
use of this high performance light transmitting c@te is
beneficial for protecting mother earth.

E. Conclusion Regarding Compressive Strength and
Reflection of Light

From tabulated results and graph drawn accordintpeo
tables, it can be conclude that the compressiwngth of
concrete block reduces with the increase the ptagenof
fibers.(i.e. percentage of surface area of condretek)used
in concrete block. As per observation and commeistsuss
in previous points further project work was carrged on 4%
and 5% of fibers.(i.e percentage of surface areeoatrete
block),because for 5% fiber the compressive strengt
slightly reduced than target strength and for 49 #lightly
higher than target strength.
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