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ABSTRACT

This paper presents study of application of Laser Cut
Panel (LCP) with reference to availability of daylight
in deep plan open offices. The study generates Bi-
directional Scattering Distribution Function (BSDF)
data of LCPs using Radiance-genBSDF program,
which was compared with measured BSDF data using
goniophotometer. A typical office floor plate was
considered as a reference model to investigate daylight
and energy performance for three variations of LCPs.
Analysis was done for three cities in India located on
different latitudes with 30%, 50% and 70% Window
to Wall Ratio (WWR), with windows placed on North,
South, East and West facades. Results generated are
analysed for spatial distribution of daylight and
savings in lighting energy consumption.

INTRODUCTION

India is experiencing an unprecedented growth in
construction industry. Buildings account for 35% of
energy consumption and building energy use is
growing at a rate of 8% annually (BEE, 2014). With
rapid growth in the construction industry, energy
efficiency in buildings is one of the important
concerns in the present day scenario with regards to
climate change and energy use (CIBSE, 2004). It is
estimated that in typical Indian office buildings,
around 30% of the total electricity is consumed for
lighting (Sathaye et al., 2010). Hence, reduction of
lighting energy consumption in office buildings is
critical. It is estimated that by using energy efficient
options and intervention of new technologies in
buildings, daylight in office buildings can
significantly contribute in lighting energy savings. In
addition, daylight improves the occupant’s working
environment, performance, health and well-being
(Boyce, 2010). Current trend of deep floor plan design
meets contemporary functions of office spaces.
However, in such cases the dependence on electric
light increases due to non-availability of daylight in
deeper spaces (Garcia-hansen, 2012). In addition,
excessive daylight levels next to windows may cause
discomfort due to direct solar radiation and over
brightness that forces the occupants to close internal
blinds - thus blocking most of the daylight and affect
other areas that might have been comfortable
(Reinhart & Voss, 2003). The daylight distribution is
as important as quantity of light admitted into a space.

Various technologies are available to increase
availability of controlled daylight deeper into the
office spaces. Laser Cut Panel (LCP) is one such
promising technology, which can reduce lighting
energy consumption by illuminating deeper floor
plates. The idea of using LCPs for deeper daylight
penetration was originally developed by Australian
physicist lan Edmonds. The first LCP was patented
and marketed in Australia in 1992. It is produced by
making parallel laser cuts to produce voids in a
transparent acrylic sheet (I. R. Edmonds, 1993) (refer
Figure 1).
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Light redirected towaeds ceiling using LCP

Figure 1 (Left) LCP sample (Right) a scaled model

showing light redirection towards ceiling
The study started with review of work done
concerning LCP. One of the study conducted by
Edmonds, 1993 focussed on parameters of LCP
geometry and deflection of light that affect daylight
availability in the room at different incident angles of
light. According to the study, the main parameters that
affect the daylight availability inside the room are
Width (W), Depth (D), gap of cuts, and angle of cuts
(©). The cuts can be perpendicular to acrylic face or at
an angle (refer Figure 2).
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Figure 2 Section showing parameters of LCP
affecting daylight availability
In addition, the fraction of light deflected through LCP
depends on the angle of incidence of light. Three LCPs
with Depth (D)/Width (W) ratio as 0.3, 0.5 and 0.7
were chosen and its daylight levels was measured in a
model room for various incidence angles starting from

J—Width (W) —
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0° to 90° degrees at an interval of 10°. LCP with D/W
ratio of 0.7 fixed in a window deflected nearly all light
incident above 45° and transmitted most of the light
incident below 20°. Therefore, the panel had a high
fraction of light deflected onto the ceiling, which then
acts as a secondary source of diffuse reflected light.
The deflected light can reach up to 90% for a ratio of
D/W = 0.3 at an incident angle of 20°. It is also evident
that LCP deflects light incident at higher elevations
(>30°) into the upward direction, while transmitting
light at near normal incidence with little disturbance,
thus maintaining view (I. R. Edmonds, 1993). In
another study by Garcia-hansen, 2012, illuminance,
light uniformity, daylight penetration, and glare
analysis were assessed for five different daylight
devices: Clear Glass (base case), Electrochromic
Windows, Laser Cut Panel, Micro Light Guides, Light
Shelves and Horizontal Light Pipes coupled with LCP.
Further, a design tool that ranked daylight devices for
a specific climate and building inputs was proposed.
The basis of ranking was on the ability of the daylight
device to improve daylight quantity, spatial daylight
distribution, reduce or avoid glare and reduce the
impact of solar gains on thermal loads. Radiance
simulations compared performance of all the devices
as predicted by the tool. Average daylight illuminance
of horizontal light pipes were ranked (1500-1400 lux)
as the best option followed by LCP (1300-1400 lux).
Useful daylight hours showed an average daily
uniformity for summer, autumn, winter and spring.
Average useful daylight hours for all seasons showed
light pipes ranked as best option followed by LCP.
Average of daily daylight uniformity calculation
showed light shelves as the best option followed by
light pipes and LCP. For glare, electromagnetic
window showed the best performance whereas laser
cut panel stood fourth. An average of daylight
penetration depths inside the room for daylight
devices was calculated showed light pipes ranked at
top followed by LCP. At equinox, the LCP shows
penetration at 6 m depth, winter solstice at 9.5 m depth
and summer solstice at 5 m depth (Garcia-hansen,
2012).

The performance of complex daylight
devices is governed by optical properties that have a
bi directional interaction of light within it. To allow an
efficient integration of daylight devices in buildings, a
detailed knowledge of their bi-directional optical
properties are necessary (Andersen & de Boer, 2006).
These optical properties are described by a
mathematical function that describes the way in which
the light is scattered by a surface. This function is
called the Bidirectional Scattering Distribution
Function (BSDF) and it expresses the emerging light
distribution and light flux for a given incident angle of
light on the assembly (e.g. Laser cut Panel) (Klems,
1994).

The understanding of the angular distribution
of the light that enters through the fenestration
(assembly) is essential to determine this distribution of

daylight and consequently the illumination levels
available for a particular task to be performed. To
calculate the reduction of lighting energy
consumption, a detailed information of the spatial
distribution of daylight within the interior space is
required. In the case of laser cut panels, which have,
layers within the assembly (i.e. are spatially
inhomogeneous), diffused transmission and reflection
are used to control the solar heat gain and daylighting
levels. For these systems, the standard procedures are
not sufficient to understand the distribution of light. A
quantitative understanding of the solar optical
properties of these systems (assemblies) is essential
for accurate calculation of daylight illuminance levels.
Using a BSDF data in combination with knowledge of
local conditions, a fenestration design can be adjusted
to maximize daylight performance. With the use of
BSDF data, it is possible to depict the resultant light
distribution for a given direction of incidence. There
are two methods to obtain BSDF data - computer
based simulations (McNeil, Jonsson, Appelfeld,
Ward, & Lee, 2013) and physical measurements using
goniophotometer (Andersen & de Boer, 2006).

In the present research, the first step was to
understand the parameters of LCP affecting
availability of daylight inside the room. The next step
was to find out various building parameters that affect
daylight availability inside the room. Five key
variables that affect daylight performance inside the
buildings are latitude, orientation, Window to Wall
Ratio, glazing type and shading and external
obstruction. Since, this study focuses on internal
illuminance; shading and external obstructions have
not been included in the scope of this study. Further,
BSDF data is generated using radiance based
genBSDF tool and compared with physical measured
BSDF data using goniophotometer at LBNL.

Range for Useful Daylight Illuminance
(UDI) metrics (Nabil & Mardaljevic, 2006) has been
considered between 100 to 2000 lux. However it has
been updated to 100 to 3000 lux (Mardaljevic,
Andersen, Roy, & Christoffersen, 2011). Along with
daylight levels, while selecting LCPs, the clarity of
view to the outside as well as division of window
glazing for applying LCPs and clear panel should also
be evaluated.

METHODOLOGY: SIMULATION

The study was divided into two parts: Annual spatial
daylight availability analysis and the impact on
lighting energy savings. For annual lighting energy
consumption and annual daylight availability analysis
using LCP, three Indian cities with different latitude:
New Delhi (28.6°N), Ahmedabad (23.0°N) and
Chennai (13.0°N) were considered. Selecting three
cities on different latitudes was critical considering the
variation in annual sun movement across the sky (refer
Figure 3). Directionality and amount of direct solar
radiation incident on LCP have more impact on
daylight performance as compared to diffused solar
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radiation. In addition, direct and diffuse radiation for
the three cities also vary.
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Figure 3 Sun positions at 12:00 hrs. with variations
in all the three cities at Winter solstice, Equinox and
Summer solstice.

According to the studies (Dionisio & Santos, 2009;
Garcia-hansen, 2012), daylight can penetrate at a
depth of 10 m from the window using LCP. To analyse
the impact of daylight penetration depth using LCP a
business-as-usual (BAU) case of typical office floor
plate in India was considered as a reference model
with dimensions of 12 m (W) x 12 m (D) x 3.2 m (H).
Three different variations of WWR were considered
(30%, 50% and 70%) (Refer Figure 4) for four
orientation (North, South, East and West) and three
LCP geometries (LCP1, LCP2 and LCP3) (refer
Figure 5). To compare BAU scenarios, Single Glazing
Unit (SGU — considered as base case) and Double
Glazing Unit (DGU) were simulated for all the
combinations. 180 simulation were run. Figure 6 show
analytical framework of simulation models.
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Figure 5 Section of LCP geometry

To generate BSDF data of LCP, the first step was to
create geometry of the LCP. 3-D radiance geometry of
the LCP was prepared with coordinates of all the
surfaces. Radiance tool ‘genBSDF’ used this
geometry to generate BSDF data of LCP in XML
format. This BSDF data was then imported in Window
7.3 to get EnergyPlus compatible BSDF data in .idf
format. Refer Figure 7 for description of the
simulation process.

WWR:
=i 56U
=
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DGU
WWR:
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70%, Daylight
Analysis
LCP 2
WWR:
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70%, LCP 3

Laser cut panel

Figure 6 Analytical Framework of simulations
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Simulation Process

Generate BSDF data of LCPs EnergyPlus Simulation

v 4
3d Radiance geometry of LCP in Prepare EnergyPlus Model |
.rad format

A 4
h 4 Input building parameters: length, ‘

Convert Radiance file (.rad) to xml width and height of the model

file type using genBSDF tool

.

Input variables: Location, WWR,
Orientations and properties of

‘ SGU, DGU considered for the
study

Y

‘ Import .xml file to Window 7.3

. Input L 2
Convert .xml file to EnergyPlus .idf | BSDF | Run daylight simulations in ‘

file type using Window 7.3 data of | EnergyPlus Engine
LCPs

v
Generates llluminance Map for
180 combinations considered and
conduct post processing

Figure 7 Simulation Process

For this study, the office occupancy was considered
from 9am to 6pm for six working days of the week
(Monday to Saturday) throughout the year. In order to
understand the spatial pattern of daylight the entire
floor space was divided into 10 x 10 grids. llluminance
was measured at a work plane height of 0.75 m. The
illuminance level for the entire year were analysed.
Figure 8, Figure 9 and Figure 10 shows Illuminance
Map of Ahmedabad for all the LCPs, SGU and DGU
on 21% June, 21% Sept and 21% Dec for occupancy
hours at 30% WWR south orientation.

Example of Slmulatlon Output

£

§

Figure 8 Illuminance Map from 9am to 6pm on June
21 for 30% WWR South Ahmedabad

Flgure 9 IIIumlnance Map from 9am to 6pm on
September 21 for 30% WWR, South, Ahmedabad

Figure 10 llluminance Map from 9am to 6pm on
December 21 for 30% WWR, South, Ahmedabad

Outcome from EnergyPlus Simulations
For understanding the impact of different LCP

geometries, lighting energy consumption was
calculated using Useful Daylight Illuminance (UDI)
metrics (Nabil & Mardaljevic, 2006). According to the
Detailed EnergyPlus simulation results, daylighting
was categorized in four typical scenarios to calculate
lighting energy consumption. Each grid of the
Illuminance Map was analysed for all the 180
combinations of variables for all the occupied hours of
the year. Inter-reflection from the interior surfaces
have not been included in the scope of this study. So
for the purpose of calculation of lighting energy
consumption illuminance level is considered by
leaving two columns from the left and right of the
Illuminance Map grid from the opening. Lighting
Power Density (LPD) of 1.1 W/ft? was considered for
office space as per ASHRAE 90.1 - 2010.

Scenario 1: If illuminance at any given time and at
any point of the illuminance map was greater than
2000 lux (refer Figure 11) then artificial lights were
assumed to be ‘Switched On’ as the illuminance that
exceeds 2000 lux is considered uncomfortable for the
occupants (due to excessive brightness according to
UDI). It is assumed that the occupants will pull down
the blinds (internal shading) and illuminate the entire
space using artificial lights. Lighting energy
consumption was calculated for the entire area of the
office.

Scenario 2: The area of the space (illuminance map)
was divided in two equal halves from the window —
Area 1 and Area 2 (refer Figure 12). Lighting energy
consumption for both areas was calculated separately.
In case of Area 2 near the window, illuminance at all
points was within the range of UDI (100-2000 lux).
Hence the desired illumination is achieved through
daylight and therefore artificial lights were considered
to “Switched Off’ with no lighting energy
consumption.

In case of Area 1, there are number of points with
illuminance less than 100 lux which is insufficient
according to UDI and hence, artificial lights will be
‘Switched On’. Lighting energy consumption is
calculated for the entire Area 2.
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Figure 11 Figure 12
Scenario 3: The area of the space (illuminance map)
was divided in two equal halves from the window —
Area 1 and Area 2 (refer Figure 12). Lighting energy
consumption for both areas was calculated separately.
In case of Area 1 and 2, there are number of points
with illuminance less than 100 lux which is
insufficient according to UDI and hence, artificial
lights will be ‘Switched On’. Lighting energy
consumption is calculated for both Area 1 and Area 2.
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Figure 13 Figure 14

Scenario 4: Artificial lights are considered switched
off if illuminance at any given time and at any
particular point in the illuminance map of the model
area considered for calculation is in between 100 lux
to 2000 lux as it is the desired illuminance required for
illumination.

Annual lighting energy consumption is calculated for
each of the 180 simulation options by hourly
summation of lighting energy consumption.

ANALYSIS AND OBSERVATION

Distribution of light through LCP

BSDF data of LCP was visualized using BSDF
Viewer (refer Figure 15). The 145 patches of
hemisphere on the left represent direction of incoming
light, while patches on the right represent direction of
outgoing light (Klems, 1994). To compare the
outgoing distribution of light between simulated and
measured BSDF data of LCP3, a case when light is
incident from Klem’s patch 64 (6 =40° and ¢ =90°) is
considered. Figure 15 shows incident and visible
transmission hemisphere of simulated BSDF data of
LCP3. Figure 16 shows incident and visible light
transmission hemisphere of measured BSDF data of
LCP3.
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Simulated BSDF data 06/21 09:00 Measured BSDF data 06/21 09:00

Simulated BSDF data 06/21 12:00  Measured BSDF data 06/21 12:00

Figure 17 Visualization of simulated and measured
BSDF data in the model room

Figure 17 shows visualizations achieved by assigning
simulated and measured BSDF data to a window for
an open plan office model on 21%t June at 09:00 am and
12:00 pm in the model. The results shows that there is
reasonable similarity between the measured and
simulated data while comparing daylight inside the
space. In case of measured data, surfaces appear
brighter.

Impact of LCP on Lighting Energy Consumption

Graphs were plotted to understand the impact of LCP
on lighting energy consumption. For each graph the
independent variables: WWR, orientation and glazing
were plotted on the X-axis and the lighting energy
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consumption were plotted on the Y-axis. Graph 1,
Graph 2 and Graph 3 shows comparison of WWR with
LCPs, SGU and DGU for Ahmedabad, Chennai and
New Delhi respectively. Lighting energy consumption
were plotted on Y-axis and SGU, DGU, LCP1, LCP2
and LCP3 on X- axis for all the four orientations. In
case of SGU (base case) and DGU, the office space is
significantly dependent on artificial lights, as lighting
levels during occupied hours of the year do not fall in
the useful range of 100-2000 lux. This results in high
lighting energy consumption. A detailed analysis of
illuminance numbers show that SGU and DGU have
significant number of hours exceeding the useful
range that is greater than 2000 lux throughout the year
- the space is too bright which leads to use of
blinds/curtains and dependence on artificial light for
illumination.

The results show that the lighting energy consumption
is less for all the three LCP geometries compared to
SGU and DGU glazing, indicating more number of
hours throughout the year within useful daylight range
of 100-2000 lux. Therefore, with the use of LCPs,
artificial light will remain closed for more number of
hours than SGU and DGU resulting in lesser lighting
energy consumption. LCP3 inclined at 7° shows least
lighting energy consumption followed by LCP2 and
LCP1 at 30%, 50% and 70% WWR when oriented at
South, West and East directions. Whereas, LCP1
shows lesser lighting energy consumption at 30%
WWR followed by LCP2 and LCP3 at North
direction. The results for LCPs concludes that
substantial improvements in the illuminance level
inside the room can be achieved by inclined laser cuts.
An increase in lighting energy consumption from
LCP1 to LCP2 and LCP3 is observed in one of the
case for North orientation and 30% WWR for all the
three locations. In all other cases, lighting energy
consumption of LCP decreases gradually from LCP1
to LCP2 and then LCP3 at all WWR and at all
orientations.
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LCPs at 30% WWR have least lighting energy
consumption followed by 70% WWR and 50% WWR
in all the four orientations. However, there is marginal
difference between results of 70% and 50% WWR.
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LCPs at 30% WWR has least lighting energy
consumption because maximum number of occupancy
hours are within the useful range of UDI (100-2000
lux) and does not require the use of artificial light for
significant number of hours. LCPs at 50% and at 70 %
WWR shows greater lighting energy consumption
than 30% WWR primarily because the daylight levels
in space exceed the upper limit of UDI range (2000
lux) for more number of hours. There is considerable
difference in performance of LCPs for different
orientation. For Ahmedabad, LCP1 performs the best
in North with 30% WWR followed by South, East and
West — with almost similar trend seen for Chennai and
New Delhi. Graph 4 and graph 6 shows that LCP2 and
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LCP3 perform better in South than other orientations
for Ahmedabad and New Delhi. However the similar
trend is not seen for Chennai (refer Graph 5). Graph 4,
5 and 6 help in selection of appropriate LCPs with
respect to orientation.

Impact of Window Wall Ratio (WWR) on lighting
energy consumption using LCPs

In Graph 7, 8 and 9, lighting energy consumption are
plotted on Y-axis while SGU, DGU and LCPs at 30%,
50% and 70% WWR are on X- axis. The lighting
energy consumption of LCPs at all four orientations is
better than SGU (base case) and DGU.

At 30% WWR, south oriented LCPs show lesser
energy consumption than East and West orientation
for all three locations. North orientation has least
energy consumption for LCP1 for all locations.

At 50% WWR and 70 % WWR, south oriented LCPs
generally have higher lighting energy consumption
followed by East, West and North directions for
Ahmedabad and New Delhi. For Chennai, at 50%
WWR and 70 % WWR, south oriented LCPs generally
have higher lighting energy consumption followed by
East, North and West directions.

(kw), Graph 7: Ahmedabad
8000
5000 E_-“% [ —
A000 —4—South
3000 ——West
2000 North
100 e —gast
0 - - - - - -
5GU DGULCP1LCP2LCP3 SGU DGULCP1LCP2LCP3 SGUDGULCP1LCP2LCP3
30% WWR 50% WWR 70% WWR
(Kw) Graph 8: Chennai
6000
5000 B_ﬂfﬁtg::
4000 | =t -\,__' N ‘ ——Ss0uth
3000 - West
2000 North
1000 "‘! == East
0 >
SGU DGULCPILCP2LCP3 SGU DGULCPILCP2LCP3 SGU DGULCPILCP2LCP3
30% WWR 50% WWR 70% WWR
(kW) Graph 9: New Delhi
6000
5000 — g
4000 v =& South
3000 == West
2000 - North
~ —+—East
1000
0
SGU DGULCP1LCP2LCP3 SGU DGULCP1LCP2LCP3 SGU DGULCP1LCP2LCP3
30% WWR 50% WWR 70% WWR

Average Daylight Penetration Depth for LCPs

Table 1 shows average daylight penetration depth of
LCP1, LCP2, LCP3, SGU (base case), and DGU with
30% WWR for south facade for all the three location.
Use of LCPs distributes daylight uniformly along the
depth of the space. In case of SGU and DGU due to
direct solar radiation daylight levels near the openings

exceeds the useful range of UDI (>2000lux). Average
lux levels for all the three LCPs for all three locations
are within the UDI range (except LCP1 for New Delhi
where illuminance level is slightly above 2000lux)
With the use of LCP1, daylight illumination level of
300lux can penetrate till the depth of 8.4m, 7.2m and
6.0m for New Delhi, Ahmedabad and Chennai
respectively. With the use of LCP2, daylight
illumination level of 300lux can penetrate till the
depth of 6.0m, 6.0m and 4.8m for New Delhi,
Ahmedabad and Chennai respectively. With the use of
LCP3, daylight illumination level of 300lux can
penetrate until the depth of 6.0m, 6.0m and 4.8m for
New Delhi, Ahmedabad and Chennai respectively.
Overall, with the use of LCPs daylight can penetrate
at a distance of 12 m from the opening with
illuminance greater than 100 lux.
Table 1 Average daylight penetration depth at 30% WWR
for South orientation
SGU
Location 12m 10.8m 9.6m 8.4m 7.2m 6.0m 4.8m 3.6m 2.4m 1.2m
New Delhi 297 311 332 366 424 535 774 1378
Ahmedabad = 300 313 333 365 421 525 747 1320
Chennai 223 236 256 290 347 455 685 1262
DGU
Location 12m 10.8m 9.6m 8.4m 7.2m 6.0m 4.8m 3.6m 2.4m 1.2m
New Delhi 262 275 294 325 379 479 697 1243
Ahmedabad = 263 275 293 323 374 469 671 1187
Chennai 196 208 227 257 309 408 617 1140
LCP1
Location 12m 10.8m 9.6m 8.4m 7.2m 6.0m 4.8m 3.6m 2.4m 1.2m
NewDelhi 262 270 283 305 339 403 531 825)2074 457
Ahmedabad = 255 262 275 295 326 386 504 772 1781 437
Chennai 192 200 212 233 267 329 456 750 1660 422
LCP2
Location 12m 10.8m 9.6m 8.4m 7.2m 6.0m 4.8m 3.6m 2.4m 1.2m
New Delhi 231 238 250 269 299 358 468 703 1634 347
Ahmedabad = 223 231 242 260 289 345 450 673 1438 342
Chennai 170 178 189 208 238 295 403 638 1319 307
LCP3
Location 12m 10.8m 9.6m 84m 7.2m 6.0m 4.8m 3.6m 2.4m 1.2m
New Delhi 196 203 214 231 260 314 412 613 1337 311
Ahmedabad 188 195 205 221 249 301 396 589 1200 305
Chennai 147 154 165 182 209 263 359 559 1109 276
Note: All values in lux

CONCLUSIONS

The lighting energy consumption of the three LCPs
and its impact by changing orientation and WWR was
analysed. Table 2 summarizes the percentage savings
in lighting energy consumption, for all the variables,
compared with the base case. Installation of LCP3 on
South facade help in reducing energy savings more
than East and West facade. LCPs installed with
smaller window (30% WWR) saves more energy than
larger windows with 50% and 70% WWR. Whereas,
70 % WWR show more savings than 50% WWR at
East, West, and North orientations. Range of energy
savings with LCP3 show maximum 75% savings on
South, 42% savings on West and 35% savings on East
for Ahmedabad with 30% WWR. Ahmedabad,
Chennai and New Delhi saves a maximum of 75%,
73%, 69% energy respectively with 30% WWR, with
windows placed on South direction. Overall, LCP3
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shows higher savings in Ahmedabad, New Delhi and
Chennai than LCP1 and LCP2.

Table 2 Percentage Savings (All values in percentage)
Ahmedabad

East West North | South
30(50|70]|30|50|70]|30|50|70[30|50]|70

SGU
DGU|[2 |(0|(0|0|2|3]|]0|2|3[4]|0]0
LCP1|32(13|19(26|15(19|51|21(28|59| 7 | 7
LCP2| 34243013520 (25]40(3240|69 |11 |14
LCP3|35(28|34|42|21|27|32|36|46|75| 17 | 22
Chennai

East West North South
30|50| 70 |30|50| 70 (30({50|70|30|50|70

SGU
DGU|5|0| 0 |2(0]| 0 ]9/0|0f4
LCP1|38| 5 | 10 [34[12| 15 |67| 7 | 11 [ 53
LCP2|41|11| 17 |42|26| 24 |70| 14 | 21 | 64
LCP3|44|16| 22 |57|23| 28 |49| 21| 30 | 73
New Delhi
East West North South
30(50| 70 |30{50| 70 [30{50|70]|30|50]70

(01w |O
| o O

SGU
DGU|4|0]0 (01 2 ]3|2|3[2]0]0
LCP1]29|12| 18 [29[17| 20 |44|22 | 29|50 | 5 | 6
LCP2|29|21| 28 |37|22| 27 |33|33 |41 [62 |10 |13
LCP3|29|25]| 32 |44|24| 30 |26| 36 |48 [69 |14 | 17
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