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Abstract 

Monitoring and control of environmental conditions are activities of primary 
importance during the rearing of the silkworm, Bombyx mori. Rearing houses must 
maintain a favorable environment for optimum development of silkworm larvae, and 
it should not promote the appearance of diseases. The most important 
environmental factors that influence on silkworm rearing are: temperature, relative 
humidity, illumination, toxic gas content and air current speed. This review paper 
discusses about the influence of these environmental factors on the rearing of 
silkworm, Bombyx mori. With it, it is intended to highlight the importance of the 
correct monitoring of these environmental factors for sericulture industry. Moreover, 
reference is made to equipment traditionally used for monitoring environmental 
conditions during silkworm rearing. 

Key words: reference values, temperature, relative humidity, illumination, air 
quality, sericulture 

Resumen 

El monitoreo y control de las condiciones ambientales son actividades de primordial 
importancia durante la crianza del gusano de seda, Bombyx mori. Los locales de 
crianza deben mantener un ambiente favorable para el desarrollo óptimo de las 
larvas, y no debe propiciar la aparición de enfermedades. Los principales factores 
ambientales que influyen sobre la crianza del gusano de seda son: la temperatura, 
la humedad relativa, la iluminación, el contenido de gases tóxicos y la ventilación. 
El presente artículo de revisión bibliográfica discute sobre la influencia de estos 
factores ambientales sobre la crianza del gusano de seda Bombyx mori. Con el 
mismo, se pretende resaltar la importancia del correcto monitoreo de dichos factores 
para la industria serícola. Además, se hace referencia a los instrumentos de 



medición tradicionalmente utilizados para el monitoreo de las condiciones 
ambientales durante la crianza del gusano de seda. 

Palabras clave: valores de referencia, temperatura, humedad relativa, iluminación, 
calidad del aire, sericultura 

Introduction 

Metrology means science of measurements. In practical applications, it is the 
enforcement, verification, and validation of predefined standards. Although 
metrology is constrained to measurements of length, angles, and other quantities for 
engineering purposes, that are expressed in linear and angular terms, it is also 
concerned with industrial inspection and its various techniques. Metrology also deals 
with establishing units of measurements and their reproduction in the form of 
standards, ascertaining uniformity of measurements, developing methods of 
measurement, analyzing the accuracy of methods of measurement, establishing 
uncertainty of measurement, and investigating causes of measuring errors and 
subsequently eliminating them[1,2]. 

Metrology is an indispensable part of the modern-day infrastructure. In fact, it plays 
an important role in our lives, either directly or indirectly, in various ways. In this 
competitive world, economic success of most of the industries critically depends on 
quality and reliability of manufactured products, measurements play a key role in all 
these requirements [1,3]. 

Sericulture is the set of cultural and economic activities related to silk. This agri-
business has three main components for its success: forestry component, with the 
cultivation of a perennial plant; livestock component, with the rearing of an insect[4]; 
and industrial component, with transformation and use of silk thread in textile, 
cosmetic and medical industry [5].Bombyx mori is the most important species used 
for world silk production. The rearing of this insect dates back more than five 
millennia, and China was identified as its center of origin. 

Bombyx mori is a domesticated insect. The breeding of this insect is carried out 
under captivity conditions, in facilities prepared for this activity. Growing and 
physiological parameters of this insect are affected by environmental conditions. 
Some abiotic factors to control during the rearing of the silkworm are temperature, 
relative humidity (RH), illumination, toxic gas content (TGC) and air current speed 
(ACS)[6]. These environmental factors have strictly compliant reference values for 
successful silkworm rearing. 

The aim of this paper is to discuss about the influence of different environmental 
factors on the rearing of the silkworm Bombyx mori. In this way, the importance of 
correct monitoring of these factors for sericulture industry will be highlighted. 

 



Biological characteristics of silkworm, Bombyx mori 

Bombyx mori is a silkworm species adapted to commercial rearing. It arose after 
many years of evolution and artificial selection [7]. It is not found in nature in a free 
state as it has lost the ability to fly and survive in extreme environmental conditions 
[8]. 

Bombyx mori is a complete metamorphosis and monophagous insect, which only 
feeds on mulberry leaves during the larval stage. In adult stage, this insect only has 
the mission of perpetuating the species [9]. During embryonic development, fertilized 
eggs change color. Egg hatching depends on environmental factors such as 
temperature, humidity [10] and light [11]. Embryo completes its development in a 
period of 10 d to 12 d before hatching[12] (Figure 1). 

 

 

Figure 1. Life cycle of silkworm,Bombyx mori (modified from Klimenko,1990 
[13]).I-V: Larval instars; VI: Cocoon spinning; VII: Pupal stage. Arabic numbers 
represent the duration of the instar and the corresponding intermediate molt, in days 
and hours, respectively; VIII: Artificial hatch; IX: Natural hatch. 

Newly hatched larvae are 3 mm long and have the appearance of a hairy caterpillar 
with a black or dark brown color. During growth, they change color due to 
development of skin’s cuticle. Larvae generally undergo the molting process four 
times from hatching to cocoon spinning. I instar lasts from 3d to 4 d, II instar lasts 
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from 2d to 3 d, III instar lasts from 3 d to 4 d, IV instar lasts from 4 d to 5 d and V 
instar lasts from 8 d to 9 d. Whole larval stage lasts 21 d to 25 d [7]. 

V instar larvae eat 88% of supplied mulberry leaves and they reach their maximum 
weight one or two days before starting the cocoon spinning. Well-developed larvae 
weigh about 4 g. Moreover, silk gland is quickly developed during V instar, which 
occupies up to 40% of its weight. When V instar larvae complete their development 
and stop eating, the larval integument appears transparent. Silkworm larvae spin 
cocoons during 2 d or 3 d [4]. 

At the end of cocoon spinning, silkworms become pupa. Generally, female pupa is 
bigger than male pupa. After 10 d or 15 d, pupae turn in to moths [14]. 

 
Ideal environmental conditions for silkworm rearing  

Optimum temperature for normal growth of silkworms is between 20 ºC and 28 ºC, 
and the desirable temperature for maximum productivity ranges from 24 ºC to 28 ºC. 
The temperature requirements during early instars are high [12]. At this point, worms 
feed actively, grow very vigorously, and lead to high growth rate. Such worms can 
withstand better some adverse conditions in later instars [15]. 

Early instar silkworms can withstand to high RH than later instar silkworms and under 
such condition, the growth of silkworms is vigorous. Silkworms can grow without 
being greatly affected at 90 % of RH or higher, if temperature is maintained at 26 ºC 
or 28 ºC. Humidity must be lower than 70 % or below to facilitate uniform and good 
moulting in each instar [6].  

Both, temperature and RH, fluctuate widely not only from season to season, but also 
within the day itself. Therefore, it is necessary to regulate them for the successful 
crop during the silkworm rearing [8]. 

Silkworms need high quality air during their development. This air must contain 
enough oxygen and cannot be polluted. TGC of 1 % CO2, 1 % formaldehyde gas, 
0.02 % SO2 and 0.1 % NH3 in the air in rearing house, are optimum limits for rearing 
silkworms [16]. Early instars larvae are more susceptible to the presence of toxic gas 
influence. Therefore, air current or stream is needed in rearing houses [9]. 

Silkworms larvae have optimum development at values from 15 lx to 20 lx of light 
intensity. Early instar larvae survive better in 8 h light and 16 h dark periods. 
However, late instar larvae prefer 16 h light and 8 h darkness period. Silkworm larvae 
do not prefer either strong light or complete darkness but usually light phase, in 
contrast with dark phase, activates the larvae [6]. 

Optimum reference values of monitored environmental factors during silkworm 
rearing are presented in Table 1. 



Table 1. Optimum environmental conditions during silkworm rearing during 
various stages of its life cycle (modified from Rahmathulla, 2012 [6]; and 
Tzenov [17]). 

Environmental 
factors 

I Instar II Instar III Instar IV Instar V Instar Spinning 

Temperature 28 ºC 27 ºC 26 ºC 25 ºC 24 ºC 25 ºC 

RH 
From 

85% to 
90% 

85% 
From 

75% to 
80% 

From 
70% to 

75% 

From 
65% to 

70% 
70% 

Illumination 
8L16D 16L8D 

Light intensity: from 15 lx to 20 lx  
(or from 0.285 𝜇𝑚𝑜𝑙 ∙ 𝑚 ∙ 𝑠  to 0.380 𝜇𝑚𝑜𝑙 ∙ 𝑚 ∙ 𝑠 ) 

TGC 
[CO2]=1 %, [SO2]=0.02 %, [NH3]=0.1 %, [formaldehyde 

gas]=1 % 
ACS 1 m/s 

Notes: RH: Relative humidity;8L16D: 8 h light and 16 h dark period; 16L8D: 16 h 
light and 8 h dark period; TGC: Toxic gas content; ACS: Air current speed. 

Temperature 

Temperature is probably the most important environmental factor influencing 
silkworm rearing. Bombyx mori is a poikilothermic animal because it is unable to 
regulate body temperature through internal mechanisms[8,10]. In general terms, 
early instars (I, II and III) larvae are resistant to high temperature which also helps in 
improving survival rate and cocoons characters. Temperature has a direct 
correlation with the growth of silkworms. Increasing or decreasing of temperature by 
1 ºC have negative effects on silkworm development. Rise in temperature increases 
various physiological functions and with a fall in temperature, the physiological 
activities are decreased. Increased temperatures during silkworm rearing in late 
instars (IV and V) accelerates larval growth and shortens the larval period. On the 
other hand, at low temperatures, the larval growth is slowed and the larval period is 
prolonged [6]. 

Temperature above 30 ºC directly affects the health of the worm. If temperature is 
below 20 ºC all the physiological activities are retarded, especially in early instars; 
as a result, worms become weak and susceptible to various diseases 
[15,18].Influence of some non-optimal temperature values on silkworm rearing is 
described in Table 2 

 
 



Table 2. Influence of non-optimal temperature values on the rearing of 
silkworm, Bombyx mori. 

Temperature Consequences References 

38 ºC Decreased spinning time [19] 

36 ºC 

Decreased cocoon weight [20,21] 

Larval period is prolonged [21] 

Poor quality cocoons are produced [22] 

From 35 ºC to 
36 ºC 

The amount of food consumed by silkworm 
larvae decreases 

[21,23] 

35 ºC 
Decreased larval weight 

Decreased silk gland weight 
[24] 

From 29 ºC to 
30 ºC 

Decreased pupation rate [25] 

Pupal period is decreased 
[17] 

Decreased pupal weight 

22 ºC Increased spinning time [19] 

20 ºC 

The amount of food consumed by silkworm 
larvae increases 

Decreased larval weight 

Decreased silk gland weight 

[21] 

Below 20 ºC 
All the physiological activities are retarded, 
especially in early instars 

[6] 

18 ºC 
The amount of food consumed by silkworm 
larvae decreases 

[23] 

 

Relative humidity 

RH plays an important role in silkworm rearing. Combined effects of temperature 
and RH largely determines the satisfactory growth of the silkworms, production of 
good-quality cocoons and pupation patterns [26]. 

RH directly influences the physiological functions of the silkworm. It also indirectly 
influences the rate of withering of the leaves in the silkworms rearing beds. At 55 % 
of RH, the leaves wither very fast and consumption by larvae will be less [23]. This 
affects growth of the larvae and results in wastage of leaf in the rearing bed. 
Retarded growth of young larvae makes them weak and susceptible to diseases 



[18]. Influence of some non-optimal humidity values on silkworm rearing is described 
in Table 3, regardless of temperature. 

 

Table 3. Influence of non-optimal relative humidity values on the rearing of 
silkworm, Bombyx mori, regardless of temperature. 

RH Consequences References 

98 % Increased spinning time [19] 

95 % 
The amount of food consumed by silkworm 
larvae decreases 

[23] 

55 % 
Decreased pupation rate 

Increased larval mortality 
[25] 

From 40 % to 
50 % 

The amount of food consumed by silkworm 
larvae decreases 

[23] 

40 % 

Decreased spinning time [19] 

Decreased cocoon weight 

Decreased shell weight 
[21] 

Notes: RH: Relative humidity 

Illumination 

Silkworms are photosensitive and they have a tendency to crawl towards dim light. 
They do not like strong light neither complete darkness. Rearing silkworms in 
continuous light delay their growth. Further, it causes penta-moulters [16]. In bright 
light there is a tendency towards production of heavy cocoons, and in complete 
darkness the larval period is shortened. Rearing in complete darkness leads to tri-
moulters [27]. 

Early instars of silkworm larvae show a positive photo-tropism while the late instars 
show a negative photo-tropism. Therefore the larvae should not be exposed to a 
direct light [9]. Influence of some photo-periodic regimes and light intensity values 
on silkworm rearing are described in Table 4. 

 
 
 
 
 
 



Table 4. Influence of photo-periodic regimes and light intensity on the rearing 
of silkworm, Bombyx mori. 

Stimulus Consequences References 

Photo-periodic 
changes inside 
rearing houses 

LL Increased cocoon weight 

Increased shell weight 

Increased pupal weight 

[28] 

It leads to M5 [16] 

DD It leads to M3 [27] 

Decreased cocoon weight 

Decreased shell weight 

Decreased female pupal 
weight 

[28] 

12L12D Decreased shell weight in 
cocoons of male silkworms 

Light intensity 
changes inside 
rearing houses 

0.1 lx or 

0.002 𝜇𝑚𝑜𝑙 ∙ 𝑚 ∙ 𝑠  

It induces diapause in few 
individuals 

[29] 
5 lx or 

0.095 𝜇𝑚𝑜𝑙 ∙ 𝑚 ∙ 𝑠  

It prevents diapause 
induction 

Increased light intensity Larval period is prolonged 

Pupal period is prolonged 

Adult period is prolonged 

Decreased cocoon weight 

Decreased pupal weight 

Decreased laid eggs 

[30] Decreased light 
intensity 

Larval period is shortened 

Pupal period is shortened 

Adult period is shortened 

Increased cocoon weight 

Increased pupal weight 

Increased shell weight 

Increased laid eggs 

Notes: LL: 24 h light; DD: 24 h dark; 12L12D: 12 h light and 12 h dark;  
M3: Tri-moulters; M5: Penta-moulters 



Toxic gas content and air current speed 

Scientific research on the influence of toxic gas content and air current speed on 
silkworm rearing are scarce. Silkworm larvae, particularly late instars, have high 
requirements in oxygen. A bad airing creates conditions that encourage the growth 
of fungus in bedding and pathogenic agents of the silkworms [14,18]. During 
silkworm rearing, toxic gases that modify the composition of the air in the facilities 
are created. Some of these toxic gases are CO, CO2, NH3 and SO2. These gases 
appear not only by the fermentation of animal and vegetable waste, but also by 
human activity [6]. Influence of some toxic gas content and air current speed values 
on silkworm rearing is described in Table 5. 

Table 5. Influence of toxic gas content and air current speed on the rearing of 
silkworm, Bombyx mori. 

Stimulus Consequences References 

TGC changes 
inside rearing 
houses 

[CO2]>1 % Slowed larval growth 

[9] 

[CO2]=10 % 
It produces vomiting in 
larvae 

[CO2]>10 % 

It produces larval death [NH3]: from 0.5 % 
to 1 % 

ACS changes 
inside rearing 
houses 

From 0.1 m/s to 
0.5 m/s (during V 
instar) 

Reduced larval mortality 

The amount of food 
consumed by silkworm 
larvae increases 

Increased cocoon weight  

Decreased spinning time 

1 m/s (during V 
instar) 

[6] 

1.5 m/s [4] 

 

Monitoring of environmental conditions 

Practice of sericulture industry is traditionally carried out by low-income producers 
who prioritize increasing production results with the least possible economic 
expense. The purchase of sophisticated instruments for monitoring the 
environmental conditions in the breeding premises makes the production process of 
sericulture industry more expensive for this kind of producers. That is why during 
silkworm rearing, instruments used to monitor environmental conditions are cheap 
and depends on their availability in the market. 



Temperature monitoring inside rearing houses is usually done with liquid-in-glass 
thermometers. Regardless their fragility and the lack of remote logging capability, 
this kind of thermometers do not require an external power supply and can be 
relatively inexpensive. Moreover, as glass in generally chemically stable, liquid-in-
glass thermometers can be used in a wide variety of chemical environments, 
including lime, chlorine and formaldehyde disinfected environments used for 
silkworm rearing [31]. Thermometric liquid inside the thin glass container should be 
mercury, ethanol, toluene or xylene. Also, uncertainty of liquid-in-glass 
thermometers used during silkworm rearing must not exceed values ranging from 

 1 ºC. 

RH monitoring inside rearing houses is usually done with a psychometer, or a wet 
and dry-bulb thermometer [32]. RH is determined by locating the intersection of the 
wet and dry-bulb temperatures on a psychometric chart that highlights optimal values 
of RH during silkworm rearing. 

Despite their importance, illumination, TGC and ACS are not monitored inside 
rearing houses during silkworm rearing. These environmental conditions are 
monitored only for scientific research. Illumination and ACS of rearing house is 
established during premises designing process. That is why more sophisticated 
instruments are used for monitoring these environmental factors inside rearing 
houses. 

Conclusions 

Silkworm rearing is strongly influenced by environmental conditions. Small variations 
in environmental conditions negatively affect rearing performance, cocoon quality 
and life cycle of Bombyx mori. That is why, the use of the appropriate instruments 
for monitoring of environmental conditions during silkworm rearing, guarantee a 
large part of the success of sericulture industry. Continuous change of environmental 
conditions during seasons makes necessary to strictly control environmental 
conditions in breeding premises. 

Recommendation 

More studies should be done on the influence of TGC and ACS inside rearing 
facilities on silkworm rearing. 

 

 

 

 



References 

1.  Raghavendra N V, Krishnamurthy L. Engineering Metrology and 
Measurements. 1st ed. Oxford University Press; 2013. 508 p.  

2.  ASQ Measurement Quality Division. The Metrology Handbook. 2nd ed. 
Bucher JL, editor. Milwaukee, Wisconsin: ASQ Quality Press; 2012. 540 p.  

3.  Czichos H, Saito T, Smith L, editors. Springer Handbook of Metrology and 
Testing. 2nd ed. Springer-Verlag Berlin Heidelberg; 2011. 1229 p.  

4.  Cifuentes CA, Sohn KW. Manual Técnico de Sericultura: Cultivo de la 
morera y cría del gusano de seda en el trópico. Pereira: Convenio SENA-
CDTS; 1998. 438 p.  

5.  Garzón LM. Identificación de líneas de investigación biotecnológicas para la 
sericultura en Colombia. Universidad Nacional Abierta y a Distancia (UNAD); 
2015.  

6.  Rahmathulla VK. Management of Climatic Factors for Successful Silkworm 
(Bombyx mori L.) Crop and Higher Silk Production: A Review. Psyche 
(Stuttg). 2012;2012(121234):1–12.  

7.  Guozheng Z. The Biological Characteristics of the Silkworm. In: Seminar on 
Sericulture Production and Management for Developing Countries. 
Guangzhou, China: South China Agricultural University; 2015. p. 83–103.  

8.  Pescio F, Zunini H, Basso CP, de Sesar MD, Frank RG, Pelicano AE, et al. 
Sericultura. Manual para la producción [Internet]. 1st ed. Buenos Aires: 
Instituto Nacional de Tecnología Industrial INTI; 2008. 183 p. Available from: 
http://www.biografiasyvidas.com/monografia/gandhi/fotos5.htm 

9.  Grekov D, Kipriotis E, Tzenov P. Sericulture Training Manual. 1st ed. 
Komotini, Greece: Agricultural Research Station of Komotini: National 
Agricultural Research Foundation; 2005. 320 p.  

10.  Reddy PL. Implications of the high temperature and low humidity on the 
silkworm (Bombyx mori L.) physiology and its economics of rearing [Internet]. 
Sri Krishnadevaraya University; 2001. Available from: 
http://www.biografiasyvidas.com/monografia/gandhi/fotos5.htm  

11.  Kogure M. The influence of light and temperature on certain characters of the 
silkworm, Bombyx mori. J Dep Agric Kyushu Imp Univ. 1933;4(1):1–93.  

12.  Rodríguez-Ortega A, Vargas-Monter J, Ventura-Maza A, Martínez-Menchaca 
A, Rodríguez-Martínez J, Ehsan M, et al. Manual de Sericultura en Hidalgo. 
Principios Básicos. 1st ed. Hidalgo; 2012. 100 p.  

13.  Klimenko V V. The Silkworm Bombyx mori. In: Dettlaff TA, Vassetzky SG, 



editors. Animal Species for Developmental Studies Volume 1: Invertebrates. 
1st ed. New York, USA: Consultants Bureau; 1990. p. 231–52.  

14.  Harizanis PC. Manual of Sericulture. Silkworm Rearing. Mulberry Cultivation. 
Athens; 2007. 1–22 p.  

15.  Parrey IR. Impact of Temperature on Crop and Higher Silk Production: 
Silkworm (Bombyx mori L.). Agric Res Technol Open Access J. 
2018;15(3):77–8.  

16.  Singh T, Bhat MM, Khan MA. Insect Adaptations to Changing Environments-
Temperature and Humidity. Int J Ind Entomol. 2009;19(1):155–64.  

17.  Tzenov P. Lectures: Silkworm Egg Production Technology. Vratsa, Bulgaria: 
Scientific Center on Sericulture; 2019. 1–60 p.  

18.  Tayal MK, Chauhan TPS. Silkworm Diseases and Pests. In: Omkar, editor. 
Industrial Entomology. Singapore: Springer Nature; 2017. p. 265–89.  

19.  Ramachandra YL, Bali G, Rai SP. Effect of temperature and relative humidity 
on spinning behaviour of silkworm (Bombyx mori L.). Indian J Exp Biol. 
2001;38:87–9.  

20.  Kumar NS, Basavaraja HK, Reddy NM, Dandin SB. Effect of high 
temperature and high humidity on quantitative traits of parents, foundation 
crosses, single and double hybrids of bivoltine silkworm, Bombyx mori L. Int 
J Ind Entomol. 2003;6(2):197–202.  

21.  Rahmathulla VK, Mathur VB, Devi RGG. Growth and Dietary Efficiency of 
Mulberry Silkworm (Bombyx mori L.) Under Various Nutritional and 
Environmental Stress Conditions. Philipp J Sci. 2004;133(1):39–43.  

22.  Chandrakanth N, Moorthy SM, Ponnuvel KM, Sivaprasad V. Reeling 
performances of F2 and backcross populations under high temperature 
condition. J Entomol Zool Stud [Internet]. 2015;3(6):219–22. Available from: 
http://dx.doi.org/10.1080/19420862.2015.1078054 

23.  Rahmathulla VK, Suresh HM. Seasonal variation in food consumption, 
assimilation, and conversion efficiency of Indian bivoltine hybrid silkworm, 
Bombyx mori. J Insect Sci. 2012;12(82):1–14.  

24.  Rahmathulla VK, Suresh HM. Influence of temperature and humidity on 
growth and development of silk gland of a bivoltine silkworm hybrid. Iran J 
Entomol. 2013;3:24–9.  

25.  Hussain M, Naeem M, Khan SA, Bhatti MF, Munawar M. Studies on the 
influence of temperature and humidity on biological traits of silkworm 
(Bombyx mori L.; Bombycidae). African J Biotechnol. 2011;10(57):12368–75.  



26.  Reddy PL, Naik SS, Reddy NS. Implications of Temperature and Humidity on 
Pupation Patterns in the Silkworm, Bombyx mori L. Int J Ind Entomol. 
2002;5(1):67–71.  

27.  Morohoshi S, Takahashi M. Effect of Temperature and Light Durning 
Incubation on Molting and Diapause in Bombyx mori. Proc Japan Acad. 
1969;45(4):318–22.  

28.  Janarthanan S, Sathiamoorthi M, Rathinam KMS, Krishnan M. Photoperiod 
effect on larval-pupal characters, fat body nucleic acids and protein of 
silkworm, Bombyx mori L. Insect Sci Applic. 1994;15(2):129–37.  

29.  Shimizu I. Photoperiodic induction in silkworm, Bombyx mori, reared on 
artificial diet: evidence for extraretinal photoreception. J Insect Physiol. 
1982;28(10):841–6.  

30.  Suji TS, Bai MR. Studies on the effect of light on growth and reproduction of 
silkworm Bombyx mori L. J Basic Appl Biol. 2011;5(1&2):369–73.  

31.  Kutz M, editor. Handbook of Measurement in Science and Engineering: 
Volume 1. 1st ed. Hoboken, New Jersey: John Wiley & Sons, Inc.; 2013. 
944 p.  

32.  Gorse C, Johnston D, Pritchard M. Dictionary of Construction, Surveying & 
Civil Engineering. 2nd ed. Oxford University Press, Incorporated; 2020. 
624 p.  

 


