
IEM
JOURNAL

VOL. 83, NO. 1

JUNE 2022

THE JOURNAL OF THE INSTITUTION OF ENGINEERS, MALAYSIA KDN PP5476/10/2012 (030203)  |  ISSN 0126-513X

THE INSTITUTION OF ENGINEERS, MALAYSIA
Bangunan Ingenieur, Lots 60 & 62, Jalan 52/4,
P.O. Box 223 (Jalan Sultan),
46720 Petaling Jaya, Selangor Darul Ehsan.

Tel: 03-7968 4001/4002
Fax: 03-7957 7678
E-mail: sec@iem.org.my
Homepage: h�p://www.myiem.org.my



01 LIGHTNING SHIELDING WITH SHADING AVOIDANCE
FOR A PHOTOVOLTAIC (PV) FARM

 

by Thum Peng Chew, Sean Lee Xi Xian

08 TREND STUDY ON COVID-19 PANDEMIC LOCKDOWN
IMPACT ON RIVERS IN SELANGOR, MALAYSIA
by Aini Hidayati Shahrir, Gasim Hayder

15 DEFORMATION RESPONSES OF EXTRUDED ZINC ALLOY
by O. Farayola, M.O. Oyekeye, E.F. Ochulor, O.P. Gbenebor,
C.C. Odili, S.A. Olaleye, S. O. Adeosun

22 IOT PLATFORM FOR VITAL SIGNS DETECTION
USING NODE MICROCONTROLLER
by Sinan S. Mohammed Sheet, Mohammed S. Jarjess,
Abdullah K. Shanshal, Fatin A. Elhaj

by Toh Leong Soon, Leong Kok Wah

25 FOUNDATION EARTHING SYSTEM – ITS APPLICATION
AND ELECTRICAL SAFETY CONSIDERATIONS

30 MANUSCRIPT PREPARATION GUIDELINES
FOR IEM JOURNAL AUTHORS

CONTENTS

THE INSTITUTION OF ENGINEERS, MALAYSIA
Bangunan Ingenieur, Lots 60 & 62, Jalan 52/4, 
P.O.Box 223 (Jalan Sultan),  
46720 Petaling Jaya, Selangor Darul Ehsan.
Tel: 03-7968 4001/4002   
Fax: 03-7957 7678
E-mail: sec@iem.org.my  Homepage:

THIS ISSUE WAS PUBLISHED IN JULY 2023

IEM
JOURNAL

VOL. 83, NO. 1

JUNE 2022

THE JOURNAL OF THE INSTITUTION OF ENGINEERS, MALAYSIA KDN PP5476/10/2012 (030203)  |  ISSN 0126-513X

THE INSTITUTION OF ENGINEERS, MALAYSIA
Bangunan Ingenieur, Lots 60 & 62, Jalan 52/4,
P.O. Box 223 (Jalan Sultan),
46720 Petaling Jaya, Selangor Darul Ehsan.

Tel: 03-7968 4001/4002
Fax: 03-7957 7678
E-mail: sec@iem.org.my
Homepage: h�p://www.myiem.org.my

Vol. 83, No. 1, June 2022
KDN PP5476/10/2012 (030203)  ISSN 0126-513X

MAJLIS BAGI SESI 2022/2023 (IEM COUNCIL SESSION 2022/2023)
YANG DIPERTUA / PRESIDENT 
Ir. Prof. Dr Norlida bt Buniyamin
TIMBALAN YANG DIPERTUA / DEPUTY PRESIDENT 

NAIB YANG DIPERTUA / VICE PRESIDENTS
Ir. Yau Chau Fong, Ir. Mohd Aman bin Hj. Idris, Y. Bhg. Dato’ Ir. Ahmad Murad bin Omar, 
Ir. Chen Harn Shean, Ir. Mohd Khir bin Muhammad, Ir. Prof. Dr Tan Chee Fai,
Ir. Abdul Razak bin Yakob  

SETIAUSAHA KEHORMAT / HONORARY SECRETARY 
 

BENDAHARI KEHORMAT / HONORARY TREASURER 
Ir. Dr Lee Yun Fook  
BEKAS YANG DIPERTUA TERAKHIR / IMMEDIATE PAST PRESIDENT
Ir. Ong Ching Loon 

BEKAS YANG DIPERTUA / PAST PRESIDENTS 
Y.Bhg. Dato’ Ir. Dr Gue See Sew, Y.Bhg. Dato’ Paduka Ir. Keizrul bin Abdullah,
Y.Bhg. Academician Tan Sri Dato’ Ir. Prof. Dr Chuah Hean Teik, Y.Bhg. Dato’ Ir. Lim Chow Hock, 
Ir. Dr Tan Yean Chin, Ir. David Lai Kong Phooi
WAKIL AWAM / CIVIL REPRESENTATIVE 
Ir. Yap Soon Hoe  

WAKIL MEKANIKAL / MECHANICAL  REPRESENTATIVE 
Ir. Dr Aidil bin Chee Tahir
WAKIL ELEKTRIK / ELECTRICAL REPRESENTATIVE  
Ir. Francis Xavier Jacob 

WAKIL STRUKTUR / STRUCTURAL REPRESENTATIVE  
Ir. Gunasagaran Kristnan 

WAKIL KIMIA / CHEMICAL REPRESENTATIVE  
Ir. Dr Chong Chien Hwa   

WAKIL LAIN-LAIN DISPLIN / REPRESENTATIVE TO OTHER DISCIPLINES 
Ir. Assoc. Prof. Dr Wong Yew Hoong
WAKIL MULTIMEDIA DAN ICT / ICT AND MULTIMEDIA REPRESENTATIVE 
Ir. Jeewa Vengadasalam 

WAKIL JURUTERA WANITA / WOMEN ENGINEERS REPRESENTATIVE  
Ir. Noorfaizah bt Hamzah 
WAKIL BAHAGIAN JURUTERA SISWAZAH / YOUNG ENGINEERS SECTION REPRESENTATIVES  
Mr. Kuugan Thangarajoo, Mr. Lim Yiren, Mr. Muhammad Ashiq Marecan bin Hamid Marecan, 
Mr. Naveen Kumar a/l Apparao, Ms. Anis Akilah bt Ameer Ali                                               
AHLI MAJLIS / COUNCIL MEMBERS 
Ir. Dr Chan Swee Huat, Ir. Ellias bin Saidin, Ir. Mohd Radzi bin Salleh, Dato’ Ir. Hj Anuar bin 

Prof.  Lee Tin Sin, Ir. Mah Way Sheng, Ir. Sreedaran Raman, Ir. Lee Cheng Pay, Ir. Dr Kannan a/l 
M. Munisamy, Ir. Dr Siow Chun Lim, Ir. Wong Chee Fui, Ir. Dr Hum Yan Chai, Ir. Tiong Ngo Pu,

Ir. Razmahwata bin Mohd Razalli, Ir. Simon Yeong Chin Chow, Ir. Dr Chan Seong Phun,
Ir. Yam Teong Sian, Ir. Kwok Yew Hoe, Ir. Dr Lee Choo Yong
AHLI MAJLIS / COUNCIL MEMBERS BY INVITATION 
Ir. Lai Sze Ching, YBhg. Dato’ Prof. Ir. Dr Mohd Hamdi bin Abd Shukor, 
YBhg. Dato’ Ir. Nor Hisham bin Mohd Ghazali
PENGERUSI CAWANGAN / BRANCH CHAIRMAN
 1.  Pulau Pinang: Ir. Bernard Lim Kee Weng
 2.  Selatan: Ir. Thayala Rajah s/o Selvaduray
 3.  Perak: Y.Bhg. Dato’ Sri Ir. Liew Mun Hon
 4.  Kedah-Perlis: Ir. Mohamad Shaiful Ashrul bin Ishak 
 5.  Negeri Sembilan: Ir. Chong Chee Yen 
 6.  Kelantan: Ir. Nik Ab. Hadi bin Hassan 
 7.  Terengganu: YBhg. Dato’ Ir. Wan Nazari bin Wan Jusoh  
 8.  Melaka: Ir. Ong Yee Pinn 
 9.  Sarawak: Y.Bhg. Dato’ Ir. Janang Anak Bongsu 
10. Sabah: Ir. Willie Chin Tet Fu 
11. Miri: Ir. Chong Boon Hui 
12. Pahang: Ir. Ab Rahman bin Hashim

AHLI JAWATANKUASA INFORMASI DAN PENERBITAN/ 
STANDING COMMITTEE ON INFORMATION AND PUBLICATIONS 2022/2023
Pengerusi/Chairman:  Ir. Abdul Razak bin Yakob
Naib Pengerusi/Vice Chairman: Ir. Wong Chee Fui

Ketua Pengarang/Chief Editor: Ir. Abdul Razak bin Yakob

Pengarang Prinsipal Jurnal/Principal Journal Editor: Ir. Prof. Dr Abdul Aziz bin Abdul Samad
Pengerusi Perpustakaan/Library Chairman: Ir. Dr Kannan a/l M.Munisamy 

Ir. Ong Guan Hock, Ir. Lau Tai Onn, Ir. Dr Oh Seong Por, Ir. Yee Thien Seng, Dr Sudharshan N. Raman,
Ir. Dr Lai Khin Wee, Ir. Dr Lee Tin Sin, Ir. Yap Soon Hoe, Mr. Alex Looi Tink Huey, Dr Mohamad 

Talib, Ir. Dr Lee Choo Yong, Ir. Ts. Dr Tan Kim Seah, Mr. Muhd Ashiq Marecan bin Hamid Marecan

LEMBAGA PENGARANG/EDITORIAL BOARD 2022/2023
Ketua Pengarang/Chief Editor: Ir. Abdul Razak bin Yakob

Pengarang Prinsipal Jurnal/Principal Journal Editor: Ir. Prof. Dr Abdul Aziz bin Abdul Samad

Ir. Dr Oh Seong Por, Dr Sudharshan N. Raman, Ir. Dr Lai Khin Wee, Ir. Dr Teo Fang Yenn  

PRINT QUANTITY: 500 COPIES



Journal – The Institution of Engineers, Malaysia (Vol. 83, No. 1, June 2022) 1

LIGHTNING SHIELDING WITH SHADING AVOIDANCE 
FOR A PHOTOVOLTAIC (PV) FARM

ABSTRACT

The special requirement of a PV farm lightning shielding system is that it should not introduce shadow on the active PV surfaces 

so as to avoid impaired PV generation output. By using a simple, repeatable-unit PV row made up of single or multiple PV 

strings, the problem of finding a cost-effective and efficient PV row lightning finial arrangement can be resolved. The shading 

analysis combined with the MS IEC 62305 implementation of the Rolling Sphere Method (RSM) is able to give a simple 

procedure that lends itself to spreadsheet calculations pertaining to PV farm lightning shielding design.

Keywords: Core Shadow, Lightning Air Termination, Shading Avoidance  

1.0	 INTRODUCTION

Unlike traditional lightning protection approaches, the special 

requirement of a PV farm lightning shielding system is that 

it should not introduce shadow on active PV surfaces so as to 

avoid impaired PV generation output. While sophisticated 

software programs are now available for the analysis of air 

termination systems, what is lacking is for shading analysis to be 

built into the same program to handle the PV shading problem 

concurrently. A PV farm is built-up of many PV rows. By using 

a simple, repeatable-unit PV row made up of single or multiple 

PV strings, the problem of finding a cost-effective and efficient 

PV row air termination system is simplified. 

The purpose of this paper is to present a simplified and 

robust method of determining lightning finial arrangement on a 

PV row taking into account the shading effect that is introduced 

by its finial core shadow (umbra) at certain times of the day. 

First, it addresses the core shadow formation then does the 

shadow analysis to determine inter-row separation for shading 

avoidance. With inter-row separation and row pitch (inter-row 

spacing) determined, it proceeds with the RSM to determine the 

finial length and finial spacing on the PV row. Because the whole 

analysis could be done on a unit PV row basis, it lends itself to 

be repeated over the PV farm. Its simplicity also lends itself to 

spreadsheet implementation.

2.0	 STRUCTURE OF THE PV FARM

The PV farm structure is characterised by an extensive low-height 

and isolated-surface area. It physically resembles a shielded 

open-structure since the PV module perimeters are made of 

aluminium frames that are bonded and earthed in each string/

row arrangement. Most stroke terminations are characterized 

by overhead downward flashes with little or no side stroke 

terminations because of the PV row’s low height. There are 

generally, 2 ways of providing lightning shielding. The first is 

by adding external steel finials to the natural component LPS. 

The second makes use of the available PV module aluminium 

frames as natural air termination in an effort to save cost. Cost-

saving considerations also compel the natural components of the 

PV module support structure and foundations to be used as the 

LPS down-conductor system and earthing system as shown in 

Figure 1.

In most cases, the aluminium frames are not inherently 

designed or intended as air terminations. They do get damaged 

by hotspot punctures at the point of stroke attachment.  A more 

satisfactory engineering solution may be achieved by adding to 

the natural-component LPS, steel finials arranged on the ridge of 
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the inclined PV row [1]. Their role is to preferentially intercept 

lightning strokes while the aluminium mesh’s role is relegated 

to the screening and current distribution functions. With such a 

method, the PV string shielding failure is determined by finial 

height and finial positioning/spacing.

3.0	 SHADING FROM AIR TERMINATIONS

If air terminations are provided for lightning protection, they 

may present dynamic shading impacts to the active PV surfaces 

on which their shadows fall [2]. Dynamic shading possibility 

depends on the core shadow (umbra) length formed by opaque 

above-PV-surface objects in accordance to the sun’s elevation 

and direction. The space beyond the core shadow exhibits a 

diffuse shadow from its penumbra which presents less impact 

on PV module output. Thus, air termination must be placed 

such that their core shadows do not fall on active PV surfaces. 

There are 2 types of air terminations, namely the tall mast and 

the short finials. The following section evaluates their possible 

applications in the PV farm.

3.1	 Core Shadow Formation with the Umbra
In practical situations, only umbra shadows are assumed to 

have significant shading impacts on PV surfaces. In contrast, 

penumbras produce weak shading intensities. A simple shadow 

analysis is made here to determine the core shadow transitions of 

narrow/thin to wide vertical objects. In general, umbra shadow 

formation depends on 3 factors, namely :-

1.	 The length of the object’s umbra is taken to be proportional 

to its width, e.g. for a finial of diameter, df, , its umbra length, 

L
u
 formed in space is fixed at 108 x df as shown in Figure 2a. 

The constant is the ratio of the sun’s distance from Earth and 

the sun’s diameter [3, 4].

2.	 The sun’s elevation angle, α above the horizon determines 

the umbra’s inclination.

3.	 The height, H of the object above the ground to produce 

an inclined umbra layer and surrounded by its penumbra 

in space; the thickness of the umbra above the ground is 

determined by the object’s height. A shadow is formed on 

the ground if this inclined but length- and thickness-limited 

umbra layer intersects the ground.

Figure 2b illustrates how shadow is formed as the sun rises. 

When the sun’s elevation angle, α is zero, there is no umbra 

intersection with the ground because the umbra volume lies just 

above the ground plane and no shadow is formed. As the sun 

Figure 2a: Vertical 
Rod’s Umbra 

and Penumbra 
Illustrated

Figure 2b: Shadow Formation
with Vertical Object

rises low in the horizon, the full umbra length, Lu initially forms 

the shadow at a small elevation angle, α1. While the umbra’s 

lower region intersects the ground plane at full umbra length, 

Lu, its upper volume still lies in the space above the ground. 

It contributes partially to the shadow OP1 on the ground. The 

shading intensity is weak. As the sun rises, α increases to α2. 

The umbra length, Lu inclines and forms its shadow, OP2 on the 

ground as shown in Figure 2b. Its intensity increases. In general, 

the shadow length,

This continues until the shadow length is OP
c
 at sun elevation 

angle α
u
. This critical angle defines the height on the object (hf = H) 

that produces the full umbra length, Lu just touching the ground. 

At greater heights, the umbra length produced is too short to 

touch the ground. Thus, angle,                  and the shadow 

geometry makes a transition at H = Lu.

When the sun rises beyond this elevation angle at say, α3> αu, 

the ground-intersecting umbras are formed by the object’s surface 

at heights less than H. The shadow length, OP3 is hence, fixed 

by H. The shading intensity is high but the shadow length, Ls is 

given by :-

If the width of an object is 1 metre, Lu will be 108m. If the 

object’s physical height is shorter, then its umbra-limit angle, αu 

is small. Its Lu- transition will occur a short while after sunrise 

with a long shadow. In contrast, a thin blunt-tipped finial with 

short umbra length will have its umbra-limited angle, αu at 90°; 

its shadow is umbra-length limited with no transition.

3.2	 Shadow Analysis
Table 1 shows the calculated shadow lengths on the ground 

surface of a tall mast and of a short blunt-tipped finial. Within 

the practical range of finial diameters (8mm to 16mm), the 

umbra length ranges from 0.86m to 1.73m. A 14 mm diameter 

finial is selected for comparison with a typical 150mm diameter 

lightning mast of height 6.5m. The umbra-limited angle, αu for 

both air terminations exceeds 20°. Equation (1) is appropriate 

to be used in the just-after-sunrise shading analysis. But 

compared with the finial, the mast length transits to Equation 

(2) after 23.66°.

For any PV farm location, the time of allowable umbra 

shading has to be limited to the early hours of the morning and 

late hours of the evening. This time should be specified so that 

an object’s core shadow does not produce adverse impact on PV 

generation output. In practice, it could lie between 7.30am and 

8.30am such that the finial’s shadow cast by the sun is short and 

it will not fall on any active PV surface at times later.

Table 1 shows that the mast’s shadow length on the ground 

is much longer than that of the finial. At a sun elevation angle 

of 30°, a 6.5m lightning mast requires a shading clearance of 

11.258m on the ground as compared to 1.309m for a short finial. 

The shorter finial shading clearance may be allowed to fall in the 

PV inter-row separation space. Thus, shading impact is easier to 

mitigate with the multiple finial solution than the single tall-mast 

solution. The former resolves the problem at the PV row level 

while the latter needs 8.6 times larger shading clearance on the 

PV farm ground.
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4.0	 SHADING AVOIDANCE OF FINIALS 
MOUNTED ON PV ROWS

If multiple finials are opted for lightning shielding at the PV 

row level, their effectiveness is determined by their vertical 

length and the spacing between them. Usually, one or more 

inclined PV strings are grouped to form a PV row. The finials are 

mounted along the row’s ridge (as shown in Figures 1 and 5) and 

at the high corners. Apart from other considerations, the rows 

should be orientated such that finial shadows do not fall on 

neighbouring rows.

4.1	 Sun Direction and PV Row Orientation
The formation of shadows depends on the sun’s position in the 

sky and the time-of-day. Its position is defined by its elevation 

angle, α and its azimuth, Ψ as shown in Figure 3a. The sun’s 

elevation determines an object’s projected shadow length 

while its azimuth determines the shadow’s direction relative to 

a PV row’s orientation azimuth; both azimuths by convention 

are referenced to the North. The sun’s azimuth angle may be 

calculated from either [5] or [6].

The sun’s positions in the sky over one full year can be 

represented in a 2-D Cartesian chart for a specific location on 

the Earth’s surface. Figure 3b shows the sun’s path at location 

P Latitude 3.1°(north of the Equator), Longitude 101°(in 

Peninsular Malaysia). It can be used to orientate the PV row to 

avoid shading as well as to optimise generation output. Based on 

Figure 3b, PV operation considerations may adopt a 30° sun’s 

elevation corresponding to 8.00am and a 120° azimuth angle, A.

4.2	 Shadow Length and Shading Avoidance
For low shading impact, a finial has to be short and thin. It’s 

length is determined from shading analysis and its diameter must 

satisfy Table 6 requirements of MS IEC 62305-3 [8].

Figure 4 is used to obtain the PV inter-row separation, g. Table 

1 gives the umbra length, Lu = 1.512m. For the sun elevation angle, 

α = 30°, the shadow length, Ls = D’ = Lu.cos 30° = 1.309m.

The PV row is usually orientated facing South-east to South 

at azimuth angle, Arow between 150° and 180°. The South-east 

orientation angle (150°) gives a larger shadow length. ψ as 

shown in Figure 3a, is given by

Table 1: Comparison of Mast and Finial Shadow Lengths

Mast Finial

Height, m 6.50 2.50
Diameter, mm 150.0 14.0

Fixed Umbra Length, m 16.200 1.512
Umbra-Limited Angle, ° 23.66 90.00

Sun's Elevation, ° Shadow Length, m
Mast Finial

5.0 16.138 1.506
10.0 15.954 1.489
20.0 15.223 1.421
30.0 11.258 1.309
45.0 6.500 1.069
60.0 3.753 0.756
80.0 1.146 0.263

Figure 3a: The Sun’s Angles with Reference to Northern Latitudes

Figure 3b:University of Oregon 2-D Sun Path Chart
 for Latitude 3.1° and Longitude 101° [7]

Figure 4: Plan View - Sun Direction and PV Row Orientation

Figure 5: Dr-r Elevation View of 2 PV Rows with Finials
 Showing Row Pitch and Rolling Sphere
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From Figures 4 and 5, the PV inter-row separation, g, is 

given by

Thus, to avoid shading for a PV row orientated in the 150° 

(south-east) direction, the inter-row separation must be at least 

1.134m. If the row is orientated to face the sun at which ψ = 0°, 

the inter-row separation for 8.00am at location P is then 1.309m. 

The PV inter-row separation is normally used as an access way 

for construction, operation and maintenance. As such, g has a 

minimum width which generally is 1.0m. In this case, g is larger 

than 1.0m, hence shading avoidance take precedence with g 

increased to 1.134m.

For a given row’s inclined width, L on the PV module 

surface and tilted at an angle of t°, the row spacing or pitch, Dr-r 

as shown in Figures 4 and 5, is given by

Hence, if L is 4m and the PV row’s tilt angle is 10°, the row 

pitch, Dr-r  is 5.073m.

5.0	 LIGHTNING RSM SHIELDING ANALYSIS

The purpose of lightning shielding is to position equal-height 

finials on the PV row’s ridge in relation to neighbouring PV rows 

so that they prevent direct lightning strikes to the PV modules. 

The MS IEC 62305 rolling sphere method [9] is employed in the 

analysis to find the finial length, Lf  and finial spacing, D such 

that a group of finials can prevent a rolling sphere from coming 

into contact with the inclined PV module surface.

The relevant shielding geometry is depicted in Figure 4 with 4 

finials placed at the corners of a rectangular block having ground 

length, D and ground width, Dr-r . The length of the diagonal on 

the ground plane is Dd=                 ) . D_d is depicted along the 

block’s A-C section view in Figure 6. The rolling sphere radius, 

rs is calculated from the minimum interception stroke current, I 

in kA based on the desired probability of shielding. It is given in 

MS IEC 62305 [9] as

Based on a given design interception current, the penetration 

depth, p of the greater circle of the rolling sphere into the block 

ABCD is as follows:-

For real application of the expression, Dd has to be limited 

by the condition: 0.5Dd < rs.

5.1	 Finial Length Analysis for Sphere Rolling 
Over the PV Row’s Ridge 

By substituting Dd with D into the p expression, the finial 

length, Lf on the D-section of the block containing the PV row’s 

horizontal ridge can be evaluated by r_s-√(r_s^2-0.25D^2 ).

For inclined surfaces of the block, their required finial 

lengths are derived in the Appendix.

6.0	 DIMENSIONS OF FINIAL SYSTEM

Figure 7 illustrates the manner in which the finial length and 

spacing are determined for a representative 30m long PV row 

in Malaysia. Typically in Malaysia, the tilt angle, α of the PV 

row is around 10°. The PV row may at the extreme, face South-

east (ψ=-30) for which the inter-row separation, g is taken to be 

1.309m. For a PV inclined surface width, L of 4m, a row pitch, 

Dr-r of 5.073m is required. The height of the PV row’s ridge, h-y 

is 0.695 m. Along the PV row’s ridge, a number of finials can 

be provided depending on the cost and the desired interception 

efficiency of the finial system.

For inclined surfaces, the rolling sphere is shown in Figure 7. 

The finial length calculations are implemented in a spreadsheet. 

Table 2 summarises the finial length results from the analysis of 

various row sections for various finial spacings. The PV row’s 

ridge requires the longest finial length because it presents the 

largest lightning exposure whereas the Dd and the Dr-r planes 

are generally less exposed due to the row’s inclination. Thus, it 

seems that in this case, the finial length of a PV row is determined 

by its ridge.

Figure 6: A-C-C’-A’ (Dd) Vertical Plane Containing Rolling Sphere

Figure 7: Plan View of Rectangular Block ABCD with Rolling Sphere

Table 2: Finial Lengths for Various Finial Spacings With
PV Row Orientated at 150°Azimuth

PV Row 
Length, m 30.00 Finial Length, m

No. of 
Equal 
Finial 

Sections 
per Row

Finial 
Spacing, 

D m
Dr-r 

Plane
Dd 

Plane
Row's 
Ridge

PV 
Row

1 30.000 0.000 6.358 6.563 6.563
2 15.000 0.000 1.182 1.427 1.427
3 10.000 0.000 0.402 0.621 0.621
4 7.500 0.000 0.160 0.347 0.347
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Table 2 also shows that the minimum finial length required 

varies quite substantially with finial spacing. If a row is a single 

section, the finial length at the ends of the row will have to 

exceed 6.563m; a height equivalent to that of a single tall mast. 

As deduced from Table 1, it does not have a shading clearance 

advantage. Neither does it have a land-use and cost advantage. 

Design and construction considerations favour the multi-section 

options of either 2, 3 or 4 equal sections per row. The final 

selection depends on design optimisation and cost.

Since the PV row’s ridge will attract a large number of 

lightning terminations, it is necessary to examine the impact of 

shorter finial lengths on the ridge’s lightning exposure whose 

expression is derived in the Appendix. Table 3 shows that 

reduction in length incurs larger ridge exposures. Hence, finial 

lengths must always be adequately provided.

Table 4 compares the finial lengths on the basis of finial 

spacing, PV row orientation and interception current. For a 

given interception current, the finial length does not change 

with PV row orientation azimuth. This consistency confirms that 

lightning exposure is independent of row orientation.

It is noted that a 15m section requires a taller finial, (greater 

than 1m) compared to a 10m section. If the finial length is to be 

less than 1m, the suitable finial spacings are between 7.5m to 

10m. In this range, the finial mounting and connection to their 

support structure as shown in Figure 1, may have to be evaluated 

with costs for the selection of finial spacing and length.

A more significant change in finial length comes from the 

change in the interception current. A lower design interception 

current with higher exceedance probability will achieve a 

higher finial interception efficiency because the greater stroke 

currents would not penetrate the shielding system. While MS IEC 

62305-1 [9] suggests a 99% efficiency with a 3 kA design current 

for LPL I, a 2 kA design current can give 99.5% interception 

efficiency. In terms of overall performance, construction and 

quantity of materials used, the 2 shorter sections only require 

standard finial lengths in the range of 0.5m to 1.0m which is 

less than Lu (= 1.512m from Table 1) to achieve the required 

interception efficiency as suggested in [1].

7.0	 CONCLUSION

Shadow formation analysis suggests that between a short 

finial and a tall mast, shading avoidance in a PV farm is better 

achieved with multiple short finials than single tall masts. The 

former resolves the problem at the PV string/row level while 

the latter needs a larger surrounding shading clearance area. 

In order for finials not to create significant shading impact, the 

pitch between PV rows must be sufficient so that the finial’s core 

shadow will not encroach into the neighbouring rows. This core 

shadow length is a function of the sun’s elevation and azimuth 

and the row’s orientation and tilt angle. It is shorter than that 

of a tall mast and may be designed to fall within the inter-row 

separation space.

The expression for the height and length of a finial with 

respect to inter-finial spacing for an inclined PV row surface 

is derived using the RSM. Investigation with the range of 

finial lengths is made with inter-finial spacings that are likely 

to be encountered in practice. The finial design procedure also 

examines the impact on PV row’s ridge lightning exposure as 

a result of shorter finial lengths. It concludes that finial lengths 

must always be adequately provided. Technical comparison 

points to simple short finials of 0.5m to 1.0m in length which 

is less than its umbra length. It leads to the prospect of a multi-

section design for a 30m PV row. For cost-effectiveness in 

practice, the PV row may be divided into 2, 3 or 4 equal sections. 

A simple approach for the implementation of lightning shielding 

system with shading avoidance for a PV farm is demonstrated. 

Its calculation can be easily made with a spreadsheet. 

APPENDIX - DETERMINING FINIAL 
LENGTHS

A.1 The Coordinate of the Centre of the Rolling 
Sphere, O(0, 0, Z0)

In order to prevent the circle in Figure 6 from touching the 

inclined PV module surface, the finials’ minimum protruded 

length for a given PV row height, h and a tilt angle, t is determined 

geometrically. The height of the PV row’s ridge is

Applying the Similar Right Angle Triangle Theorem to the 

ratio of sides in Figures 4 and 6,

Table 3: Impact of Compromised Finial Length on
PV Row’s Ridge Lightning Exposure

Finial Spacing, 
D m 15.0 10.0 7.5

Row Finial 
Length, Lf m 1.427 0.621 0.347

Dd Finial Length, 
l m 1.182 0.402 0.160

% Finial Short, 
100(1-l/Lf) 17.14 35.28 53.84

Ridge Exposure, 
De m

6.303 5.969 5.514

% Exposure, 100.
De/D

42.02 59.69 73.52

Table 4: Finial Length Comparison for Two PV Row
Orientations and Three Interception Currents

Interception 
Current/

Probability*/
Striking 
Distance

3 kA / 99.0% / 
20.42m

2.5 kA /99.2% / 
18.14m

2 kA / 99.5%/ 
15.69m

Azimuth, ° 150 180 150 180 150 180
No. of 

Sections/
(Finial 

Spacing)

Min. Finial 
Length, m

Min. Finial 
Length, m

Min. Finial 
Length, m

2 /(15m) 1.427 1.427 1.623 1.623 1.908 1.908
3 /(10m) 0.621 0.621 0.703 0.703 0.818 0.818
4/(7.5m) 0.347 0.347 0.392 0.392 0.455 0.455

Note: * - Probability of the interception current being exceeded.
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and from Figure 6, the diagonal tilt angle, t’ is given by

The angle t’ reaches a physical maximum when the rolling 

sphere circle touches the PV row’s ridge. Its maximum is given 

by

Beyond it, the sphere rolls over the PV row’s ridge. Thus, 

the analysis of Figure 6 A-C plane is made with t’< t'max.

The diagonal plane A-C-C’-A’ in Figure 6 is treated as an 

X-Z plane. Applying coordinate geometry to the plane, the 

gradient and intersect of the inclined PV surface line are :-

Line’s gradient = tan t'

Its fixed intersect at X = 0 with the Z-axis, Z 'Z '' = (h-y) – 

0.5Dd.tan t' = (h-y) - 0.5Dr-r.tan t

Thus, the Z-coordinate of centre, O of the rolling sphere is :-

A.2 Sphere Sitting on top of the Block ABCD 
The equation of the rolling sphere whose plan view is depicted 

in Figure 7, is

The RSM is being applied to the ABCD rectangular section 

which has its mid-point below the rolling sphere’s centre O and 

its corners A, B, C and D. For H-y < Z0 and 0 ≤ t'< t'max ,

Thus, for a given a striking distance, the finial length depends 

on the finial spacing, the PV row pitch and its tilt angle.

For example, if the coordinate of the finial at corner A is 

(-0.5D, -0.5Dr-r , H-y), finial A’s length,

Symmetry ensures the 3 other corners B, C and D have the same 

finial length as A.

In the case of t’ ≥ t'max', Lf =0 implying that the PV row’s 

ridge is a natural air termination. However, for reasons given in 

[1], the PV module’s thin aluminium frame should not be used. 

Hence, the need for extraneous finials on the ridge at corners A, 

B, C and D.

A.3 Sphere Rolling along the Ridges of Planes AB 
and CD from BC to AD 

Based on Figure 5, the finial length can also be evaluated for the 

Dr-r section in which case,

which is valid for  0≤ t < tmax. Similarly, in the case of                   

provided by the PV row  Lightning shielding is naturally 

provided by the PV row’s ridge at corners A, B, C and D.

A.4 Sphere Rolling Over PV Row’s Ridges of 
Planes AB and CD 

In the vertical planes AB and CD that contain the finial spacing 

D, the finial length, Lf is determined from its sphere rolling over 

the ridge with penetration depth given by

A.5 Ridge Exposure due to Shortened Finial 
Length 

Being the highest line on the PV row, the ridge has a higher 

probability of stroke attachment. If the finial length is 

compromised with lf (< Lf), then the rolling sphere surface will 

intersect the ridge and expose it to lightning attachments. By 

RSM according to [8], the exposure length is
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ABSTRACT

According to the Department of Environment, numerous rivers, and streams in Selangor, and practically all rivers, are in the 

'polluted' and ‘slightly polluted' category even before the COVID-19 outbreak. Due to a lack of anthropogenic activities such 

as industrial discharge, agricultural, poultry, sediment, and silt erosion, the trend of pandemic lockdown on water quality 

parameters in Selangor is expected to decline. The goal of this research is to see if contamination of water resources and rivers 

increases or decreases during a pandemic by examining the trajectory of water quality parameters in relation to the COVID-19 

pandemic, to figure out which parameters are affecting pollution in Selangor rivers, and to emphasize the water quality in each 

river for Department of Environment, utilizing data from 2016 to 2020. The results of the investigation revealed significant 

variations in water and wastewater quality over time as it shows anthropogenic activities decrease during pre-pandemic and 

pandemic lockdown periods. DO, TSS, ammoniacal nitrogen, and turbidity exhibited decreasing value on most water quality 

metrics except for BOD, COD, and pH levels during the lockdown period.

Keywords: COVID-19, Lockdown Period, Malaysia, Pandemic, Selangor, Water Quality

1.0	 INTRODUCTION

The COVID-19 pandemic has taken the world by storm and 

caused unpredictable damaged towards all aspect including 

water resource in Malaysia. The management of water resource 

reflects the development of water quantity and quality in 

Selangor. The tendency for the water resource and their demands 

in Malaysia to rise was estimated to be 60% in 2010 and 113% 

in 2020 forecasted in 1995 [14]. 

The classification of water quality in Malaysia is reference 

to DOE and the contributing factors are determined with the 

comparison of water quality parameters [1]. Studying the water 

quality of rivers can identify the main source of pollution of 

the river such as anthropogenic, lithological, atmospheric, or 

climatic [2]. Polluted rivers caused toxic and disruption to the 

endocrine system of aquatic life [31]. 

It can be summarized that the source of contamination is 

mainly due anthropogenic activities which originated from 

industrial, agriculture, poultry, farming and soil erosion [14], 

[17]. There are much evidence of pollution and contamination in 

rivers in Selangor, one evidence can be seen that Klang River 

has heavy metal contamination in their water bodies[32]. It 

was found that Semenyih river in Selangor are highly polluted 

with PO4 and faecal coliform [17]. The degradation of water 

quality in Selangor was associated with algal blooming and 

eutrophication especially in Selangor River [14].

The trend of COVID-19 pandemic lockdown towards the 

water quality in River in Selangor is predicted to decrease due to 

lack of anthropogenic activities mainly from industrial discharge, 

agriculture, poultry, sediment, and silt erosion. The study gap 

focused on pollution in most rivers in Selangor has been steadily 

expanding over the previous decade [13], raising the question of 

whether contamination in water resources and rivers increases or 

decreases during pandemics.

As there are lack of study in water quality parameter effects 

by the pandemic lockdown, this suffices the need for more 

research in this area. This research has societal benefits such 

as the study of water quality before and during the COVID-19 

pandemic, the impact of the COVID-19 pandemic on the water 

and wastewater sector, changes in water pollution before and 

during the COVID-19 pandemic, recommendations for future 

rejuvenation strategies if needed, awareness of the importance 

of water quality in society, and justification of water quality 

importance. According to [21], only water and air quality have 

been examined as environmental implications for the lockdown 

period. The investigation of the influence of COVID-19 is still 

regarded innovative and a viable research platform. This study 

contributes the need of further rejuvenation and mitigation 

actions to increase the water quality classes for the rivers in 

Selangor to ensure there will availability of safe and clean water 
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resources for future use.

Despite being Malaysia's most developed state, Selangor 

continues to be one of the most affected states when it comes to 

water shortages. Selangor has been identified as the state with the 

most water supply concerns, with 49.5 percent in 2016 and 62.4 

percent in 2017 [6]. With the pandemic in full swing, a scarcity 

of water means a lack of cleanliness, which increases the danger 

of virus transmission. In recent years, Malaysia's water resource 

concerns have risen in scope and complexity. This is due to the 

fact that Malaysia has converted a large portion of its land from 

agriculture to urban–industrial–commercial use [31].

The study focuses on the impact of COVID-19 pandemic 

period towards the water quality and wastewater in Selangor district 

only. Given that water contamination is common in Selangor, it has 

wreaked havoc on the state's water supply. This is a comprehensive 

study of the physical, chemical, and biological characteristics of 

both water and wastewater to investigate the differences in water 

quality before, during, and after the MCO period, which coincided 

with the global lockdown to stop the spread of SARS-CoV-2 viral 

transmission of COVID-19 in the state.

The aims of this paper are to study the trend of water quality 

parameters with the effect of COVID-19 pandemic and to 

identify which parameter was the most significant contributor to 

contamination in the rivers in Selangor.

2.0	 METHOD

2.1	 Description of Study Area
Selangor is located on the West Coast Peninsular Malaysia 

ranging the total area of 8,104 km2. Selangor has around 413 

rivers according to Selangor Water Management Authority 

(LUAS). The average annual rainfall is 2236 mm with 88.0 inch 

per year. The study areas comprised on 19 rivers in Selangor 

which are Ampang River, Balak River, Buloh River,  Chuau 

River, Damansara River, Gombak River, Guntong River, Keroh 

River, Klang River,  Kundang River, Langat River, Penchala 

River, Rambai River, Rawang River, Selangor River, Sembah 

River, Semenyih River, Sepang River, and Serendah River.

2.2	 Data Collection and Timeline
The data is collected from the Department of Environment and 

undergo standard water sampling collection and the period of 

the data ranges from 2016 until 2020. The timeline for the study 

was from 2016 to 2020. The data of 2021 was available during 

the writing of this paper. However, there are certain data of rivers 

that only provide 2017 to 2020 data. The years 2016-2018 are 

referred as before pandemic lockdown, 2019 as pre-pandemic 

lockdown, and 2020 as pandemic lockdown in this study.

2.3	 Water Quality Parameters
The water quality parameters studied in this paper consist 

of Dissolved Oxygen (DO) percentage, Dissolved Oxygen 

(DO) concentration, Biological Oxygen Demand (BOD) 

concentration, Chemical Oxygen Demand (COD) concentration, 

Total Suspended Solids (TSS) concentration, pH value, 

Ammoniacal Nitrogen (NH3-N) concentration and turbidity 

concentration as provided by DOE. These parameters were used 

to calculate Water Quality Index (WQI) by DOE. WQI has been 

used in Malaysia for around 28 years and recommended by The 

Department of Environment Malaysia. It is a collection of water 

quality recommendations that classify water quality classes 

based on the quality of water for public use, such as raw water 

sources, recreational uses, irrigation and aquaculture [24].

3.0	 RESULTS & DISCUSSION

3.1	 Trend of COVID-19 Lockdown Period and 
Water Quality Parameters

Figure 1 represents the trend of dissolved oxygen (DO) between 

the rivers in Selangor. The DO percentage and concentration can 

be seen decreasing throughout 2016 until 2018 which is before 

the pandemic period. However, it gradually increased during 

per-pandemic lockdown and pandemic lockdown period. This is 

a positive impact as dissolved oxygen is important especially for 

aquatic lives. If DO is too low, aquatic lives cannot survive as there 

is not aeration and it leads to higher temperature of water. Since 

the recent years showed drastic improvements of DO percentage, 

it can be justified that the COVID-19 lockdown brings significant 

positive impact towards DO. Nevertheless, the value of average DO 

throughout the years is still falls underclass I , IIA and IIB for the 

NWQS (2022) for Malaysia, hence it is still feasible for Malaysian 

standard for water supply and recreational use.

For BOD, there is an uneven trend before the pandemic 

lockdown period and it gradually increase in pre-pandemic 

lockdown and during the pandemic lockdown period as shown 

in Figure 2. This is one of the negative impacts for water quality 

parameters. Higher BOD is caused by organic pollution and more 

oxygen is needed for oxygen-demanding species in the water 

bodies. Thus, it led to lower level of water quality. The increase 

during the period of lockdown may be due to decaying plants or 

organic waste that are not treated. Since the majority of water 

sector are put on hold during the lockdown, this includes the 

sanitation of water resource to ensure it stayed in it standardised 

quality. The average BOD falls under the range of class III and 

IV of NWQS (2022) for water supply but needed extensive 

treatment and irrigation respectively.

Next, COD concentration gradually increase during the 

before the pandemic lockdown period but decrease in pre-

pandemic lockdown period and increased again during the  

pandemic lockdown period as illustrated in Figure 3. Similar to 

BOD, it is considered a negative impact as higher COD means 

Figure 1: Dissolved Oxygen (DO) Trend
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lower DO in the water bodies. As said previously, DO is crucial 

for aquatic lives. The COD level relates to the concentration of 

organic matter in water bodies and it may cause unpleasant smell 

of the water sources and it contain decaying plants and organic 

wastes. The COD average falls under the class IIA, IIB and III 

for NWQS (2022) which is still suitable for water supply and 

recreational use.

Figure 4 exhibits the total suspended solids (TSS) trend, 

TSS concentration presented an uneven trend during before the 

pandemic lockdown period but it gradually decreased during 

pre-pandemic lockdown period and lockdown period. This is 

a positive impact as lower level of TSS means increase in DO 

and also help reduced the temperature of water bodies as lesser 

suspended particles absorbing heat from solar radiation entering 

the water surfaces. This is a results of lower anthropogenic 

activities as the it is suspended during lockdown. Lesser particles 

are discharged and lesser pollution that comes from pesticides, 

industrial effluent and metals being discharged into the water. 

The TSS falls under the class I of NWQS (2022) which is suitable 

for water supply without the need of treatment.

As for the pH value shown in Figure 5, the value remained 

in a susceptible level as it only experienced minor changes in 

decimals. The pH level gradually decrease throughout the before 

the pandemic lockdown, pre-pandemic lockdown period and 

lockdown period. As pH decrease, hydrogen ion increased and 

caused the water bodies to become acidic. However, the results 

of the pH values showed it ranges from the lowest alkaline, 

neutral and the lowest acid and it falls under class I, IIA, IIB, III, 

IV which is still under a controlled level of pH value. However, 

mitigation actions should be put under consideration as the trend 

seemed to be decreasing throughout the year and it is likely to 

become more acidic later on.

The ammoniacal nitrogen trend gradually increased in before 

the pandemic lockdown and pre-pandemic lockdown period then 

it decreased during the pandemic lockdown period as presented in 

Figure 6. Ammoniacal nitrogen is a form of measurement of the 

level of ammonia in the water bodies. Ammonia typically found 

in leachate and organic waste. The reduced level of ammoniacal 

nitrogen is a positive impact of the lockdown. Similar reasons 

can be concluded as lower anthropogenic activities due to lesser 

particles are discharged ranging from pesticides, industrial 

effluent and metals being discharged into the water. Ammoniacal 

nitrogen falls under the class V of NWQS (2022) which is not 

suitable for water supply, irrigation and recreational uses. Even 

though the value is decreasing, further mitigation actions is 

required to ensure the level of water resources is suitable for use 

for the coming years.

Figure 2: Biochemical Oxygen Demand (BOD) Trend

Figure 3: Chemical Oxygen Demand (COD) Trend

Figure 4: Total Suspended Solids (TSS) Trend

Figure 5: pH Value Trend

Figure 6: Ammoniacal Nitrogen (NH3-N) Trend
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The average turbidity trend showed uneven trend during 

before the pandemic lockdown but it then gradually decrease in 

pre-pandemic lockdown period and lockdown period as shown in 

Figure 7. Turbidity is affected by DO, TSS, particles and organic 

matter that are in the water bodies. Lower turbidity level is also 

a positive impact of lockdown as it signifies lower bacteria, 

virus and parasites in water bodies. These organisms tend to 

attached with suspended particles which lead to contamination 

and pollution of water bodies. This is also the effects of lower 

anthropogenic activities during the lockdown period. The 

turbidity however did not fall under any classes of NWQS (2022) 

hence the level of turbidity is still above the standardised level 

and further mitigation to reduce the level of turbidity is needed 

to ensure water resource in Selangor is not polluted.

The charts presented had shown significant changes of water 

and wastewater quality throughout the period. Nevertheless, 

it is showed positive changes throughout the pre-pandemic 

and pandemic lockdown period. In water quality parameter 

perspectives, DO, TSS, ammoniacal nitrogen and turbidity 

showed positive impacts during the pandemic lockdown period 

while BOD, COD and pH level have decreased. Even with the 

positive impact, the turbidity level still above the standardised 

level of NWQS (2022) and it signifies that the average water 

resources is still polluted based on the parameter perspective. 

Mitigation actions is required especially for pH level, ammoniacal 

nitrogen and turbidity parameter to ensure improved water 

resources for the coming years. However, there is a possibility 

for the decreasing value of these parameters may not only be due 

by anthropogenic activities but also due to external factors that 

are not studied in this paper.

3.2	 The Parameters that Significantly Affected 
During Pandemic Lockdown

3.2.1	pH Value

Pollution is typically a factor in anthropogenic pH variations. 

Point source pollution is a frequent cause that, depending on 

the chemicals involved, can produce an increase or drop in 

pH. These substances may arise from industrial runoff, sewage 

discharge, or agricultural runoff. Detergents and soap-based 

items in wastewater discharge might make a water supply too 

basic. Typically, the pH of freshwater lakes, ponds, and streams 

ranges from 6 to 8 depending on the bedrock and soil in the area. 

The pH of water in deeper lakes where stratification (layering) 

takes place is often higher near the surface (7.5-8.5) and lower 

(6.5-7.5) at greater depths.

Temperature differences inside a body of water, where 

each layer of water does not mix with the layers above or 

below, are typically the source of stratification. Thermoclines 

(temperature divides) or chemoclines, which split these layers, 

exist (chemistry gradients). Oxygen, salinity, or other chemical 

variables that don't cross the cline, including carbon dioxide, can 

be the basis for chemoclines. Stratification can result in different 

pH values along a cline as a result of CO2's impact on water's 

pH. Due to increasing CO2 from respiration and breakdown 

below the thermocline, pH values in different water layers differ. 

The saturated CO2 that has been accumulated in the lake's lower 

strata is what has caused this huge reduction.

When the pH of water falls below 5.0 or rises above 9.6, 

harmful repercussions are evident. Due to their adaption to a 

higher pH, saltwater fish are more susceptible to the negative 

effects of acidification. Fish are more prone to fungus infections 

and other physical harm when the pH is below ideal levels. The 

solubility of calcium carbonate decreases as water pH rises, 

preventing aquatic creatures from developing shells. At pH 

values below 5.0, fish reproduction generally suffers, and many 

species will depart the area. When the pH falls below 4.0, fish 

start to perish.

Heavy metals may become more soluble at low pH levels. 

Metal cations including aluminium, lead, copper, and cadmium 

are released into the water rather than being incorporated into 

the sediment as the concentration of hydrogen ions rises. The 

toxicity of heavy metals rises along with their concentration. At 

levels as low as 0.1-0.3 mg/L, aluminium can inhibit growth and 

reproduction while raising mortality rates. Additionally, mobile 

metals can enter organisms during respiration and harm their 

physiological systems. On the other end of the scale, high pH 

levels can kill aquatic species at levels over 10.0 by harming 

their skin and gills. Even at usual concentrations (9.0), ammonia 

in the water can cause death. Ammonia and water mix to form an 

ammonium ion at low and neutral pH values.

3.2.2	Ammoniacal Nitrogen

Some types of nitrogen, such as nitrate-nitrogen and ammoniacal 

nitrogen, can be harmful to aquatic life in very high amounts. 

Commercial fertilisers and other industrial uses need the 

production of ammonia. The breakdown of organic waste, gas 

exchange with the atmosphere, animal and human waste, and 

nitrogen fixation activities are all examples of natural sources 

of ammonia. Ammonia can enter the aquatic environment 

both directly and indirectly. Direct entry points for ammonia 

include municipal wastewater discharges, animal excretion of 

nitrogenous waste, and air deposition. The inability of aquatic 

species to sufficiently expel the toxin when ammonia levels 

in the water are high enough causes toxic accumulation in 

internal tissues and blood, which may result in death. Ammonia 

toxicity to aquatic creatures can be influenced by environmental 

conditions including pH and temperature.

Ammonia, nitrate, and nitrite are the three major chemical 

states of nitrogen found in streams. Depending on the dissolved 

oxygen content of the water, some ammonia contained in river 

water is transformed to nitrate. As was previously said, nitrate is 

not particularly hazardous, but if it is present in excess, it begins 

to transform into nitrite, which is extremely damaging even at 

low concentrations.

The main cause of the high concentration of ammonium 

nitrogen in the river was the excessive and ongoing intake 

Figure 7: Turbidity Trend
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of nitrogen pollutants. High concentrations of organic and 

ammonium nitrogen prevented nitrification from occurring. 

The nitrifying bacteria may be inhibited by the oxygen-

consuming organics and poisonous substances present in river 

water, which could result in an accumulation of ammonium 

nitrogen. Additionally, due to the high pH of river water, a large 

concentration of non-ionic ammonium nitrogen was present, 

which would inhibit the action of nitrifying bacteria and lower 

nitrification rates. In addition, low river discharge, low SS 

content, and poor nitrifying bacterial activity contributed to the 

high ammonium nitrogen level of the river during the dry season.

3.2.3	Turbidity

Sediment frequently tops the list of contaminants or compounds 

that cause turbidity. Any watershed, however, has a variety of 

sources for the contaminants or natural elements that can have 

an impact on the clarity of the water. These can be separated 

into sources that are caused by humans and by the natural world. 

Erosion from upland, riparian, stream bank, and stream channel 

areas are examples of natural sources; however, measurement 

is challenging because of agriculture and development activity. 

Erosion can speed up due to human activity. Turbidity is a result 

of the water becoming coloured by tannic acids, which are 

frequently found in peat bogs and bog environments. Turbidity 

can also come from algae that feed on nutrients that enter the 

stream as a result of leaf breakdown or other naturally occurring 

decomposition processes. Sediment can also be released by 

stream channel movement.

Various sources of phosphorus can encourage the growth of 

algae, which raises turbidity levels. Sources of phosphorus may 

include bottom sediment, nutrient runoff from other sources, 

cropland, and wastewater treatment plants. Turbidity may be 

exacerbated by organic materials from sewage flows, particularly 

during treatment plant bypasses. Programs to conserve soil and 

water have long focused on reducing soil erosion on cropland. 

Urban stormwater runoff from building sites, impermeable 

surfaces, or other sources is acknowledged as another significant 

source of silt. In other words, excessive turbidity can negatively 

affect recreation and tourism by drastically reducing the visual 

value of lakes and streams. It may raise the price of treating 

drinking water and food processing water. By diminishing food 

sources, destroying breeding grounds, and interfering with gill 

function, it can kill fish and other aquatic species.

4.0	 CONCLUSION & RECOMMENDATIONS

In conclusion, our study revealed significant changes as shown 

in the results in water quality in Selangor rivers throughout time. 

Nonetheless, it showed positive changes during the pre-pandemic 

and pandemic lockdown periods. DO, TSS, ammoniacal nitrogen, 

and turbidity exhibited positive effects on water quality metrics 

during the pandemic lockdown period, however BOD, COD, and 

pH levels had increase. To answer the paper's goal, water quality 

characteristics do have an impact on the COVID-19 pandemic. 

Because there is no anthropogenic activity during the lockdown 

period, the positive effects outweigh the bad ones. Despite the 

positive impact, the turbidity level remains above the Malaysian 

specified threshold, showing that the average water resources are 

still polluted in terms of parameters.

Next, pH, ammoniacal nitrogen, and turbidity were the 

factors that were seen to have significant changes and required 

more attention. Mitigation and rejuvenation activities are 

needed in the coming years to ensure improved water supplies, 

notably for pH, ammoniacal nitrogen, and turbidity, to ensure 

that these parameters increase to the acceptable level.

In summary, this paper answered the objectives of this paper 

where the study measured the trend of water quality parameters 

with the effect of COVID-19 pandemic and identified which 

parameter was the most significant contributor to contamination 

in the rivers in Selangor. The study's limitations are that it only 

focuses on DO, BOD, COD, TSS, pH value, NH3-NL, and 

turbidity, and the data provided by DOE only covers the years 

2016 to 2020. This paper suggested further attention on the role 

of policy makers to induce actions towards the needs of safe and 

clean water resource. This paper also highlight the need of more 

study towards other water quality parameters and their effects 

from the COVID-19 pandemic.
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DEFORMATION RESPONSES OF EXTRUDED ZINC ALLOY

ABSTRACT

Severe plastic deformation (SPD) is a technique used to obtain ultra-fine grains (UFGs). However, this technology is expensive 

and time-consuming. In this study, the conventional deformation technique is used to examine the deformation responses of 

extruded zinc alloy to achieve fine grain structure by varying die entry angles. Zinc alloy samples were cast into cylindrical 

billets in sand mould, the samples were machined and tapered at the edge to ease entry into the die for the extrusion process. 

The die and tools materials were made of mild steel with die entry angles of 15o, 30o, 45o, 60o, 75o, and 90o. Prior to extrusion, 

the samples were annealed at 400°C because of their hexagonal close-packed (HCP) structure to ease deformation. After 

annealing, the plastic deformation of alloy samples occurred at 350°C. The extrusion was performed with the aid of a hydraulic 

press machine that applied pressure on a cylindrical punch and forced the billet through the extrusion die. The results show that 

the extruded zinc alloy has the highest extrusion stress of 192MPa at 45° die entry angle with fine grains neatly distributed in 

the matrix and at a 60° die entry angle, the tensile strength and hardness are 177MPa and 95HV respectively with improved 

ductility. The microstructure of zinc alloy shows equally distributed dendrite-like second-phase intermetallic in the matrix.

Keywords: Annealing, Deformation, Dies, Extrusion, Grain Boundary, Intermetallic

1.0	 INTRODUCTION

Extrusion is a manufacturing process that is used in producing 

profiles such as rods, tubes, and other intricate machine 

components. Extruded sections find almost infinite uses in all 

forms of complex shapes in the following areas: automotive, 

structural, oil and gas, military, medicine, chemical, and 

nuclear plants. Extrusion is widely applied in non-ferrous 

fields, especially with alloys of aluminum, copper, magnesium, 

zinc, etc. Zinc alloy as one of the non-ferrous metals requires 

manufacturing processes that can achieve fine grain structure 

useful in medical and structural applications where bio-

degradable grain structures are required [1,2,3]. A study on the 

effect of equal channel angular pressing (ECAP) with four passes 

on the microstructural and mechanical properties of zinc and zinc 

alloys with the addition of Ag, Cu, and Mn (0.5wt%) at room 

temperature reported that the crystallographic structure and grain 

size are major factors affecting twining morphology in grain 

refinement [1]. Gokhale et al. [2] explored the microstructure 

and texture evolution of extruded pure zinc under severe plastic 

deformation (SPD). The study was carried out using indentation 

scratch at room temperature and a temperature of 150°C. A large 

grain size reduction from 86µm to (0.6- 2) µm was observed 

with a basal texture. It has also been affirmed that casting and 

solidification techniques are good tools in determining the 

outcome of the microstructural and mechanical properties 

of cast products. In line with this, an alloy of alumina silicate 

(Al-9wt. %Si) was studied and the result showed that there is 

a close relationship between secondary dendrite arm spacing 

and mechanical properties [3]. The mechanical properties and 

microstructure were improved when the extrusion was varied. 

With the increase in extrusion speed from 0.4mm/s to 2.4mm/s 

and a corresponding increase in elongation from ~3.9% to 

12.2% showed complete recrystallisation with an ultrafine grain 

size of ~0.85µm at lower extrusion speed. However, an increase 

in extrusion speed produces a well-distributed grain structure 

having a higher recrystallisation rate [4]. The use of inverse 

optimisation in the deformation of pure zinc having a poly-

crystal structure would produce ultra-fine grains (UFGs) at nano 

sizes and also give good micro-mechanical properties [5].  In the 

extrusion of annealed zinc–aluminum alloys where aluminum 

occurs as slightly coarse grain fibres resulting in good creep 

properties, high tensile strength, and high ductility to form zinc 

alumina. A strain rate of 0.034/s and a reduction in percentage 

elongation from 55% -35% were obtained [6]. The modeling 

and experimental results of secondary arm spacing revealed the 

relationship between mechanical properties, microstructure, and 

solidification parameters of Zn-Al alloy castings. 

The secondary arm spacing was discovered as a major factor 

to stimulate growth rate and solidification time of casting [7].  
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Table 1: Chemical composition of zinc alloy
(Extract of Spark test analysis)

Elemental Composition Percentage Composition (%)
Zn 83.14
Cu 0.46
Fe 0.008
Mn 0.011
Pb 10.57
Cd 0.006
Sn 0.003
Al 5.802

The microstructural pattern of Al- 9 wt. % Si and Zn-27wt. % 

Al alloy casting resulted in increasing dendrite arm spacing 

and decreasing ultimate tensile strength (UTS); the corrosion 

resistance of the as-cast also increases with increasing dendrite 

arm spacing. This analysis shows that microstructural pattern 

affects the mechanical properties of alloys [8]. Piela et al. [9] 

investigated the microstructural and mechanical properties 

of cast and hot extruded zinc under plastic deformation by 

conventional extrusion. The mechanical properties of zinc 

improved with low temperatures having grain refinement that 

promotes the formation of composite microstructure with hard 

matrix, forming a soft interconnected structure at the boundary 

phase. The microstructural manufacturing of Zn-0.8Mg-0.2Sr 

(wt. %) alloy recorded a minimum grain size of 0.4-0.6µm 

and a 2.5µm average grain size. The microstructure and grain 

size structure were found suitable for medical applications 

[10]. Sztwiertnia et al. [11] examined a cyclic change of the 

deformation path that increases the plasticity of the material and 

stops the formation and spreading of cracks. This resulted in 

zinc wires with high mechanical properties and heterogeneous 

grains structures elongated in the boundary lines. The addition 

of an alloying element to increase its grain refinement, degree 

of recrystallisation, and decrease bio-degradation rate was 

achieved by varying the extrusion speed during the extrusion 

process. The growth of grains reduces at higher extrusion speed 

while at lower extrusion speed the grain growth increases as well 

as the recrystallis ation areas, which improves the mechanical 

properties of the alloy to a higher degree [12]. 

In this present study, the effect of varying die entry angles on 

microstructure and mechanical properties of extruded zinc alloy 

using mild steel dies in place of conventional tool steel (titanium 

carbide and diamond) dies were studied.

2.0	 EXPERIMENTAL METHOD

The chemical compositions of zinc ingots in Table 1 were 

derived from spark test analysis. The zinc ingots were placed in 

a crucible cup for melting using a crucible furnace at 419.5°C. 

Moreover, the molten metal was poured into the sand mould 

and gradually allowed to solidify for a few minutes after which 

the billets were retrieved by the opening of the mould. This 

was repeated to produce seven cylindrical rods of 400 mm 

length and 30 mm diameter respectively. The cast samples of 

zinc were cut approximately to the same size but tapered in front 

for proper fittings into the die orifice. The cast samples were 

cleaned and machined into shape as shown in Figure 1 for the 

extrusion process.

2.1   Die and Form Tool Materials
Mild steel dies were machined to form a circular end  with entry 

angles of 15°, 30°, 45°, 60°, 75° and 90° as shown in Figure 2. 

The chemical composition of the mild steel material is shown 

in Table 2. The mild steel dies were heated and held for 3hrs at 

850°C and were subsequently cooled in the furnace to increase 

the strength of the material. The mild steel form tool and the 

ram were heated to 850°C and also held for 3hrs with gradual 

quenching in water. This process was undertaken to increase 

the strength and hardness of the tools to prevent wear and 

deformation during extrusion. Figures 2 and 3 show the details of 

the form tool and ram.   

Figure 1: Isometric view of the zinc specimen to be extruded

Figure 2: Front view and End view of the die at 15° entry angle

Figure 3: Isometric view of form tool and
the schematic diagram of the ram

Table 2: Mild Steel Spectrometer analysis

Elemental Composition Percentage Composition (%)
C 0.1195
Si 0.2887
S 0.0097
P 0.0099

Mn 0.503
Ni 0.0207
Cr 0.0430
Mo 0.0052
V 0.0065
Cu 0.0312
Fe 98.9
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2.2	 Extrusion Process
The direct extrusion of the cast samples of zinc alloy was 

performed using an England Avery Denison machine with 

identity: (EN76065 7113DCJ), and capacity: 600kN which 

was adapted for extrusion at ambient temperature to provide a 

compressive load on the ram. The die was fitted into the form 

tool and the samples of zinc alloy to be extruded were thereafter 

inserted through the upper cylindrical part of the form tool. 

The load (kN) applied on the ram was read alongside the strain 

gauge attached to the ram of the Avery Denison machine to 

measure the strain rate. Here, the time taken for the indicator on 

the strain gauge to complete a revolution was recorded with a 

corresponding load. Each complete revolution represents a 1mm 

elongation. The form tool setup was completed by inserting the 

die into the tool face after which the base was fastened to the 

container. The sample in Figure 1 was placed into a container 

through the centre hole and then covered with the ram, thereby 

completing the extrusion set-up. A compressive load from the 

punch was applied to the ram by gradually turning down the 

knob of the extrusion machine, and the ram in turn forced out 

the samples through the orifice at an extrusion pressure recorded 

for each sample. The extruded sample showed a reduction in 

thickness and an increase in length; which was performed by 

using six samples of zinc alloy at die entry angles of 15°, 30°, 

45°, 60°, 75°, and 90° respectively. The extrusion pressures as 

well as the corresponding strain values were recorded for further 

analysis as illustrated in Figure 4.

2.3	 Microstructural Examination
The extruded samples of zinc were first rough ground on a 

bench vice by filing them to an appreciable smoothness and 

consequently for smooth grinding using 220µ and 600µ emery 

papers. The smoothened surfaces of these samples were polished 

to remove scratches obtained during the grinding process. 

Samples were held on the surface of a polishing machine 

containing aluminum powder and kept moist by continuous 

application of waterman. Etching was performed for the 

20s using 5g of sodium hydroxide (NaOH) dissolved in 100 

mL of water. The etched samples were finally examined on a 

Celtic metallurgical microscope, model: (S/N: 07035552) at a 

magnification of X200. The micrographs obtained from Celtic 

metallurgical microscope were analysed using imageJ software 

to determine the grain size diameter and count frequency while 

the origin software was used to analyse the results.

2.4	 Hardness Test
A Vickers micro hardness test was performed on Japan-

Matsuzawa, model: MMT-X7A, digital micro hardness tester 

with an applied load of 100gf for a dwell time of 10s. A 

microscope was attached to the hardness tester to determine 

the accuracy and the alignment between the indenter and the 

specimen geometry. Three readings were taken for each sample 

and the average values were obtained for analysis in Figure 11.

3.0	 RESULTS AND DISCUSSIONS

3.1	 Extrusion Stress of Zinc Alloy Extruded at 
Different Angles

The extrusion stresses of zinc alloy extruded at different die entry 

angles are shown in Figure 4 to be 180MPa, 188MPa, 192MPa, 

177MPa, 160MPa and 163MPa at 15°, 30°, 45°, 60°, 75° and 90° 

die entry angles respectively. The tensile strength of zinc alloy 

increases as the die entry angle increases to a maximum extrusion 

stress of 192MPa at 45°; further increase in the die angle leads 

to a gradual reduction in the extrusion stress of zinc alloy at 

90°. The following are the strain values obtained at different 

die entry angles: 0.215, 0.23, 0.186, 0.27, 0.27 and 0.302. The 

strain value increases with increase in die angle. However, at 

45°, the strain value declines, before it continues to a maximum 

value of 0.3 at angle 90°. This undulating pattern could be due 

to non-homogeneity of work hardening of the extrudate. The 

ductility, strength and hardness of 0.27/177MPa/ 95HV and 

0.302/~163MPa/ ~73HV were obtained at 60° and 90°die entry 

angles respectively. The study observed that extrusion at 60°, 

75°, 90° die entry angles enhances zinc alloy ductility. The 

extrusion stress of 192MPa at die angle 45° was the highest 

with the lowest extrusion strain of 0.186, while die entry angle 

90° recorded the lowest extrusion stress of ~163MPa with the 

highest extrusion strain of 0.302. The least ductile sample was 

achieved at 45° die entry angle while samples extruded at 60° 

and 90° die entry angles showed increase in ductility. This is 

attributed to the reduction of grain size at higher extrusion speed 

while at lower extrusion speed the grain size increases, which 

improves the mechanical properties of the alloy [12].

3.2	 Morphology of Zinc Extruded at Different 
Die Entry Angle

Micrographs of zinc extruded at 15° die entry angle as shown 

in Figure 5b contains very fine crystals together with the inter-

metallic phase. The dendrite-like features of the inter-metallic are 

dispersed in the grain boundary region and well distributed in the 

matrix. Figure 5a shows the grain size distribution which gives 

a fine grain size of 5µm and a maximum bin count frequency 

of 90Hz. At 30° die entry angle, the zinc matrix in Figure 6b 

contains fine crystals of the second phase as spiral dendrite 

features. These dendrites features are interwoven and are well 

distributed in the matrix. The zinc alloy shows a grain size of 

20µm with the maximum frequency of 8Hz in Figure 6a. Also, 

the zinc matrix at 45° die angle contains dendrite-like features 

with fine second phase intermetallic that are well distributed in 

the matrix as shown in Figure 7b. The dendrite-like crystals of 

the second phase inter-metallic are sandwiched in the matrix. 

Figure 4: Extrusion stress against Extrusion strain for
extruded zinc at varying die entry angles
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increases to 75° in Figure 9b the result shows more precipitated 

crystals in the matrix than the results in Figure 8b. However, 

there is a reduction in the clustering of the inter-metallic phase as 

well as increase in the fineness of the second phase inter-metallic. 

In Figure 9a, the grain size is 45µm with a maximum frequency 

of 110Hz. Figure 10b shows the microstructure of extruded zinc 

at 90°. Here, there is also an increase in the volume of the second 

phase precipitated in the matrix, which shows that extrusion at 

higher angle gives fine HCP structure. The zinc alloy and second 

phase intermetallic are fine at die angle of 90°, when compared 

to samples in Figure 10b.  Figure 10a gives a grain size of 10µm 

with a frequency of more than 80Hz.

The secondary dendrite spacing is known to be proportional with 

dendrite structure and a smaller dendrite spacing, will give a finer 

structural dendrite morphology [2]. A smaller dendrite secondary 

spacing improves the mechanical strength of non-ferrous alloy 

[3,7]. The characteristics of cast structures, having smaller 

dendrite spacing is mainly due to the shorter wavelength of the 

periodicity of the micro segregation [7].  Figure 7a gives a grain 

size of 32.5µm with a frequency of more than 70Hz. The crystals 

of the zinc matrix in Figure 8b for 60° die angle shows dendritic 

crystals that are significantly larger in this sample than in Figures 

6b and 7b. In Figure 8a, the grain size is 10µm with a maximum 

frequency of more than 250Hz. Moreover, when the die angle 

Figure 5a: Count frequency against bin count at 15° die entry angle

Figure 6a: Count frequency against bin count at 30° die entry angle

Figure 6b: Micrographs of zinc extruded at 30° die entry angle    

Figure 5b: Micrographs of zinc extruded at 15° die entry angle

Figure 7a: Count frequency against bin count at 45° die entry angle 

Figure 7b: Micrographs of zinc extruded at 45° die entry angle

Figure 8a: Count frequency against bin count at 60° die entry angle 

Figure 8b: Micrographs of zinc extruded at 60° die entry angle
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3.3	 Hardness Features of Zinc Alloy Extruded at 
Various Die Angles

Hardness test results of the extruded zinc alloys are shown in 

Figure 11. At die entry angles of 15°, 30°, 45°, 60°, 75°, and 90° 

with their corresponding hardness values of 85HV, 85HV, 72HV, 

90HV, 95HV, and 92.5HV respectively. The zinc alloy shows 

progressive increase in hardness from 85HV to 95HV between 

die entry angles of 15° to 60°, before declining to 72HV at 90°. 

Die entry angle affects the orientation of grains, which appears 

to align parallel to direction of dislocation motion, thereby 

relieving the impediment potency along that direction [13]. This 

enhances grain crystallisation and growth.

Figure 9a: Count frequency against bin count at 75° die entry angle

Figure 9b: Micrographs of zinc extruded at 75° die entry angle

Figure 10a: Count frequency against bin count at 90° die entry angle 

Figure 10b: Micrographs of zinc extruded at 90° die entry angle

Figure 11: Hardness against die entry angle

3.4	 Effect of Extrusion Angle on Ram Speed
The ram velocity decreases with increase in die entry angle when 

zinc alloys are extruded from 0.2mm/s at 15° to 0.032mm/s 

at 90°. Between 45° and 90° entry angles, the ram velocity 

decreases slowly as the value at 45° and 60° are equal in Figure 

12. The ram velocity action is dependent on the hardness 

and strength of the alloy samples, which in turn is a function 

of the die entry angle and in all, is dependent on the effect of 

die entry angles on the microstructure of the extruded alloy. 

Increase in ram speed hinders the growth of grains and as the 

speed decreases the grain size and recrystallisation increases 

as recorded in die angles 45°(0.044mm/s), 60°(0.044mm/s), 

75°(0.036mm/s) and 90°(0.032mm/s) in Figure 12[4]. It is known 

that materials with fine grain have proved to improve mechanical 

properties like hardness, tensile strength, and wear resistance 

[14]. The hardness and ductility properties of extruded zinc alloy 

increases with increase in ram speed. The mechanism for these 

occurrences is traceable to the presence of immobile and mobile 

dislocations in the alloy matrix respectively. The fragmentation 

of grain boundaries as a result of the size reduction enhances 

the dislocation generation, which promotes specimen elongation 

as the ultimate tensile strength and hardness values increase 

[15]. At a high ram speed, there is no sufficient time for grain 

recrystallisation and grain growth, thus forming smaller grain 

size, which results into improved properties. The result obtained 

in this research is in agreement with (Kumar et al., 2018) [16], 

reported increase in the tensile strength and surfaced finish of the 

alloy with increase in ram speed in the study on the effect of ram 

speed in cold extrusion of nano SIC reinforced 6061 aluminum 

alloy. The improvement in the property of the extruded alloy was 

ascribed to strain hardening of the material.

Figure 12: Ram velocity against die entry angle
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Solidification Conditions,” Material Science and Engineering, 

A. Volume325, issue1-2, 28th February 2002, Pages 103-111. 

https://doi.org/10.1016/s0921-5093(01)01455-1.

[8] 	 Osorio, W.R., Goulart, P.R., Garcia, A., Santos, G.A., and Neto, C.M. 

(2006) “Effect of Dendrite Arm Spacing on Mechanical properties 

and Corrosion Resistance of Al9(wt.%)Si and Zn 27(wt%) Al 
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11-120 Doi: 10.10616/j.matdes.2016.12.056.

[10] 	 Pinc, J., Skolakova, A., Vertat, P., Duchon, J., Kubasek, J., Lejcek, 

P., Vojtech, D., and Capek, J., (2021) “Microstructure Evolution 

and Mechanical Performance of Ternary Zn-0.8Mg-0.2Sr (wt.%) 

Alloy Processed by Equal Channel Angular Pressing,” Materials 

Science and Engineering A 824(7): 141809 DOI: 10.1016/j.

msea.2021.141809.
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K., and Bochniak, W., (2015) “Microstructure and Texture of 

Zinc Deformed by Extrusion with Forward-Backward Rotating 

Die(koBo)” IOP Conference Series Materials Science and 

Engineering 82(1) DOI: 10.1088/1757-899x/82/1/012084.

[12] 	 Wiese, B., Harmuth, J., Willumeit-Romer, R., and Bohlen, J., 

(2022) “Property Variation of Extruded Mg-Gd Alloys by Mn 

Addition and Processing,” Crystals, MDPI, 2022, 12, 1036, 

https://doi.org/10.3390/crystal12-081036. www.mdpi.com/

journals/crystals.

[13] 	 Adeosun S.O., Sekunowo O.I. and Gbenebor O.P. (2014). Effect 

of Die Entry Angle on Extrusion Responses of Aluminum 6063 

Alloy. International Journal of Engineering and Technology, 4(2), 

pp 127-134.

[14] 	 Gupta RK, Raman RKS, and Koch CC (2010) Fabrication and 

Oxidation Resistance of Nanocrystalline Fe10Cr Alloy. J Mater 

Sci 45: pp 4884–4888.

[15] 	 Balogun, S. A., Esezobor, D. E., and Adeosun, S. O. (2007). 

Effects of Deformation Processing on the Mechanical Properties 

of Aluminum Alloy 6063. Metallurgical and Materials 

Transactions A, USA Volume 38, Pg 1570-1574, July 2007.

[16] 	 Kumar A.J., Lamalasetti, C.H, Ratman, and Kesava Rao V.V.S 

(2018). A Study on the Effect of Ram Speed in Cold extrusion 

on the Properties of Nano SiC Reinforced 6061 Aluminum Alloy. 

International Journal of Mechanical Engineering and Technology. 

9(13), pp 1309-1318.

4.0	 CONCLUSIONS

The experimental study conducted on the deformation responses 

of extruded zinc alloy considering its microstructural and 

mechanical properties gave the following characteristics:

•	 The extrusion of zinc gives improved ductility; excellent 

strength and hardness at 60°extrusion die angle. 

•	 The extrusion ram velocity of zinc alloy decreases with 

increase in extrusion die angle.

•	 The use of extrusion at higher die entry angle could be used 

to help fineness of hexagonal close pack (HCP) alloys.

•	 This study has shown that aside the use of severe plastic 

deformation to obtain fine crystals the use of appropriate die 

entry angle can be utilised to achieve fine crystals.

•	 Decrease in ram speed increases the texture of microstructure. 

•	 The extrusion at die entry angle of 45° achieved the least 

ductility with fine texture in the microstructure. 
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ABSTRACT

Using IoT technology to monitor patients' vital signs can help limit the spread of the coronavirus. Therefore, a cost-effective 

remote monitoring system measuring vital signs is proposed. Dual heart rate and oxygen level sensor, a temperature sensor, 

two microcontrollers, UNO as a power supply, and Node as the main controller are used in this system. The vital signs are 

monitored non-invasively utilising Photoplethysmography equipment and wirelessly relayed to the person involved via the 

Blynk platform utilising a Wi-Fi device. Photoplethysmography is the core technology for the entire system. It also shows how 

the system can connect to the internet worldwide, which lets it be used in different clinical tests.

Keywords: Blynk Platform, Internet of Things, Microcontrollers, Vital Signs

1.0	 INTRODUCTION

Nowadays, vital signal monitoring systems are essential for 

identifying various diseases by reading the signal and providing 

a diagnosis by the appropriate authority, and becoming a crucial 

requirement in world life [1-4]. The Internet of Things (IoT) 

health monitoring system is the best solution for monitoring 

a patient's basic symptoms via an IoT network based on heart 

rate (HR), oxygen saturation (SpO2), and temperature sensors as 

capturing elements, as well as microcontroller as a processing 

device, as well as a pulse sensor and temperature sensor, from 

which data is collected and sent to Raspberry PI [5, 6]. However, 

the major drawback of the system is that no interfaces for data 

visualization have been created [7]. On the other hand, an 

excellent integrated device that wirelessly sent a person's pulse 

to a computer, allowing individuals to test their HR by only 

looking at their phones rather than needing their hands each 

time sensing is analysed, was studied [8, 9]. Measurement of 

vital signs has been integrated into a single device. This study 

aims to develop and implement a smart, low-cost, and easy-to-

use system that monitors a patient's vital activities, including 

temperature, heart rate, and SpO2, using unique sensors for each 

variable and sending readings to the doctor's email and smart 

phone to keep track of the patient's condition. 

2.0	 LITERATURE REVIEW

This section describes the most recent scholarly sources on 

the topic of IoT-based vital sign measurement and monitoring 

systems. Katoch et al., for example, created a WSN-based 

health monitoring system that monitors physiological functions 

in humans [10]. It looked at precautions taken in a potential 

investigation setting in the course of regular life. In addition, 

Pinto et al. created an Internet of Things-based system to 

track the health of the elderly. The proposed system's primary 

functions include data recording and monitoring, as well as the 

distribution of emergency alerts [11]. 

Additionally, Li et al. presented a healthcare-wide heart 

disease monitoring system [12]. The system demonstrated 

effectiveness in addressing the patient's cardiac state once the 

support mode was switched to the common mode. Healthcare 

services tailored to the individual's health status are also 

promoted. An intelligent Internet of Things (Help to You) system 

was proposed for the elderly by Basanta et al. [13]. The project's 

goal was to enhance the standard of care for the elderly. Jarjees 

et al. have developed another IoT-based system for continuous 

monitoring of respiratory parameters [14]. It is inexpensive, 

wearable, and highly reliable.

3.0	 METHODOLOGY

This section describes the design and implementation of the 

hardware and software for the proposed system. Figure 1 

illustrates the design and implementation of the hardware. It is 

evident that all sensors are linked to the main microcontroller 

(Node Microcontroller). Figure 2 shows the programming 

flowchart of the proposed system. Heart rate and the SpO2 

value are shown when the switching signal is 1, whereas the 

temperature reading is shown when the signal is 0. In order 

to provide power to the board, Arduino UNO Microcontroller 

contains a USB port. The circuit board is a useful tool for 

working on electronics projects.
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4.0	 RESULTS AND DISCUSSION

A Jumper fingers pulse oximeter (model JPD 500E) was utilised 

to validate the HR and SpO2 values of the proposed system. 

Regarding body temperature, a digital pediatric thermometer by 

Chicco has been utilised. Figure 3 depicts a comparison of the 

detected values between proposed and conventional systems. 

Figure 4 is the mobile screen shoots that present the mobile 

application to display Vital signs and mail box that shows 

the received mails of Vital signs too. The table 1 illustrates 

the comparison between the readings of the proposed system 

(experimental value) and conventional devices (acceptable 

value). The percent reading error between the proposed system 

(experimental value) and the conventional devices (acceptable 

value) have been computed using equation 1. This equation 

reveals the precision of the proposed technology in comparison 

to commercial systems. The maximum error computed is less 

than 4% for all parameters listed as acceptable values. 

 

     (1)

5.0	 CONCLUSION

The primary objective of the project is to develop and implement 

a smart, user-friendly, low-cost system that uses specialized 

sensors to monitor the patient's vital activities (temperature, 

heart rate, and blood oxygen level) and solves the problem of 

one reading sent by Blynk platform through the proposed control 

switching method, then transmits readings to the doctor via the 

internet (Wi-Fi) to track the patient's condition. The monitoring 

systems are designed to lower healthcare expenditures, such as 

the high cost of monitoring patients in hospitals or the cost of 

keeping track of doctor visits. In compared to commercially 

available systems, the projected outputs are rather impressive. 

Figure 1: Hardware System Design and Implementation

Figure 3: Comparison Reading

(a) Proposed System (b) Conventional Devices

Figure 4: Mobile screen-shoot

(a) Mobile application displays 
temperature and heart sensor 

readings

(b) Mail box shows the 
received mails that were 

sent by Arduino
Figure 2: The Flowchart of the Software Program

of the Developed System 

Initialise System

Table 1: The Comparison between the Readings of
the Proposed system (Pro) and the Conventional Devices (Cd.)

Case 
No.

Temperature (Co) Heart rate SpO2 rate

Cd. Pro. Error 
%

Cd. Pro. Error 
%

Cd. Pro. Error 
%

Case 
(1) 36.2 36 0.6% 81 81 0.0% 99 96 3.0%

Case 
(2) 37 36 2.7% 90 88 2.2% 99 96 3.0%

Case 
(3) 36.4 35 3.8% 92 90 2.2% 99 99 0.0%
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Nevertheless, utilising a high-quality sensor may improve 

accuracy. To further improve the system's response time and 

decrease measurement errors, a sequential reading technique 

employing many types of microcontrollers has been integrated 

into the updated version of the proposed device. 
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FOUNDATION EARTHING SYSTEM – ITS APPLICATION
AND ELECTRICAL SAFETY CONSIDERATIONS

ABSTRACT

Foundation earthing system greatly reduces the resistance to ground as compared to driven earthing rods. Low resistance 
to ground is desirable to protect lives – it ensures automatic disconnection of power supply in the event of electrical fault. 
However, special attention must be given in the application of foundation earthing system to terrace houses and shop lots, 
where common ground slab steelwork is used throughout the entire row of houses or shop lots. This paper shows the field tests 
and findings of terrace houses with foundation earthing system, the requirements of the design and installation of foundation 
earthing system, and the importance of such installation to achieve low resistance to ground, to be able to operate the protective 
devices for supply disconnection during fault condition.

Keywords: Earth Loop Impedance, Earth Resistance, Equipotential Bonding, Foundation Earthing System, Residual Current Device

1.0	 INTRODUCTION
In electrical installations, circuit breakers are used for overload 
and short circuit protection; and Residual Current Devices 
(RCDs) are used for leakage current protection. In Malaysia, 
RCDs shall be installed in accordance with Regulation 36(2), 
36(3) and 36(4) of Electricity Regulations 1994. The following 
formula applies where RCD is used for protection by automatic 
disconnection of power supply in TT system:

RA × I∆n ≤ 50V                                    (1) 

where:
RA	 is the sum of the resistances of the earth electrode and the 	
	 protective conductor connecting it to the exposed-		
	 conductive-parts (in Ohms).
I∆n	 is the rated residual operating current of the RCD.

The electrical installation is depicted in Figure 1. The 
resistance of the installed earth electrode should be as low as 
practicable. A value exceeding 200 Ohms may not be stable [1].

The common earth electrode used in electrical installation are:
a.	 Earthing rods
Earthing rods are vertically driven into the ground. The earthing 
rods may be copper or more commonly copper-jacketed steel 
core rods, with screw coupling to reach considerable depth and 
the desired resistance to ground value. Earth electrode using 
earthing rods is shown in Figure 2.
b.	 Foundation earthing system
Foundation steelwork in concrete is used as a readily available 
and effective earth electrode [2], [3], [4], [5]. The total electrode 
area formed by the underground steelwork of a structure 
provides a low resistance to ground value. Foundation earthing 
system, whereby the earth foundation steelwork is used as earth 
electrode, is shown in Figure 3.
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The effective resistance to ground can be calculated using the 
following formula:

(2)

where:
Re	 is the effective resistance to ground (in Ohms).
n	 is the number of earthing rods installed.

Practically, there is space constraint to install earthing rods in 
parallel, especially for terrace houses and shop lots. Foundation 
earthing system provides the solution both technically and 
economically. The readily available foundation steelwork greatly 
reduces the resistance to ground value. However, special attention 
must be given in the application of foundation earthing system 
to terrace houses and shop lots, where common ground slab 
steelwork is used throughout the entire row of houses or shop lots. 

2.0	 FOUNDATION EARTHING SYSTEM – ITS 
ADVANTAGES AND DISADVANTAGES

Low resistance to ground is essential for automatic disconnection 
of power supply and safety protection. The question is: what is the 
resistance to ground value to achieve? Various international and 
local standards were studied and compared. The recommended 
resistance to ground value by the various standards is summarised 
in Table 1.

In order to achieve low resistance to ground value, for instance 
in Malaysia, equal to or less than 10 Ohms, the earthing rods are 
installed in parallel, with mutual separation of L to 2L, where L is 
the driven depth of the earthing rods, as shown in Figure 4.

Figure 3: Foundation Earthing System

Figure 4: Earthing Rods Installed in Parallel

Standard Recommended resistance to 
ground value Remarks

AS/NZS 3000 [6] (Australian/ 
New Zealand Standard) Refer to Table 8.1 With reference to earth fault-loop impedance relating to 

operation of protective devices

BS 7430 [2](British Standard) 1 Ohm With reference to earth resistance value obtainable with 
foundation structural steelwork

DIN 18014 [7]
(German Standard)

Not stated
In Germany, there is an obligation to erect in every new 

building a foundation earth electrode according to National 
Standard DIN 18014

IEEE Std 80
(United States)

IEEE Std 80-2000 [8]:
1 to 5 Ohm

With reference to smaller distribution substations

IEEE Std 80-2013 [9]:
Not stated

Recommended resistance to ground value removed. 
Resistance value to be estimated by calculation formula.

SS 551 [10]
(Singapore Standard)

1 Ohm With reference to transformer star point earth

100 Ohm With reference to operation of RCD
MS IEC 60364-5-54 [5]

(Malaysian Standard)
Not stated -

MS 1936 [3]
(Malaysian Standard)

10 Ohms -

MS 1979 [4]
(Malaysian Standard)

10 Ohms -

Table 1: Recommended Resistance to Ground Value by Various Standards
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In the event of faulty RCD in one of the houses or shop lots, if 
the fault current is too low for automatic disconnection of power 
supply by the circuit breaker or the cut-out fuse, the fault current 
may flow through the foundation earth to other houses or shop 
lots. The level of touch voltage generated by the fault current 
could be detrimental to the occupants of the house or shop lot with 
electrical fault, as well as the other houses or shop lots.

3.0	 FIELD TESTS, FINDINGS AND 
DISCUSSION 

To demonstrate the advantages and disadvantages of the 
foundation earthing system, field tests were carried out at a 
project site of terrace houses, where foundation earthing system 
is implemented. The following field tests were carried out:
a.	 Continuity test on the earth electrode from house to house

i.	 Earthing rods without connection to foundation earth
ii.	 Earthing rods with connection to foundation earth

b.	 Earth resistance test using 3-point fall-of-potential earth tester
i.	 Earthing rods without connection to foundation earth
ii.	 Earthing rods with connection to foundation earth

c.	 Earth loop impedance test using earth loop tester
i.	 Earthing rods without connection to foundation earth
ii.	 Earthing rods with connection to foundation earth

d.	 Simulation of fault condition 
In the event of faulty RCD in one of the houses, check and 
measure the fault current, the presence of potential touch 
voltage at the house with electrical fault and other houses, 
and the effectiveness of automatic disconnection of power 
supply by the 63A incoming circuit breaker or the 63A cut-
out fuse.
i.	 Earthing rods without connection to foundation earth
ii.	 Earthing rods with connection to foundation earth

The results of the tests are shown in Table 2.
Some of the field test photographs can be found in Figure 5.
The field tests and results are illustrated in Figure 6.

Figure 5: Photographs of Field Tests

Figure 6: Field Tests and Results

It can be seen from the test results that the earth resistance of 
earthing rods without connection to foundation earth is generally 
higher. The earth resistance is greatly reduced with connection 
to foundation earth. Under the simulated fault condition, i.e. 
phase to earth fault, with faulty RCD in one of the houses, the 
fault current is 19.53A for earthing rods without connection to 
foundation earth (Zs: 14.12 Ohm). The magnitude of the fault 
current is not sufficient to trip the 63A incoming circuit breaker. 
Under the similar fault condition, the fault current is 170.2A 
for earthing rods with connection to foundation earth (Zs: 1.54 
Ohm). The 63A incoming circuit breaker is tripped off.

For discussion purpose, assuming the effective resistance to 
ground value of a row of terrace houses or shop lots is 10 Ohm, 
and the incoming circuit breaker is of 63A. The fault current can 
be calculated using the following formula:

(3)

(4)

where:
If	 is the fault current
U0	 is the nominal phase to earth voltage
Zs	 is the total earth loop impedance
Ze	 is the external earth loop impedance
Re	 is the effective resistance to ground of the installation

Assuming the external earth loop impedance is very low and 
negligible. In the event of phase to earth fault, with faulty RCD 
in one of the houses, the fault current will be:
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The magnitude of the fault current is not sufficient to trip 
the 63A incoming circuit breaker. The fault current will flow to 
other houses or shop lots through the foundation earth. The RCD 
of other houses or shop lots will not operate as the fault current 
is from external and thus not detected by the RCD. The touch 
voltage generated by the fault current may cause electrocution 
to the occupants of the house or shop lot with electrical fault, as 
well as the other houses or shop lots.

The above field tests and discussion show the importance 
of low resistance to ground in electrical installation, particularly 
where foundation earthing system is implemented. The required 
resistance to ground value should be checked against the 
electrical installation using the following formulas [11]:

(5)
where:
Zs			   is the total earth loop impedance
U0			   is the nominal phase to earth voltage
In			   is the rated current of circuit breaker or fuse
Fusing factor	 1.5 for circuit breaker, and 2.4 for fuse

(6)

where:
Zs				    is the total earth loop impedance
U0				    is the nominal phase to earth voltage
In				    is the rated current of circuit breaker
Earth Fault Setting	 is the percentage setting of earth 		
				    fault relay, such as 5% and 10%

Formula (5) is used where the protective device is by means 
of circuit breaker or fuse. Formula (6) is used where the protective 
device is by means of circuit breaker and protection relay.

4.0	 CONCLUSION AND 
RECOMMENDATIONS 

Earth resistance of an electrical installation plays a vital role of 
safety protection to enable automatic disconnection of power 
supply in TT system. While foundation earthing system greatly 
reduces the resistance to ground, special attention must be given 
in its application, especially in terrace houses and shop lots, where 
common ground slab steelwork is used throughout the entire row 
of houses or shop lots. In the event of faulty RCD in one of the 
houses or shop lots, the magnitude of the fault current shall be 
sufficient to operate the incoming circuit breaker or cut-out fuse 
to disconnect the power supply. Otherwise, the fault current may 
flow through the foundation steels to other houses or shop lots. 
The level of touch voltage generated by the fault current could be 
detrimental to the occupants of the house or shop lot with electrical 
fault, as well as the other houses or shop lots.

Recommendations for the design and installation of 
foundation earthing system are:
i.	 Do not merely comply with the recommended resistance to 

ground value in the Standards. The required value could be 
lower. Check the required resistance to ground value using 
Formula (5) or (6) and implement accordingly.

ii.	 Proper bonding of earthing rods to foundation steel bars shall 
be ensured. This can be achieved by exothermic weld or 
purpose-made clamp. Continuity test should be carried out. 

No. Tests Results Remarks

a Continuity test
i Earthing rods without connection to 

foundation earth
H1 - H2: 462 Ohm
H1 - H3: 486 Ohm

ii Earthing rods with connection to 
foundation earth

H1 - H2: 0.2 Ohm
H1 - H3: 0.1 Ohm

b Earth resistance test
i Earthing rods without connection to 

foundation earth
R1: 13.9 Ohm
R2: 9.79 Ohm

R3: 10.18 Ohm
ii Earthing rods with connection to 

foundation earth
Re: 1.24 Ohm

c Earth loop impedance test
i Earthing rods without connection to 

foundation earth
Zs: 14.12 Ohm Prospective Fault Current (PFC): 17A

ii Earthing rods with connection to 
foundation earth

Zs: 1.54 Ohm Prospective Fault Current (PFC): 157A

d Simulation of fault condition
i Earthing rods without connection to 

foundation earth
If: 19.53A - 63A incoming circuit breaker: no trip

- Potential touch voltage at the house with 
electrical fault: 231.8V

ii Earthing rods with connection to 
foundation earth

If: 170.2A - 63A incoming circuit breaker: trip
- Potential touch voltage at the house with 
electrical fault: 186V
- Potential touch voltage at the other house: 185V

Table 2: Field Test Results
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The recommended contact resistance is equal to or less than 
0.2 Ohm.

iii.	 Special care should be given on corrosion and oxidation 
protection - foundation steel bars embedded in concrete 
provides good corrosion and oxidation protection.

iv.	 Measure earth loop impedance and Prospective Fault Current 
(PFC) using earth loop tester as verification of the installation.

v.	 Periodic inspection and testing. RCDs should be tested at 
least every 6 months to ensure they are functional.

vi.	 Design and installation of RCDs in series, with RCD at 
supply side, and RCDs at load side brand circuits, as per 
Annex A and Annex B of [4].
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LIST OF NOTATIONS

I∆n	 is the rated residual operating current of Residual Current 	
	 Device
H1	 is the denotation for House 1 of the field tests
H2	 is the denotation for House 2 of the field tests
H3	 is the denotation for House 3 of the field tests
If	 is the fault current
In	 is the rated current of protective device 
L	 is the driven length of earthing rods
R1	 is the resistance to ground for House 1 of the field tests
R2	 is the resistance to ground for House 2 of the field tests
R3	 is the resistance to ground for House 3 of the field tests
RA	 is the sum of the resistances of the earth electrode and the  	
	 protective conductor connecting it to the exposed-		
	 conductive-parts
Ra	 is the resistance of installation earth electrode
Re	 is the effective resistance to ground
RN	 is the resistance of the supply neutral of overhead poles

RTx	 is the resistance of substation transformer neutral earthing
S	 is the separation distance between earthing rods
Uf	 is the fault voltage
U0	 is the nominal phase to earth voltage
Ze	 is the external earth loop impedance
Zs	 is the total earth loop impedance
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