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ABSTRACT

External protection system at tall building is critical to protect it from lightning strikes. Building Center
for Information Technology and Data Base (PTIPD) is one of the tall buildings in UIN Suska Riau, which
amdd have a good security from interference by lightning. This study aims to analyze the needs of
Lightning Protection System (SPP) of the building, evaluate the condition of the current building
protection system now, and trying to optimize the system of protection that have to do the analysis and
design of external protection system of the building. In this study, external protection system design of
buildings using conventional methods, there are Mesh Size, Rolling Sphere, and protective angle . The
results of analysis needs of lightning protection systems for buildings PTIPD UIN Suska Riau based on
the level of protection at the level of IV with forecasts of great danger, the protection system of the
building is currently showing at least the area protected, the result of design shows the method of Rolling
Sphere which provides overall protection area of the building with optimal.
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Background

Lightning protection systems in the
building protection system includes cxt@ell and
internal, external protection system serves to reduce
the risk to the danger of damage due to lightning
strike directly. Direct lightning strike can cause
damage to buildings, equipment, fire and casualties.
While the internal lightning protection system serves
to protect the installation of equipment in buildings
against overvoltage due to lightning strike, such as
affecting the performance of the equipment
contained within the building agz¥ell as shorten the
life of the use of the equipment. This can cause huge
losses so that it takes effort to reduce it to use a
lightning protection system. Lightning strikes can
cause disturbances in the power system. In the
building / buildings,

State Islamic University Syarif Kasim
Sultan Riau is one of the State University in the city
of Pekanbaru, located on the equator at 101 degrees
18'-coordinates of 101 degrees 36 'east longitude and
0 degrees 25'-0 degrees 45' north latitude, lightning
the higher the closer the location of lightning to the
equator. The lightning strike in order to not harm
humans and equipment on the building, the building
protection system should be planned so as to protect
the building from lightning strikes. The lightning
strike may contain the value of current or voltage
impulse is very high if it is not secured can harm the
system struck.

uc of the existing building at UIN Suska
Riau is Building Center for Information Technology
and Data Base (PTIPD). This building is one-storey
building which was founded in 2006, the building
was intended to be a place the operational activities
of the information technology and databases to
improve the quality of education and teaching,
research and community service. As a center for
information technology and databases, this building
there are many electronic devices such as computers,
television, air conditioner and other electrical
equipment as well as many human activities are
carried out. Hence the need for a lightning protection
system for securing the building and that it contains
from sembaran danger of lightning.

The results of the interview persons namely
one technician UIN Suska Riau Mr. Nurman Indra
unknown although this building has had a system of
external protection, but from the information
obtained from his house PTIPD still experience a
disruption in the database and servers that exist
inside the building after a moment the lightning
strikes that happened. This disorder causes loss of
activity in the building Puskom UIN Suska Riau and
all academics who use the services of this building.

With the abundance of equipment and
human lives in the building as a central dellelbea
PTIPD UIN Suska Riau it is necessary to design an
external lightning protection system that is useful to
minimize the impact caused by a lightning strike to




the building. The problem here is the reference the
authors to raise the research entitled "Optimization
of External Lightning Protection System Design In
Building Center for Information Technology and
Data Base UIN Suska Riau".

Basic Teory

Lightning strikes Effects

Natural state tropical climate of Indonesia
in general, including areas with high lightning days
per year. Due to data limitations magnitude of the
lightning to any location in Indonesia, at this point it
is assumed that the locations are high on a mountain
or a tower that stands out amid the free area such as
the fields have the possibility of strokes higher than
the places in the middle being surrounded town
surrounded by other high-rise building (Tabarani,
2009).

The annual frequency of direct lightning
strike (Nd) may be formulated
2
%ﬂ =4.10-2.T126.ab + 6h (a+ b)

+ 9mh2.10-6

Where:

a = lengt the roof of the building (m)
b = width of the roof of the building (m)
h = height of buildings (m)

T = days of thunder per year

Building Supplies Lightning Rod Installation Will
Existence

The magnitude of the needs of a building
will be the installation of a lightning rod, is
determined by the magnitude of potential damages
and the dangers posed when the building was struck
by lightning. The magnitude of the needs can be
calculated empirically based indices stating certain
factors such as shown in the table below. The sum of
these indices will obtain the approximate value of
the dangers (R) as a result of lightning strikes by
General Rules standard Lightning Distributors
Installation (PUIPP).

R=A+B+C+D+E (2)
Where

A = Hazards Based on Usage and Content

B = Various Building Construction

C = Various High Building Construction

D = Various Building Situation

E = Wide Day of Guntur per Year

Where the greater the R value, the greater the danger
and damage that caused the lightning strike.

Table 1. Index F - Estimated hazard

R Danger security
Forecast
under 11 | be ignored No need
With 11 Small No need
12 moderate recommended
13 biggish recommended
14 Big Highly
recommended
More than 14 | Very large | It is necessary

Source: General Rules of Installation Distributors
Lightning (PUIPP) for buildings in Iﬁ](mcsiel
7
Estimated Ratio Based on the International
Electrotechnical Cﬂmlission (IEC) 1024-1-1. Based
on the standard IEC 1024-1-1, the selection of
adequate levels ' protection for a lightning
protection system is based on the frequency of direct
lightning strike (Nd) which is expected to a
protected structure and frequency of lightning strikes
annually (Nc) are alllcned. Decision-making on
whether or not to install lightning protection systems
in buildings is based on the calculation of Nd and Nc
performed as follows (ISO 2006):
1. If Nd = Nc do not need lightning protection
systems
2. If Nd> Nc required lightning protection
system with efficiency:
Es1=Ne (3)
N,

d

Table 2. Lightning Protection System Efficienc )

level of Protection efficiency SPP
I 098
II 095
I 090
v 0.80
External Protection System

External protection is the installation and
equipment outside of a structure to capture and
deliver the lightning current into the grounding
system. External good protection consists of air
terminations, the conductor supplier and grounding
system.

Table 3. Placement of Termination In accordance with the
Air Protection Level

Level rolling Corner  protected  al
Sphere Jala
Protection T (m) 20 30 45 60 (M)
M M M M
| 20 25 - - - 5
11 30 35 25 10
I 5|45 | 35 35 [ - [ 15
v 60 55 45 35 25 20

Source: SNI-03-7015-2004

The method used to determine the
placement of air terminations and to know the area




of protection in this study is the method of Jala,
Rolling Ball Method and Angle Method of
Protection. Jala method used for the protection of a
flat surface because it can protect the entire surface
of the building, both Rolling Ball method used in the
building thee)oks complicated. With this method as
if there is a sphere with radius R rolling on the
ground, around the structure and on top of the
structure in all directions to meet witnhc land or
structures related to the earth's surface that is able to
work as a conductor. Point touch the ball rolling on
the structure is a point that can be struck by
lightning, and at that point must be protected by air
termination conductor,

Y
# i P, /

s fi X
a4 - /N
o ; |

= _ |

(C)

Figure 1. Method (a) Method of Jala, (b) Protected angle,
(c) Ball Rolling

Research methods

Data collection

Table 4. Data PTIPD Building UIN Suska Riau

Table 6. Data Meteorology, Climatology, and Geophysics
Pekanbaru

Magnitude / Parameters Value
Data IKL (Days of Thunder Average Per 136

Year) (Day) (Fg)

Geographic Location (Latitude) (Degrees) | 00:28 LS
(Li)

Geographic Location (Longitude) BT 101.27
(Degrees)

Rainfall Average Per Year (mm/ yr) 3073 .8
High Low Clouds (m) (Ha) 304.8
High Above Sea Level (m) 31

Long Building (a) Meter 22

Building width (b) Meter 26

Number of People (N) People 160

Present Time (F) Hours / Year/ | 2080

People
Grounding Resistivity (R) Ohm | 10
Distance Grounding Of 3

Building (D) Meter

Surface Outdoors Concrete

Building And Characteristics ordinary;

Material Type Concrete

Table 5. Data Protection Building Material Specification
Protection type of Form Size amount
COMponents Material

Lightning Rod Galvaniz | Cylinder 10 mm
Upright ed steel pipe

Conductor Top | Copper gyre 50 mm2
Distrbutors

(Source: BMKG, 2014)

In this study, there are several stages to the results
obtained in the form of an external lightning
protection system design which will be explained as

follows.

Research data: Data Size, Data Protection,
and Data External Day Thunder per year

'
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Figure 2 Stages Research




Results and Analysis

Results Calculation of Lightning Protection

System (SPP)

Table 7. Results of Calculation of Lightning

Protection System (SPP)

Calculation value
Calculation
building PTIPD
The density of ground lightning | 195128
strikes annual average (Ng)
Area coverage equivalent (Ae) | 19977.78
km2
The frequency of direct | 389
lightning strike (Nd)
Efficiency 0.74
Rated R 14
Estimated hazard Big
Level Level of Protection v
Protected corner 550
The width of the net 20 meters
The radius of Rolling Sphere 60 meters
External SPP needs Yes

From Table 7 it can be analyzed that would
need lightning protection systems for buildings
Puskom UIN Suska Riau based on the level of
protection at the level of IV with forecasts of a very
great danger, will do the evaluation of external
protection current building methods Corner
Protected with an angle of 550, if the result then the
next evaluation is not to design optimal placement of
air terminations using Protected by a large angle
angle 550, Rolling ball method with a radius of 60
m, and a method of inter-mesh nets with a width of
not more than 20 m.

Building Protection Systems External Evaluation
PTIPD
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Figure 3. Air Termination length 40 cm (Top View)

Based on the method of corner protection,
which is visible from the building rector that the
placement of the termination of the air in the highest
part of the building with the termination-conditioned
building PTIPD not be protected as a whole, the
placement of termination is appropriate which is
located at the highest position of the building, but
because the building has only one termination with
only 40 cm long, so it does not provide protection
for the entire building. Need for additional air
termination and also increase in length at each
termination air. Based on SNI 03-7015-2004 air
termination in SPP that is used should have a length
of 2 m to 3 m, also rearranged termination laying of
air so that the entire building PTIPD protected
optimally.

Results of the External Protection System Design

Corner Protected method

The design of this study was first done with
Angle Protected method, this method makes an
angle of protection in accordance with the upright
conductor, where the protected areas are areas that
are within the cone with angle protection in
accordance with the level of protection. In the
application of hedge angle method, based on data
from Table 4.1 it can be seen that the building
PTIPD UIN Suska Riau have protection level IV, so
based on Table 3 can be obtained according to the
method of protection of the space protected corner
building heights of 20 meters 1s equal to 550.

From the evaluation performed on the
external lightning protection system exists, UIN
Suska Riau PTIPD buildings not protected
optimally, so that the need for increasing the number
of terminations into 3 pieces with a length of 3m, is
expected to protect the whole building PTIPD UIN
Suska Riau.

Figure 4. Building with 3 Termination Air PTIPD length
3m (Top View)




Comer Protected method obtained with the
draft placement of air terminations that practically
protects the entire building, there are still parts of the
left side of the front and rear and right front side of
the building that have not been fully protected.

Rolling Ball Method

Good rolling ball method used in the
building Lh'ca)oks complicated. With this method as
if there is a sphere with radius R rolling on the
ground, around the structure and on top of the
structure in all directions to meet witfflthe land or
structures related to the earth's surface that is able to
work as a conductor. Point touch the ball rolling on
the structure is a point that can be struck by
lightning, and at that point must be protected by the
air termination conductor. The design with this
method can be seen on the following image

Figure 5. Building PTIPD Protection Method Using
Rolling Ball (Front)

Based on the results of observations made,
then using a rolling ball 4 termination are to be
installed in the building PTIPD UIN Suska. By
planning the installation of 4 pieces finial on the roof
of the building PTIPD UIN Suska Riau have been
enough to protect the entire building from lightning
strikes. For fixing air termination is at the highest
point of the building and at the ends of the building.

Methods Jala

This method is used for the protection of a
flat surface because it can protect the entire surface
of the building. Protected area is the entire area that
is in the nets. If this method is applied to buildings
PTIPD UIN Suska Riau Pekanbaru, the obtained
minimum net width appropriate, placement of air
terminations in accordance with protection level IV
reaches 20 meters. With the placement of air
terminations at the ends of the roof of the building.
The dotted lines depicted is a conductor on the roof
and down conductors.
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Figure 6. Protection PTIPD Building Method Using Jala
(Top View)

When analyzed using the mesh method for
the placement of air terminations on the ends of the
roof of the building Puskom the highest part of the
building is not protected. This leads to a high risk of
lightning strikes directly. This method is considered
unsuitable if applied to buildings Puskom UIN
Suska Riau. Due to the shape of the roof of the
building that are not flat. However, when given a
termination air on top of antenna contained in the
building so the building can be optimally protected
against direct lightning strikes.

Building Grounding System PTIPD

Measurement of earth in building PTIPD
prisoners had been done, the measurement is done
by way of implanted electrodes kinds of copper rod
with a diameter of 1.5 ¢m into the soil to a depth of
1 m, grounding resistance value obtained at 179
ohms, grounding prisoners measurement can be seen
in the picture below

Figure 7. Grounding Resistivity Measurements in Building
PTIPD UIN Suska Riau




Table 8. Calculation of Soil Resistivity type PTIPD
Building UIN Suska Riau

number of Type Diameter | Grounding | Prisoners
Electrodes (cm) Resistivity Soil type
(ohm) (ohm
meter)
1 Copper 1.5 179 21294

The calculation result obtained soil resistivity 212.94
ohm meter, based on Table 2.13, the type of soil
found on wet gravel categorized PTIPD building.

Prisoners grounding sedapatnya highest-
value 5 ohms, based on calculations by the electrode
single rod obtained depth electrodes should be
planted along 72 m, but in practice the planting of
the electrodes do not allow reaching a depth that is
supposed to be, more research is proposed to reduce
the value of resistance grounding include planting
rod electrodes in parallel, adding zat reducing and so
forth.

Conclusions and Recommendations

Conclusion

1. Needs lightning protection systems for

buildings PTIPD UIN Suska Riau based on

the level of protection at the level of IV with
forecasts of a great danger to the placement
of the termination of the air for the method of
nets minimum distance between an antidote
to her is as big as 20 meters, diameter of the
method of ball rolling is 60 meters, while the
protection angle method with 20-meter high

protective angle is equal to 550.

The results of the evaluation of external

protection system building UIN Suska Riau

PTIPD currently not able to protect the

building with optimal from a lightning strike.

3. External protection system design is done by
three methods: Corner Protected method, the
method Eye nets, and Rolling Ball method
that has given the region a better protection
of the external protection system that already
existed.

4. External SPP protection PTIPD building with
optimal UIN Suska Riau has been obtained,
the results of the three draft note that
bergulirlah ball method that provides optimal
protection results in buildings with protected
areas covering the whole area of the building.

[S]

Suggestion
1. Need for assessment or evaluation of internal
lightning protection system of the building
PTIPD UIN Suska Riau.
Need to assess the external lightning
protection system with the Base Transceiver

(=]

Station (BTS) located next to the building
PTIPD UIN Suska Riau.
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